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ABSTRACT

While the utilization of existing science and technical information
systems has, in the past, been primarily in research, it is desirable
that the use of such valuable resources be extended to other areas of
intellectual endeavor. Science education, because of its inherent
function of transferring information from an external source into the
human mind, is a natural candidate for the extended use of these centers
and systems. The recent development of technology-aided learning systems
which permit learners to interact with organized learning materials
stored in an inanimate manipulable device, or memory, strengthens the
possibility of an increased utilization of science information for the
purposes of instruction and learning.

The main objective of the STITE project was to study man—machine

mechanisms for enhancing the transfer of science information from its
present repositories into science learning systems. More specifically,
the research had the following goals:

1. To describe operationally the human process of transformation
of science information system outputs for the purpose of
integrating  them into learning systems;

2. To investigate comparatively the design and operating
characteristics of science information systems and science
learning systems, particularly from the viewpoint of
requirements for transferring information between them via
a man-machine interface;

3. To implement an experimental design of an interface system
and a limited transfer mechanism and to study selected
aspects of that mechanism.

In the course of this research, the above goals were successfully

implemented. In particular, selected science and technical information
systems were analyzed and information acquisition habits and needs of

science educators were thoroughly studied. Subsequently, an experimental
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interface mechanism was developed which helps the educator to structure
selected types of tasks characteristic for this profession, such as to
make better use of existing information resources. The idea of the
interface system is to store in the system certain amounts of
information in highly structured modular form, relevant to specific
needs of various groups of educators. The modules in the system are
manipulable and can be assembled into various sequences geared to
support various tasks which educators are expected to perform in their
profession. The essential feature of such a modular interface systemn,
which provided the basis for the design of an experimental program, is
the interaction between the stored internal information about the subject
matter and the external information from the information repository.
Demonstrations of the system were made on the campus of the

Institute, with graph theory chosen as the experimental subject area.
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PREFACE

This report consists of two main parts: a summary of all the
research work on scientific and technical information transfer for
education, called STITE Project, and a detailed description of work
performed in this final period of that project (see in particular
Appendices). Persons interested in a detailed description of the
research work performed in the earlier phases of the STITE Project
are referred to the four earlier reports published in the years 1973 -
1975 (bibliographic data on those reports can be found on page 47

of this report).

In addition to various analytical studies made under the STITE
Project, the major product of this research effort was the develop-
ment of an experimental interface system designed to enhance the use
of scientific and technical information by educators. The experi-
mental system is in working condition and was demonstrated, on several
occasions, to the Georgia Tech faculty and students and also to the
NSF Project Officer,Dr. Edward C. Weiss. It is, however, true that
the system needs yet to be evaluated and tested under various opera-
tional modes. Its actual application, in the present state, is
furthermore limited by existing hardware capacities and the subject
area selection. It is hoped that some of the tasks of evaluation
and testing as well as upgrading of the software and hardware of the

experimental system can be accomplished in the future.

In the last phase of the research, reported in this document,
the main contributor to the STITE Project was Dr. L.J. Gallaher,
Senior Research Scientist, who designed and developed the software
of the experimental system. His contribution in. this and earlier
phases is duly acknowledged. We also gratefully acknowledge the
contributions of other faculty members and graduate students of the

School of Information and Computer Science of the Georgia Institute

of Technology, who participated in various phases of the STITE




Project and whose talent and dedication made this project a success.
They are: faculty members, Dr. Miroslav Valach, Professor, ICS:

Dr. T.C. Ting, Associate Professor, ICS; Dr. Albert N. Badre, Assis-
tant Professor, ICS: and Mrs. Dorothy S. Hughes, Research Analyst;
and the graduate students, Mr. Frank Chu, Khalid Hafiz and

N.V. Subramanian. Last but not least we duly acknowledge the moral
and technical support and the expert advice of the Director of the
School of Information and Computer Science, Dr. Vladimir Slamecka,
which we were priviledged to enjoy from the very inception of this

project.

This research was made possible by the National Science Founda-
tion under grant No. GN-36114, and the Foundation's interest in
and support of this work as well as the kind cooperation of its
Project Officer, Dr. Edward C. Weiss, is sincerely appreciated by

all who participated in this endeavor.

Pranas Zunde
Project Director
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I. OBJECTIVES AND SCOPE OF RESEARCH

I.1 INTRODUCTTION

Research and development in the field of science information
during the past decade has resulted in the establishment of large
banks of descriptive information and bibliographic data. Stored on
digital and analog media, these collections, along with the organi-
zation and dissemination of their data and information, comprise
sclence and technical information centers, or science information

systems.

So far, the almost exclusive clientele of science information
systems has been the community concerned with research, development
and production of either ideas or goods. It is logical that the
sclence and technical research community be considered as the principal
beneficiary of science information systems: the impetus for the
establishment of these systems was given by concern with the effi-
ciency of scientific research and development in a society in which
both the quantity of science information and the number and variety
of its users have registered a substantial growth trend. At the same
time, however, the scientific research community as a market is not
characterized by either the volume or the frequency of information
use which would exhaust the capacity and potential of present-day
science information systems. It is thus very appropriate to inquire
whether the contents and services of these systems can be made avail-
able to science endeavors other than research and development. The
appropriateness of this inquiry is unquestionable; science information
is a social and national resource whose value potential is closely

related to the level of its prudent use.

In searching for other markets for science information, the

obvious direction is to look toward human activities which are heavily

dependent on information inputs from external "science memories."




Obviously, human science learning is an example of such an activity
which fundamentally depends on information transfer from external
information sources into the human mind. Science education, the
organized social system for such learning, is intuitively an

attractive market for science information.

The notion of a productive interplay between science informa-
tion and learning is not new, although until very recently it has
received little overt attention. Watson Davis (5) is reported

having observed "a curious lack of follow-up among documentalists"

to the utoplan idea of a "world brain" suggested by H.G. Wells—a
centralized store of knowledge used for education. More recently,
the Interunlversity Communications Council proposed to bring the
contents of various existing and potential information stores to
bear on the educational process; after an initial period of enthu-
siasm (7), the concept still remains to be seriously explored, as
do the premises which led to the "nmetworks for knowledge' Federal
legislation of the mid-1960's. Apart from a few serious advocates
of such a partnership (8), the respective orientations of science
information and education have remained diVerse, even on occasions

when the two met to communicate on a shared platform of educational

technology.

Recently, however, several events are indicative of a high level
concern with the relationship of science information and education.
Prominent among these is a study by the Organization for Economic

Cooperation and Development entitled Information for a Changing

Society (OECD, 1971). 1In response to a major conclusion of this study
(that "information systems of the future must be dynamic, capable of
educating, and adaptable to the changing educational systems of the
world") OECD recommends that "evaluation of educational requirements
of modern societies should take account of the need for information

transfer systems that are better adapted to the continuing re-education

of adults."”




In a parallel vein, specific attention has now been drawn to the
necessity of adapting science information systems to the science educa-
tional process and system of the future: '"The information systems
stimulated by the National Science Foundation have heretofore focused
primarily on the needs for specialists; greater attention should be
paid to the life-long educational process of the [scientific] non-

specialists" (6).

1.2 Science Information and Education

In the context of the work reported here, science information is
defined as a recorded knowledge, usually in the form of primary publi-
cations stored on analog or digital media, emanating from the intel-
lectual work of the scientific and technical community. The management
of the inventory of science information, and the enhancement of its
utility to mankind, are the primary purposes of science information
systems. In the attempt to meet these purposes, science information
systems collect, evaluate, organize and store science information, and
they provide tools for its purposeful use. In modern science informa-
tion systems, the tools comprise primarily devices and mechanisms for
accessing science information—devices and mechanisms such as descrip-
tive notations, indices, abstracts, searching methods, etc. The
function of science information systems may be said to be that of a
couple between science information and its users, insofar as present-day
systems are generally limited only to the storage of science informa-

tion surrogates.

In their role of searchable bibliographic directories, the use

of science information systems is not limited to the research community;
their use by others depends, however, on their need for science infor-
mation and on its utility. The use of science information systems in
science education has been sporadic, and largely confined to individuals
engaged in research rather than in scientific or technical instruction
or learning. It is quite apparent that the flow of science information
into science education is characterized by discontinuity, lack of

intensity, and time delay; hence its utilization in science education

is suboptimal.




Unless the use of science information systems in science educa-
tion 1s to be for purposes other than an occasional bibliographic search
on a topic of momentary interest, the possibility of an effective flow
of science information into education appears to be predicated on the
existence, availability and use of external, manipulable stores of
learning materials. A direct flow of science information from its
repositories into the highly volatile and transitive environment of
live classroom instruction is difficult to imagine; the updating of the
knowledge of human learners is an idiosyncratic process of habitual
characteristics which are not easily modified. On the other hand,
stored learning materials (textbooks, instructional films, etc.) are
a solid client of science information services, and a strong element

in the educational process.

The realistic possibility of an intensified influx of science
information into instruction and learning in the sciences is therefore
given by the recent emergence and development of "learning systems,"
broadly defined as technology-aided instruction/learning facilities
which allow learners to interact with organized learning materials
stored in an animate, manipulable device or memory. The more powerful
of these systems are '"conversational'—that is, interactive systems
which provide, in addition to a modular store of learning materials,
models of the live interaction between a student and a human tutor.
Despite the relative simplicity of the present-day models, the con-
versational learning systems hold promise of being able to sustain
realistically the process of self-instruction. Furthermore, given
certain types of memories of learning materials to support the self-

instruction process, it is possible to consider science information

as constituting an important input into these systems.




I.3 Research Objectives

The objective of this projectwas to study, design and experimentally
evaluate man—-machine mechanisms for enhancing the transfer of science

information from its present repositories into science learning systems.

The postulated mechanism for the transfer of science information
into learning systems is illustrated in Figure 1. The main
characteristic of this transfer mechanism is the use of certain outputs
of science information systems, enhanced and modified as appropriate,
as inputs to the learning systems. The transformation of the outputs,
and the ease and economy with which the transfer can be accomplished,
are the crucial aspects of the mechanism. It is unlikely that the
process can be performed fully automatically; rather, the educator-
author is the key human interface responsible for the transformation

of information.

Within the general objective of investigating the mechanisms
of science information transfer into science education, the proposed

research had the following specific goals:

1. To describe operationally the human process of transformation
of science information system outputs for the purpose of

integrating them into learning sytems;

2. To investigate comparatively the design and operating
characteristics of science information systems and science
learning systems, particularly from the viewpoint of
requirements for transferring information between them

via a man-machine interface;

3. To implement an experimental design of a man-machine inter-
face system and a limited transfer mechanism from appropriate

existing science information systems for imstructional

purposes, and to evaluate selected aspects of that system.
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IT LITERATURE SURVEY

The design of the STITE system was preceded by a review of the
research literature on the systems approach to curriculum development.
The purpose of this review was to identify and evaluate developments
and research that have already been conducted in this field and to

determine their usefulness in the design of the STITE system.

The subject range of the project was delineated in terms of
topics and categories, and then appropriate indexes, reports, and other
publications were searched to identify and evaluate those materials
which are significant for the goals of this project. The literature
survey was organized in three major subject matter categories, which

reflect the three major thrusts of the project.

First, there was an identification and an analysis of existing
scientific and technical information centers and systems in terms
of the subjects they include, their operating characteristics and the

ways in vhich they are used.

Second, there followed a definition and description of learning
tools and systems, and an analysis of the methodology involved in
designing them, as well as some evaluation of their usefulness with

respect to the objectives of this project.

Third, there was the consideration of information transfer
systems and networks to determine their significance for the design

of the proposed transfer system.

The subject scope of the literature search followed the three
aforementioned divisions, i.e., science and technical information
centers, learning systems, and information transfer systems and networks.
Initially, spot checks for relevant references were made within the
designated subject areas, and this preliminary and tentative outline
of the survey, with some random references, has been developed. This

was then expanded and refined as the project developed.

The first and second STITE Progress Reports (1,2) contain selected

bibliographies on the above mentioned topics together with a discussion

of their relevance.




IIT PRELIMINARY CONSIDERATION AND INVESTIGATION

ITT.1 Analysis of Selected Science and Technical Information Centers

The prominent products of research and development in science/
technical information of the past decade are large banks of descriptive
information and bibliographic data stored on digital and analog media.
The collection, organization, and dissemination of this information and
data comprises the so-called "Science and Technical Information Systems/
Centers" (STIC), whose services typify the current level of development
of the information industry - the establishment of computerized informa-
tion utilities and services of different types of purposes. Scilence and
technical information centers differ widely when considered from the
viewpoint of the degree of automation, the depth and breadth of subject
coverage, their sources of information, their operational characteristics
and their availability to the user community. By user community is meant

the total user population of the center.

Figure 2 shows the information flow in the proposed STITE system.
The main aim of this research project is the design of rhis central

system.

The STITE system is conceived as an intermediary office between the
LIS and STICs with computing and data processing facilities. On the basis
of requests from the educator community (i.e. LIS), the STITE system would
interact with STICs according to some pre-programmed fashion and according
to its intended purpose, it would acquire the necessary information from
the STICs and provide the same to the appropriate LIS. The selection of
media for information transmission between the components of the proposed
system, as shown in the above figure, is one of the main features of the
design of the proposed information transfer mechanism. It can be antici-

pated that there would be a gradual transition from off-line to on-line,

and from batch to real-time transmission. As technology advances and
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brings down the cost of equipment, such as audio-visual equipment and
data transmission devices, there will be innovations and modifications
in learning information systems (LIS). This will continually alter

the information requirements of LIS, and consequently its interactions

with the STITE system will enhance with time.

A few basic assumptions were made concerning science information
systems and the design philosophy of the proposed science information

transfer system.

1) The science information centers will have direct contact, or
contact via an intermediary office, with the user community on

an initiative as well as on a responsive basis.

2) Not all the learning systems will required the transfer of
information from science information systems to learning systems.
This varlation will necessitate further research defining the
criteria for the use of STITE system and identifying the courses
that need updating with the science information to be transferred

from these centers.

3) There may be an additional performance requirement on these
science information centers to publish periodicals that will
assist the educator community in the development of new courses
to be offered to learners for enhancing their knowledge with

current research results.

4) It was further assumed that to determine the science informa-
tion centers to be accessed for the development of new courses in

a given subject area and to facilitate the identification of centers
that will provide the necessary science information for updating

the learning materials for modifying the course preparation in a

given subject area, 1t is necessary to categorize these centers

on the basis of subject disciplines.
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The distinctions between different science information systems
relate to the fact that there are various methods for each of the
stages of operation, such as acquisition, record keeping, library
processing and loans, storage, information dissemination, informa-

tion searching, information retrieval, etc.

For the purpose of this project, science and technical information
systems were analyzed as information service systems which operate in
an environment which includes both information to be processed and popu-
lation of users who require information in order to achieve certain
goals. Consequently, existing science and technical information centers
were first categorized on the basis of subject disciplines. Within
that categorization, information centers were analyzed in terms of
activities, scope or subject coverage, input sources, holdings of
recorded data, microform services, and other services provided by the
centers such as abstracting, indexing, literature searching, and data

collection and analysis.

The analysis of the characteristics of information processed by
the centers then focused on the functional categorization of informa-
tion into (i) initiative outputs and services and (i1) responsive
outputs and services which have potential benefits for aducators. 1In
particular, it was investigated how those outputs can help the educator
community in improving and further developing various teaching tools
and techniques. The results of this survey and analysis of existing

scientific and technical informaticn centers are reportad in (9).

IT1I.2 Description of Learning Information Systems

Another major task of the STITE project was to obtain a pragmatic
understanding of the process employed by science educators in develop-
ing and structuring science learning materials. The following aspects
of the existing learning systems and instructional processes were

studied in some detail.

1. Analysis of the '"socratic' principles in the teaching-
learning process.
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2. Analysis of the process of developing conventional
teaching materials (course preparation, course
development).

3. Description and design of programmed instructional
materials.

4. Analysis of computer assisted instruction.
5. Analysis of audio-visual techniques.

6. Analysis of self-instructional systems.

The first STITE Progress Report (1) gives a thorough discussion
of each of these points and concludes with a tentative matrix showing
the feasibility of the use of the outputs of the existing information
centers as inputs to the learning system. It should be noted, however,
that a more detailed analysis is required (classification by subject

matter, level of difficulty, etc.) before the potential information

requirements for new educational tools can be given.

ITI.3 Information Acquisition Practices and Needs of Science Educators

TII.3.1 TINTRODUCTION

As it was already mentioned, the goal of the STITE project was to
implement an experimental mechanism for the purpose of transferring
scientific and technical information from its present repositories into
a system that will enhance the use of scientific and technical informa-
tion centers by providing that information in a form and manner that
corresponds more precisely to the exact needs of the science educator

community.

One prerequisite for the achievement of this goal was some under-
standing of the actual information needs of science educators and the
factors, external to the information itself, that influence the educator
in the acquisition and use of realistic conclusions about the kind of

information that educators required for their particular tasks and the

conditions that influence its acquisition and use.
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STITE followed two lines of inquiry to answer these questions.
One was directed at the whole population of educators at the institu-
tions of higher learning. A literature analysis investigated previous
studies about the needs of the particular group of information users
in which STITE is interested, the science educators. A questionnaire
sent to science educators at various colleges and universities over
the country solicited answers from science educators themselves about
their use of existing information centers, the types of information
they use, for what purposes they use it, and the features that they feel

might increase their use of information sources.

The second line of inquiry in surveying the informational needs
of science educators was directed toward a group of actual users of a
scientific and technical information center, and namely the group of
users of the Georgia Information Dissemination Center operated by the

University of Georgia in Athens, Georgia.

Data received in response to both of these inquiries was very

useful in the design of the experimental STITE system.

I11.3.2 Survey of Informational Needs of Science Educators

While user studies reveal some patterns of information need and
use by science educators, the interest of STITE was centered primarily
on the utilization of existing information centers. Further investi-
gation into the actual use of these centers by science educators was
considered desirable. This additional effort was made through a
questionnaire survey aimed specifically at science educators in various

American universities.

The literature survey indicated that, at present, the main utili-
zation of most scientific and technical information systems can be
traced to the industrial and research communities, and that the use
of such information systems for educational purposes is probably minimal.
Accordingly, the purpose of the questionnaire was to determine to what

extent science educators indeed make use of science and technical infor-

mation centers as well as under what conditions and for what reasons
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they do so. It was also hoped that one of the important by-products
of this inquiry would be the determination—more precise than this
has been done in previous studies—of the information needs of science

educators.

The results of the study convincingly demonstrated (1) that a
large percentage of science educators are not aware of the availability
or of the existence of scientific and technical information systems and
(2) that most science educators who are aware of the availability of
scientific and technical information systems have no ready or easy
access to them. The percentage of educators which are not aware of
the existence of such systems ranges from 717 in social sciences to
56% in the physical sciences, with 61% the overall average. And although
80% of educators who are aware of such systems also make actual use of
their services, only 537 of the users of the systems have direct access
to them. In general, the study indicated that exposure of information
services to science educators must be considered an important factor in
the improvement of the use of information centers (STITZ Progress

Report No. 3 [Ref 3], Badre, Hughes, Ting, and Zunde, 1974 [Ref 9]).

ITI.3.3 Analysis of the Educational Use of an Information Center

Results of the survey of the educational needs of science educa-
tors seemed to indicate that further investigation into the instruc-
tional usage of a specific information center might yield some helpful
results, and a group of users of the Georgia Information Dissemination

Center was selected by STITE for this inquiry.

The Georgia Information Dissemination Center, or GIDC, is a
bibliographic retrieval system serving the faculty, research staff, and
graduate students of the University System of Georgia. It began in 1968
and searches multiple data bases to provide both SDI and retrospective
search services to its users. Physical facilities are located on the
university campus in Athens, and remote users from Georgia's eleven

other senior colleges and twelve junior colleges are usually served

through reference librarians on those campuses.
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A questionnaire was sent to 1,211 users of the Center, of which
410, or almost 33%, were answered. 1In this questionnaire, comments of
the users were solicited on specific educational uses of services of
the Center, subject areas of utilization, sufficiency of information

in the surrogate form, possible improvements in the systems, etc.

One hundred eighty-eight persons, or 45.8%, indicated that the
material they received from GIDC had been used for some type of instruc-
tional purpose, and Question 3 brought out the fact that the most common
instructional use is the compilation of bibliographies or reading lists.
This type of use was indicated by 137 users, or 33.4%. Utilization for
current awareness in the subject area of a course was indicated by 98
respondents (23.9%), while 80 (19.5%) said that they used the infor-
mation for collection of data. Updating an existing course was a uti-
lization cited by 62 (15.1%), while the tasks of preparation of illustra-
tive examples and development of new courses were indicated by 42 (10.2%)
and 34 (8.2%) users respectively. The "other" category checked by 34
persons most often referred to directing research projects of students
and developing research papers. Selection of case studies and prepara-

tion of quizzes and tests were less frequent uses.

Most of the educational users (136 or 72.2%) indicated that, for
their purposes, it was necessary for them to obtain full-text documents
rather than to rely on titles and abstracts, although 81 did say that
titles and abstracts are sufficient. 1In a few cases there seemed to be
some confusion about the availability of abstracts and methods of

securing them.

0f the suggested possible changes and improvements, the following

were favored by the users in order of preference.

More descriptive abstracts 39.2% or 161 users
Browsing capability 29.5% or 121 users
Interactive system for query or

profile formulation 27.3% or 112 users
Easier access to the system 22.47 or 93 users

Shorter waiting time for information
delivery 22.47% or 92 users
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Based upon the information needs of science educators as they
are reflected in user studies and surveys, it would seem that an
information system should revolve around easy and rapid access to
materials that are useful either for the purpose of keeping up-to-date
or for answering particular questions with specific data. Low moti-
vation and lack of time on the part of the science educator set the
requirement for ease of use and rapid retrieval; definitions, descrip-
tions of processes, and outlines are the kinds of specific information
that he requires. Concerning keeping up-to-date, his need is for
representative, not necessarily comprehensive, information on given
topics with perhaps also some evaluation of materials. In this respect,
a well-developed review literature would seem to be of great value to
the science educator for it could present selections of up-to-date
information on given topics without requiring a great amount of time
for reading and assimilation. For keeping up-to-date, capitalizing
on the advantages and popularity of informal sources of information,
such as conversations with colleagues, could involve the inclusion in
the information system of lists of authorities in a particular field

with notes on their activities.

Some bibliographic tools for retrospective searching are needed

but here again the requirement is for representative, rather than

comprehensive, references. For details, see STITE Progress Report

No. 4 (4).




IV CONCEPTS AND FUNCTIONS OF THE SYSTEM

IV.1 Major Functions of the STITE System

IV.1.1 1Introduction

One of the major areas of concentration of research effort was
the identification and specification of the types of potential out=-
puts of the STITE system which could be helpful to educators in pre-
paring, developing, and maintaining teaching materials and devices
of all sorts. Seventeen classes of such hypothetical outputs were
identified; in the sequel, a class of outputs of the STITE system,
associated with some particular function, is referred to as task.
For each of these tasks, inputs required for implementing the parti-
cular task, type of system's output, options available to educators
in modifying tasks and data base requirements for a particular task
were determined. All these specifications were prepared primarily

with graph theory as the experimental subject area in mind.

IV.1.2 List of Tasks

1. Task No. 1. - Preparation of Course Outline
2. Task No. 2. - Preparation of Narrative Presentations
3. Task No. 3. - Presentation of illustrative examples (graphic

data, or a table or a numerical example) for
theorems. Illustrative examples for concepts.
Here the examples need to be listed under each
sub—topic, each theorem, and each concept.

4. Task No. 4., - Presentation of Problems Under Each Sub-topic or
Under Each Theorem Sub-topic or Under Each Concept
in a Sub-topic.

5. Task No. 5. - Presentation of Bibliography Under Each Topic or
Sub-topic.

6. Task No. 6. - Presentation of Application of Theoretical Concepts

in Each Major Topic.
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7.

10.

11.

12.

13.

14.

15.

16.

17.

Task

Task

Task

Task

Task

Task

Task

Task

Task

Task

Task

No.

No.

No.

No.

No.

No.

No.

No.

No.

No.

No.

7.

10.

11.

12.

13.

14.

15.

16.

17.
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Presentation of Case Studies (i.e. citation of
real world cases and analysis of the same from
the point of view of some of the theoretical
concepts explicated in the earlier tasks. For
example, in the field of graph theory they might
include engineering applications, human sciences
applications, application of physical sciences,
operations research, etc.)

Presentation of Abstracts of Specific Documents.

Presentation of the State-of-the-Art or of Abstracts
Covering a Specified Period.

Presentation of Historical Development of a Speci-
fic Discipline (i.e. retrieval by date of publi-
cation so that latest is retrieved last.)

Preparation of Quizzes of Tests for Students.

Presentation of a Set of Relevant Questions on Topics.

Identification of New Concepts and Preparation of
Updated Materials for a Specific Topic.

Retrieval of All Abstracts Related to a Specific
Abstract. '

Presentation of Definitions of Concepts. (i.e. given
an explanation or definition of a concept present
the explanations or definitions of all the concepts
required for the explanation of the specific concept
under consideration.)

Presentation of Subjects, With References and
Abstracts for Assignments for Students.

Presentation of a Measure of Newness of a Particular

Concept. (Given a statement or concept as input,
provide a measure of newness of the concept on pro-
cessing the descriptors or the keywords in the new
concept, comparing it with the descriptors of the
concepts in store.)
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IV.2 TInteractive STITE Interface System for Effective Use of Informa-
tion Stores

As noted earlier, existing science and technical information systems
have limited utility for educators because, among other things, they do not
allow the user to shape the interaction with those systems to fit his needs
and because the existing search mechanisms do not provide directions for
further search. Although these are not the only factors which limit the
usefulness of science and technical information systems to educators, they
seem to be certainly of great importance. Hence, one of the goals here was
to develop, as a part of the STITE system, an interface mechanism which
would help the educator to structure selected types of tasks which are
characteristic for this profession and which would induce him, through
various automated procedures, to make better use of existing information

resources.,

The underlying idea of the proposed interface system is to store in
the system certain amounts of information in highly structured modular form,
relevant to specific needs of various groups of educators. The modules in
the system are manipulable and can be assembled into various sequences
geared to support various tasks which educators are expected to perform in

their profession.

The essential features of such a modular interface system, which
provided the basis for the design of a small experimental program, are
summarized below. The subject matter of the experimental design has been

somewhat arbitrarily limited to graph theory.

A module has been defined as a manipulable unit of information of
which outputs of the STITE system are constructed. Usually a module will
describe, display, illustrate or define a single object or entity such as
a thing, event, concept, relation, or anything else to which attention can

be directed.

In a broad sense, a module is comparable to a record of a file

system, Its length or size might vary depending on the nature of discourse,

context, type of materials, etc.
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The modules are assigned codes to distinguish them according to
(1) the form in which material is presented in the module, (2) the type
of material presented, and (3) the level of difficulty of the material

contained in the module.

A complete and detailed description of these modules are given in
the third STITE Progress Report (3), together with many example modules.
A briefer description of the modules is given (section IV.3.4) of this

report dealing with file structure.

IV.3 The Design and Operation of STITE Data Base Management System

IV.3.1 Introduction

As already mentioned, the major functions of the STITE system were

broken down into tasks,which are discussed in the second STITE Progress

"internal

Report (2). All of these tasks center around the use of the
information, structured as modules and described in the third STITE

Progress Report (3).

The main function of such modular "internal" information is to
enhance systems applications, particularly in retrieval of "external"
information. This external information, stored in various scientific
and technical information centers, consists normally of standard biblio-~
graphic data, keywords used to index documents, and in some cases,

abstracts. Henceforth this information will simply be called "external

data".

This section will describe programs which have been developed for
STITE data base management, including both internally arnd externally
retrieved information. 1In particular, the physical and logical structure
of the files, together with a command language for manipulating the data

structures in the files, and the interface systems are discussed.

IV.3.2 Data Base Elements

Data base elements are records of two kinds: modules of internal

information and units of external information, the bibliographic records.
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As described in detail elsewhere, each internal modules consist

of textual material and additional information about the textual material

(3).

Information associated with text is arranged into fields, with
the principal or main topic being designated as A field. B field con-
tains a set of terms which are used to describe or to explicate the prin-
cipal topic, or A field. C field indicates the source document from which
the textual material is taken, F field specifies the form of the text (i.e.,
definition, theorem, or problem), and the D field refers to the level of

difficulty of the textual material.

Modules can be linked to each other by varlous relationships defined
on these fields, and structures can be built of modules or their components.
It is these structures or relationships that are of prime Interest and that

were used to aid in selecting the bibliographic information.

In an operational system of this kind, external data would be
supplied by an on-line link to wvaricus data bases, such as the DIALOG
(Lockheed) system or the Georgia Information Dissemination Center. However,
for demonstration purposes, these external sources were simulated by sample
data; an actual on-line link was not economically feasible within the

scope of the financial resources of the STITE project.

It was postulated that external data would be processed by the
STITE system in two steps, or levels. At the first level, external data
would be retrieved by queries submitted to the external source in the
standard format expected by that source. At the second level, informa-
tion retrleved at the first level would be processed for the purposes of
achieving compatability with the records of the internal system, extract-
ing additional information, and updating lists and file structures. Thus,
at the first level, the main task can be viewed as presenting an Intelli-
gent request to external sources using the internal information stored
in the modules, whereas at the second level, the main task can be seen

as casting the records retrieved from external sources inteo a format

approaching as closely as possible the format of complete modules.
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IV.3.3 General Description of the STITE Interface Systems

Figures 3 through 6 are diagrams displaying main features of
the STITE User's System. These diagrams represent the system from the

point of view of the user and emphasize the interaction with the user.

Information about the system, its capabilities, and the type and
extent of its information stores is incorporated into the system and is

supplied to the user by the system in a dialogue form.

Explanations to the user about the system are of several kinds and
constitute an on line "user's manual". It is structured hierarchially
so that the user may skip through it to the points of interest to him.
The initial information is a general outline of what the system is
supposed to be able to do for the user and how to go about using it.
This part gives an explanation of the details for using the system, and
is similar to the standard introductory material needed for any on-line

system.

In addition to the general outline on the use of the system,
there is a section of more specific information about the subject matter
contained in the modules. Here the user interrogates the system about
his specific interest topics and an effort is made to inform him of the
content of the modules and to show how he can or cannot be helped. The

emphasis here is on subject matter and on what topics are covered by

the modules and what are not.
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Next there is a brief discussion of the kinds of tasks available.
The following tasks from the list of potential tasks described previously

in a STITE Progress Report (2) (and in Section IV.1l) have been implemented:

Task No. 2 - Preparation of narrative presentatives (relevant
theorems only)

Task No. 5 - Compilation of bibliographies on selected documents

Task No. 8 - Retrieval of all abstracts related to a specific
abstract

Task No. 14 - Retrieval of all abstracts related to a specific
abstract

Task No. 15—~ Presentation of concept definitions and explications

Variations on portions of the other major tasks have also been implemented

in addition to other related capabilities.

Finally an explanation of the procedure for invoking or calling

specific tasks is given.
The entire users instruction dialogue is presented in Appendix A.

At the end of the instruction dialogue, the user arrives at task
selection at which point he may call for a specific task implementation.
Since these tasks are complex enough, the user may request a printed
copy of these task descriptions. If no printed copy is immediately
available, entering request for "help" will review for him the list of

tasks and their details.

The description of the tasks, what they accomplish and how they

are called for is given in the already referred to Appendix A.

Appendix B gives an example or sample dialogue with a typlcal user

with the system operating in user's mode.

IV.3.3.1 Degree or Order of Relationship

One of the more important concepts used in the STITE system is

that of relatedness and degree or order of relatedness.
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Kinds of relations for the modules are described in some detail
in STITE Report #3 and some of these are here briefly reviewed (3):
The homonymic relation—two modules are said to be homonymicly

related if both are about the same main topic (i.e. have a
common A field).

The contexual relation—two modules are said to be contexually
related if the two have a common topic among the major terms
used to discuss or describe the main topic (i.e. have a common
term in the B field).

The explicational relation—two modules are said to be explica-
tionally related if they have a common term in the A field of

one module and in the B field of the other.

Based on the above relations (and others if desired) one may construct

sets of modules connected by these relations. For example, the system

contains three modules contexually related by the term 'hamiltonian

graph' (i.e. all contain 'hamiltonian graph' in the B field—see Fig.
P

7a).

Next consider all the additional modules contexually related to
this first set. Figure 7b illustrates this, It is clear that this
process can be iterated to any order or until the process terminates

because some kind of closure is exhibited, i.e. no more contexual rela-

tions are found outside of those already included.
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The process of finding ever-widening sets of related modules can
be extended to the other relationships. For example suppose one starts
with the (internal) module MOD{29} and finds all modules explicationally
related to it. One can now ask for the set of all modules explication-
ally related to this first set and so on. Figure 8 illustrates this

relationship.

It should beclear that there are many modifications of the procedures
just described. Most of the tasks available in the user's mode involve
variations on the above theme. This includes the ability to make further
restrictions on the sets to be retrieved (such as restricting to external
modules (bibliographic entries) only, or restricting to definitional

modules only (i.e. those of type H{1}) and so forth.

One final explanation is necessary here to describe how the main

term (A field) and explanatory terms (B field) were determined for the

external modules (bibliographic entries).

To choose the main topic or A field for the bibliographic entries
a comparison was made between the key words (both those supplied by the
author, and those supplied by the abstracting service) and the title
of the article. Key words appearing in titles were then designated

A field terms. The key words not appearing in the title were desig-

nated as explanatory or B field terms.
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While this may be considered a rather crude approach to determining
main and explanatory topics, it did work reasonably well with the material
now available. However, other methods of determining the main topics,

such as parsing the sentences in the abstract, should be considered.

To carry out some tasks, especially the open-ended ones, a command
language is provided. This is not a conversational language but a set
of commands that allows one to manipulate, build, and rearrange the
structures to suite the needs. The command language itself is quite
simple and 1s interpreted by the system. This mode is referred to as
the Data Base Manager's Mode and is primarily for the experienced user.
However, before discussing in detail the Data Base Manager's Mode a

description of the file structure will be given.

IV.3.4 The Physical and Logical Structure of the Files

Previous reports have outlined in a general way the organization
of the automated STITE system. Some details of the structure of the
informatlion files, which will make possible the kinds of action desired,

will now be given. Basically the file organization is a relational type.

There are two distinct kinds of records, records of internal
information, or modules, and bibliographic data records embodying

external information.

A bibliographic data record 1ndicates the author and title of the
document, title, date, and page number for a journal article, report
number and sponsoring agency for a technical report. Furthermore, it
contains an abstract of the document, a list of key words which have
been used to index the document, and the title of the index or abstract

journal, with its date and abstract number in which the document appears.

The information structure of the internal module has been described

in an earlier STITE report (3). Figure 9 illustrates typical internal

module.
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The fundamental unit of a file is the record which, if not speci-
fied, refers to either an internal or external module. The records of

both are organized in a similar manner and so will be discussed together.

A record is considered to have a name and an associated set. The
record name is an alphanumeric string consisting of a number set off
by curly brackets "{}" and prefixed by BIB if it is a bibliographic data
record or by MOD if it is an internal module. The associated set consists

of a collection of pointers designating fields or attributes of the record.

The associated set of each record consists of a collectlon of fields
Each field has a field name, field value, and associated set. The name
and value of a field are joined in a single alphabetic string with the
value set off by curly brackets. Field names consist of one, two, or a
three letter string. - For example, the name and value (attribute) for
the A field of module 629 of Figure 6 would be A{edge-sequencel}, the B

field name and value would be B{finite sequence}, B{edge}, B{form}, etc.

Each field value (except the text) also has an associated set.
Sets associated with field values can have such things as the list of
all records containing that particular field value (the inversion) or
any other relational information deemed relevant or useful. Initially
most of these sets are null, but the capability of an association set
for a field value will always be present except for the free text field.

The free text fields do not have association sets.

" The concept of field is quite general so that it is possible to
assign new fields to records as needed. Also, in discussing the
structure of the files, it will be seen that the distinction between
file, record, and field is rather artificial and that all "logical"

units are treated in a unified manner.

Physically the files are divided into two kinds: alphabetic infor-
mation (called a-files) and pointer information. The alphabetic infor-
mation is stored as alpha-numeric strings with distinct units separated

by a special character (low value). The pointer information is stored

as a collection of binary (machine lenguage) integers.
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Alphabetic files contain all the names, values, and free text
information. The pointer information shows the form of the association

sets and indicates such things as the structure of a record or file.

The pointer information is of two types: hash references and
association sets. These are not separated since the structure of the

two is very similar, as well as the frequency and mode of reference.

Figure 10 gives a schematic representation of the file structure
and linkages for a part of record Module 629. Details on the hash
file and the structure of the association sets are given in STITE

Report #4 (4).

Iv.3.5 The Data Base Manager's Mode and Language

For carrying out certain tasks and for performing other desired
operations, a command language for manipulating the reccrds and creat-

ing structures has been implemented.

Looking at the records or structures being manipulated, one notes
that they are basically names and sets of names. Associated with each
name is a set called its associated set. An associated set is a true
set (in the mathematical sense) of names (since the order is not relevant
and no duplicates will be allowed). Some of the associsation sets are
empty. Set theoretical operations are defined and implemented on these

association sets.

The commands are in a very simple form and restricted to unary
and binary operations. One of the operands is designated by a P or
pointing register; the other, if there is one, is named in the command.
(This is reminiscent of a single address machine language with an
"accumulator" register, except that here the "accumulator" register does
not hold the item to be operated on but only points to it.,) The item
pointed to by the P or pointing register will sometimes be referred to

as just P. Thus, the command, point X, points P to X, that is, sets

the P or pointer register pointing to X. The command attach Y adds Y
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set, that is, adds the name Y to the association set of the

name pointed to by the P or pointer register.

This command language is outlined in Appendix C.

Some examples of the use of these commands to perform some elemen-

tary operations follows:

1)

2)

3)

4)

Create Q so that it is the union of X and Y. That is, the
association set of Q is the union of the association sets
of X and Y.

create Q
add l1list X
add 1list Y

Remove all items from the association set of R, i.e., make
R the null set:

point R
delete set R

or

create Z
point R
delete setnot Z

Display those items on the association set of X but not
on the association set of Y:

create TEMP
add set X
delete set Y
display set

See if X is on the union of Y and Z:

create T2
add set Y
add set Z
is member X
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Following each command is a response by the system to the user
giving an indication that the command has been carried out or cannot
be obeyed. Examples of commands that cannot or will not be carried

out are as follows:

1) create X Not allowed if the name X already
exists as a recognizable name

2) point X Not allowed if the X does not
already exist as a recognizable
name

3) remove X Not allowed if the name X does not

attach X already exist as a recognizable
add set X name, or if P register has not yet
etc. been set

4) display name Not allowed if pointer or P regis-

display set ter has not yet been set to polnt
count to a recognizable name
etc.

While this is a very primitive type command strucrure for manipu-
lation of the association sets, it allows the implementation of the
desired processes. Such a simple scheme was chosen for ease and speed
of implementation without the need for an elaborate language implementa-
tion study which is not directly among the goals of this project.
Appendix C gives the (optional) instructions displaved at the time the
DBM Mode is entered (or in response to the 'help'" request). Appendix
D gives an example dialogue using the Data Base Manager's Mode with

examples of some retrievals.

IV.3.6 Some Characteristics of Programs and Paging System

The computer programs for processing the records are written in the
C language (5) for the PDP 11 computer. C is an Algol-like language

particularly well adapted to the PDP 11 computer and operates under the

Unix operating system (6), a multiuser system for the PDP 11.
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The PDP 11 configuration in use has 104 K bytes of core and about
200 M bytes of disk storage, although, of course, not all of this is
available to a single user. The maximum core allowed a single user by
the Unix system is about 56 K bytes. The example system is using about

2 M bytes of disk storage.

Every effort was made in the programming to use modular and
hierarchical techniques. The C language is reasonably well suited to

these methods.

Because of the limited core the first requirement of the programs
is for a (data) overlay or paging system, and this is incorporated at
the lowest level. Since it is the linkages that are expected to be
referenced most frequently, these were incorporated into the paging
system. The alphabetic information is needed mainly for communication
wlth the user and referenced as needed, and is not involved in the

"automatic' paging.

Many of the characteristics of the link-paging system are determined

by the machine being used (PDP 11) and the operating system (Unix). The
fixed page size of 512 bytes was chosen to fit the hardware/software.
A link consists of four addresses, each address being 3 bytes, 2 bytes
to indicate the page number and one for the links within the page. This
allows the spanning of 64 K pages of linkage data, the maximum allowed
to a user (by Unix). This allows 42 links per page with 9 bytes left

over for some housekeeping chores.

A system of N buffers is set up, with each buffer holding one page.
N is a program variable and is generally between 32 and 64, consistent
with other core requirements. The linkage pages are moved in and out
of the buffer areas as needed with a directory kept of which are in core.
In addition, the directory keeps a record of the manner in which the
pages are referenced. Those pages referenced least recently and/or

least frequently are first to be moved out when a new page is required

to be moved in.
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The concept here is that during a given time interval in the running
of the program, certain pages will be referenced with high frequency
and other less often. The particular set of pages so referenced will
change with time or with the demands of the program. The paging system
is expected to adapt to these changes and to adjust in a statistical
manner to the changing page requirements. It is also expected that the
linkages will cluster so that there is a high probability that links
will point to others on the same page. While no systematic efforts to
produce clustering are made, this particular application and the manner
in which the links are initially assigned encourage clustering.
However, it is recognized that if extensive changing and reassignment
of the linkages occurs, the clustering or correlation of the links
within a page will disappear and become random or incoherent. This
could be corrected by more sophisticated garbage collection and link
assignment algorithms. However rough experiments showed that the more
elaborate assignment methods generated enough overhead to cancel the
anticipated gain. Details of the paging algorithms are given in the

fourth STITE Progress Report (4).

Iv.3.7 Strﬁcture of the Programs

The C language (5) is a procedure or subroutine oriented language
and suited to modular and hierarchical programming techniques. Here

will be given some of the structural characteristics of the programs.

The basic building unit in C is the procedure. A procedure is
a more or less closed set of code that is called or invoked as a unit.
It can have within it calls on other procedures (including itself).
Procedures communicate with each other both through parameters and global
variables. (While it is considered that procedure communication through
global variables is "dangerous', i.e., an error-prone method of doing
things, this would be most difficult and awkward to avoid in the C

language. The best that can be done is to keep global variables to

a minimum.)
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The procedures are grouped into sets (called blocks) that perform
particular duties. Sets of these blocks are then built into programs
that perform higher order tasks. Sets of programs can also be grouped
together to perform yet higher order tasks. The program set is the top

of the hierarchy in the C-Unix system on the PDP 11.

Figure 11 shows blocked diagrams of STITE system programs including
the Data Base Manager's program, and the user's system and the (internal)
modules processing program in terms of the program modules; only the top

most block is different in all these programs.

Each block represents a collection of procedures used to perform the
indicated tasks. Global variables are global only within a block and may
not be referenced outside of that block. Procedures within a block may
reference each other or those in a lower block. Thus, for example, the
set manipulation procedures reference each other and those of link-paging
and a-file management, but link-paging and o-file management never reference
each other nor the global varizbles associated with each others' blocks.
This hierarchy structure makes debugging and trouble shooting easier since
the blocks can be checked out in order from bottom to top (or top to

bottom).

Appendix E lists these programs.
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V. AVENUES OF FURTHER DEVELOPMENT OF THE STITE-SYSTEM

Various aspects of transfer of scientific and technical information
to educational and learning systems, which have been studied, and the
design of an experimental STITE system, which was one of the main accom-
plishments of thls project, opened numerous new avenues for follow-

up investigations and developments. The most important of these are:

(1) User evaluation of the STITE system under realistic operating
conditions. Retaining the present data base on graph theory

and applications, arrangements would have to be made with a
selected group of educators to use the system for actual edu-
cational purposes in teaching graph theory courses or seminars.

To make this exercise meaningful, one would need to connect the

STITE system on-line to some actual information retrieval system,
since otherwise the obvious limitations of the system would make

such an actual utilization hardly attractive.

(2) Evaluation of performance of the STITE system on a selected
spectrum of data bases. The "internal knowledge' of the experi-
mental system is limited to the subject matter of graph theory,
whereby the selection of the subject matter was somewhat arbi-
trary. One would like to explore how effectively the artificial
intelligence component of the system (i.e. internal modules of
the system and their syntactic and semantic structures) could

be constructed for different subject areas and how well the

system would perform on these different data bases.

(3) Investigation of optimal trade-offs between the economy

of performance of the STITE System in various tasks and the size

of the "internal knowledge'", i.e. the amount of structured infor-
mation stored in the system in the form of internal modules etc.

Intuitively, the larger in size is this component of the system,

the more time will be required to process information for

various tasks. For all practical purposes, methods need to be

developed for finding an optimal balance between the volume of

"internal knowledge" and economy of performance.
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(4) Development of add-on components of the system which would
improve the interaction with the user and the performance for
varlous tasks. Two such subsystems would be of particular
interest: a subsystem for interactive and automatic generation
of user Interest profiles and subsystems for preselecting
external information for retrieval purposes, i.e. preselecting
subsets of external information for detailed search and high
recall retrieval. Some clustering programs have been already

developed By us with this purpose in mind.

These are just the major follow-up tasks which seem to be worthwhile

pursuing on the road toa fully operational STITE System. It is by no

means an exhaustive list of all possible extensions.
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APPENDIX A

The User's Instruction Dialogue for the STITE Data Base Management System
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The major functions of the STITE system were broken down into
tasks and discussed 1n the STITE Report#2 (Dec 1973). Seventeen tasks were
1dentified anc analyzed. All of these centered around the use of the
“internal” information, structured as modules and described in STITE Report #3.

Data base elements are records of two kinds: modules of internal in-
formation (called moditems) and bibliographic records (called bibitems}). 'The
modules are aescribed i1n some detail in SR $ 3. Each consists of textual
material and acdditional information about the textual material. This
information associated with the text is arranged in fields, with the principal
topic being designated as the A fielcd. B field contains a set of terms which
are used to cescribe or explain the principal topic, or A field. Cc field
indicates the source document from which the textual material is taken, F field
specifies the form of the text (ie, English lanquaqe, chart, etc.}, H field
indicates type of informatin (ie, definition, theorem, or problem), and D
fiel¢ refers to the level of difficulty of the textual material.

The most significant feature of the Stite system is the ability
tc browse throuch the bibliographic material (and modules) in an
asscciative manner. That is, relations of various types between groups
cf hinhliocraphic entries can be examined.

“he praincipal types of relationships that are considered
s:an:.ficant are .

a) Trhe homonymic relation: two bibliographic or module items are
531¢ to be homonymically related if they are about the same main
tcomic {i1e have the same A field term).

) The explication relation: two bibliographic or module items
are saic to hbe explicatiocnally related if one is an explination or
exvrl.ication cf the other f{ie the same term appears in the B field of one
anc the & trieldé of the other).

C} 1ne ccntexual relation: two items are said to be contexually
relatec 1f both use a significant common term to describe, define or
ctherwise demonstrate their main topic {(ie have a term common
trheir F tields). .

This is considered the distinctive feature of the Stite
rvstem: tco he eble to tind collections of items (biblicagraph
cr mccdule) that are meaningfully related to one another. Chains of
these relaticnships can also be examined. That is, a connected path
cr tree of hiblioagraphic or module relationships can be created using
either the explicaticanal or the contexual relation. “These chains start
witn a ociven term or topic and find a seguence of module of biblicqraphic
entries that ccnnect to a second given term, where the connection can be
e:ther contexual or explicational. The entries along the chain or tree
can then be displaved.

flsc certain specific tasks, outlined and discussed in sSTITE
Lerort $2, have been implemented more or less as criainally described.
Trese include:

Task lic. 2. Preparation cf HNarrative Presentations. (Only the part
abcur rresentitna sets of theorems relevant to a topic or sub~-topic has
meen :ironlemented.)

Inrut: Terics or sub-topics of 1nterest.

Cutput: sSet of relevant theorems {(with proots if available).

Task hveo. 4. Presentation of Problems Under specific Topics
or fSub-torics.
Inrut: Topic, sub-topic, or key word.
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Output: A set of problems relevant to the given key word.

Task No. 5 (and No. 8). Presentation of Bibliography Under
a Topic or Sub-topic.
Input: Subjects, terms, topics., sub-topics or concepts.
Cutput: A set ot references under headings of each topic or subtopic.

Task No. l4. Retrieval of Abstracts Related to a sSpecitic Abstract.
Input: The Reference number of the abstract.
Cutput: A sequence ot related abstracts or bibliographic entries.

Task No. l5. Presentation of Definitions of Concepts.
lnput: Terms, topics, sub-topics, or concepts.
Cutput: The relevant definitions.

tinally, unions, intersections, and differences of sets of
nccules and bibliographic entries can be ccnstruced and manipulated.

The stite Users system is a yes-no driven, agenda type dialog
csvstem. ilcst requests for a user response are to be answered “yes o©or no
{cr just v or n ). Vhen other type input is requested it should he clear
frc~ the cuesticn what 1s wanted. Input is always free field, never more than
¢ne lrne at a tirme, and terminated by a carriace return.

/-t various staqges the system will attempt to inform you in some detail
about what it 1s doing and what you will need to do. However these instuction
7ocnologues are broken every 15 lines or so with a guestion giving you the
ortien of continuing the discussion or skipping into the next material on the
aoenca. While you may skip forward in the aacenda this way, you may not back
ur.. Une can however terminate the prooram and start over. (To terminate
.1t the “rul out" key 1n response to any question or regquest for input:
the """ indicates vou have returned to the UNIX operatinag system.)

The secuencina or aaenda 1is as follows:

1. Introduction and preliminary instructions (we are in that now).

2. Discussion of the topics or subject matter in the system. (Here
veu may look at some of the subject modules if you choose.)

3. Discussion -of the tasks presently implemented.

4. A choice of tasks is made by the user.

. Cvcle throuah the cptions associated with the choosen task. Op-
tions nclude lookina at or savinag material retrieved and extendina (or
narrcwina?) rance and type of retrieval.

The user should also he aware that there is another manner of
accessino this data base which allows cosiderably more freedom and detailed
manipulation of the elements. In effect it allows the user to become his own
<ata base manager: in doing this however one assumes considerably more
resnonsibility for the inteority of the data base and the manipulation process
1s rmcre corplex than the users mode. To enter this "cdata base
nanaacer s recde, exit from the users mode and give 1inter.a .

Subicct Matter and Topics

The present system deals almost exclusively with the suhject matter
Grarh Theory and :1ts applications. Thus topics within this area will be
recoanized. Tvpically for example the topics

simple graph eulerian graph digraph
tree vertex mapping

cdoe : chain circuit
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and so forth are represented and discussed. However there are sereral thousand
terms or topics represented and discussed in the modules and many more in the
biblioaraphic material (bibitems) that one may ask about. tMtost of these are
only distantly related to graph theory as such and many seemingly unrelated,
even remotely.

Cne may enquire about any topics or terms one chooses and if there are
modules or bibitems referring to the topic one may request to see them.

£t present the choice of tasks is as follows:
Compilation ot biblicgraphies on related topics (STITE Report %2,
Pec 1973 pages S & 7, referred to there as Tasks llo. 5 and 8).

Compilation of module collections on related topics. (This includes
tlhe construction of outlines by topic or subtopic.)

Letrieval of abstracts related to a specific abstract (abstract =
hibliocaraphic entry = bhibitem; STITL Report 32, Dec 1973 page
-0, referred to there as Task NO. 14).

Fetrieval of modules associated with a particular module.

Fetrieval cf intersections (cr unions or differences) of collections
of mcdules and/cr biblioqgraphic entries that have common

terrs 1n various fields.

Creation of connections or paths between related terms or
topics. (Terms are related throuah medules or bib-
lioaranhic entries in the sense that an entry contains both
terms (in either the A or B field).)

Fectrieval of theorems relevant to a particular topic (part of
Task llc. 2 in STITE Report %2, page 4).

’resentation of probiems relevant to a prticular topic (referred
to as Task fo. 4 in SR #2, p. 5).

Presentation cf definitions of concepts (Task No. 15 in
SR #¥2, r. 10).

Ccmreilation of Bibiliaraphic Entries (bibitems) on Related topics:
This task can be carried out in three different formats--
Fermat AB) by the Abiteration (see 3R $4 paqge 60); successive orders of
relatedness are determined by-- : ‘
i) findina the union of all module entries (moditems) and bibitems
tor the topic(s) as A field lall items homonymicly related
thkrouah this topic(s) ],
2' then finding all the B fields of these items,
3} convertino all these B fields tc A fields (with the same wvalues).,
4Y fainding all bibitems for these A fields
[ie, all items explicaticnally related to the first set).
This seauence can then he repeated as cften as the user chooses.
Fermat BA) bv the BAiteration; same as the ABRiteration of Format a) with
L and A 1nterchanaded |ie, first all contexually related items,
then those related (reverse) explicationally to the first
set of items).
Fcrmat 5B) ry the DBiteration: same as the ARitcration except that one starts



T R T LT N e Ll e B TR o ]

I

;,
i

52

Apr 1 13:46 all.alf Page 4

with B fields and ends with B fields |uses only the contexual
relationship].

To ¢o a compilation on selected topics{related by bibitems) via
Format AB) request "1",
Format BA) request "3",
Format BB) request "5".

Starting topic{s) will be requested.

To do a compilation on selected topics(related by moditems) via
Format AB) reguest "2°",
I'ormat BA) regquest "4",
Format. BB) reguest "6".

starting topicis) will be requested.

lLeouests such as *2&1", "ls2*, "4&3", "5&6", etc.. will give BOTIH
tte modules and the biblicgraphic items for the corresponding request.

l'etrieval of /bstracts Related to a specific Abstract:
This task can be carried out in three different formats--

termat ~E) hy the ABiteration {(see SR #4 page 60); successive orders of
relatedness are determined by~-
1) finding the unicn of all A field topics for the given bihitem(s),

lthe homonimic relation]

2) taking the union ot the moditems and bibitems for these topics as

A tield,

3) then tinding all the B fields ot these 1i1tems,

4) converting all the B tields to A tields (with the same values),

5) finding all bibitems for these A fields |the explicational relation].
This seguence can be repeated as often as the user chooses.

I'ermat LR) by LAiteration: same as the ABiteration of Format a) with .
L' and A interchanaed |ccntexual tollowed by (reverse) explicational].
Fcrmat LR) by BBiteration: same as the ABiteration except that one starts

with B fields and ends with B fields |the contexual relationaship].

To ¢o a compilatién on selected bibitems via
Fecrmat AB) request “7"“,
Format BA) reguest "Y",
tocrmat EB) reguest *11".

Startina bibitem number{(s) will be reguested.

Te deo a compilation on selected moditems via
Format AP) reguest "8",
Fcrmat BA) request "10",
Format BB) request "12".

Startinag moditem number(s) will be requested.

Retrieve intersections (or unions or differences) of collections of modules

anc/or bibhitems:
This task can be carried cut in several different wayse—-

Format MODS) does an intersection(union, difference) cf modules only on
civen fields and values. .

Format BIBR3) coes an intersection{(union, difterence) cf bibitems only on
aiven fields and values.

Fermat MCDS-E1IB3S) does intersection (union, difference) of both modules and
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bibitems on the given tield and values.
1n each case the resulting collection can not only be
retrieved but saved and named for further reference.

Tc.qgenerate intersections {or unions or differences) of collections of modules
anéd/or bibitems via

Format MOD) request "18",

Format BIB) reguest 17",

Format BIB-MOD) reguest "18&17" or "17818",

Creation of connections or paths amoung terms:
This task creates chains of connections or associations
of terms {(connected through the modules or bibitems).
There are three possible formats here--
Format AB) the connecction is through the first term appearing as
an A term and collecting all possible B terms: the next
ccnnection is performed by converting all these B terms to
A terms, and so iterating along the paths until the appropriate
t+inal term 1s tound. |The mod and bib items on the paths are
{reverse) explicationally related.]
tcrrat #BA) same as the AB tormat with A and B interchanged.
[The i1tems are exnplicationally related.]
I'crnat EPR) The connections are throuch all terms appearing as
L terms: the paths result from all possible connections
to the tinal term. [The iterms are contexually related by the tems.]

Tc aencerate connections or paths amoung topics or subtopics via
Fcrmat AB) reguest "13%,
Fcrmat [A) reguest "1l4",
Format BE) reguest "1%5"“.

starting and ending terms will be requested.

Te perform thke implemented versicns ¢f the Task No. 2, 4, 5, 14, or
15 f‘discussed in 3R $2):

For Task XNo. 2: regquest “T=-2",
For Task lio. 4; regquest “T=4",
For Task No. 5 reguest “'I'=5",
For l'ask No. 14: request -~I-14",
I'or 1'ask HNo. 15: request ~“T=15".

l.cwever there are a variety of ways in which the indicated tasks

can be carried out. le, contexual, homonymic, or explicational
relations (or even reverse explication) can be used to describe

tow terms, bibliographic entries, definitions, theorems, etc are
"relatec" to each other. These options are included in choosing the
task. That is:

F'er Task Neo. 5 with contexual relations, request “T=5=con”,
For Task No. 5 with explicational relations, request "T=5=exp”,
I'cr Task No. 5 with reverse explication, reguest “"T=5=-rex".
The default option, that is "T=-5", aives explication: “T=5% = “T=5-exp”.

The crtions tor Task No. 14 are the same:
I'or contexual relations request *"T=1l4=-con",
For explicational relations request "T=14=-exp”,
For reverse explication request *T=1l4-rex"”,
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Detault 1s explication: ie, "T=1l4" = "T=]l4-exp".

For Tasks No. ¢, 4 and 15 the relation options are contexual or
homonymic. Thus:
For Task No. 2 with homonymic relation, request “T-2-hom",
For Task No. 2 with contexual relation, request "T=2-con",
and the default is homonymic (“T=2" = "T=2-hom"). And so for Tasks 14 & 15:
“T-4-hom" gives Task No. 4 with homonymic relation,
"T-4-con™ aives Task No. 4 with contexual relation,
“"T-1lS-hom" gives Task No. 15 with homonymic relation,
"T-15-con” ¢ives Task No. 15 with contexual relation,
and "T-4" = "T-4-hom", “"T=-15" = "T-15-hom".

Finally, the task request "help” will cause task choices to be displaved;
the task "halt"” or just "0" terminates the program.

tor carrying out certain tasks and for performing other desired
operations, a command language for manipulating the records and creating
structures is available. )

Lcokinag at the records or structures being manipulated, one notes that
tkey are basiclly names and sets of names. Associated with each name is a
set called 1ts associated set. An assoclated set 1s Just a set 1n that
the crder 1is not relevant and no duplicates are be allowed. Some
of the associated sets are empty. Set theoretical operations are defined
and i1mplemented on these associated sets.

The commands are in a very simple form and restricted to unary and
birary opperations. One of the operands is designated by a P or pointing
reaister; the other, 1f there is one, 1s namea 1n the command. (This is
reriniscent of a single address machine languande with an *accumulator”
reagister. except that the *accumulator” register does not hold the item
tc he operated on but only points to it.) The item pointed to by the P
or pointina register wWill sometimes be referred to as just P. Thus, the
command, point X, ‘puts P to X, that is, puts the P or pointer register
Fointina to X. The command attach Y adds Y to the P set, that is, adds
the name Y to the associated set of the name pointed to by the P or
pointer register.

The cmerations available are:
create x
Create the name "x", associate the null set, set P register pointing
to x ’
point x
set P register to x
attach x
Put x on the asscciated set of whatever is pointed by P reqgister
remove x
Take x off the associated set of whatever is pointed by P
c¢isplay name
Display name pointed by P
disrlav set
LDisplay the associated set of whatever is pointed by P
display secondary
Pisplay the sets of the set of P
display n-ary N.m
Displays the sets ot the sets of the . . (to a depth N) . .
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of P: if m = 1 only the first element on the Nth set
will be displayed, if m = 0 all items on the Nth set
will be displayed
add set x
Add the items on the x associated set to the items on the set
pointed by P, eliminataing duplicates (the union or OR operation)
delete set x
Delete from the P set all items on the pointed or P set (the AND NOT
operation)
delete setnot x
Delete from the set pointed by P all items not on the x set (the
intersection or AND operation)
count
Count the number of items on the pointed of P set, 0 if null
1s member x
Fesponds yes if x is on the rointed (P) set, no otherwise
relation set x
Cives sct relation between the pointed set and the associated set
of x. Response:
"identical" if x & P sets identical
"superset” if x is a proper superset of P
"suhset” if x is a proper subset ot P
tcount) ©of intersection of x & P
"disjoint" if x & P sets disjoint
rake set null
sets the P set to null
cn seconcary put x
X 18 placed on all the sets of the items on the set of p
union seccndary X
The set of P is replaced by a set that is the union of the sets of
the 1tems on the x set
intersect sccondary x
The set of P is replaced by a set that is the intersection of
the sets of items on x
exchanage x
Exchances the sets of x and P; x then has P's old set and
P has the set of x
climinate fielcd V
All the elements of the P set (that are of the type of the field
i) are eliminated or removed; F must be of the form A{ , B{, etc..
cr TXT:
elirinate tieldnot F
711 elements of the P set (that are not of the type of the field V")
are removed from P; ' must be of the form A{, B{, ectc.. or 1TXT:
ABilterate
The set ot P must consist of field name values {(ie of the
form B{ ... }). The set ot P is replaced as follows:
1) convert all these B fields to A fields [with the same
name values), 2) find all the modules for these A fields, 3)
tind all the B fields of all these modules. The final P set is the
set of all the B field name values ohtained at step 3.
Liiterate
same as ABRiterate except that the A and B fields are interchanged
tBiterate
Same as ABliterate except that one starts with B fields {(and ends with
L fields)
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ABconnect to x

Performs ABiterate until a match on x is obtained: after each
( iteration the number of items on the P set is aiven and the
option of continuing or stopping is given
BAconnect to x
Same as ABconnect except with A and B fields interchanged
LBconnect to x
Same as ABconnect except that only B fields are used
ABpath to x
The set of P must consist of only A field name values
. (ie of the form A{ ... }). A search is made of the module sequences,
using ABconnect, until a connection is made with x. BEefore starting a
reauest for the maximun depth of the search is made. All paths for
( which a connection is found are printed with the depth of the
connection specified.
vipath to x
Same as ABpath with A and B fields interchanged

i ! rbpath to x
H same as Alpath except that only B fields are used
i Fexp x .
3 ! All of the elements of the set of x are compared in pairs. 1t two
3 elements of x have commen topic (name value) on their sets that is in
3 the A tield of cne and in the B field of the other, the two elements
§ { are saic¢ to be explicationally related and the (ordered) pair are put
; on the set of P with the member havinag the A field match first.
{SR # 3, page 48).
; ¢ Ehom X
¥ ( ) 11l elements of the set of x are compared in pairs. 1f two elements
3 of x have the common topic in an A field of their sets, the two
% ( clements of x are said to be homonomicly related and the (ordered) pair
r are put on the set of p. {SR # 3, paae 51).
} Lkcon x
‘1 \ same as Rhom except.the match is on the B fields. Matched elements
3 are said to be contextually related. (SR £ 3, page 49).
i . [Loen x
v All of the elements of the set of x are compared in pairs.
* If two elements of x have A field topics related by Simp (ie semantic
H implication, see sR $# 3 paage 46), the two elements are said to
} obey the aeneralizing relation and the (ordered) pair are put on the
‘g set of P with the more general member in the second position.
‘i ) [Note: The semantic relations must be user created and in the
: appropriate format.|
2' Fexa X
; ¢ 2All elements of the set of x are compared in pairs. 1f the one
i : element of x has a B field topic and the other an A field
i topic related by Simp (semantic implication, see SR # 3 page 46),
i the one is said to be the explicational ampflication of the
| P ’ other and the (ordered) pair are put on the set of P with the
g e lement having the B tield topic first. lAgain the semantic
; P implication must be user created and in the appropriate tformat.]|
) Fras x

All the elements of the set of % are compared in pairs. 1f
two elements of x have A field topics related by ssim (ie
semantic similarity. see SR # 3 paae 47), the two elements are
said. to be meanina associates and the (crdered) pair are put
on the set of P. |[Note: 3emantic similarity must bhe user
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defined in the appropriate format.]

In each case the x stands for the name of some
To exit use "halt or hit the "rub out" key in
question or request for input.

Fecr more information see manual.

associated set.
response to any

57
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APPENDIX B

Examples of the User's Mode Dialogue with the STITE System
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Name: 13g
Password:
V‘elcome to UNILIX

¢ This is the standard sign on through the UNIX operating
system; to enter the User's Mode, one gives "user.a" --—-

user.a

The Stite Users system is a yes-no driven, agenda type dialiog
system. Most reguests for a user response are to be answered “yes  or no
(or just "y or n ). When other type input is requested it should be clear
frocm the question what is wanted. Input is always free field, never more than
one line at a time, and terminated by a carriage return.

At various stages the system will attempt to inform you in some detail
- . do you wish to continue in this vein? (y or n) n
Subject Matter and Tecpics

The present system deals almost exclusively with the subject matter
Graph Theory and its applications. Thus topics within this area will be

recoanized. Typically for example the topics
simple aqraph eulerian graph digraph
tree vertex mapping
- . do you wish to continue in this vein? (y or n} n

Do you wish to inquire about the subject matter in the system? (y or n) y

Here one has the option of inquiring about specific topics
and subtopics in the data base, with the option of examin-
ing relevant items.

in what topic or subtopic are you interested?

duality
The system has 3 entries related to {duality}
do you wish to SEE some of them? (y or n) y
fi{duality}

wxrs CPY3TEmhig is a bibliographic entry with “"duality" in the A field.
duality and regge-mueller phenomenoclogy for inclusive spectra ’
freeman, j.r.. univ. washington, seattle, usa
nuclit. phys. b (netherlands) (nupbbo} 18 march 1974,b71(2) 301-13 .,
10 ref.
rhysics abstracts{pa) 1974, 36096
1sc. a3568,a3430,a3450, ish. elementary particle inclusive reac

tions,elementary particle interaction models,duality and dual m
carriage return to continue . .

odels,reqge poles and trajectories, iuc. gkemaw,ghgaac.,ghmaagq

’

keywds. duality,inclusive spectra,exchange degerieracy constrai

nts, rapid scaling criterion,regge mueller phenomenoclogy
abstr.. further predictions are examined of a recently proposed, phen
omenologically supported, duality scheme for double regge-mueller gra
phs. it is stressed that these duality constraints should be tested.,
not only on the non-scaling behaviour at x3#0 of single-particle spect
ra, but also on the shape (i.e. curvature) of rapidity spectra. excha
nae degeneracy constraints for single and double regge-mueller expans
carriage return to continue . .
ions are used., together with factorization to investigate two-particl
e spectra of (a#dcb} when one particle is near the kinematic bounda
ry and the other is in the central region. a rapid scaling criterion
1s derived. the relative sizes of the non-scaling part of (p#pi/sup =
/cb) spectra cipi/sup &/,pi/sup -/,pi/sup 0/, bépi/sup &/,pi/sup -/
+k/sup &/,k/sup -/,p areestimated. an extended pattern of duality co
nstraints for many-particle regge=-mueller graphs is suggested

continue listing? (y or n) n
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BE{duvality}
xT B1B{217} This item has "duality" in the B field.
XT:
a method of decomposition for large scale systems and its application
tamura, h.,
syst. and control (japan) (sycna9) june 1973,17(6) 352-60 , 31 ref
. japanese
computer & control abstracts(cca) 1974, 06610

isc. c6410,¢c6630,c6280, ish. large-scale systems,graph theory.,d
vality (mathematics),mathematical programming,optimal control,
carriage return to continue . .

iuc. vccaag,vegaal,dlraap,
keywds. method of decomposition,partitioning of large scale sy
stems,structural partitioning,dvuality,mathematical programming
systems,multistage decision processes, optimum control problem
s,continuous systems,graph theory
abstr.. structural partitioning of large scale systems, graph-theory
structural partitioning, duality and partitioning of mathematical pro
gramming systems, multistage decision processes and partitioning syst
ems for optimum control problems in continuous systems are all dealt
with, with reference to block diagrams, structure-diagrams etc
continue listing? (y or n) n .
Do you wish to enguire further about the subject matter? (y or n) y

Here one may inquire about other topics.

In what other topic or subtopic are you interested?
prlatonic graph
The system has 7 entries related to {platonic graph}
do you wish to SEE some of them? (y or n) vy
A{platonic graph}
MOD({ 575}
TXT: Of special interest among the reqular graphs are the so-called
Platonic araphs, the araphs formed by the vertices and edges of the
five reqular (Platonic} solids-the tetrahedron, cube, octahedron,
dodecahedron and icosahedron. The tetrahedral graph is K4 (see WIL/1/68),
and the graphs of the cube and octahedron are shown in WIL/1/72
and WIL/1/75. We leave the drawing of the ocisahedral graph as an
excercise for the student.
B{platonic graphl}

MOD{ 696}
TXT: For which values of m and n are the following graphs Hamiltonian:
(i) Xm, n: (ii}) Kn: (iii} Wn? Describe a Hamiltonian circuit in each

case. Show also that the Platonic graphs are all Hamiltonian, and find
a Hamiltonian circuit for each.
MOD{ 647}
continue listing? (y or n) n

One has the option of discontinuing the item listings.
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Do you wish to enquire further about the subject matter? (y or n) y
In what other topic or subtopic are you interested?
vertex models
The system has 1 entries related to {vertex models}
do you wish to SEL some of them? (y or n) n
Do you wish to cnquire further about the subject matter? (y or n) y
In what other topic or subtopic are you interested?
eusterlan graph
The system has 29 entries related to {eulerian graph}
do you wish to SEE some of them? (y or n) n
Do you wish to enquire further about the subject matter? (y or n) n

Discontinue inquiring about topics.

The major functions of the STITE system were broken down into
tasks and discussed in the STITE Reportf#2 (Dec 1973}. Seventeen tasks were
identified and analyzed. All of these centered around the use of the
"internal” information, structured as modules and described in STITE Report #3.
Data base elements are records of two kinds: modules of internal in-
formation (called moditems] and bibliographic records (called bhibitems}. The
.« « do you wish to continue in this vein? (y or n} n
At present the choice of tasks is as follows:
Compilation of bibliographies on related topics (STITE Report $2,
Dec 1973 pages 5 & 7, referred to there as Tasks No. 5 and 8).

Compilation of module collections on related topics. (This includes
the construction of outlines by topic or subtopic.) .
+ . do you wish to continue in this vein? (y or n} n
which task do you now wish.. 18&2

Here one arrives at the task options. The task options
"1&2" gives a compilation of both internal and external
modules related by a selected topic.

what is the topic(s) of interest {(if more than one separate by TABs)
graph
The topic ''graph" was selected; there are 38 mcdules having
graph as main topic (A field).

do you wish a restriction? (y or n) n .
there are 38, order 0 items:; do you wish to SEE some of them? (y or n) n
do you wish to SAVE these items for future reference? {y or n) n

do you wish to COUNT the order 1 items? (y or n) n

continue this task with other topics? (y or n) y

Switch topics now to '"directed graph". ;
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( -
" what is the topic{(s) of interest (if more than one separate by TABs)
. directed graph
do you wish a restriction? (y or n) n
C there are 7, order 0 items; do you wish to SEE some of them? (y or n) n
' « There are 7 items related through A{directed graph}.
do you wish to SAVE these items for future reference? (y or n}) n
do you wish to COUNT the order 1 items? (y or n} y
«
The order 1 items will be explicationally related to the
, order 0 items.
there are 13 topics, éo you wish to SLE some of them? (y or n}) n
there are 26, order 1 items; do you wish to SEE some of them? (y or n) n
( do you wish to 3AVE these items for future reference? (y or n) n
do you wish to COUNT the order 2 items? (y or n) vy
¢ : . N
The order 2 items will be explicationally related to the
« order 1 items.

there are 57 topics, do you wish to SEE some of them? (y or n} n

there are 83, order 2 items; do you wish to SEE some of them? (y or n) n
do you wish to 3AVE these items for future reference? (y or n) n

do you wish to COUNT the order 3 items? (y or n}) n

- -
- N

Here we switch to another task; option 7 will allow selec-
tion of explicationally related bibliographic items.
QO

continue this task with other topics? (y or n) n
O which task do you now wish.. 7
Start with bibliographic item 474 (ie BIB{474}), which has
three main topics (A field entries).

O

what is the item number{(s) of interest (if more than one separate by TABs)
. 474
¢ do you wish a restriction? (y or n} n

there are 3 topics, do you wish to SEE some of them? (y or n) y
( i
. A{craph theory}

A{analysis of communication networks}

N A{communication networks}
> there are 9, order 0 items; do you wish to SEE some of them? (y or n) n

All of the order 0 items are related homonymicly, that is,
have at least one common A field term. We choose to save
these items here for future reference.

do you wish to SAVE these items for future reference? (y or n} y
by what name do you want these remembered

L. temp—l

they have been added to temp=-l

do you wish to COUNT the order 1 items? (y or n) y
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X - there are 41 topics, do you wish to SEE some of them? (y or n) n
there are 24, order 1 items; do you wish to SEE some of them? (y or n) n
( do you wish to SAVE these items for future reference? (y or n) n
do you wish to COUNT the order 2 items? (y or n) n
: Continue this task with other items? (y or n) n
C which task do you now wish.. 13
1
|
¢ Task option 1 finds paths or chains of terms that relate
(explicationally) modules along the path. First a search
( is made to see if a path connects the given starting and
ending terms. Then the option of exhibiting the terms
¢ along the path is given.
(
C:
The restriction H{l} allows only those modules that are
(~ defintional to form links along the path.
(
O .
ailve startinag term: directed graph
yive ending term for path: set
O do you wish a restriction? (y or n) y
What restriction . . (give as H{4-2} or D{2} or F{1l} etc)
H\lJ
) no connection yet at level = 1 count = 7 c¢ontinue search? (y or n}) y
no connection yvet at level = 2 count = 7 continue search? (y or n) y
connection at level = 3
O There are 14 terms at level 3: dJdo you wish to see them? (y or n}) n
Do you wish to construct paths? (y or n) y
¢

QO 3.1: B{set)
2.1: B{graph}
1.1: B{digraph}
C 3.2: B{set}
‘ 2.2: B{graph}
1.2: B{vertex}
O 0.2: A{directed graph}
4 "2 paths
Do you wish to see ALL the items (modules or bibligraphic entries)

along ALL the paths? (v or n) n




do not understand, say again . .

-~

which task do you now wish.. 13 64
give starting term: eulerian qgraph

( give ending term for path: endpoint

do you wish a restriction? (y or n) y

what restriction . . (give as H{4-2} or D{2} or F{1l} etc)
/ Hydy
' Here is another example of an (explicational) path restrict-

ed to definitional (H{1l}) modules.

(

no connection yet at level = 1 count = 1 continue search? (y or n) vy
. no connection yet at level = 2 count = 2 continue search? (y or n) y
\ no connection yet at level = 3 count = 12 continue search? (y or n) y

connection at level = 4

There are 20 terms at level 4; 2o you wish to see them? (y or n) n
C Do you wish to construct paths? (y or n) y
C

4.1: B{endpoint}
C 3.1: B{linear graph}
2.1: B{circuit}
4.2: B{endpoint}
¢ 3.2: B{graph} o
2.2: B{edge}
1.2: Bl{eulerian circuit}

s 0.2: A{eulerian graph}
2 paths
Do you wish to see ALL the items {modules or bibligraphic entries)
¢ ajona ALL the paths? (y or n) n

Here one looks at the modules that form the connections

¢ along the path. Note here that MOD{434} connects "linear
graph” and "end point", MOD{354} connects "circuit" and
"linear graph", etc.

d Do you wish to examine individual paths? (y or n) y
Cive junction pair numbers (higher first, then lower). .
q 4.1, 1.2
INTER{A{linear graph}:B{endpoint}}
MOD{ 434}
¢ TXT: A linear graph corresponding to a set of edges is a linear graph
consisting of all edges and all vertices which are the endpoints of edges
in the set.
¢ INTER{A{circuit}:B{linear graph}}
MOD{ 354}
TXT: A circuit is a connected linear graph in which every vertex is of degree
4 2.

INTER{A{eulerian circuit}:B{circuit}}
MOD{ 221} .
TXT: An eulerian circuit of G is a circuit containing all the edges of G.

do you want to see another individual path? (y or n) n
M Do you wish this path information remembered? (y or n) n
which task do you now wish.. 13

) aive starting term: arc
T give ending term for path: set
do you wish a restriction? (y or n) y
“hat restriction . . {(give as H{4-2} or D{2} or F{l} etc)
Helj
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no connection yet at level = 1 count = 1 continue search? (y or n) y
no connection yet at level = 2 count = 7 c¢ontinue search? (y or n) y
no connection yet at level = 3 count = 6 continue search? (y or n) ¥y
connection at level = 4

There are 14 terms at level 4:; do you wish to see them? (y or n} n

Do you wish to construct paths? (y or n) vy

1

Here are the paths conmnecting (explicationally) "arc" and

"Set" .

4.1: B{set}
3.1: B{graph}
2.1: B{digraph} \
4.2: B{set}
3.2: B{graph}
2.2: Bl{vertex}
l.2: B{directed graph}
0.2: Alarc}
¢4 paths
Do you wish to see ALL the items {(modules or bibligraphic entries)
along ALL the paths? (y or n} n
Do you wish to examine individual paths? (y or n}) Yy

GCive junction pair numbers (higher first, then lower}. .

4.2,0.2
Here are the modules along the path:
INTER{A{graph}:B{set}}
MOD{ 532}
TXT: (FIG 532)
MOD{ 47}

continue listina? (y or n} Yy
TXT: Graph A mathematical system consisting of two sets V and E,
toaether with a mapping ? of E into V & V {the set of unordered pairs
of elements of V). The elements of V and E are called the vertices and
edges of the graph, respectively, and ? is called its incidence mapping.
1f ?{e} = (v & w), vertices v and w are called the endpoints of edge e.
INTER{A{vertex}:B{graphl}}
noD{98}
TXT: Vertex See Graph and Directed graph
INTER{A{directed agraph}:B{vertex}}
MOD{ 186}
TXT: A directed graph or digraph is a finite nonempty set V (of vertices)
together with a set E (disjoint from V) of ordered pairs of distinct elements
of V.

MOD{ 33}
TXT: Directed graph A mathematical system consisting of two sets V and A,
together with a mapping ? of A into V x V. The elements of V and A are
called the vertices and arcs of the directed graph, respectively, and ? is
called 1its directed incidence mapping. 1f 2{a) = (v,w), v is called the
initial vertex of arc a and w is called its terminal vertex.
continue listing? (y or n}Y




INTER{A{arc}:B{directed graph}}
MOD{ 6}
TXT: Arc See Directed graph.

do you want to see another individual path? (y or n) n
Do you wish this path information remembered? (y or n) n
which task do you now wish.. 13

Another explicational path:

glve starting term: simplie chain
glve ending term for path: arc
do you wish a restriction? (y or n) y
“hat restriction . . (give as H{4-2} or D{2} or F{1l} etc)

Hil;

no connection yet at level = 1 count = 3 continue search? (y or n) y
no connection yet at level = 2 count = 7 continue search? (y or n) y
connection at level = 3

There are 20 terms at level 3; <o you wish to see them? (y or n) n

Do you wish to construct paths? (y or n) vy

Here there is a single unique path from "simple chain" to
{ 1] "
arc".

{ 3.1: B{arc}
2.1: B{directed graph}
l.1: B{vertex}
( 0.1l: A{simple chain}
1 paths
Do you wish to see ALL the items (modules or bibligraphic entries)
| along ALL the paths? (y or n) n
Do you wish to examine individual paths? {(y or n) n
Do you wish this path information remembered? (y or n) n
( which task do you now wish.. L3
alve starting term: euierian graph
glive ending term for path: arc
do you wish a restriction? (y or n) y
What restriction . . (give as H{4-2} or D{2}) or F{l} etc)
Hilj
no connection yet at level = 1 count
no connection yet at level = 2 count

1 continue search? (y or n) y
2 continue search? (y or n) y




o

g =t mp— 4

67

no connection yet at level = 3 count = 12 «continue search? (y or n) y
no connection yet at level = 4 count = 20 <continue search? (y or n) ¥y
connection at level = 5

There are S5 terms at level 5; do you wish to see them? (y or n; n

o you wish to construct paths? (y or n}) y

In this example the path structure is more complex; there
are 4 paths connecting "eulerian graph" and "arc'.
5.1: Blarc}
4.1: B{endpoint}
3.1: Bylinear graph}
5.2: Blarc}
4.2: B{loop}
3.2: Bl{geometric graph!}
5.3: Blarc}
4.3: Bl{directed graph}
3.3: B{vertex}
2.3: Blcircuit}

5.4: Blarc}
4.4: Bl{endpoint}
3.4: Bigraph} :
2.4: B{edge}
1.4: B{eulerian circuit}
0.4: A{leulerian qgraph}
4 paths
Do you wish to see ALL the items {modules or bibligraphic entries)
along ALL the paths? {(y or n) n
Do you wish to examine individual paths? (y or n} vy
Give junction pair numbers (higher first, then lower). .
A A Y]
INTER{A{loop}:B{arc}}
1oD{60}
TXT: Loop An edge {(or arc) that is incident with only one vertex.
INTER{A{geometric graph}:B{1loop}}
MOD{ 45} }
TXT: Geometric araph A graph whose vertices are selected points in two-
or three-dimensional space and whose edges are nonintersecting simple curves
each of which joins two vertices (or, in the case of a loop, closes on a
single vertex) without containing any other vertices.
INTER{A{circuit}:B{geometric graph}}
MOD{ 17}
TXT: Circuit _A set of edges whirh, if properiy ordere form_a circyit
progre5515n. Ih 3 qegme%rgc araph, 'a sef o?eeéges which’ form a cT6588 Surve.

do you want to see another individual path? (y or n) n
Do you wish this path information remembered? (y or n) n
which task do you now wish.. 0

The t indicates you have returned to the UNIX operating system:
)

Task option 0 (Zero) indicates exit from the user mode of
STITE and a return to the UNIX operating system.
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APPENDIX C

The Data Base Manager's Instruction Dialogues for the STITE System
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Apr 1 13:37 1inter.alf Paqge 1

Per carrying cut certain tasks and for performing other desired
operations, a command language for manipulating the records and creating
structures is available.

Lookina at the records or structures beino manipulated., one notes that
they are basiclly names and sets of names. Assoclated with cach name is a
set called its associated set. An associated set is just a set in that
the order is not relevant and no duplicates are be allowed. sSome
of the associated sets are empty. 3Set theoretical operations are defined
and implemented on these asscciated sets.

The commands are in a very simple form and restricted to unary and
binary opperations. ¢©¢ne of the operands is designated by a P or pointing
register; the other, if there is one, is named in the command. (This is
reminiscent of a sinale address machine langquace with an "accumulator"
reaister, cxcept that the "accumulatcr" register dces not hcld the item
to be operated on but only points to it.) The item pointed to by the P
or pointino register will sometimes be referred to as just P. Thus, the
cemmand. point X, puts P to ¥, that is, puts the P or pointer register
rcinting to X. The commandé attach Y adés Y to the I set, that is, adds
the nare Y to the associated set of the name pointed to by the P or
pointer register.

The operations available are:
create x
Create the name "x-, associate the null set, set P register pointing
to x
rcint x
set P reaister to x
attach x
Put x on the associated set of whatever is pointed by P register
remove X
Take x off the assocliated set cf whatever is pointed by P
¢isplay name
Llsplay name pointed by P
cisp:lay set
Ilisplay the associated set of whatever is pointed b+ P
Cisplay secondary
Display the sets ot the set of »p
displayv n-ary H.m
Lisplays the sets cf the sets of the . . (to a depth n) . .
of P: it m = 1 onlv the first element on the Nth set
will be displaved, if m = 0 all items on the Nth set
will be displayed
add set x
Add the items on the x assocliated sct to the items on the set
pointed bv P, eliminatine duplicates (the union or OR operation)
delete set x
Felete from the P ret all items on the pcinted or P set (the AND NOT
operaticn)
delete sctnot x
Delete from the set pointed by P all items not on the x set (the
intersection cr AlD operation)
count

Count the numher of items on the pointed of P set, 0 if null
15 member x
Responds yes 1f x 1s on the pcinted (P) set, no otherwise
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¢
relation set x
(' Cives sct relation between the pointed set and the associated sct
N of x. Response:
"identical" if x & P sets identical
~ "superset” 1f x is a rroper superset of P

"subset"” it x is a proper subset ot ¢
(ccunt) of intersection of x & P
- "disjoint" 1f x & P sets disjoint
make set null
sets the P set to null
on secondary put x
x 1s placec on all the sets of the items on the set ot ¥
! union secondary x
The set cf P is replaced by a scet that is the union of the sets of
the items on the x sct
intersect secondary x
The set of P is replacedé by a set that is the intersecticn ot
the sets of i1tems on x
exchanage x
'S ixchanaes the sets of x and P: X then has P s clild sct and
! P has the set of x
eliminate tield F

C All the elements of the P set (that are of the type ot the tieid
: t) are climinated or removed: F rmust be of the torm A{ , B{, etc..
or TXT:
Lt 2liminate tieldnot F
| ~11 elements of the P set (that are not of the type of the field Fr)
| ( are removec from P; F must be of the form A{, B{, etr.. cr TXT:
i ¢ ABitcrate

The sct of P must consist of field nare values (ie of the
{ form B{ ... }). The set of P is replaced as follows:
C i) convert all thesc B fields to A tields (with the same
name valucs), 2) find all the medules for these A fields, 3)
find all the B fields of all these modules. The final P set is the
e set of all the B field name values obtained at ster 3.
e LAlterate
same as IMlhiterate cxcept that the A and I fields are interchanaed
L q bEliterate -
Jare as ~Biterate except that one starts with U tieles (and ends with
B tields)
G Ablconnect to x
Ferfcrms Aliterate until a match on x is obtained: after each
iteration the number of items on the P set is given and the
option of continuina or stoppina is aiven

e

‘ = BAconnect to x
: Same as ABconnect except with A and B tields interchanced
t e tBconnect to x

sane as ALconnect exceprt that onlv 3 fields are used

' ABpath to x
The set of P rust cconsist of only A field name values
(ie of the form A{ ... }). A search is made of the module sequences,
usina Aficonnect, until a connection is made with x. Refore startino a
recuest for the maximun depth of the search is made. All paths for
which a connection is found are printed with the depth of the
connection specified.

bBApath to x

<
4
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C
same as ABpath with A and B fields interchanqed

- Ll:Bpath to x

(\ same as AlRpath except that only B fields are used

Lexp x

¢ 211 cf the elements of the set of x are compared in rairs. 1f two

- elements of % have common topic (name value) con their sets that is in
the A field of one and in the B field of the other, the two elements

. are said to be exnlicatiocnally related and the (cordered) ypair are put

L on the set of P with the member having the A field match first.
(3K § 3, pace 48).

¢ Fhom x

All elements of the set ot x are compared 1in nairs. I1f two elements

ot x have the common topic in an A field of their sets, the two

o clements cf x are said to be homonomicly related and the f(cordered) pair
- are put on the set of Pp. (SR 4 3, page 51).

Lcon x

Same as hom except the match is on the B fields. Matched elements
¢ are said to be contextually related. (SR ¢ 3, page 49).
haen x
£11 of the elements ot the set ot x are comparec in pairs.
C 1t two elements of x have A tield topics relatec by simp (ie semantic
implication, see SR ¢ 3 page 46), the two elements are said to
obey the aeneralizina relation and the (ordered) pair are put on the
< set of P with the more ageneral member in the second position.
ote: 'I'he semantic relations must be user created and in the
appropriate fcrmat. |

¢ Rexa x
; ( All elements ot the set ot x arec comparcd 1n pPairs. I+ the one
element of x has a B tield topic and the other an A tield
« tormic related by Simp fsemantic implication, sce SR %1 3 pace 46),
y C

. the one is said to be the explicational ampflication ot the
) cther and the (crcered) pair are put on the set of ¢ with the
G element havino the B field topic first. [Acain the semantic
implication must be user created and in the appropriate fcrmat.]

Imas x
C /.11 the elements of the set of x are compared in rairs. If
two elements ot x have A field topics related hy ssim (ie
semantic similarity, see SR # 3 rage 47), the two elements are
Q said to be meanina associates and the f{crdered) rair are put
on the set of P. INote: sSemantic samilarity must be user
definec¢ 1n the appropriate format.|

In each case the x stands tor the name ot some assoclated set.
To exit use “halt or hit the “rub cut” key in response to anyv
question cr reguest for input.

Fcr more information sce manual.

o~
+
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APPENDIX D

Examples of the Data Base Managers Mode and Command Language for the
STITE System




The Data Base Manager's Mode is entered by calling the 73

program '"inter.a".
s inter.a

This is the interactive manipulator for association lists.

For carrying out certain tasks and for performing other desired
operations, a command language for manipulating the records and creating
structures is available.

Looking at the records or structures being manipulated, one notes that
they are basiclly names and sets of names. Associated with each name is a
. « do you wish to continue in this vein? (y or n) y
set called its associated set. An associated set is just a set in that
the order is not relevant and no duplicates are be allowed. Some
of the associated sets are empty. Set theoretical operations are defined
and implemented on these associated sets.

The commands are in a very simple form and restricted to unary and
binary opperations. One of the operands is designated by a P or pointing
register: the other, if there is one, is named in the command. (This is
reminiscent of a single address machine language with an "accumulator”
reqgister, except that the "accumulator” register does not hold the item
to be operated on but only points to it.) The item pointed to by the P
or pointing register will sometimes be referred to as just P. Thus, the
command, point X, puts P to X, that is, puts the P or pointer register
pointing to X. The command attach Y adds Y to the P set, that is, adds
the name Y to the associated set of the name pointed to by the P or

pointer register.
. do you wish to continue in this vein? (y or n) n

Make timing measurements? (y or n) n
enter requests:
>point MNOD{26}
>daisplay set
MOD{ 26}

TXT: Cut-set A disconnecting set consisting of all the edges that join
a specified set of vertices with the complementary set of vertices.
B{complementary set of vertices} :

C{BUS /1/26}

The full set of instructions availableAin this mode are
described in Appendix... The symbol '>" requests input.

{1} Note that when a module is displayed all of the fields
F{l1} (attributes) are exhibited also.

A{cut-set}

B{edge}

B{connectivity}
B{vertex}
D{1}
>point A{cut-set}
>count
5
>display set
A{cut-set}
MOD{ 170}
MOD({ 640}
MOD{ 644}
continue listing? (y or n) y
MOD{ 370}
MOD{ 26}
>point B{edge}
>Ccount
13] n . 2 n ] 11 d )
>point B{conectivity} ("connectivity misspelled.
that name does not yet exist in file: can not point to it
>point B{connectivity}
>count

4
>display secondary



( 74
Bl{connectivity}
MOD{ 24}
( TXT: Component of a graph A connected subgraph which is not contained in any
larger connected subgraph.
Algraph component}

( B{subgraph} There are four modules having '"connectivity" in their B
2téés J1724} field; two of these are internal and two are external
( FL1} (bibliographic) modules.
B{connectivity}
D{ 1}
( BIB{657}
TXT:
optimization of symmetric sparse matrices
¢ enekes, j..venetsanopoulos, a.n.,black, b.a., univ. toronto, on

tario, canada
optimization of symmetric sparse matrices, 7th asilomar conferenc
{ e on circuits, systems and computers 27-29 nov. 1973, pacific gro
carriage return to continue . .y
ve, calit., usa, western periodicals, north hollywoed, calif., us
( a, 1974 677-81 , 8 ref.
physics abstracts(pa) 1974, 59037 and electrical & electronics
abstracts(eea) 1974, 29415 and computer & control abstracts(c
{ ca) 1974, 18553
isc. alll0,bl410,c6210, ish. matrix algebra,graph theory. iuc
. dbccms,dlcaaq,
{ keywds. symmetric sparse matrices,l-u factorization,equivalent
graph problem, connectivity.block minimal separator tree
abstr.. the problem of 1-u factorization of a symmetric sparse matrix
{ is transformed into an equivalent graph problem. it is shown that in
: order to minimize the “fill=-in  during the 1-u factorization, it is
sufficient to examine the connectivity of the graph corresponding to
the sparse matrix. a method of optimally labelling the graph in terms
of the so-called block-minimal separator tree is propcsed
continue listing? (y or n) vy
( B{equivalent graph problem}
B{block minimal separator tree}
Bi{matrix algebra}
A{symmetric sparse matrices}
B{graph theory}
B{l-u factorization}
B{connectivity}
BLIB{125}
TXT:
dividing a graph into triconnected components
carriage return to continue . .
hopcroft, j.e.,tarjan, r.e., cornell univ., ithaca, n.y.., usa
siam j. comput. tusa) {smjcat) sept. 1973,2(3) 135-%8 , 19 ref.
electrical & electronics abstracts(eea) 1974, 05332 and comput
er & control abstracts(cca) 1974, 03727
isc. bl480,c6270, ish. graph theory, iuc. dlpaaz,
keywds. dividing,graph,triconnected components.algorithm,artic
ulation point,connectivity,separability
ibstr.. an algorithm for dividing a graph into triconnected component
s is presented. when implemented on a random access computer, the alg
orithm requires o{(vé&e) time and space to analyze a graph with v verti
carriage return to continue . .
ces and e edges. the algorithm is both theoretically optimal to withi
n a constant factor and efficient in practice
continue listing? (y or n) y
B{articulation point}
Bl{graph theory}
A{dividing}
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A{graph}
A{triconnected components}
B{separability}
B{algorithm}
B{connectivity}

MOD{ 26}
TXT: Cut-set A disconnecting set consisting of all the edges that join
carriage return to continue . .
a specified set of vertices with the complementary set of vertices.
B{complementary set of vertices}
C{BUS /1/26}
H{ 1}
F{1}
A{cut-set}

continue listing? (y or n) y

B{edge}
B{connectivity}
Elvertex}

pL i) Create a new name ''templ0" for convenience; the remaining

;g:sa::ttg?z;:e) instructions give examples of the kinds of operations .
>count available; for a description of these commands see Appendix C
137
>is member MOD{ 26)
yes
>dejete setnot B{connectivaity}
>displiLay set
templ 0
MODY 20}
>relation set A{cut-set}
superset
>eliminate fieiad MOD{
>count
0
>add set A{cut-set)}
>count
S
>disniay i1st
cc not understand, say again . .
>display set
templ0
MOD{ 170}
MOD{ 640}
MOD{ 644}
MOD{ 370}
MOD{ 26}
>intersect secondary templ0
>count
3
>display set
templo
H{1l}
F{1l}
A{cut-set}
continue listing? (y or n) y
> halt
2

The "halt" takes one back to the Unix operating systems.
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2define getcr while (getchar() = 012)

{
1
¢ /" u.c
p i
/* u.c contains some utility routines needed by
{: ’/* most programs.
*/
e
char contlJ{~..continue? "}
char continl| J{
. ". . do you wish to continue in this vein? (y or n) bz

error{c) char =*c;
(i {while (1)
{printf(~fatal CERROR \n");
printf(c):
C getcr:}
}/*end of error{c) */

[ int geta(y) int y:
{int c¢;
while ({(c = getchar()) <= "~ 7);
€ cetcer:
( return(y == c):
}/*end ot geta(y)=/
C
/'
getchar()
< {int c:
if (read(0, &c, 1) <= 0) return(0):
return(c) :
9] J]/®*=ené of cetchar()*/
int readint(c) int c:
G {int j:
while (¢ > 071 || ¢ < 060) c = getchar():;
J = 0; while (c <= 071 && ¢ >= 060)
C {3 =3 * 10+ (c - 060);
¢ = cetchar() ;]
return(j) ;
[ }/*end of readint(c)*/

int ecl(sl, s2) char *sl, *s2:;
(' {int c:

while((c = *sl++) == (*82++)) if (c == 0) return(l):
return(0):
C }/® end of eql(sl, s2)*/

move(s0, s, j) char *s0, *s; int j:
§ {char *sj;

sj = s0 + j3;

while (*s++ = ®=g50++)

f

¢
€
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if (s0 >= sj) {*(-=-s) = 0: return:)
}/*end of move(s0, s, j)*/

N\

int equal(sl, s2, j) char *sl, *s2; 1int j;
{while (j=-)
¢ 1f (*sl++ != *s2+4+4) return(0):
return(l):
}/*end of int equal(sl, s2, j)*/

g { int describe(file) char *file:
] {static char *f: static int fl, q:
i« int j, k, c:
‘ c = 0; 3 =15
H if (£ t= file)
v { {f = file; j=6: g= 0;
i f1 = open(file, 0);
1 seek(fl, 0, 0):}
N | /*tor debug do*/
: if (£f1 <= 0)
; {printf(file):
i C printf{*\n fl = $8d in describe of u.c =, fl1):}
¢ /*end debug*/
§ k = 1: g =+ 1:
1 while (j && k)
t {k = read(fl, &c, 1):
! if (¢ == 012) j =- 1:
é € putchar(c) :}

( if (!K) {close(fl): f = 0; return(0):}
! if (g < 3) printf(contin); else printf(cont):
S 4 if (geta(’y }) return(l):
N close(fl): f = 0:; return(0):
: }/*end of describe(file)*/
i €

int getstr(s, k, chl) <char sl]: int k, *chl:
{int j:

€ sl0)J = 0; while (sl0) <= " ) s|l0] = getchar(}:
. j = 0:; while (s{j) >= )
i {(if (j < k=1) j =+ 1: s{jl = getchar():;}
M *chl = sljl: .
H while (sl==j] <= "~ ");
: sl++j] = 0;:
A { return(j) :
‘ }/*end of getstr(s, k, chl)*/
I ¢ int getword(s, k, chl) «char sl); int k, *chl;
{ {int 3:
i sl0] = 0; while (sl0] <= ) st0} = getchar():

¢ j = 0: while (sl|j] > )
{if (3 < k=1) 3 =+ 1: slijl
*chl = sljl:;
d stjl = 0;
return(j) ;
}/*end of getword(s, k, chl)*/

getchar() ;}

v

| concat(chl, ch2. 3jl) char *chl, *ch2; int jl:
{static char *ch: char *chover:
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if (!*chl) ch = chl:

chover = chl + 3j1:

while ((ch < chover)&&(*ch++ = *ch2++));
ch == 1; *ch = 0;

}/*end of concat(chl, ch2, 3jl)*/

printab(n) int n:
{while (0 < n=--) putchar(01ll):
}/*end of printab(n)*/

char *alfize(a, n) int n; char *a:;
{int k, 3, temp:;

if (!n) {alo] =0 ; all] = 0; return(a):)}

k = 10000;
j = 0; while (k)

{temp = n/k; n =8 k:; k =/ 10;

if (temp [} j) ali++] = temp + 060:}
atjl = 0;

return(a) :
}1/*end of alfize(a, n)*/
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tdefine nbuf 48
s tdefine hZ2mod 73
tdefine getcr while (getchar() != 012)
/*h2mod should be a prime number about 50% greater than nbuf*/

- /* 1lp.
L ::&L

/* lp.c contains a collection of procedures for the
- /* linked 1list system (links in "links.d")

*/

extern error():
extern int errno;
int pgfnu, pgrcl, debug0l, fllinks:

s
g L int lnfnu, lnrcl, £flg0l1l, *1lstO0l:
struct quads{int x01l4];: char y0l4]:};
¢ struct bufferl
{int writeflg, pofnuld, pgrclo:
i char 1lnfnul0, lnrclO0: struct quads q0l42]):}:
¢ struct quads *agp: int *xp: char *yp;
struct bufferl buf0|lnbufj, *bufp, *bufn;
4 struct ab {struct ab *a, *b; int flpg:}:
i C struct ab ab0lnbuf+l];
struct ab *abp, *abn:
# struct h2
i C {int filepage: struct h2 *suc:;
é struct bufferl *bufpage;};
struct h2 *h2p, *h2n, h20lnbuf), *hZrecl, *start0|h2mod]:
_ ¢ atpafnu()
* {return{pgfnu) ;
; < }/*end of gtpgfnu()*/
[3
¥

read512(fl, buffer, n) int fl, n; char bufferl]:
‘ {int cnt;

cnt = read(fl, buffer., n):

if (n==512 &&§ cnt==n && !errno) return:

Ca~ -~ —

a printf("\n errno = %8d cnt = 8d n = %4 pogfnu = ¢4 1lnfnu = &4 *,
L errno, cnt, n, pgfnu, 1lnfnu);
error{("read error in link file; see read51l2 (of lp.c)"):
| }/*end of read512(f1, buffer, n);*/
1nkinit()
€ {int j, jpage., jline:;

fllinks = open{("/mnt/stite/tf5.1links.d", 2);
jpage = nbuf; while (jpage=-)
¢ . {bufp = buf0 + jpage:;
seek(fllinks, jpage, 3): /*3 means offset is times 512 */
read512(fllinks, bufp, 512);
¢ bufp -> writeflg = 0;}
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bufp = buf0;

pgfnu = buf0 =-> pgfnul:
parcl = buf0 =-> pgrcl0;
lnfnu = bufd => 1nfnuo;
Ilnrcl = buf0 =-> lnrcl0:

abn = ab0 4+ nbuf;
abp = ab0 - 1; while (++abp <= abn)
{abp =-> a = abp - 1; abp =-> flpg = abp - abo0:
abn -> b abo;
ab0 =-> a abn:;
abn => flpg = (-1}:
j = nbuf; while (j--)
{h2p = h20 + 3;
start0(j] = h2p:
h2p =-> filepage = j;:
h2p => suc = h20 - 1;
h2p =-> bufpage = buf0o + j;}
j = nbuf - 1; while (++3 < hZmod)
{start0l3j] = h20 - 1:}
h2recl = h20 - 1;
bufn = buf0 + nbuf;
h2n = h20 4+ nbuf;:
} /*end of 1lnkinit{()+*/

/*verificacion of hash(02) tables & pointers */
verify()
{int 3
j = (-1):; while (443 < nbuf)
{h2p = h20 + 3:
abp = ab0 + j:
printf(*gd ¢d 84 g&d ¢d g4 #d4d \n*,
start0lj] - h20,
h2p -> filepage,
h2p =-> suc - h20,
h2p =-> bufpage - bufo,
abp =-> a - abo0,
abp -> b = ab0,
abp -> flpg):}

j = nbuf - 1; while {(++j < h2mod)
{printf("td \n", start0lj] - h20):}
printf("¢d 84 8d 84 td §4 $d ¥d td \n",

h20, h2n, .
bufo, bufn,

starto,

h2recl - h20,

abn =-> a - abo0,

abn -> b - abo,

abn -> flpa):

printf(~g8d §d g4 &d \n",
pafnu, lnfnu, parcl, lnrcl):
printf(*end of verify"):
getcr;

}/*end of verify()*/

verpage ()
/*verification of page(bufp)*/

abp -> b

abp + 1:}

81
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{int 1, jline:
P jiine = (~1); while (++jline < 42)
~ {gqp = bufp =-> q0 + jline;
printf( "\n");
= 1 = (=1);: while (++41 < 4)
| {printf("td 2d -,
‘ gp =-> x011],
C gp => yo0l1l]j):}}
’ printf(*\n end of verpage®"): aetcr:
}/*end verpage()*/

shift() /*abp is marked “most recent referenced */
{struct ab *bn, *ap, *bp, *1;
if (abn =-> b != abp)
) {bn = abn =-> b:
ap abp =-> a:
C bp abp =-> b;
- abp -> b = bn;
abn =-> b = abp;
C ap -> b = bp:
abp =-> a = abn:
bn =-> a = abp:
C bp => a = ap:}
) /*for debug do*/
if (debug0l)
{l = ab0 - 1; while (++1 <= abn)
{printf(“\n &d %d w4*.,
l1 => a = abo,
1 =-> b = abl,
1 -> flpg):}
printf("\n end of shift*); getcr:}
G /*end of debug*/
}/*end of shift()*/

N~

getlf(paage) int page;

C /*finds position of page in h2*/
! {1st0l1l = s (start0|[pagegh2mod]):
. h2p = *1st01;
L. £fig0l = 1; while (h2p >= h20 && flg0l)
i {if (page == h2p =-> filepage)
' flg0l = 0
; ¢ else
i {1lst01 = &(h2p =-> suc):

P h2p = *1st01:}}

‘. /*for debug do*/

if (debuall)
- {printf("\n end of getlf &84 &d-,
- h2p - h20,
£1a01l): aetcr;}
w /*end of debug*/

/*flg0l == 0 if page is found,
h2p =-> filepage == page if page is found, otherwise h2p == h20-1 */
}/*end of getlf(page, 1lst0l, £f1g0l)*/

removeh2 (page) int page;
/*removes page from hash table 2*/

e A

&
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{cetlf(page):

/*f1g01 == 0 if page is found, h2p == h20-1 if page not found */
if (fl1g0l)

error{"asked to remove page not present, see removeh2(page)*):
else

{h2recl = h2p:
*1st0l = h2p -> suc;}
/*for debug do*/
if (debug0l)
{printf(*\n end of removeh2 %d %d 4",
h2p - h20,
h2p =-»> suc - h20,
f1g0l): getcr;}
/*end debua*/
}/*end of removeh2 (page)*/

enterh2 (page) int page:

/*puts page in hash table 2%/

{getlf(page) :

/* f£1g0l == 0 if page is found, h2p == h20-1 if page is not found*/
if (!£f1g0l)

error(”asked to enter page already there, see enterh2(page)"):

else
{*1st0]1 = h2p = h2recl;
if (h2p »>= h2n || h2p < h20) -

error{~hZzp out of range in enterh2(page)"):
h2recl = h20 - 1:
h2p => suc = h20 - 1;
h2p =-> filepage = page;
h2p =-> bufpage = bufp;}
/*for debug do*/
if (debug0l)
{printf("\n end of enterh2 %d %d d-.
h2p - h20,
bufp - butfo,
flg0l): getcr;}
/* end debug*/
}/*end of enterh? (page)*/

rollin(page) int page;
/*rolls out old page and rolls page in®*/
{abp = abn => a: ’
bufp = bufdo + (abp - ab0);
if (bufp => writeflq) /*note no semicolon*/
{seek{fllinks, abp =-> flpg., 3):
write(fllinks, bufp, 512):}
removeh2 (abp -> flpg):
if {(1nfnu t= 0 , page < pafnu) /*note no semicolon*/
{seek{(fllinks, page, 3):
read512(fllinks, bufp, 512);:}
/*for debug do*/
if (debug0Ol)
{printf(“\n this is rollin %d &4 %d-.
bufp - bufo,
abp - abo,
abp -> flpg): getcr;}
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(
/*end debug*/
( abp -> flpg = page;
bufp =-> writeflg = 0;
shift():
. enterh2 (page): /*bufp is set*/
- }/*end of rollin(page)*/
? pu setpage{page) int page:
y 0 /*sets bufp to page requested*/
_ {static int 3j:
LA h2p = start0[pageth2mod];
N bufp = buf0 - 1; while(h2p >= h20 && bufp < buf0)
: {if (page == h2p =-> filepage)
: C bufp = h2p => bhufpage:
else
h2p = h2p => suc:;}
¢ /*for debug do*/
if (debug01)
{printf("\n this is setpage ¥d &d &d -,
( h2p - h2°r
i bufp - bufo,

h2p => suc - h20): getcr:}
' /*end debug*/
( if (bufp >= bufl)
{abp = ab0 + (bufp - bufl);
¢ 1f (1(3 = (3+1)%3))
shift():}

! ( else rollin(page) :
( }/*end of setvpage(page)*/
I setlink(line, pOp 10, pll 11, pe. 12, p3, 13)
int line, p0, 10, pl, 11, p2, 12, p3, 13;
< {gp = bufp =-> g0 + line;
xp = gp => x0;
( YpP = gp => yo0:
if (bufp < buf0 |, bufp >= bufn)
error("bufp out of range in setlinks(line, p0, .. etc)"):
if (line < 0 |, line >= 42)
( {printf(~line = %d ", line):
. error("in setlink(line, p0 .. etc) of lp.c*);}
) if (p0 > =2) {*(xp ) = p0: *(yp ) = 10:}
¢ if (pl > =2) {*{xp+l1l) = pl: *(yp+l) = 11:}
t if (p2 > =2) {*(xp+2) = p2; “*(yp+2) = 12:}
: < 1f (p3 > =2) {*(xp+3) = p3: *(yp+3) = 13;}
' bufp -> writeflg = 1;
t }/*end of setlink(line, p0, 10, pl, 11, p2, 12, p3, 13)*/
)
( getlink{(line, x, y)
. int line, xll,yll:
: ] {int 1:
) gp = bufp =-> g0 + line:
i xXp = gp => x0;
] yp = gp => y0:
H 1 = 4; while (1=-=)
! ix11] = xpl1l: yll) = ypl1]:)
¢ }/*end of getlink(line, ...)*/
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L /*this version of reclaim does NOT sort the free links*/
reclaim(page, line) int page, line;
{if (page < 0}

~ {printf(~“\n page = %d *, page);

error{("page < 0 in reclaim (of ip.c)=}):}

setpage(page) :

-~ setlink(line,

-1, -1, -l' -1, -1, -1,

pagrcl, lnrcl});

pgrcl = page:

lnrcl = line;

s }/*end of reclaim{page, line)*/

e v o

3

- newlink(pl) int plll:
/*pll0] recieves the page, plll], the line*/
{int xl4], yl4];
i if (parcl > -1)
f {pll0] = pgrcl;
, ¢ plll] = lnrcl:;
setpage(pll0]);
getlink{(plll], x, y):
i « pgrcl = x[3}:
‘ Inrcl = yl3}):}
f else
¢ {pll0] = pgfnu;
t plll) = 1lnfnu:
P setpage(pgfnu)} :
( if (++1lnfnu >= 42)
{lnfnu = 0;
pgfnu =+ 1;}}
¢ /*for debug do*/
if (debug0l)
{printf(~"\n end newlink &d &d %8d td-,
( pafnu,
Infnu,
parcl.,
( lnrcl): getcr;}
/*end debug*/
}/*end of newlink(pl)*/

rN

f lushln()

{ {int j;

3 ( setpage(0):

bufp => writeflg = 1;
bufp =-> pgfnul0 = pgfnu;
bufp => 1lnfnud = 1lnfnu;
bufp =-> parcl0 = parcl:
bufp =-> 1lnrcl0 = 1lnrcl;

3 = nbuf; while(j=-)
. {abp = ab0 + j: bufp = bufo + j:
if (bufp -> writeflgqg) /*note no semicolon*/
: {seek{fllinks, abp => flpg, 3):
! /*for debug do*/
f if (debug0l) printf("2d =, abp =-> flpg);
/*end debug*/
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bufp =-> writeflg = 0;

- write(fllinks, bufp, 512):1}}
}/*end of flushbuf()*/

A
a
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"
- VA cf.c
} /* cf.c contains proceedures tor manipulating
? - ’* the character files (flch: "/dev/tfoS")
f .
-
H AN
H
. P extern int errno:
_— int 3ch, paaech; char chbuf[512], chhufx|®l2]:
X int debual2, flch;
. extern error();
GoN
! chinit()
! /*:nitializes the character file*/
3 ( {int cntl2]);
? t1lch = corpentosdev/tts~, 2);
; ( sgcklflch, U, )
) tf 14 1= readltflck, cnt., 4) .
. errnc) errord
i "read corror in chinit of cf.c"):
( racech = cntl|0];
| Jch = cnt|1]:
} ¢ }/*ena of chinit*/
aetjcht)
f {returnfjch) :
C }7*end of aetch()*/
cgetrachl)
( {returntraacech) ;
}y/7*end of getpach()*/
! writechkfc) int c:
/*writc a sinale character*/
: {ztatic int J:
4 ¢ chbufl3j] = c:
: 1f (c == 0 && jcht2 == 0)
i {jch =+ 1:
* ( chhufl++3] = c:}
4 if e == 0 i} jch+l >= 512)
. ¢ {scek!(flch, pacech, 3):
! scek(flch, jch-3, 1l):
; write(filch, chbhuf, j+1):
. o= 05)
i ¢ clse j =+ 1;

/*{or cebua do*/
1f (¢ebuad2)

¢ printf("\n fc 24 td §fc “,
c, paaech, jch, j=1):
( /*end debua*/
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sff++3ch >= 512) {pacncch =+ 1; jch = 0;}
returnf(c) ;
}/*end of writechl(c)*/

chareadffl, chuf, n) int f1, n: char cbufl];
1nt cnt;
cnt = readf{fl, chuf, n):
1ficnt &§& 'errno & n == 512) return:
printf{"\n errno = 284 cnt = 8 n = td £d.¢d" ,errno,cnt,n,paqech, jch) ;
errcrf{”"read error in character file; cee charead {(cf cf.c)"):

}/*end of charead(fl, chuf, n)*/

rdchfli{pc, cbut, f1l) int f1, pcl): char chufl];
/*read a sinnle character */
/*pc|l0] is the pace, pcll] the character count*/
{if r1cll]) >= 512)
InclO) =+ 1;
rcil] =- 512;
seekf{fl, pcl0), 3);
chareauff{l, chuf, 1z)
/*feor Cebua do*/
1f tcebuo2)
rrintf("\n %c #d 2d .
chuflrcll]]), pclO], pcll]):
/*end debua*/
retvrnfcrufleocll)++]):
}/7*enc ot réchflipc,cbuf)=*/

int strnaprfirace, j, f1, fc, lc) int paae, 3, fl, fc., 1lc;
{nt pcl2), c; static znt jor:

1f (jcr > 1%) jcr = 0;

t utcharf(fc);

:f 1fc == 012) jcr =+1;
veln] = page - L:
rcll) = 71 + 912;
vhilefc = réchflfpc, chhufx, tl))
{rutcharf(c) :
1f te == 012)
if (++43cr == 10 || qjcr == 20 jcr == 40)

rn to continue . .");
2

Y:}}

20
{rrintf("carriaqe retu
while faetchar!) != 01
rutcharflc) ; :
1f (lc == 012) jecr =+ 1;
returnlijcr) ;
}/*ené ot strnapripace., 3, fl, fc. lc)*/

int prstrnqg({pace., 3J) int page, Jj;
{return({strnavrrfracc, 3, £lch, 0, 0L12)):
}7*end of orstrna({race, 3j)*/

int orntstri(page, j, fc, 1lc) int paae, j, fc, 1lc:
{return(strnopnriprace, j, fich, fc, lc)):
}/*end of prntstri{page, j. fc, lc)*/

strnoceqf{pacel, ji, fll, paae2, j2, £f12) int paael, jl, £11, paae2,
{int pcll2], pc2l2]., ci, c2;

j2:
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pcilt)] = paqgel - 1:
rcel0] = page2 = L;
rcill) = 31 + S12;
rc2(l] = 32 + 512;
dcl{cl = réchflfpcl, chbuf, fll);

¢ = rlchfllpc2, chhufx, £12);
/*for dehua do*/
1t lcebual?) prirntf(”\n %c %c ", cl., c2):
/*end debuqg*/}
while Ilcl==c?2 && cl):
return {(cl==c2):;
}/7*cend of strngea*/

reacchirce) int pcl):
/*readc a sinqgle character from flch*/
{1f trcll] »= 512)

{rclC] =+ 1;

pcll] == 912:

seek(flch, pclt), 3):

charcadff{lch, chhufx, 512);}
returnichbhufxlpclll++]);
}/*end readchipce)*/

charcalpace, j, chstr) int pacce, J: char chstrl|:

{int k, pcl2). c:

pelt! = raae = 1;

pcll) = 3 + 512;

o= (=1):

do {c = readchl(pec): Kk =+ 1;} while(c == chstrlk] && c);
returnf{c == chstrlk]};

}/*end of chareagl(paage, j, chstr) */

stroct(pranme, 3., str, nj) int pace, ], n: ctar strj|:
{int kK, pcl2). c:

rclyu] = pace = L

pcll] = 12 + »512;

Y. = U;: c = 1

while ¢ && k < n)
strlk++] = ¢ = readch(po):
strin=-1] = C:

}/*stroet(race, j. str, n)*/

fluvshch()
{static int cnti2l:

1f tentll)] == »ch &8& cnt|0] == acech) return:
cnt{v] = pagech;
cntli] = 2ch;

seek(flch, v, 0);

vrite(flch, cnt, 4):

/*for debug do*/

1f tcebuqg02) printf(*\n in flushch td &d ", paaech, jch};
/*end debug*/

}7*end of flushch()*/

89
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*define Imax 128

rdefine h'm 3

tdefine himline 41

tdeflne getcr while (getchar() 1= 012)

tdefine newk (I Ff(tot)tot=/3;else tot=(++j*11)"ip;ksl+totx3;)

/*him should be prime and different from himl ine;
/*himnl lne should be less than or equal to 42 and preferably prime;
/*and both should agree with create,c

*/
/* hil,c
::m‘l“'-“.
/* hl.c contains procedures for the hashOl algorithm
*/
exte flushin(); extern error{); extern s3trget();

m

extermn set| ink();

extem setpage ();
m

exte getlink();
extern newlink();
extern flushch(); extern getpgch(); extern getjch();
extern wriltech(); extern chareq(); extern prstrng();

int debug02;

qetname (1l lne, x,.y) Int line, x[], yl[];
(getlink(lfne, x, y);

yI[N]l = (yI[f)] ¢ 1) £ 0777

}/#end of getname(l lne, x, y)*/

nufaf(page; Iine; chstr) Int page; line; char chstrl);

(int J;

/* setpage (page);*/ /*page shculd be set*/ i
setlink(l ine, getpgch(), getjch()>» 1, -1, -1, =1, =1, -1, <133
J =7y whiie (writechlichstr[J++]));

}/*end of putat(page, line, chstr))*/

Int hashOl(chstr, pl) int pll[); char chstrl(];

tint ¢1, c¢2, page, line, j, k, tot, x[4], v([4);

tot = chstrl[0);

J = k=03 while((cl=chstrlj++]) 88 (c2=chstrl]J++]1))
tot =~ (cl1t¢¢7) ~ c2;

x[k) = totzhim;

y[kl = totxhiml ine;

~hile (1)
{page = pl[0) = xI[k];
iine = pl 1) = ylk);
/*for degug do®/
1t (debug02) .
(printf(*\n this i3 hashO! %d %d *,
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page, line); getcr;}

- /*end of debug*/

f sotpage (page); getname(line, x, y);

: 1f (x[0) ¢ 0)

{putat(page, line, chistr); return(0);}
/*returns O if ¢hstr was absent®*/
It (chareq(x[0), y[Q), chistr)) return(l);
/*returns 1 1f chstr was al ready present #/
. tot =3> 1; k= 2 +4 tot%2;
if (x[k) ¢ O)
{newlink(pl); .

. putat(pl [0), pl (1], chstr);
x[k) = pl [01; ylk) = pl (1]
setpage (page)y. . . . . . .
setl ink(l ine, -2, -2, =2, -2,
setpage (pl [N ), return(0); )}

/*returns O 1 f chstr was absent,

\ }/*end of hashOl(chstr, pl)*/

x02), yt2), xI(31, y(31);

otherwisze 1 #/

rnt ha;hno(ch;‘rr;hpl) int pll); char chstrl);

o {int ¢l1, ¢c2, page, line, j, k, tot, x[4], y[4];
tot = chstr([0];
J = k= 0, while((cl=chstr(j++]) €8 (c2=chstr(j++1))
C tot =~ (c1t¢7) ~ ¢c2;
x[k] = tot%him;
. ylk] = tot%himi ine;
‘ . while (1)}
IS {page = pl [0l = x[k];
‘ \ line = pl (11 = yOkl;
C /*for degug do*/
{ | f (debug02) :
» {printf(*\n *his is5 hashno %d =%d *,
e € page, line}; getcr;)

/*end of debug*/ . .
setpage (page); getname(lina, x, y);
{ if (x[0] ¢ 0) return(0);
/*returns O if chstr was absent*/
if (charoq(x[D), y[0], chstr)) return(l);

< /*returns 1 if chstr was al ready present */
. tot =>> 13 k = 2 4 tot%?,;
tf (xfkl ¢ 0) return(0);) .
! /eretyurns O |t chstr was absent, otherwise 1 #/
i /*note: |f chstr i3 absent hoashno does NOT put 1t there!l */
' ¢ }/+end of hashno(chstr, pl)*/

' fetchst(pl, str, n) Int n, pll); char strl];
{int x[4], y([4]; }
( setpage (pl [01); getname(pl [1), x, y);
st get(x(0), ylOl, str, n);
}/*end of fetchst(pl, str, ni*/

{
! cnvrtfld(ystr, 5tr) char ystrll, s5trl(];
, {char strtemp [imax]; int j, k, c; .
{ J s (=1); while ((strtempl++]J] = ¢c = 3+r[J]) €& j ¢ Imax = 1)
! 1§ (c == 2{*) k= j + 1; ,
C o« J = (=1); while ((strl++Jj] = ys3tr[j)) €8 J ¢ Imax = 1);
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while ((s3tr(J++1 = strtemplk++1) &6 ] ¢ Imax);
. strllmax-1] = Ny .
t }/*end envrtfldystr, strin/

nnt xgetsy(plx, v, ply) Int plx(]l, ply(]l; char y(l;
tchar strllmax]; .

fetch st (plx, str, Imax);

cnvrtfldty, str, ply);

return{hashno(str, ply));

1/*end of xgetsy(plx, y, ply)*/

opname(namex, namey, nameop, op)

int namex[], namey(l, nameop[l; <char opll;
(char strx(lmax], stryllmax], strllmax], #*s3tr];
int j, x[4], yl[4]; . .
setpage (namex[0)); getname(namex[1], x, y);
st get(x[(0), yI[0Ol, strx, Imax); . .

.. setpage (namev[0)); getname (nameyl1), x, y);
st rget(x[0], y(O1, s5try, Imax); .

. J = (=1); while (s3trl++j] = opljl); J == 13 .

C str] = stexy; while ((strl++]J] = #*strJ+4+) B8 J ¢ Imax-4);
strfJl = 23
str] = 3ty

C stelj)l = 217,
st r(j+11 = 0O

. /#for debug do

. printf(*\n*); printf(str);

while ((str{++J] = #strJ+s) €6 J ¢ Imax-3);

( /*end of debug*/
) hashOl(str, nameop);
C })/*end of opname (namex, namey, nameop)*/
o putop(namex, ~trey, nameO, op)
< int namex[], nameyl], nameOll; <char opll];
(int palirnamnel?]; .
' opname (namex, namey, palrname, op);
L putitem(palrnamelO], palrnamell], nameO);
i /* i
: makenul (palrname);
i € ./ : .
. putitem{namex[0]l, namex[1], palirname);
! puttitem(nameyl0], nameyl[1], palrname);
i < })/*end of putop{namex, namey, nameO)*/
P dmp (page, lipe) int page, line;
e (Int J, x[4], y[4]);
1 If (page ¢ 0) return; . .
- setpage (page); getnamel(line, x, y);
t € PEexI0] >z Ny . . _ _ ,
; {printf(* ~d,~d =%d,%d *, page, line, xI[0), y[O1);
. prstong(x[(0), y[0));
% J = 1 while (++4j ¢ 4) 1t {(x[j] »= 0)

dmp (x[j), y[J1);)
}/*end of dmp(page, line)*/

dmpeh £l () .
{int J, page, line;

v v Y~y

4 .
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J = him * himl Ine; while(J==)

{page = J/hinl ine; line = Jeshiml ine;
(% if (page »= 0) dmp(page, line);}
Y/*aend of dmpchfl ()#/

. flushbuf ()
{ flusheh();
Flushlin();
}Y/*end of flushbuf()*/

) int getay() .

\ {printf(” (y or n) *);
flushbuf();
return(geta(’y’));
}/*end of getay()*/

int puflfem(lp; name) int Ip; II; name {] ;

I
L tint k, tot, J, lpage, Illine,
pl 2], x[4]1, y[4];
v Ipage = namel0]; lIline = namel1);
% setpage (lpage); getlink(iline, x, y);

/*3ee if a list has been started yet#/
TF (x{1) ¢ 0O)
< tnewlink(pl);, . C e
setlink(pl L1, ip, 11, =1, =1, =1, =1, <1, =1);
setpage (lpage); .

< setlink(lline, =2, =2, pl (0}, pll1], -2, =2, -2, -2);
( return(0);) /*retyurns N |f Item was absent*/

: tot = J = N
G kz 1; while (1)

{ipage = xI[k]; lline = yl[k); . .
) setpage (Ipage); getlink({iline, x, y);
w newk; /*newk |3 ‘defined’ above*/
/*ftor debug do*/
if (debug02)
9] {printf(
“\nin putitem %d %d % %d %d %d %d %d %d %d %d %d %d %d°*,
ip, il, k, tot, Ipage, lline, . ‘
Q x(0], yIol, x[11, y[11, x(2), y(2], x[(3), y[3)); getcr;!}
/*and debug*/
. /*tor debug do*/
. it (x[0) ¢ 0) error(*x[0] ¢ O In putltem®);
/*end debug*/
1 f (xI0) == Ip €& Il == y[0)) return(l);
L /*returns 1 If item was already presents/
/*3ee | f the |l inks terminate hero#*/
1 f (x[k] ¢ 0)
¢ {newlink(pl);
setlink(pl (1]
e

, 1Py 11, =1, =1, =1, =1, =1, =1);
setpage (lpage);

G x[k]l = pl[01; . ylk]l. = _pl[1); . . . .
setlink(lline, =2, =2, x[1), y[1], x(2], y(2), x[31, y(3]);

¢ return(0);)) /*returns O if Item was absent®/

< }/*end of putitem(ip, il, name)*/

< int onlist(ip, 11, name) Int ip, il, namell;

€y
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¢ : . . : :
{int k, tot, J, lpage, Illne, x[4), y[4);
- Ipage = namel(0]; lline = namell1]l;
P ¢ setpage (Ipage); getlink(lline, x, y);
if (x[1) ¢ O) return(0); /*1list i3 empty*/
. tot = j = 0;
( k= 1; while(l)
{ lpage = xIkl; Iline = yIkl; | |
§ setpage (lpage); getlink(lllne, x, y);
{ newk; /*newk i35 ’defined’ above#/
/*tor debug dow/
. if (debugN?)
- (printf( .
‘Anin onlist »d *d %d %d %d %d %d 2d %d %d %d %d %d %d*,
. ip, I, k, tot, Ipage,. lline, . .
. C x[01, y(Ol, x(11, y[11, x[2], yt2], xI[31, y(31); getcr;}
; /*and debug*/
! /*for debug do#*/
(9 iF (x[0] ¢ 0) error(*x[0] ¢ O in onlist*);
! /*end debug*/
I 1f (x[0] == ip €& il == y[0l) return(l);
i /*return 1 if item |5 found %/
i /*s3ea if links terminate here %/
. 1F (x[k) ¢ 0) return(0);}
1 G /*return 1 iF item 135 0n 1i1st, O 1f not on 11st%/
‘ }/#and of onlist(ip, il, name)*/
i'(‘-
- (
LG
!
I
. Q
9
'
0 @
!
iC
e
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{define 1lmax 128
tdefine getcr while (getchar() !=012)

/* set.c

" A
/* set.c contains a collection of procedures for
/* set manipulation
*/
extern setpage(): extern hash0l1(): extern getname():
extern getlink(): extern newlink(); extern setlink():
extern error(): extern prstrng(): extern reclaim():
extern fetchst(): extern flushbuf(); extern xgetsy():
extern printab(): extern putitem(): extern onlist();

char tllStChlB] {716151413121170}:
int debug03;

pdlist(j, plist, 1llist, nameb, namec)

int j, plist, 1llist, nameb| |, namecl]:

{int 1, x14)., vL4]:

setpage(plist); getlink(1llist, x. y):

if ({(j + onlist(x10], yl0], nameb))22)
putitem(x[0J, yl0], namec):

1 = 4; while (=--1) if (x11] >= 0)

pdlist(j, x[1l], vl1]. nameb, namec) ;

}/*end of pdlist{(j. plist, llist, nameb, namec)*/

addlist (plist, 1llist, name) int plist, 1llist, namel]:
{int 1, x14). vl4];

if (plist < 0) return; /*list is empty*/
setpage(plist); ogetlink(llist, x, y):
/*for debug do*/

if (x10] < 0) error{("x|0] < 0 in addlist™):
/*end debug*/

putitem(x[0], vl0), name);

I = 4:; while (==1) if (x[1] >=0)
addlist(x|1], yll], name):

}/*end of addlist(plist, 1llist, name)*/

int sublist(plist, llist, name) int plist, 1llist, namel]:
{int 1, x14)., yl4}):

if (plist < 0) return(l):

/*1list is empty*/

setpace{plist); getlink{(1llist, x, y);
/*for debug do*/

if (x[10) < 0) error("x|0] < 0 in sublist");
/*end debug*/

if (tonlist(x|[0)., y¥10), name)) return(0}:

1 = 4; while(=-1) if (x11) >= 0)
if(!sublist(x11), yll]., name)) return(0):
return(l);

/*sublist need not be proper sublist*/
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}/*end of sublist(plist, 1llist, name)*/

addset{namea, nameb)} int nameal ., nameb| ]:
{int x14]), vl4l:

if (nameal0)] == nameb|0] && nameall] == namebl1l])

return; /* namea = nameb*/

setpage(nameal0)):; aetlink(namealll, x, y):

if (xl1] < 0) return; /*association list of namea is empty*/

addlist(xl1l], yl1l], nameb):
}/*end of addset(namea, nameb)*/

int subset{(namea, nameb) int némeal]- namebl| | :
{int xl4), vl4]:

setpage(nameal0])); ocetlink(namealll., x. y):
return{(sublist(xl1l), yll)], nameb)):

/*subset need not be a proper subset"/

}/*end subset(namea, nameb)*/

int seteg(namea, nameb) int nameal ), nameb]| ]:
{return(subset{namea, nameb) && subset(nameb, namea));
}/*end of seteq{namea, nameb)*/

prodset{(namea, nameb, namec)
int nameall, namebl ], namecl|;
{int x14), yl4]):

if (nameal0) == namecl0] && nameall] == namecll])

't nameb|0)] == namec|0) && namebll] == nameclil])

error{"namea = namec or nameb = namec in prodset");
setpage(namebl0]): ocetlink(namebll], x. y):

if (x|l1] < 0) return; /* association list of nameb is empty*/
setpage(nameal0]); getlink(namealll), x, y):

if (x11] < 0) return: /*association list of namea is empty*/
pdlist(0, xl1)., yll], nameb, namec):

}/*end of prodset(namea, nameb, namec)*/

difset{namea, nameb, namec)
int nameal ), namebl ], namecl]:
{int xl4jr yl4]:

if (nameal|0] == namec|0] && nameall)] == namecl|l]

' nameb| 0] == namec|0) && namebll) == namecll]))

error{"namea = namec or nameb = namec in difset"™):
setpage(nameal0]); aetlink(namealll, x, y):

if (xl1l1l) < 0) return: /*association list of namea is empty*/

pdlist(l, xll])., yll), nameb, namec):
}/*end of dif set(namea, nameb, namec)*/

garbcol(pg, 1n) int pg, 1ln:

{int 3, x14), vl4]:

setpage(pg): ocetlink(ln, x, y):

/*for debua do*/

it (debug03) printf(* 84 %8d ", pg, 1ln):
/*end debug*/

reclaim(pg, 1ln):

3 = 4; while (-=j) if (xl3j] >= 0)
garbcol(xljl, yl3il):

)/*end of garbcol(pg, 1ln)*/
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¢
- makenul (name) int namel }:
‘. {int xl4], ylal;
setpage(namel|0]): getlink{(namell]), x, ¥y):
if (x|l1) < 0) return; /*association list of name is already nul®*/
setlink(namell), -2, -2, -1, -1, -2, =2, =2, =2):
garbcol(x 1), yl1}):
p }/*end of makenul{name)*/
int printst(p. 3Jj) int p, j:
¢ {int 1;
- 1 = prstrng(p, j):
if (1 > 15)
{printf(* continue listing?*); return(getay()):}
return(l):
}/*end of printst(p. j)*/
- int prnlist(zerol, pg. 1ln) int zerol, pg, 1ln;
{int j, x14), ylL4), xnl4]), ynl4dl:
. setpage(pqg): getlink{ln, x. y):
: - setpage(x10)); getname(ylO0]), xn, yn}:
. /*for debug do*/
g - 1f (xnlo) < 0) error(“xnl0)] < 0 in prnlist”):
> /*end debug*/
g if (!printst(xnl0], ynl0])) return(0):
. if (zerol) return(l):
i j = 4: while (--3) if (xlj] >= 0)
o f if (!prnlist{(zerol, xljl, yljl)) return(0}):
' C return(l);
: }/*end of prnlist{zerol, pg, 1ln}*/
' prinset{(zerol, name) int zerol, namel]:
< {int xl4], yl4l:
setpage(namel0]}); ocetname(namell), x, y):
/*for debug do*/
( if (debuq03)

{printf(*\n in prinset 38d %4 ¢4 &4 -,
P namel0], namell]., x10], yl0])): getcr:}
/*end debug*/
/*for debug do*/
if (x1l0] < 0) error{"xl0] < 0 in prinset*):
- 4 /*end debug*/ .
if (!printst(x|[0]), yl0])) return;
if (xl1} >= 0) prnlist(zerol, xlt1l], ytl]);
¢ }/*end of prinset(zerol, name)*/

int dsplstn(zerol, onel, page, line, n) int zerol, one0, page, line, n:
( {int j. pll2l, x14], yl4a];
1f (page < 0) return(l);
i1f (n <= 1}
( return(prnlist(zerol, page, line}};
setpage(page):; agaetlink(line, x, y):
Cq pllo) = x|0); plll] = vyl0];
, if (!dsplnary(zerol, one0, n=-1, pl)) return(o0):
} j = 4: while (==j) if (x13j] >= 0)
if(!dsplstn(zerol, one0, x!13l, yl3jl, n})) return(0);:

--
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return{(l):
}/*end of dsplstn(zerol, onel0, page, line, n)*/

int dsplnary(zerol, one0, n, name) int zerol, one0, n, namel:
{int x14), vyl4]):

setpage(namel0]): cetname(namelll), x., y):

/*for debug do*/

if (x|10] < 0) error(” x|0) < 0 in dsplnary of set.c "};

/*end debuqg?*/

if (one0) {printab(n): if (!printsti(x|10], ylO]J)) return(0):}
if (xl1l] < 0) return(l);

if (n) return(dsplstn(zerol, one0, xl1], yll]l, n)}:
return(l):;

}/*end of dsplnary(zerol, one0, n, name)*/

int cntlist(page, line) int page, line;
{int xl4], yl4];

if (page < 0) return(0}):

setpage(page); ogetlink(line, x, y):
return(l +

cntlist(x11l], yll])) +

cntlist(x12], yl2]) +

cntlist(xl3), y13])):

}/*end of cntlist(page, line)*/

int cntset(name) int namel ]

{int x1l4)., yl4]:

setpage(namel0])); getlink(namell], x, y);:
return(cntlist(x1l), yl11])})):

}/*end of cntset(name)*/

exlists(namea, nameb) int nameal), namebl]);
{int xal4])., yald], xbld4], ybld]:
setpage(nameal0)): oacetlink(namealll), xa, ya)
setpage(nameb|0]); getlink(namebll], xb, yb)
setlink{(namebll), -2, -2, xall}., yalll, -2, -
setpage(nameal0]):

setlink(nameall], -2, -2, xbll], ybll]}, =2, =2, =2, =2);
/*interchanges lists of namea & nameb+*/

}/*end of exlists(namea, nameb)*/

R
-
'
N
-
'
N
~

templist(j, name) int j, namel]:

{if (3 > 127) error("j > 127 in templist (of set.c)"):
tlistch|8=-2] = j:

hash0l{tlistch, name) :

makenul{(name)

/*creates a "new” name (for internal use only)

j can run up to 127*/

}/*end of templist(j, name)*/

onallsl(page, line, name) int page, line, namel}:
/"places name on all sublists starting at page, line*/
{int x|4], yld], Pl'.z]' i
if (page >= 0)

{setpage(page): getlink(line, x, y):

pllo] = xl0l: plll) = ylol:
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putitem(namel 0, namell]. pl};:
j = 4: while (=-=j) if (xlj] >= 0)
onallsl(x!3jl, yLil., name):}

}/*end of onallsl(page, line, name) ;"/

allsub(namel, name2) int namell], name2l/;:
{int =144, vl4]:

setpage(namell0])): getlink(namelll], x, y):
if (x|1) >= 0) onallsl{x{l), yil]), name2):
}/*end of allsub{namel, name2)*/

inlist2{page, line, name2, name3) int page, line., name2l}, name3l]:
{int x[4], yl4]), pll2]), 3J:
if (page >= 0)
{setpage{page) : getlink(line, x. vy):
pli0] = x10];: plll] = ylO]:
makenul(namel):
prodset(pl, name2, namel);
exlists{name2, namel):
3 = 4: while (--j) if (x13) >= 0)
inlist2{(xl3j), yvl3jl. name2, name3) :}
}/*end of inlist2(page, line, name2, name3)}*/

unlist2 {page, line, name) int page, line, namel|:
{int xl44, viL4), pPlL2]., 3J:
if (page >= 0)
{setpage(page): getlink(line, x, ¥):
pll0] = x10];: plil] = yl0]);:
addset(pl, name) ;
j = 4; while (-=3j) if {x13j] >= 0)
unlist2{(xt{jl, yili)J. name):}
}/*end of unlist2{page, line, name)*/

inter2{namel, name2, namel) int namell), name2l), name3||};
{int x114], Yll4ll x214], )’2[4]1 P1|.2];

/*aget secondary lists of namel and intersect (into name2)
using name3 as work space*/

makenul{name2) ;

setpage(namell0]): getlink{(namelll], xl, yl}:

if (x111) < 0) return; /*list is empty*/

setpage(x1ll]): agetlink(ylll], x2, y2):

pllio) = x2[0]: plll] = y2l0]);

addset(pl, name2);

inlist2(x111], yl[l], name2, name3);

}/*end of inter2{(namel, name2, name3)®*/

differ2{(namel, name2, namel)

int namell), name2|), name3l];

{int j, x14), ylal, pli2]:

/*aet secondary lists of namel and “difference into name2,
ucing name3 as work space*/

makenul(name2};

makenul (name3);

setpage(namell0]): getlink(namelll], x, y):

if (xl1] < 0) return;

setpage{x|1l]): oetlink{(yll], x., y):
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pll0] = x[0); plll] = ylO]:

j = 4:; while (=-~j) if (x|3j] >= 0)
unlist2(x[3jl, yljl, name3):

difset(pl, name3, name2):

}/*end of differ2(namel. name2, name3)*/

union2 (namel, name2) int namell], name2l]:

{int x14], yl4]:

/*put (unicn) all secondary lists of namel in name2*/
makenul(name2):

setpaqge(namel|0])): getlink(namellll, x., y):
unlist2(xli], yl1l], name2);

}/*end of union2(namel, name2)*/

zfieldl(z, str, page, line, name) int page, line, namel]:
char zl]), strl]:

{int j, ¢, x14], yl4], pll2]);

/*adds all z fields of list (page & line) to name*/
if (page < 0) return: /*list is empty*/
setpage(page): getlink(line, x, y):

pllo] = x10): plll] = yl0};

fetchst(pl, str, lmax):

j = 0: while ((¢c = z|j]) == strljl] && c) j =+ 1:
if (!c¢) putitem(plli0]), plil], name}:

j = 4: while (~=3j) if (xlj] >= 0)

zfieldl(z, str, xl3j). yljl. name);

}/*end of zfieldl(z, str, page, line, name)*/

zfldset(z, namel, name2)

char zl): int namell]), name2l]:

{int x14), vl4): char strllmax]:

/*adds all z fields of namel to name2*/
setpage(nameli0])}); oetlink(namelll|, x, y):

if (x[1] >= 0) zfieldl(z, str, x[1l], yll]), name2):
}/*end of zfldset(z, namel, name2)*/

chngzl(page, line, name, fldstr)

int page, line, namel]):; char fldstrl|]:
{int j, x14]), yld4]., pll2]);

if (page < 0) return: /*list is empty*/
setpage(page); getlink(line, x, y);
pllO0] = x|0]l; plll] = ylO];

if (xgetsy(pl, fldstr, pl})
putitem(pli0], plll]), name) ;

j = 4; while (=~j) if (x[jl >= 0)
chngzl(xl3j]l. yl3j)., name, fldstr):

}/*end of chngzl(page, line, name, fldstr)+*/

chngz(namel, name2, fldstr) int namell), name2|); char fldstrl);
{int x14), yl4]:

/*changes the fields of all list elements to field of fldstr*/
makenul{name2) ; ’

setpage{(namel([0]); getlink(namelll]l, x, y¥y):

if (x11] >= 0) chngzl{(xll], yll}, name2, fldstr):

}/*end of chngz(namel. name2, fldstr)*/
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l fdofine stksize 16

s icefine Joathmax 64
o U #tdetine temnlim 10
[ tdefine qetcr while (cetchar() 1= 012)
jdefine aet0l2 while fchlast != 012) chlast = getchart()
( tdectine cumtep ternibe)

| $#define topics templl])

- scccfine all templ 2]
fcefine temnra temp| 3]
fdefine temprh  templd]
sdefine bibmods templb]

Yo .
N #¢efince ppnt templ 0]
|
r
’* user.c
C T ———————
/* uscr.c contains procedures and a main for user dialog
C
' ’/* neceds: u.0 lp.o cf.o hl.o sect.o
O y
4 5
b extern dirftera () ;
( rxtern deplnaryvl() extern templist():
. cxtern prodsett(); extern concatfl) extern eoxlists();
& extern printabt(); extern opnamefl) ; extern xgetsyf):
extern errorfl); extern prntstrf(); extern cetlink():
. cxtern cnlistf() extern cetnamel) ; extern setraqel);
L ¢xtern aetayl): extern adcset() extern getword() ;
evtern agetstr?!);: cxtern eal!); extern descrihel);
extern Llnkinitt); extern chinitf) cextern flushbuf();
Q cxtern inter2t); extern hashnot) ; extoern cntset!)
extern hash0l(): cxtern difset(); extern readintl(})
cxtern makenul(); extern putitem() extern wunaion2();
(J extern prinset(): cxtern zfldset(): extern chnaz();

int debualsS:
(9 int restrict|2];:
int (*restpro) ():
int chlast, nopaths:
. char stri{64]:;
int stknamelstksizell2):
. int rathele|jlpathmax]) 4]
G int tnarel{2]., tnamell2], tname2|2]:
char ncsuchl J{
" rno such name in file\n"}:
int templtemplimjl2];
char termpfilll{". "}
cliar nccapxrsl J{
" J¢o not underctand, say again . .\n"};:
char shl256]:
int plal2], plbl2]:

¢

(;
¢
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char bibbral [{"L1B{"};

char modbral J{"HoD{"};

char abralJi"a{"}:

char bbral j{"D{"};

char abquctel J{"ADB"};

char hicuotel | {"H{l1}"};
char h3auotel | {"H{3}")};
char h42cuotei | {"HN{4=-2}"};
char dowesavel J{

char wishseel J{

" dc vou wish to 3LL some of them?"};

int emptyprof} {;)

useranitf()

{znt J:

chanitt);

Inkinitt};

J = templin; while (3j=-=)
{tempfillj+4] = 0;
hashCl(temptil, templ3jl):
nakenul(templ 1)}

templistt G, tnamel): templistil, tnamel):

J = stksize; wvhile (3--) templist [j + 6,
restrict| 0] = tnarmef |0];

restrict|l] = tnameCll]:

/*for dehva dJo

prantf(” debug0s5 = ")

flushbuf();

c¢ebuql5 = readint(0);

/*end dehuag*/
}/7*end of userinit()*/

makerestfl! mname) int bmnamel |;
{/*restrict|] 15 aloballr*/
makenul(tnamel) ;

rrodset{restrict, bmname, tnamel):
exlistsi{hrname, tnamel):

makenul (tnamel):

}7*end of makerest{ )~/

aetrest()

{restpro = emptypro:

printfr” Jo ycu wish a restriction? "}
if (!acetav()) return;

printfl~ vwhat restriction . . (give as !!{4=2) or D{2} or F{1}
try acain\n"};

vhile {(!firndnamel{restrict))} rrintf(" . .
restpro = makerest;
}7*end c©f acetresti)*y/

int findname(name} int namel ]:

{getstr(str, 04, &§chlast) ;

1 f (hashnotstr, rname)) returntl); ¢lse
{printfi{nocsuch); cet0ll; return(0);}

}/7*ené ot tindname(name)*/

¢o ycu wish to 3AVE these items for future reference?"}:

templist(2, tnamel);

stknamel ji):

etc)

102
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<
- int findword(chs) char *chs;
(‘ {aetword(str, (4, &chlast):
if leocllstr, chs)) return(l):; else
{printfinocapis); qetCl2; return(0);}
}/*end cf taincdwerd(chs)=*/
. int acterns{strna, name, tail) char tail, strnglj: int namel|;
C {int ¢, 3. Jin, pll2]:
makenul (name) ;
.. printf(" ({1t more than one separate by TABs)\n");
C jin = (=1): while(shl++3jin} = strnaljlan}):
c = U while (c != UlZ2)
{ttushbuf);
’ c = u;

J = jin; while (c !'= 012 && c != 011)
B} {j =+ aetstrl(&tsh|j]., 1256=2) - j, &c):
¢ 1f (j < 256=1) j =+ 1:}
shlj=-1)] = tail;
shlaia) = 0.
C s*for debuq do*/
1f (debua05) printf(sh);
/*end debug*/

C 1f (!'hashnofst, pl)) hashol(* *, pl):
] putitem(opl[0]), pl{i), name);}

, returnf i) ;
' C }/*end¢ of ceterms(strng, name)*/
! < int getbms{strna} char *strna;
& {union2{teorics, all):
{ /*for debua do*/
. , 1f {¢ebuafb) rrinset(C, all):
i Ci /*end debua*/

makenul{y ibmeds)

, 1 f leglistrna, abguote}) addsettall, bibmods):

C clse zflésetlstrna, all, bibmods)
% (*restpro) (bibmods) ;
i returni(cntset(bibmods) ) ;
b Q }/*end ct int actbmns(strna)*/
? - advteopnsi{strnax, strnovy) char *strnagx, *strnoy:
& {(*restpro) {all):
{ union2tall, tempa) ;

- makenul (tempb) ;

C zflasetistrnagy, tempa, tempb) :

makenulftempa)

| 1f (egli{strngx, strnay))} cxlists(tempb, tempa)
e clse chnaz{tcempb, temra., strnax):
‘ makenul(topics):

Gifsetftempra, cuntor, topics):
addset(tempa, cumtop) ;

i makenul (tempb) :

; makenul (tempa) :

: < /*for debuc do*/

1f (debua05) prinset(0, topics):
/*end debuqg*/

[ 2]
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}7*end of advtops(strnex. strnoy)*/

remiten(rname) int rnamel]:
{int ¢, flaa, n, namel2]:
rrintff
f . Fy what rame do vou want these rememhercd\n"):
tlaac = 1; while (flaco)
flushhuf();
aetstr(sh, 256, &c);
if (Fash€lfsh, name) && fn = cntsetirame)))
{printf(
" that name s alrcady in use and has %d items associatedwith it:;\n", n):
printf(
) " are vyou sure vou want to add these items to the list cf ")
Yo printfish);
printf("2");
. 1f teoetayf)) flaa = 0;
¢ else printf(
" eive another name for rememberincg these items\n"):}
. clse tlag = 0;}
(: adcset(rname, name) :
rraintsen they have been added to "):
. rrintftsn) ; putchar{(01l2);
(' }/*end cf remitem{rname)*/

—~

o~

centepsin) int n;
¢ {printf(* there are %d topics."., n);
( rrintflivwishsee)
) :f tecetavl)) nrinset( 0, tcpics):
(’ }/*end of dsptops()*/

. ireshmslistrx, stryv, strknm) clar *strx., *stry, *strbm:

(* {int flac, 1, n, 3:

tlaa = 1;
1 = 0:

C wvhile (flaea
{n cetbms(strbm) ;
rrintf(

Q " there are %d, order %d items:"™, n, 1);

:f (n) {printf(wishsee) ;
1f (actay!()) ¢splnarv(l, 1. 2, ribmods):;
G rrintfl(cdowesave) ;
1f (cectay()) remitem(bibmods) ;}

)

. printff
L= " (o you wish te COULT the order %d items?", ++1):
1f (cetavl)) acdvtepsi{strx, stry): else flan = 0;
1f (! (j=cntset(topics)))
c {rrintfe" there are no more associations\n®);
tlaa = 0:}
. 1t (flae) <sptors(i) :}
w }/*end of presbms(strx, stry, strbm)®*/

ptopic(strx, stry, strbm) char *strx, *stry, *strbm;
{int 3:
do {print £(

* what is the topic(s) of interest "):

A

S )
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makenul{cumten) ;
] = cetermslctrx, tepics, "} )
addsetitopics, cumrtop)
retrest() ;
rresbms{strx, strv, strbm):
printf(" continue this task with other topics?”):}

while (cetav()):

makenul {cumtop) ;

makenul (tcpics) ;

makenulftall):;

makenul (bibmods) ;

}/*end of ptopic(str, stry, strbm)*/

findsubj()

{irt 3, ¢, knt, Knta, knth, flaq;

rrintf(

v "o vou wish tc incuire ahout the subject matter in the system?");

:{ (laetay()) return;

rrintf(” In what =)

flac = 1; whilefflac)
{printf(” tooic or subtopic are you interested?\n");
flushbhuft);

J = agetstr(&shli2], 256-4, &c) + 2:
sh|0] = A ;
shll] = {
shtjl = }

shl++3j] = 0;:
nta = knth = (;
1f (Fashnot(sh, pla)) knta

cntsetipla) ;

sh|0] = B

1f (hashnofsh, plbk)) kntb = cntsetiplb):

Jint = knta + %Xntb;

if (!tknt) printf(- L“othina by that name in the system\n"):

clsc {prntf¢"” The system has ta entries related to *, knt)

rrintt(sshil]);
rutchar(nlz):
printt(wishsee) :
1t (cetayl())
{1t (krta) dsplnarvy(l, 1, 2, nla):
if f(knth) Idsplnary!fl, 1, 2, plb):}}
printfl" Do vou wish to cnouire further about the subject matter?"):
if (leetav()) flao = 0;
1f (flag) printf(” 1In what other ") ;}
}/7*end of findsubkj()=*/

int acetornicsi{strx) char *strx:
{union2 (b ibmods, tcmpa) ;
makenul ftonics) ;

zfldset(strx, tempa, topics);
makenul (tompa)
return{cntset(topics));

}/*end cf int getcpicsi{strx)*/

rhibmodfstrx, stry, strbm) char *strx. *stry, *strbm;
{int j., n;
o {prrintf{
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what 1s the item number(s) ct interest ")
makenul (curtop)

= oecterns{strbm, hibmods, "} )
etrest();
= cetopicsistrx);

adcset(topics, cumtop) ;

i
p
p

(ce

f (n) dsptops(n):
reshms(strx, stry, strbn):
rintf(
Continue this task with other items?");}
tay()):

makenulfcumtop) :
makenul(tcpics)
makenulfall);

marecnullribnods) ;

}/7*end

of

pbibmod(strx, stry, strbm)*/

pxyiterfx,v) char xl}. yll:

/*note carefully exactly what happens here!*/
/*chnaz and unicn2 will iritialize destination to null*/
{if (leclix, y))

{chnez(ppnt, tnamel, x):

C

xlists{ppnt, tnameld) ;}

unicni(rpnt, tnamel) ;
exlists(ppnt, tnamel):;
(*restpro) (ppnt) ;

unionZ (ppnt, tnamel);
mnakenull(rnnt) ;

ztldsetly, tnamel, ppnt):

}/*end

of

pxyiterfx, v)*/

int pxyconOix, vy, ¥pl) char xl}, vl]): int xpll]:

{int j

.

~akenul (tname2)

3 = 03
do

vhile

{
a
P
I
a3
[
i

r

r
{ce

j =+ 1;

ddseti{ppnt, tname2);

Xxyiter(x. v):

akenul(tnamrel) ;

ifset{pepnt, tnameZ, tnamel);

xlists{rent, tnamel);

f lonlist(xpll0], xplll]. rpnt))
{printf{("” connection at level
return{j) ;}

rintf{(" no ccnnecticn vet at level =
rintf("count = %< <continue search?",
tayt)):

malencel(tname2) ;
return(j) ;

}/*end

of

int pxyconC(x, y, xpl)*/

rairput(ja, jb, namc, xa. flaa)
int flaqg,

ja, jb. namell]:; char *xa;

{int plxl2], plvl2], plzl2];
ply|l0] = rathelelja]l[o0];
plyll)

vathelel ja)l1ll:

= gd\n". J) ;

e ", 3):
cntset(ppnt) )}

106
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¢
if (!xqetsylply, xa. plx))

o {printfixa);

(‘ error(" in pairput of user.c: cant find field-value™):}

plvli0¢] = patheleljb] 0]

plvil] = pathelel| 3b})11]:

ornaref(plx. ply, plz, “IKRVER{"):

1t ttlag) {dsplnarytl, 1, 2, plz}: return;}
. makenul(plz) ;

N rrodsetiplx, ply, plz):

rutitem{rlz|0}), plz{l], name}:

}7*end of pairput(ja, jb, name, xa, tlag)*/

-~
int getjib{(j, 1) int 3, 1:
. {int kb, k;
kb = 1 + ratheleljll2];:
while (1)
. {x = pathelelll]l2]);
L if (k == kD) return(l):
if (k < kb) returntjpathmax):
. if f++4] >= jpathmax) return(jpathmax);}
C }/*end ot int getjb(j, 1l)*/
S crocpaar(ja, 1, name, xa)
C rnt Ja, 1, namel]: char *xa;

{int 3b:

jb = ecetikl(ja, 1)}
( 1f (jb >= jpathmax) return:
( pairputfja, jb. name, xa, 0});

1t (Jh + 1 >= Jjpathmax) return:
C rrocmairf(ja, jb + 1, name, =xa);
rrecpair(jb, Jb + 1, name, xa);
}/*end of procpairl(ja, !, name, xa)*/

«
pathpairs(name, xa) int namel]: <char *xa:
{znt 3JC;
4 jt = 2pathmax: while (pathelel=-=3j0]12]);:
1 1f (30 >= 0 && jO + 1 < jpathmax) procpair{j¢, j¢C + 1, name, xa):
‘ P }/*end of pathpair(name, xa)*/
' rempath({pace, line, kaprpa, nops)
pu int paacc, line, kappa, nops:
i % {etatic int j; int xl41], yl4];
‘ 1f (rage < C)
. {j = jpathmax:
- pathelel j=1]12] = 0:

return:}
1f (=-=3 < 0)

. o
~

{3 = 0:
printf(“\n too many path elements!\n");}
. ratheleljll0] = pace;
- rathelel jlll}] = line:
pathelel jll2] = xappa:;
rathelel j]13] = nops:
L} setpaac(pane); «actname(line, x, y):
printab(kappa) ;
¢ rrintf(“¢d.vd: “, kappa, nops):
4

?
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<
prontstrix{o], yie), o, 0); putchar(012);

(( }/*end of rempath{pace, line, kappa, nops)*/

int chkitem(paae, line, k, xa, va, xpl, kmax)
int k, pace, line, xpll], kmnax: char xall., vyall:
{int 1I;
makenul(stknamelk]) ;
o putitem({prace, line, stknamelk]);
S exlists(ppnt, stknamelkj):
r»yiterf{xa, ya):
exlists(stknamelk], ppnt);
L makenul (stknamelk+1]) ;
1 = 06; while (++1 < k)
addeset{stknamell]., stknamelk+l])):
' makenulfstknamelk+2]) :
difset(stknamelk], stknamelk+l], stknamelk+2]):
exlists{stknamrel|k], stknamelk+2]);

[\ makenul{stknamel|k+1]) ;
rakenul{stknamelk+2]):
I = 0:
9 1f tenlist(xpl[0], xplllj, stknamelk])))
{L =+ 1;
. nopaths =+ 1;
C rempathi{xpl|(0)., xplll), k, ncpaths);

N

rempath{page, line, k=1, nopaths):}
if 'k < kmax)
I (ccnset(stknamelk]), k, xa, ya, xpl. kmax))
{L =+ 1:
rempath{pace, line, k-1, nopaths) ;}
returni(l) ; ’
}/*end of int chkitem(page, line, k, xa, ya, xpl, kmax)*/

A~

C int conlistt{pace, line, k., xa, va., xpl, kmax)
) .nt pace, line, Kk, xplll]., kmax; char xall. vyalij:
. {lnt J 1, pllz_ll Xl4_|. YI.QJ:
' C 1t tpace < 0) returnt(0):;
) setpaae{paqge): ecetlink(line, %, Vy):
' 1 = chkitem(x|0], v[0]), k, xa, ya, xpl, kmax);
G 5 = 4: while f==9) if t(x|3j] >= 0)
, 1 =+ conlisti(x|3jJ, yl3jl., kK, xa, yva, xpl., kmax):
. return(il) ;
I }/*end of int conlist{race, line, k, xa, va, spl., kmax)»/
! o int conset{name, k, xa, va, xpl, kmax)

bt int A, namcl], xplll, Kmax: char xall. valil:
! tint x14). vla], 1;
setpacve(namel0]);: aetlaink(namell], x. vy):

C 1f (x{1] < C) return(o0);
' Kk =+ 1;
X I = conlisttx|i]., vi{il, k, xa, va., xpl, kmax);
) o makenul(stknamelk]);

returnil) ;
}/*end ot 1nt conset{name, k, xa, ya, xpl. kmax)*/

FaN

pxypath(x., y, kmax., xpl) <char xli, vlJ; int kmax, xpll]);
{rempath(=~1, 0, 0, 0);
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¢
noraths = 0;

. Jo {it tconzctippnt, ¢, x, y, xpl, kmax))
AN {makenul{tnamed) ;
j pathpairs{tnamel, x):
| - exlists{ppnt, tnamel);
: printf(*~ vd paths \n", nopaths);
{ return:}

- printf{“no connection yet at level = 2d; continue search?", kmax):
SN kmax =+ 1:}
! while {oetayl) &£& kmax+2 < stksize)
[ }/*end of pxypathix, y, kmax, xpl)*/
; <
v, dispmso{mess) char *mess:

~ {printfi{mess):

rrintf{"\n do you want to see another individual path?"):
}/*end of cispmsalmess)*/

int aeticekn!ki, ni, j) int ki, ni, 3:
{int kappa, nops:

& ( kbappa = 1: while !kappa)

: {kappa = patheleljjl2]:

‘I - nops = pathelel jl13];

L | if (karpa == ki && ncns == ni) return(j):

1f (=-=j < 0) return{-1):}
return(-=1):
}/*end of uetjokn(ki, ni, Jj)~/

§
| Gtispind(xa) char *xa;
. ¢ {int ki, ni, kf, nt, ja, 3b, namel]:
printf(” Give junction pair numbers {(hicher first, then lower). .\n"):
y i = readint(0);
( ni = readint(0);
ki = readintt ) ;
nf = readint! ) ;
| 1f (ri » nf !, ni > nepaths ) kKf >= ki)
{Cispmsqgl" Incompatible starting and ending junction pair . ."):
return;}
( 1b = aetjokn(ki, ni, jpathmax):
1f i3h <€)
{printf(*gd.2d », ki, ni);
' ( ¢aispnsg(*no corresponding junction . .%):
5 return;}
; while (1)
‘ {ki == 1;
' if (ki < 0)
{dispmsea("cant find juncticn . .");
o | return;}
' 1f (ki == kf) ni = nf:
ja = (=1}:; while (3ia < 0)
; ¢ {ja = getjokn{ki, ni, jb);
: if (ja < 0) ni =+ 1.
if {ni > nopaths |} ni > nf)
¢ {dispmsa("no next junction . ."):

return;}}
pairputl{ja, jb, name, xa, 1):

. el G — ¢ Sug— .
-~
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L
if (kf >= ki ! ni > nf)

- {¢ispmsal” ) return;}
i L jb = ja:}
1 }/*end of dispind(xa)*/

;4 - findnmi{xas, xa, name) int name!]; char xasitl, *xa:

i {aetstri{str, 64, &chlast) ;
i . xas| 0] = 0:
‘ R concat{xas, xa, 64);
| ceoncatixas, str, 64);
i - cencat{xas, "}", 64);

' 1f (xas|64-2]) xas|64-2) = "}

xas|64-1] = 0;
/*for debua do*/

“ 1f idebuetS) printfixas):

/*end debua*/

1f (htashnolxas., name)) recturn(l):

- clse {printfinosuch);: cetCl2; return(0);}
}/*end of findnm(xas, xa, name)*/

.

< pconpathixa, va) char *xa, *vya:
{char xas|64], vas|®64], nm|1l28], *ch;
1nt starterm|2), endterml2), 3, namel2];
¢ rrintf( cive starting term: ") flushhuf();
1f (!findnm{xas, xa, starterm)) return:
/*rnote the startina term heains as xa'!*/
prantf("cive ending term for path: ") flushbuf!) ;
1f (tfindnm{yas, ya, endterm)) return:
cetrest!l);
makenul(ppnt): putitem(starterm{[0]|, starterm[l], ppnt):

P R g
[ ~~ P

i 3 = pxycon(ixa, va, endterm);
| rrintf(
¢ € " I'here are td terms at level 2d; ¢o you wish to see them:¢*”,
' cntset!rent), 1)
1f fcetayv()) rrinset!{Q, ppnt):
¢ rrintf(
. " Lo you wish to construct paths?");:
: if lloetavl)) return:
N | makenul {(ppnt) : rutitemistarterm[0]. starterml[l]. ppnt):
[ x~vnath({xa, va, 3, endterm):
; printf(
' ( " Do you wish to see ALL the items (rodules or bibliaraphic entries) “);:
K printtf(”\nalong ALL the paths?");
‘ 1f (oetay!()) dsplnaryll, 1, 3, ppnt):
i prantf(” Do you wish to examine individual paths?");
] while faetay!()) dispind{xa) ;
rrintf(
I | " Do you wish this path information remembered?");

f {(!cetayl)) return:;

-

nm[0] = 0:

¢ concati{nm, "PATHS{", 128);
concat{nm, xas, 128);:
cencat{nm, ":“, 128):

¢ concat{nm, yas, 128);:

|
|
| €
|
3_.

concat{nm, "}", 128);
1f (nm|128-2]) nm(l28<-2] = "} ;

£
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nm([128=1] = 0:

/*tor debhua do*/

1f fdebuads) printfinm)
/*end debua*/

hash0l{nm, name):

addset! pnnt, name) ;

printf(

"the paths will be remembered under the name \n"):
rrintfinrm);

makenullppnt) :

}7*end of pconpathi{xa, ya)*/

puidi{strl, str2) char *strl, *str2;

{int 3. n, tlaa, !*func) ();

do {do {fiaaqg = 0;
printf{("--union, intcrsection, or ditference?.. “);
cotword{str, 64, &chiast);
stri3d3)] = 0
1{ (egll{str, "uni")) func
1f {eallstr, "int~)) func inter2; else
it (eqli{str, ~dit")) func ditfer2; else

{printf(nocapis): cectll2: flaag = 1:})})

union2: else

L}

while (flaaq):

rrintf!

" VWhat are the fields and values of interest?\n");
rrintf(

" Present as A{..}., C{..}, C{.., etc =);

1 = ceterms{"\0", topics, 0):

makenul {riktmods) ;
{* tunc) (topics, all, tempa):
1f (eallstrl, =str2))
zfldsect(strl, all, btibmods):
else exlistslall, bibmods);
n = cntset(pihmods) ;
print f£{
"there are 2cd 1tems, ", n):
if (n) {printf{wishsce) ;
it {(cetay!)) c¢splnaryil, 1, £, bibmnods):
printf{dowesave) ;
1f foetayl)) remitem{bibrods) ;)
printf{
"..continue this task with other operations, tields and values?"):}
while fcetayl)):
maxenul (tempa) ;
makenul(topics) ;
makenul(all):;
makenul{nihmods) ;
}/*end of puidistrl, str2)*/

ptaskhx(hfield, xa) char *hfield, *xa;

{char xasi64]; int j, namexl|<), namehl2];

hashCl(hfield., nameh) :

do {71 = 1:; while (3)
{printf(* Cive the subtopic or topic of interest: ");
makenul{ppnt) ;
flushbuf():;
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¢
if (3 = 'findnnixas, xa, namcx))
P printf{* There aren’'t any:"):}
(\ rrodsct{namex, nameh, ppnt):
printf{” There are Td items in this catacory\n”,
- 3 = cntsetippnt) )
! if (73) {printf(wishsece) :
1f lcetayl)) dsplnary{(l, 1, 2, ppnt):
N printf{ccwesave) ;
C 1f (getay!()) remitem {(ppnt) :}
print f£(" Continue this task with another topic?");}
. whilelcetay()):
(. makenul (ppnt) ;
}/*end of ptaskhx(htfield, xa)*/
o tindtask!)
{int flaao, c:
. t tushbuf{):
C. while fldescribel~tchoice.alf")):
{ flag = 1;
vwhile (flaaq)
C {printt (- which task do you now wish.. *);
t lushbuf () ;
restpro = enptypro;
C cetstri(sh, 256, &c);
switchi{shl0]) {
. case 9 : 1t teallsh, "9Y"}) rkibmed!rbra, ahra, bihbral): clse
L case v 1f (eqllsh, "g")) pbibmod(abra, bbra, modbra):; else
( case 7 : 1f tecllsh, *7"}) rhbibmod{akra, ohra, kibkra): clse
case 6 : if (egll{sh, "6")) ptopic(kbra, bhra, modbra): elsc
C if (ealfsh, =“6&S")) ptonic{bhra, hhra. ahquote): else
case 5 1f tegql(sh, "5"}) ptopici{bbra, bhra, bibbra):; else
1 f feglfsh, "S5&6")) ntopici{thra, bhra, abhcuote); else
C case 4 : 1f (eallsh, "4")) rtomic(kktra, anra, modchkra); else
if {eallshk, "4&3")) ptopic{bbra, anhra, abcuote); else
case 3 : i:f (eallsh, "3")) ptopicibbra, abra, bibbra):; else
C if {ecllsh, "3&4"})) rtorpicinpbra, anra, abguote); else
case 2 : 1t (eclish, "2")} rtopiclabra, bksra, modbra); else
it (eall(sh, "2&1")) I'topiclabra, bbhra, abauocte); else
T case . :f teclish, "1")) rtomic/abra, bhra, bibbral); clse
if (egl(sh, "l&2")) ptopiclabra, bbra. abquote); else
1t (eallsh, ~18"}) puid{modbra, modbra): else
Q if teclish, "1l8&1/"}) ruic¢i(pibbra, modbra); else
1f (eql{sh, *17")) puid(bibbra, bibbra); else
if (egl{sh, "17&18")) puid{bihbra, nodbra): else
c 1f (eclisk, "15"}) pconpath{pbhra, bbra); else
if (eclfsh, ="14")) pconpathirbhra, abhra): else
i 1t fegl(sh, =13"})) pconpath(abra, bbra): clse
€ if (eclfsh, "127)) rhibmod(hbra, bbra, modhra); clse
i 1f (egli(sh, =11"})) pbibmod{(bbra, bbra, bibbra); else
1f lecli{sh, "10")) pbibrod{bbra, abra, modbra): else
} i case 0 : 1f {eal(sh, "0")) flag = 0; else
case h': if {eal(sh, "halt")) flaa = 0; else
i . 1t (ecl(sh, ~help»)) while(cdescribe(“tchoice.alf")); else
-« case 'l : 1f tegql(sh, "T=5")) ptoviclabra, bbra, bibbra); else
‘ if {(eqll(sh, "T=5-exp")) ptopiclabra, bbra, bibbral):; else

1f (egllsh, "T=S-rex")) ptopici{bbra, abra, bibbra): else
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¢ |
1f (calf{sh, "T-5-con”")) ptopicibbra, bhra, hibbtra); clse
- 1f (ecli{sh, "T-24")) pbibmod(akra, bhra, bibhbhra): clse
(\ 1f (eallsh, "T=l4-cxp”)) pbibmodlabra., bbra, bibbra): else
1f (ealish, "T-l4-rex")) pbibmnod(bhra, abra, bibhra): else
- it (eagllsh, “T=l4-con")) pbibmod(hbra, bbra, bibbra}): clse
‘ it leal{sh, "“T=2")) ptashhx{hlcuote, abhra); else
1t (eagl{sh, "T-2-hom")) ptaskhx(hildcuote, ahra): r se
L s if (eaqllsh, "T=2-con")) ptaskhxfthjcucte, bbra); else
N 1t (eaglish, “"T-4")) rtaskhx{h42cuote, abra); else
1f (ecll{sh, "T-4-hom")) ptaskhx(hd2cuote, abra): else
- if teallsh, "T-4-con")) ptaskhx{h42cuote, bbhra); else
L if {(eall{sh, "T-15")) ptaskhx{klcuote, abra): else
if lecl(sh, "T=15-hom”)) rtaskhx(hlcuote, abra): else
if (eclfsh, *T-15-con")) ptaskhx(hlcuote, hbra):. else
default: {flaa = 1; printflnocapis);}
} }
- }/7*end of findtask()*/
\.
task()
. {flushbuf();
C while (describe(“subhjs.alf"));
findsubij():
tlushbuf{) ;
C while {cescraihel"tasks.alt")):
‘ tindtask!{):
¢ }/*end of task()*/

( maini)
{while({aescribe("intro.alf")).

C userinit():
i taskl();
-, rrintf{
v N "\nlhe ?c indicates vou have returned to the UKIX cperating system:\n", "% }:

}/*end of maainl()*/

!

€
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idefine stksize 1lé
fcdefine jpathmax 64
sdefine getll2 while (chlast != 012) chlast = getchar()

’* inter.c
L
TS S
/* inter.c contains rroceedures and a main of the
/* interactive manipulation of the association lists
’* needs the following files: wu.o lp.o cf.o hl.o set.o
*/

extern printab():

extern opnanmel); cxtern xgetsy{): extern error():
extern chnazl(); extern prntstr(): extern chnaz{):
extern hashnol): extern aetal):

extern describe(); extern acetstr!) ; extern cetword!();
extern union2 i) ; extern call); extern inter2():
extern dsplnaryl(); extern zfldset(); extern aetlink();
aytrtern difsctl() ;s extern putopt); cxtoern exlists();
extern allsub() extern onlist{(): extern addset():;
extern [lushibuf{): extern chinit() ; extern lnkinit();
extern templist(): extern getnamel(): cxtern setpaae();
extern rrintst() extern prinset!); extern procset()
extern cntset() ; extern hash0l{): extern subset();
cxtern makenult) extern reacintl); extern putitem();

:nt chlast, noraths, ftlap, pont|2), oldtirl, oldtiml, timexl|6]:
int tname0|[2], tnamell2), tname2l2]:;

char nocapis| ) {

" (o not understand, =ay adgain . . \n“}:

char nosuchli J{

* no such name in file\n"}:

char str|64];:

1nt stkname|stksize] |2];

1nt pathelel jpathmax] 13):

intinit()
{int k:
chinit():
Inkinit():

rrintf(

"\nThis is the interactive manipulator for association lists."):
wvhile {(describel{"inter.alf")):

printf(~Make timina measurements? (y or n) "):

if taoetal v )) cldtiml = 1; else oldtiml = 0;

printf(”enter reaquests:\n>"):

templist(0, tnamel): templist(l, tnamel): templist(2, tnamel2):
k = stksize; while (k--) templist (k + 6, stknamelk]):
flushbuf():
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actvordistr, 64, &chlast)
tigp = 1;
}/*cend ot intinit()*/

int findnamec{name) int namel:

{ogetstristr, 64, &chlast)

if (rashnolstr, name))} return(l}: else
{printt{nosuch) ; cet0l2; return{ 0} ;}

}/*end of tindname{name)™*/

int findwordl{cns) char *chs:

{cetword({str, 64, &chlast):

1f leall(str, chs})) return{l); else
{printf(nocapis): cet0l2; return(0);}

}/*end c¢f findworclchs)*/

ncreate!)

{int nl[2];

aetstr(str, 64, &chlast):
1f (hashCl(str, pl))

{printf{”\n that name already exists: may not create it\n"};: return;}
tlep = 0O
ppntl0] = pllo}:
rpntlli] = pllil):

}/*end¢ ot pcreatel()*/s

ppointt{)
{int pilel:
aetstristr, 64, &chlast):

1t (thashnetstr, pl})
{printt{~"\nthat name coes nct yet exist in file: can not point to it\n")
return;}

flap = 0;

ppntlo) = pllo};

rpntll) plll]:

}/*end of ppoint()*/

pcount()
{rrintf(” %G \n", cntsetfpcpnt)):
}/*end of pcountti)*/

pdisplay()
{int xl4), ylal:
cetword(str, 64, &chlast) :
if (callstr, "sccondarv"})
{dsplnary{0, 1, 2, ppnt): return: }
2f tegli{str, "“name-“))

{sectpeacelppnt!{0)); cetnamelrpntll]), x, vy):
printstix|{u), yl0J); putchar(0i2); return:!}
if tecli{str, “n-arvy"})
{dsplnaryireadint(0), 1, readint(0), ppnt): return;}
if{l'eal{str, "set”})
{printf{nocapis): get0l1l2; return:}

rrinset{0, ppnt):
}/*end of pdisplay()*/
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¢
rattach()
oo, {int xpli{2];
i - if (!{findnamelxpl)) return;
| putitemi(xpl|0), xplll), ppnt):
o }/*encd ot pattach()*/
i ris()
: {int xpll2]:
s 1t t(!tindword{"member"))
! return;:
v 1t t!findnamelxpl)) return;
: L 1% tenlist(xpll0], xplll], ppnt))
f printf(* vyes\n"): else printf{(" no\n");
}/*end of pist)*/
prelationt(}
e {int xplEEJ, sgb, sup, Jj:
1f (!findwerd{"set™))
H return:
R if ('findname(xpl)) return;
: C sub = subseti(xpl, ppnt):
i sup = subset{ppnt, xpl}:
! 1t (sub && sun)
e {urintf(" identical\n"): return; }
| 1f (sub) {printf{" subset\n"): return:}
1fleur) {printf!{” =superset\n"): return;}
! C makenul (tnamel) ;
: ( nrocéset{~pl, pont, tnamecl):
: ¢ 3 = cntset(tnamel) :
: 1f (3) rrintft* ¢d \n“, iJ};
' clse printf(* disjoint\n");
}s*ernd of prelation{)*/
¥
raddtl)
o {int xpll2]: :
hd 1t (!{indword("set"))
return;
~ 1t (!tainaname(xpl)) return:
s acdset{vpl, Fpnt):
! }/*end of padd()*/
o~
e rceletel)
f {int xpll2]., fla;
,- acdetword{str, ¢4, &chlast) ;
.- 1f tegli{str, "set")) flg = 1; else
' if (ecallstr, "sctnet")) flg = 0; else
| e {printf{nocapis): aet01l2:; return;}
e 1f (!'findname{xpl)) return;
makenul (tname0) ;
@ 2L (fla) Jifsetirpnt, xpl, tname():
|

else prodset{ppnt, xpl, tname();
exlists(ppnt, tnamel):
}/7*end of pdeletel()*/

premove ()

@ {int xpll(2]:
«

i

3
!
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1f (!Mtindnamel{xpl)) return;
makenul {tname() ;

(“ makenul {(tnamel);
putitem{xpl(0], xplll])., tnameC});
c¢ifsct{prpnt, tname0, tnamel):
exlists{pprnt, tnamel):
makenul (tnamel) :

. }/*end ct premovel()*/

rmake ()
{if (!findword({“set“))
return;
if (!findword("null"))
. return;

makenul{pont) ;

}/7*end of pmaked{)*/

)

ront)
{1nt xol{2]:
¢ 1f (!tindword(“secondary"))
return;
1f (!findword{"put"))
C return;
if (!finc¢narmel(xpl)) return: .
i makenul{tnameq) ;
. addzsetirrnt, tnamel)
L allsub{tname®, xpl):
( /7*put xpl on all secondary ppnt*/
}/*end of pont()*/

punion(}
{int xnli2]:

€ 1f (!findword{"secondary”))
return:
¢ 1f t!findnamei{xpl)) return:

union2{xrl, tnamel):
cxlists{(nont, tnamrel):
}/7/*end of punicn()*/

('\
pinter()
\ {int xpll2];
«© 1f (!findwecrd("secondary”))
return;
- if (!finéname{xrl)) return:
L interz{xpl, tnameld, tnamel):
exlists{prnt, tnamel):
P makenul (tnamel) ;
. }/7*end ©f pintertl)*/
. mxyiterix.,v) char x||, vi]:
¢ . /*note carefully exactly what happens here!*/
/*chnaz and¢ union2 will initialize destination to null*/
e {if tleclix, y))
~a {chngz(ppnt, tnamel, x);:

exlists(ppnt, tname0):}
unionZ (ppnt, tnamel):
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exlists(prnt, tnamel);
- unionZ{ppnt, tname0):
makenul (ppnt)
zfldset(y, tnamcO, ppnt):
}/7*end of pxyiter(y, y)*/

rxycon0O({x, vy} char x1l. vil:
, {int j, xvll2]:
. f (Yfindword("to"))
return;
1t (!findnarelxpl)) return:
makenul (tname?d) ;
3 = 0:
do {3 =+ 1:
addsetippnt, tnamel)
pxviter{x, vy):
. makenul {tname() ;
\ difset{prpnt, tname?, tnamel):
exlasts{ppnt, tnamel);
1f tenlist{xpllO0l, xplll]l. ppnt))

C {printt{("” connection at level = %¥d\n", 3J):
return;}
printf{” noO connection yet at level = 22d ", 3J):
| C rrintf("count = $¢ ccntinue search? (y or n}) *, cntseti(rpnt)):
’ t lushbuf() ;}

while (cetal’vyv }):
makenul{tnamel) ;
}/*end cf pxyconClix, v)*/

D~

rairrut(ja, jb. nare, xa)
| int ja. b, namel|]: char *xa:
, {int plxl2], plyl2], plzl2]):
y O plyl0] = ratheleljall0]:
plyli] = yatheleljalll]:
1f ttxgetsyirly, xa. plx)})
(1 {rrintfixa):
i crror{" in pairput of inter.c: cant find field=-value");}
o pilyl0o]l = patheleljb|10];
A rlyv|l] = rathelel3b] [1]:
opname{plx, ply, plz, “1LETER{"};
rrakenul (plz) :

b rrodset{plx, ply, plz):
| putitem(plz|0], plzll], name);
LI }/*ené otf pairput(ja, jb. name, xa)™/

int acetib(3, 1) int j, 1:;

c {int kb, k:
. vk = L + ratheletjii2l:
while (1)
.. {} = rathelell] |2]:
i W if (k == kKb) return(l):;

if {(k < kb) return{jpathmax);
if (++1 >= jpathmax) return(jpathmax);}
}/*end of int getib{(j, 1)*/

procpair(ja, 1, name, xa)

o N

¢«
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int ja, 1, namel]; crhar *xa;

{int jb;

il = getib(ja, 1)

if {(jb >= 3pathmax) return;
rairputf{ja, ijb, name, xa);

sf t3b 4+ 1 >= jpathmax) return;
procpair(ja, jb + 1, name, xa);

- rrocpairl{jb, jb + 1, name, va):

* }/*end of procpair{(ja, 1, name, xa)*s

rathrairs({name, xa) int namel]: char *xa:

{int 730

ju = jpathmax; vhile (pathelel--j0]12]):;

if (30 >= 0 g& jO0 + 1 < jpathmax} precpair{(j0, j0 + 1, name, xa);
}/*end of wathpair(narme, »a)*/

remrath{reae, line, kappa)

int raaqe, line, kappa;

{static 2nt 7J: int x14], via}):
. i1t (vace < )

< {i = jpathmax:
pathelel2=1] 2] = C;
return:}

.,

N
€ 1f (~=1 < Q)
ty = 0:
mrintf{"\n tco manv path clements!\n");}
€ rrathelel 3]10] = page:
{ rathelelJJll] = linc;
C rathelel 3]1l2) = kKappa:
' setparc/raae); octnamellaine, x, v):

printabl{kappa): prantf{“tc: =, Kkappa):
nrntstri{xle)], yl0), o, ©): rutchar(n12):

< }/*end ot rempmath(pace, line, kappa)®*/

e int chkitem{paage, line, K, xa, va, xpl., kmax)

7 int k, paae, line, xpll]). rKrax: char xall, vall:
{int 1

o makecnul {stknamelKk]) :

4

rutitem{raae, linc, stkna~elk]):

cxlists{rpnt, sthknamelkl}):

. rxyiter{xa, va):

¢ exlists{stknamelk], ppnt);
makenul {stknamel k+1]):

-~ 1l = 0; while (++1 < k)

- addset{stknamrcl|i), stknarelk+1l]);
makenul(stknamelk+2]);
ditset{sthkname{k), stkname{k+l], stknamelk+2]);

C exlists(stknamelk], stknare|k+2]):

makenul {stknamelk+1]);

makvenul {sthknarmel|k+2]) ¢

| 1 = 0;

if (onlist{xpll0]), xplll], stknamelk}))

{1 =+ 1:

nopaths =+ 1:
rempath(xpll0o], xplil), k):
rempath(pace, line, k-1):}

€

. N

'’
£
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it 'h < kmawx)
11 {conset(stknamelk], k, xa, ya, xpl, kmax))
{1 =+ 1;
rempath{paae, line, k=1):}
returnf{l):
}/*end of int chkitem{page, line, k, xa, va, xpl., kmax)*/

int conlist(paae, line, k, xa, ya, xpl, kmax)

int page, line, k, xvnll], kmax: <char xall, yall:

{int 3, Y, pl12]), »14), vi4]:

if tpace < 0) return{o):

setpace{pgae}); aetlink{(line, x, y):

l = chkitem(x[0], v10], k, xa, ya, xpl, kmax):;

1 = 4; while (==3) 1t (x[]J] >= v)

I =+ conlasttxl3], yl3), kK, »a, ya, xpl, kmax):
return(l):

}/7/*cend of int conlisttrage, line, k, xa., ya, spl, kmax)*/

rnt conset({name, k, xa, vya, Xpl, kmax)

int k, narel}, xpll), kmax; char xatl, yal):

{int x|4], yl4]), 1:

sctpacef{ramel|0]); cetlinki{namell], x., vy);

if (x[1) < 0) return(o);

o=+

1 = conlist(x[1l], vll], k, xa, ya, xpl, kmax):
makenul{stknamelk])

returnid):

}/*end ot int conset{name, k, xa., va, xpl, Kkmax)*/

rxypath!ix, v} char x|, vl]):

{int kmax, xplld];

if t!rindword( te”))

return:

:f tifindnamel{xpl)) return:

rrinttd * to what level? . . ")

flusi:bufl):;

kmax = readint(0):

rempath{-1, 0, 0}

nopaths = {;

do {if (conseti{ppnt, v, x, y, xpl, kmax))
{makenul{tnamel) ;
rathpairs({tnare, x):
exlists{ppnt, tnamed) ;

printf{" ¢d paths \n", nopaths):

return;}
rrantt{“nc connection yet at level = td; continue search?
kmax =+ flushhuf();}

while (cetal’ v ) && kmax+2 < stksize)
}/7*end of pxypath(x, y)*/

rxy2n{namex, namey., X, Y. e, s, name0, namel., name2)
char x11, vll, *s:

int e, namex|), nameyt ), namelOl), namell], name2l]:;
{makenul(namel)

zfldset{x, namex, name?2);

1f (s)

120

“, kmax);
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{1t tealls, "ssir{"))
{exlists(namel, nameZ):
unionZ (namel, name2);
makenul{namel);
zfldsetl{s, name2, namel);
union2{ramel, namel);}

else

if {eqlls, "3imp{"))
{exlists(namel, nameZl):;
chngzinamel, nameZ, s):
exlists{namel, name2);
union2(namel, nameZ2):}}

else

1f tte) {chnaz({name2, namel, V)
exlistsinamel, nameZ);}

rakenul (namel) ;

nrodset(name2, namey, namel);

2 (cntsettnamel))

{putopt{namex, namey, namel, "OP{");

if (e) puvtop(namey, namex, namel, "OP{");}

}/*end of rxy2n(namex, namey, ¥, Y. €, s, namel, namel, name2)*/

rxvnl(pll, paace, line, %, y, e, s, namel, namel, name2) char x1Jl, ylJ, *s:
int e, rl:l], pace, line, narmeCl], namell], name2l]:

tint j, pi212), x214), y214]):

1f traae < C) return: /*list is empty*/

setpaae({paaqe); oetlink(line, x2, y2):

rl2i0] = x21C¢): pl2l1) = y2l10]:

1f (le && {(pll|0] != pi2(0]) i pllldl)] !'= pl211]))

Py e && pll10)] > pl210] 5% plil0) == pl2|0) && pLILY) » p1211]1)))
rxy<n{pll, pl2, x, y, e, s, name0, namel, name2);:

3 = 4; while(==1) if (x213) >= 0)

rxvnlipll, x2(3], v213l, %, ¥y, e, £, name®, namel, namel);

}/*end of rxynl(pll, page, line, x, vy, ¢, s, name, name., name2)*/

rxy<l {pracel, linel, page2, line2, ¥%. v, e, s, name0, namel, namel2)
int e, praagel, linel, vaqge2, line2, namel0|]), namell], name2]]:

char x|, yll. *s;

{imt J, p1il2], x114], vil4l:

1f (pagel < () return; /*first List 1s empty*/

setraace(pacel): ocetlink(lineil, xl, yl):

plllo) = x1l10); pl1lll] = vllol;

rxynl(pll, pace2, line2, x, ¥, €, s, namel, namel, name2):

1 = 4; while (==3) 1ifi{x1]|j] >= 0)

rxycl(xXl3l, vil3), prage2, lineZ, %, y, e, &, namel, namel, namel2);
}/*end of rxv2l{raael, linel, race2, line2, %, v, €, &, namel, namcl, namel)*/

rrxvix, v, e, g) char x|, yl!, *s: int e:

{ant xpll2), x114), v114), x2!4], v214), name0l2), namell2], name2(2];
:f ttfindname({xpl)) return;

makenul (tnamel) ;

setpace(xpl{0]): cetlink(xplll], =2, y2):

/*at some future time these may be ditterent*/

setpace(xplliu]); cetlink(xnlll), x1, yl):

1t (x111] >= 0 §& x2[1] >= 0)

rxyll(xill), yl11J, x211), v21li), %, y, e, s, tname0, tnamel, tname2):
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exlists(ppnt., tname0);
r printf{"count: ¥d\n", cntset(ppnt)):
makecnul (tnamel)
makenul (tname?2) ;
}/*end of prxy(x, y, e, s)*/

rexchng()

{int xpll2);
. 1f (!fincname({xpl)) return;
exlists{xpl, ppnt):
}/*end of pexchna()*/

.
pelim()
{int flo., 3;
cetword(str, 64, &schlast) :
1f teallstr, "field")) flg = 1; else
L 1f (ecllstr, "{fielcnot")) flo = 0; else
\ {printf{nocapis): cet0l2; return;}
J = cetstri{str, 64, &chlast) :
- 1f (strlj=1] t= "{ && leal{str, "TXT:"))
< {printf(str):
printf{"{ do you mean? . . repeat request:\n"):
. getllz2; return;}
» C makenul {tnamel);
} zfldset(str, ppnt, tname():
' 1t (1flo) {exlistelppnt, tnare?); return;}
i C exlists{ppnt, tnamel): makenul{ppnt):
! ( difsctltnamel, tnamel. ppnt};
: - makenul (tnamel)
v G }/*end of pelimt)*/
’ swtch{)
C {switch{strl|0]) {
case A : 1f {eall{str,"ABRconnect"})} pxyconO{"A{","B{"}: elce
, if (eul{str,"ABiterate”)) pxyiter{"A{","B{"); else
« 1t (ecl(str.,”Abpath®)) pxypath("A{","B{"): clse
case a' : 1f leallstr,"add")) raca(}): else
1f {eglistr,"attach")) pattach{); else
O case E : 1f (ecllistr,”RiAconnect”)) pxyconC{"D{" ,"A{"); else
if (egl(str,”btAiterate”)) pxyiter("B{","A{"): else
. if feallstr,"bipath")) exypath{"L{","a{"): else
¢ if {eal(str,"BBconnect”)) pxycen0 ("B{","B{"); else
1f {eql{str."BBpath"}) pxypath("B{","B{"); else
.. if legl(str,“PRiterate”)) pxyiter{"C{","B{"): else
L case c¢': it ({(calfi{str,"count")) pcount(): else
1f {collstr."create")) rcreate!) clse
case d : 1f (eqli{str,"delete"}) pdelete{): else
¢ il f{eqglistr,"displav™)) pdisplay(): clse
case e : 1f (eol(str,"exchannae”]}) pexchng() ; else
if (eclistr,"eliminate”)) pelim(}); else
v case h’': if (egl(str,"help”)) while(describe("inter.alf")): else
case 1 : 1f {eallstr,"intersect"}) Pinter!(): else
‘ 1f (eglistr,"is")) pis{}: else
(‘ case m : 1f leqli(str, "make")) rmake(): else
case o : 1f (eal{str,"on"}) pon{}: else
case p : if (egl{str,"peint")) ppoint(}; else
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(
case R : If leollstr,"Rexn")) prxy(*A{","p{", 0, 0): clse
(’ if (eygllstr,"Rcon")) prxy{"L{",”"BE{", 1, 0): else
. if fecallstr,”Rhor")) prxvi*aA{","a{", 1, 0): else
if fteqgl!str,"Raen")) prxy{*A{","A{", 0, "sSimp{"): else
if tecif{str,"Pexa”)) prxv({"B{","A{", 0, "simp{"): else
if fteql{str,"DPras")) prxy(*a{",“A{", X, "ssim{"): else
case r : if (eclletr,“"relation")) prelation{): else
- if legllstr,"remove")) premcve {) ; else
i" case u : if (eql{str,"union")) punion{): else
' default: {mrintfl{nocapis): cetll2;}}
| ¢ }7*end of swtch()*/
|
‘ main()
: {int 7:

intinitt):
vhile{!eql{str, "halt*))
{if (flap && leqllstr, “create®) && !callstr, "point"})
C {printf(" P or pointer register not set yet\n"):
aet012:}
clse swtch():

C 1f (oldtiml)
{times(timex) ; printab(7):
N printf{"esd ga\n",
C timex[N)] - oldtim0, timex|l) - oldtiml):

oldtim0 = timex[(0];: cldtiml = timex[1l];}
printifiv>"); flushbuft): ocectwerd{str, 64, schlast) :!
flushbuf():
{ }/*end of main()*/

O

¥

«
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§define 1lmax 128

tdefine getcr while (getchar() !=

012) .

tdefine wch nchar[(j < 512) ? (j++) : wrt(&j, nchar)]

/* mp.cC

/* mp.C contains a collection of procedures and a main
/* for processing the modules (stite.mod etc.. )

/* needs the following files: c¢f.o, u.o, hl.o, 1lp.o
*/

char *checkx;

char ch[lmax]:

int m0, debug04, debug05, flmods,
int pcmod[2], modnamel2];

extern hash01l():
extern rdchfl():
extern error();:
extern lnkinit();
extern getjch():
extern char chbufxxx[512];
extern errno;

extern putitem():
extern writech();
extern flushbuf();
extern chinit();
extern getpgch();

mlast;

newlink():;

extern readint();
extern setlink();

extern gtpgfnul():

extern int debug0l, debug02, debug03;

chread()

{int c¢; static int j;

¢ = rdchfl(pcmod, chbufxxx, flmods):

/*for debug do*/
if (debug05)

if (3 > 72 && ¢ <= e
{putchar(012); . j

.. c =

= 0;:)

else
{putchar(c): j o=+ 1:}

/*end debug*/

return(c):

}/*end of chread()*/

initmod() .

{flmods = open("stite.mod", 0);
if (errno) printf("\n errno = gd
m0 = 0;

pcmod[0] = (-~1);: pcmod[l] = 512;
checkx = EL"ABCFHD";

printf("\n number of last module:
mlast = readint(0);

return(012):

}/*end of initmod()*/

int j; char chs{];:

dump(chs, 3Jj)
{int k:

= 012)

", errno);

")

124
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k = (-1): while (k <= j) putchar(chs[++k]):
}/*end of dumpl(chs, j)*/

replace(a, b, str) int a, b: char *str:
{int c;

while (¢ = *str++) if (¢ == a) *(str-1) = b:
}/*end of replace(a, b, str)*/

int wrt(j, nchar) int *j; char nchar[];
{static int p, flsrt;

if (!p) flsrt = creat("srt.d", 0600);
seek(flsrt, p++, 3);

write(flsrt, nchar, *j):

*j = 1;

return(0);

}/*end of wrt(j, nchar)*/

wsort(f1d, mod) int £1d4{], mod[];

{int temp; static int j; static char nchar([512];
if (£1d[1] >= 42) {wrt(&j, nchar); return;}
wch = £1d4d[1] + 041;

wch = ((temp = £1d4[0]) & 037) + 041;

wch = ((temp =>> 5) & 037) + 041;

wch = ((temp >> 5) & 037) + 041:

wch = mod{1l] + 041;

wch = ((temp = mod[0]) & 037) + 041;

wch = ((temp =>> 5) & 037) + 041;

wch = ((temp >> 5) & 037) + 041;

wch = 012;

}/*end of wsort(fld, mod)*/

putfld()

{int fldname[2]:.

hash0l(ch, fldname): .
putitem(fldname[0], fldname[l], modname);
/* if no sort:

putitem(modname[0], modname([l], fldname):
*/

/* to sort:

*/

wsort(fldname, modname);

}/*end of putfld()*/

getmodn(chl) int chl;

{1nt m. 11 k;

1l = (-1); while (1 < 3) ch[++1l] = chread():
while
(chl !'= 0
‘1 chlo]
. ch[1]
1 ch[2]
v chl3]

BN

A

P Ty )

*
n

[ |
ot
I

: 1)
ch[0];

1 0; while (1 < 3) {ch{1l] = ch[1l+1]; 1 =+ 1:}

ch{1l] = chread();}
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ch[l] = “{’; /*1 == 3 now*/
chl = ° ?; while (chl <= ° °) chl = chread():
m= 0; ch[++1] = chl; ’
while (060 <= chl && chl <= 071)
{m =m * 10 + (chl - 060);
ch[++1] = chl = chread():}
/*ch[4] thru ch[1l-1] contain numbe: */
if (m !'= m0 + 1)
{printf("\n module number not in order: last = 3d next = 8d ", m0, m):
k = 0: while(k <= 1) putchar(chlk++]);}
ml = m;
chl[1l+2] chll];
ch[l] = “}7;
ch[++1] = 0;
/*for debug do*/
if (debug04)
{printf("\n end of getmodn 8d ", m);
dump(ch, 1); getecr;}
/*end debug*/
hash0l (ch, modname) ;
/*m0 contains module number,
ch[0])] thru ch[l) contains null terminated string,
ch[1+1] contains next charachter*/
return(ch([1+1]):
}/*end of getmodn(chl)*/

It

N

gettext(chl) int chl;:
{int 1, pl{2), pagech0, jch0:
1 = (-1); while (1 < 3) ch[++1] = chread();

while
(chl '= 012
¢y ch[0] 1= °T”°
vt ch[l] 1= °Xx°
v ch[2] 1= °7”’
v ch[3] t= ":7)
{chl = chl[0]; .
1l = 0; while (1 < 3) {ch[1l) = ch[l+1]; 1 =+ 1:}

ch[l] = chread();}
jch0 = getjch();
pagech0 = getpgch(): /* record jch & pagech*/
writech(ch[0]);
1l = 0: while (1 < 3) {ch[l] = ch[l+1]; 1 =+ 1;}
while
(ch[0] != 012

{writech{ch[0]);

1 = 0; while (1 < 2) {ch[1l] = ch[1+1]; 1 =+ 1:}
ch[1l] = chread():}

writech(0):

/*fix up links for text*/

newlink(pl);

setlink(pl[1l]), pagech0, 3jch0>>1, -1, -1, -1, =1, =1, =1):
putitem(pl(0]), pl[1l], modname);

return(ch([1+1]);

}/*end of gettext(chl)*/
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getxfld(x) int x[]:
{int 1, chl;

ch({o] = x[0]:

ch{l] = “{’; ‘

chl = ° “; while (chl <= “ °) chl = chread():
1 = 2; chl2]l= chl;

while

(Ch[l] l= "' &&

(ch{1-2] != 012

‘v ch(1l] t= "7 ))

{if (1 < lmax = 4) 1 =+ 1;
ch[l] = chread():}
/*for debug do*/
if (debug04)
{printf("\n this is getxfld %c 2d %c g%c ",
x[0], 1, ch[1-1], ch[1l]): getecr:}
/*end debug*/
if (ch[l] = ",")
{x[0] = ch[l-1]; 1 == 2;}
while (ch[--1] <= ~= °);
ch[++1] = “}°;
ch[{++1] = 0;
replace{(012, 040, ch): /*remove carriage returns*/
/*null terminated string is now in ch([0] thru ch[l]*/
/*ok fields A, B, C, F & H but not D */
/*for debug do*/
if (debug04)
{printf("\n end getxfld "):
dump({ch, 1); getcr:;}
/*end debug*/
putfld();
return{ch[l1+1]);
}/*end of getxfld(x)*/

getlast(x) int x[]:
{il’lt chl, 1:

ch[0] = x[0];
ch[1l] = “{":
chl = ° “; while (chl <= ° “) chl = chread();

1 =2; ch[l] = chl;

while{ch[1l] != 012)
{if (1 < 1lmax - 4) 1 =+ 1;
ch[l] = chread():}

while (ch[--1] <= = 7);

ch[++1] = "}7;:
chi++1] = 0;
ch(l+1] = o012;

/*for debug do*/

if (debugl4)
{printf{"\n end of getlast gc ", x[0]);
dump(ch, 1): getcr;)

/*end debug*/

/*null terminated string is now in ch[0] thru

ch[l], ch[l+1] == 012 */

putfld():
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return{ch[1l+1]):
}/*end of getlast(x)*/

main()
{1nt jl C. x[l]:
/*for debug do*/

printf("\n debugll "): debugdl = readint(0):
printf("\n debug02 = "); debug02 = readint(0);
printf("\n debug03 = "); debug0d3 = readint(0):
printf("\n debug04 = "); debugh4 = readint(0);
printf("\n debug05 = "); debug05 = readint(0);

/*end debug*/
chinit():
lnkinit{();
c = initmod();
while (m0 < mlast)
{c = getmodn(c):

c = gettext(c):
j = 0; x[0] =~
while

{c = get

if (x[0]

)
fla(x);
I= checkx[j])

{3 =+ 1;
while (x[0] != checkx[j] && 3J)
{printf(

"\nfield 8c missing or out of order, field %c is next:; mod = 8d ",

checkx[3j], x[0], m0);
if (++3 > 5) j = 0:1})
c = getlast(x):
if (debug05 |, debugl4)
{flushbuf():
printf(*\n continue ? "); getcr;}}

flushbuf():

printf("\n last mod = %4 ", m0): )

printf("\n pagech = 8d pgfnu = %8d ", getpgch(), gtpgfnu());
pemod[1l] = 42; wsort{pcmod, modname);

}/*end of main()*/
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