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Abstract

We describe a system which exhibits novel Information-access capabilities. The BROWSE
system is an online library catalogue developed at Carnegie-Mellon. Its novelty lles in the
browsing capability provided by its simple Interface to a richly connected network of
information. The BROWSE system Is bullt on top of the ZO0G system, a man-machine
communication system bullt at CMU. BROWSE enables computer-nalve library users to
personally access the database without assistance. The system allows both a browsing and
parameterized approach to searching. In addition, we describe the system that automatically
generates the BROWSE system and the problems it poses in both computer and information
science.

1. Introduction

The Carnegle-Mellon BROWSE System is a novel approach to Interfacing computer-naive
users to large databases. It Is designed to allow public access to on-line library catalogues.
Based on the Z0G system (Robertson et al, 1977), the BROWSE system allows the user to
intelligently browse through a database without being cognizant of system structure and
idiosyncracies.

Traditional modes of database interfaces have been highly stylized and idiosyncratic. They
have required potentlal users to be trained or skilled personnel to be supplied as Intermediarles
(e.g., information system speciallst). Such Is the case with current on-line library catalogues,
e.g., Ballots (1975), OCLC (1973). As a result, public access to databases such as library
catalogues has been stifled.

Within the last few years, work in Artificial Intelligence (AI) on Natural Language
Understanding (NLU) has been applied to the database interface problem (Myiopolous et al,
1975; Waltz, 1975; Sacerdotl, 1977; Hayes-Roth et al, 1978). It is hoped that allowing a more
natural man-machine communication medium will facilitate access by system-naive users.
Though natural language admits a wider varlety of search specifications, they are still
parameter based. That Is, a set of parameters which entrles must match (e.g., author, title, date,
etc.) are the essence of the communlcation.

While it Is true that NLU will allow wider access to databases, it does not Imply that the
accessing of information will be satisfactory. Searches for information will only be partially
successful. Experlments have shown that physical searches of library catalogues are
successful only 33% of the time that the searcher thought they were successful (Bates, 1977).
This Inabllity to correctly locate relevant material is due to the searcher's unfamiliarity with
the organizational structure of the database (catalogue). They do not know how data is
classified (structured) in a particular system, hence what parameters to specify. Differences in
the user's view of the database structure and the loglcal structure presented by the information
system are Important factors In measuring the effectivness of database Interfaces.

In addition to interface problems, library infotmatlon systems are expensive. The
requirement of simultaneous access to large databases has resulted in information. systems
belng deslgned and Implemented on large, multiple terminal, expensive time-sharing systems.
The cost of such systems prohibits their portability and limits thelr use. Though there is a
trend to reducing costs by using mini-computers, little progress has been made.

lThis research was sponsored by the Defense Advanced Research Projects Agency (DOD),
Arpa Order No. 3597, monitored by the Air Force Avionles Laboratory Contract
F33615-78-C-15651. and the Office of Naval Research under contract no. NOOO14-76-0874
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2. BROWSE System Goals

The BROWSE system was designed to solve the aforementioned problems. Its goals include

1.providing a simple man-machine interface that takes little training (less than one
minute) to master.

2.presenting the system in such a way that the systems logical structure is easily
and qulickly assimilated.

3.providing a hrowsing style approach to database searching.

4.providing an {nexpensive system.

In the following we describe the deslgn of the BROWSE System, its current state (phase 1)
and its support software.

3. BROWSE System Approach

The BROWSE system was designed to use the ZOG system developed at Carnegle-Mellon by
Robertson et al (1977). ZOG has Its roots in the University of Vermont's PROMIS system
(Schaltz, 1971). To understand how the BROWSE system works requires an understanding of

Z20G. A brief description follows.

3.1. The 206G System and Philosophy

ZOG is a rapid response, large network, menu-selection system used for man-machine
communication. A ZOG user sits in front of a terminal on which a frame is displayed. The
frame consists of some text, and a set of options. At the discretion of the user an option Is
selected and almost "instantaniously” a new frame is displayed. The process then starts again.

ZOG was designed using a philosophy developed at the PROMIS Laboratory of the University
of Vermont. ZOG's basic features are:

1.Rapid Besponse: When a user selects an option that leads to another frame, the
next frame should appear fast enough so that the user does not feel that he is
waiting for the system. A user must feel free to explore surrounding frames
without belng concerned with the time it takes to display each frame. The
current implementation of ZOG, using specialized hardware, can display a new
frame in 1/10 of a second.

2.Simple Selecting: The act of selection should be a simple unitary gesture. At the
present time there are two forms of selection available. These are 1) single
character input from the keyboard, and 2) a touch screen.

3.Large Network: The network should be large enough to provide most of the
information needed by the user.

4.Frame Simpliclty: The frame display should be kept simple. The user should be
able to quickly assimilate the information contained In the frame. The idea of
frame simplicity has lead to the development of frames that contain a small
amount of text and up to 5 or 6 options. This is not necessarily true of frames
developed for the BROWSE system, where the simplicity comes from the very
structured nature of the information. Although a large amount of information
may be displayed on a single frame, the information desired by the user can still
be assimilated quickly.

6.Transparency: The user should be able to understand exactly what the system is
doing and what he need to do to gain additional information. At no point should




the user feel that he has lost control of the system.

6.Communication Agent: Z0G has been designed to act as a communication agent
between a user and another system. As a communication agent ZOG presents
commands to the user in a simple format, as well as an explanation of what the
command will do. When the use makes a selection, ZOG sends the more complex
set of commands to the other system for processing. This facllity is used by the
BROWSE system for the parameterized search interface.

7.External Definition: Unlike many menu-selection systems, ZOG-NETS are
databases which exlst Independent of and external to the ZOG system. Frames can
be defined external to and/or within the Z0G system.

The basic phllosophy of Z0G Is that a menu-selection system can be an effective
communication system If the user can move around in the system quickly and If there is a
large network available to meet the user's needs.

A menu-selectlon system allows the user to have almost complete knowledge of what is
occurring in the system whenever he selects an option. It also allows for related information
to be located nearby (by placing a link between related frames). Menu-selectlon systems
normally have a disadvantage In the time It takes to move from one frame to another. This is
solved by the fast response nature of the ZOG system. Another characteristic of many
menu-selectlon systems is that the same information Is provided to all users, regardless of their
needs. An expert user Is presented with the same Information as the naive user. In Z0G,
different paths would be provided for each level of user. The nalve user would get more
information about what he is doing while the expert user would be presented with Just the
frames needed to perform the task.

3.2. The BROWSE system: Phase [

The BROWSE system provides browsing access to a growing database of books, technical
reports, Journal articles, etc. contained in the Carnegle-Mellon University Computer Sclence
Department library. All new titles are entered into the database by library staff. Thereafter,
classification of the entries is carried out by members of the computer sclence department.

The current version of the BROWSE System {s composed of two distinct systems. The Tirst is
the BROWSE-NET running on ZOG supporting both browsing-style and parameterized searches
of the catalogue database. The second system is the support software which allows the system
designer to enter, alter and store bibliographlc entries in a separate database, and teo
automatically- translate the database into a BROWSE-NET. Tracilities for designing and altering
frame formats are also provided.

3.2.1. What Is Browsing?

When browsing through books on a shelf, it is a simple matter to scan books that are
conceptually related. This is true because the normal classification system used In a library
places related books near each other. A book only exists in one physical location, hence
having only one classification. Secondary relatlons are indicated by multiple classification
card catalogues (e.g., subject, author-title). Physical restrictions reduce the effectiveness of
these approaches to providing a browsing capability. The existence of only one physical
location of a book confines shelf browsing to one area, and the physical separation of alternate
classifications in card catalogues hinders browsing. The BROWSE system attempts to provide a
richer browsing capability than Is found in a typical library and its card catalogue. This is
achleved by making an entry (e.g., book, technical report) accessible under more than one
classification and classification system, and via author, institution, keywords and any
meaningful descriptor, and by easing the movement between them. Using the library shelf
metaphor, the BROWSE library has multiple classification systems: Library of Congress, Dewey
Decimal, Computing Reviews, Author, subject, Institution, keywords, etc. It would be as if
coples of an entry could be found on different shelves in the library, each shelf corresponding
to a different classification. The uniqueness of the BROWSE system ls that the shelves can be
viewed as Intersecting at any book in which one is interested; therefore, accessing a book
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allows one to access all related books under all possible classifications.

The BROWSE System enables browsing by allowing the user to move guickly and easily
through a classification hierarchy. Moving from one class to another is as simple as selecting
an optlon. At each category frame, the user may select a sub-class or entries classified under
the current class. An entry in the BROWSE System can have multiple classifications. When at
an entry the user can visit its other classifications. Other classifications by author, institution,
Journal, keyword, etc. can be added, providing a rich set of cross-reference. links through
which to browse. As a result, the logical view of the database perceived by the user is an
entry sitting on many shelves under different classifications. Accessing via one shelf position
of a book glves instant access to the other shelves (via options).

We call this Intelligent browsing because each classification frame provides information
about the class. As the user browses in an unfamiliar subnet he learns the structure and the
semantics of the classification, thus reducing the user and logical view prollem. Assimilation
of system structure {s facilitated by allowing the user to "see" the classification structure
which {s hidden in other systems. It iIs the user who decides which frame to visit, the frames
to be skipped and the frames to which to return.

3.2.2. The BROWSE-NET

The BROWSE-NET {s composed of two sub-nets: a browsing net and a parameterized search
net. The browsing net Is composed of two types of frames: entrles and categorles. Each entry,
e.g., technical report, Is represented by a set of frames that include typical bibliographic
information. In addition, information such as the technical report's index, abstract, reviews,
and even the technical report {tself (depending on storage availability) is represented in the
frame set.

Access to entrles is provided by a classification hlerarchy. Each class Is represented by a
frame containing the class's name, a definition of the category, and its sub-classes. A class
may be represented by multiple frames depending on the number of sub-classes it has. Since
the frames are embedded in a network, the classification does not have to be strictly
hierarchical. Also each entry can be inserted in multiple classes. The BROWSE system
currently has one classification, the Computing Surveys classification(1978). The second
phase will include additional classification hierarchies (e.g., a hilerarchy composed by
computer scientists and the library of congress classification) allowing a varlety of logical
views for browsing. '

3.2.83. A Sample Session

The first frame (Figure 1a) that Is displayed welcomes the user to the BROWSE system. In
the upper right hand corner of the frame is the internal name of the frame (in this case Z0G1).
The name is composed of a subnet name (ZOG) and a number within that subnet (1). At the
bottom of the frame are a set of standard options (help, back, next,..,find). These options
(called global pads) will appear in every frame. They provide system functions that are useful
throughout the entire network. The first frame consists of two options. The options allow the
user to continue receiving Instruction on how to use the BROWSE system or to move directly to
the top of the classification hierarchy. To select an option the user types the first letter of the
option (a "C" to select the first optlon and a "T" to select the second option). If a touch screen
is avallable, the user would just touch the option. The information following the option text
(between the square brackets) is the next frame that would be displayed if the user selects that
optlon. This Information is not present on the actual display that is presented to the user.

The nalve user would continue by selecting the "C" option for more instruction. An
experienced user would select the "T" option, thus displaying the top of the classification
hierarchy (Figure 1b). There are five options (1,2,3,4 and N) to this frame. At the present
time only 2 options lead anywhere (1 and N). Whenever an option does not lead anywhere a
dash (-) is placed after the first couple of characters. Only the Computing Reviews
classification and a new entrles list are available.

By selecting option 1, the user moves on to the top of the Computing Reviews classification
hierarchy (Figure ic). The frames forming the classification hierarchy each contain a title
(0.: Computing Reviews), a definitlon section, a list of subcategorles, an entry list option (E),
an alternate supra-category option (B) and a parameterized search option (S). If there are more




subcategories then a more selection option (M) is Included. Finally, Iif a primary
supra-category ls designated then a option (P) pointing directly to that category.ls provided.
The entry list option leads off to a list of entrles that have been classified directly under the
current category. In this case there are no such entries. The alternate supra-category option
leads to a frame providing all the categories that are considered to be above the current
category. Finally the parameterized search optlon would cause the system to begin a

parameterized search and would proceed to a subnet that allows the user to specify the

parameters.

The goal in thls sample session Is to find information on problem solving. This would
probably fall under the area of artificlal intelligence which possibly falls under the area of
applications. So by selecting the option for applications the user is glven a list of
sub-categories for applications (Figure 1d). Note that artificlal intelligence is not one of the
sub-categories listed however the definitlon seems to Indicated that the user has moved in the
right direction. So by selecting the more selections option (M) the user discovers that artificial
intelligence is indeed one of the sub-categories of applications (Figure 2a).

Now by selecting option 2 the user moves on to the frame describing artificlal intelligence
(Figure 2b) and discovers that problem solving Is one of the sub-categories. Note that for this
frame an entry list exists as well as a primary supra-category (option P), pointing back to the
applications category. By selecting option 4 the goal category has been reached (Figure 2c¢).
There are no sub-categories to problem solving however there is an entry list. The entry list
(Figure 2d) Is displayed by selecting the "E" optlon. This provides a list of entrles that have
been classified under the category problem solving. Along with the list of entrles, the entry
list frame also contains a pointer back to the category frame that lead to the entry list (option
R) and options to move back and forth through the entry list (option M and P (not shown)).

The user, being Interested In chess, selects optlon 2. This leads to reference to a chapter of a
book written by Hans Berliner (Figure 3a). This frame gives the basic information about the
entry (title, author, author's address, which book its from, etc.). The frame has four options
that provide additional Information. Option 1 leads to a frame that provides acronyms and
keywords for the entry (Figure 3b). Option 2 provides a small amount of information on the
book (Figure 3c). The abstract of the article (if avallable) could be viewed by selecting option
3. The other categorles under which this entry is classified can be viewed by selecting option
4 (Figure 3d). This entry is classified under three categories. The user arrived at this point by
coming through problem solving, but has discovered that he was really interested in the theory
of heuristic methods. By selecting option 3 the user can move to that category and then view
the entries classified under that category. !

3.2.4. Parameterized-Search Net

Browsing is not the only method of accessing informatien in databases. The BROWSE
system provides a parameterized search capability. The system contains a sub-net to guide the
user in specifying search parameters. Again, this sub-net was designed so that novices can
specify searches with little training. The sub-net is self-countained in that it provides the user
with all the information necessary to specify a search. The search Is carried out by a sub-job.
Results of the search are transmitted to the BROWSE system for display to the user.

Parameterized search has been altered to conform to the browsing philosophy, and thus has
produced a more powerful search capability. This was accomplished by making searches
context dependent. At any class in the BROWSE-NET, the user may specify the search option,
at which point the user is transferred to the parameterized search sub-net. A search so
initiated is restricted to the entrles covered by the classification at which the user specified the
search option. Hence the user can combine browsing and parameterized searching, resulting in
more powerful informatlon access. If the user specifles a parameterized search, the same
browsing mechanisms are avallable to peruse the entrles that satisfy the search and any
related entrles, where related is defined by the classes in which the entry |s a member.
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3.3. Support Software

The support software for the BROWSE System consists of the programs: ENTER, MAT, and
CATLOG. MAT is used to create and alter standardized frame structure definitions. ENTER and
CATLOG are used as data entry systems. ENTER also is responsible for merging the information

" of an entry with Its set of frames structure definitions to produce Z0G frames, and to link the

entry 1o the rest of the BROWSE network.
Before we describe the support software we define a few terms-

Frame Screenfull of information, Is a node In a ZOG-NET.

Entry Single conceptual unit such as a book, technical report, journal article,
etc. More than one frame is used to represent a single entry.

Element A single information unit in an entry. e.g., author, title, publlsher, ete.

Element Set A set of elements that comprise an entry.

Classification The category hlerarchy that an entry is classified under and linked to in

the BROWSE-NET (e.g. Library of Congress, Dewey Decimal).

3.3.1. Frame Structure Definition

The support software uses a standard frame structure definition (FSD) to guide the creation of
frames. Early in the deslgn process we decided to separate the ZOG frame into iis content and
fis form. This allows the user to be able to enter information about an entry without regard to
the structure of the frames that will be created. It also allows the structure of the frames to be
redefined and a new network generated automatically.

The frame structure definition describes:

1.What information is to be placed in the frame (e.g., title, author, publisher).
2.Where the information Is to be placed.

3.What information 1s necessary to actually create the frame.

4., What optlons are to appear in the frame.

5.What type of frame does each option lead to.

The FSD consists of a set of rectangular areas called windows. Windows can either be text,
option, or quote windows. For text or option windows the FSD specifies which element of the
entry is to be used as text filler. For example, the first frame for a chapter of a book (Figure
3a) contalns separate windows for title, author, author's address, etc. The text that is placed in
a quoted window Is given in the FSD.

The FSD also contains a value for each window describing whether or not the frame is to be
created, If the window actually contains text. For example, it would hot be necessary to create
the second frame of a chapler of a book (Figure 3b) unless there were some acronyms and
keywords to display, even though there is the title and author available.

The difference between a text and optlon window is that the option window contains
information about what type of frame that the option will lead. Optlon windows also contain
other {information assoclated with an option In the Z0G system.

The MAT program was designed to allow for creation and altering of frame structure
definitions. In creating an FSD, MAT allows the user to create any number of windows and
position them In the frame. The user also specifies the type of the window, as well as the
remainder of the information assoclated with the window. In altering the frame the user can
remove windows, add new windows, move windows as well as change the information
associated with the window. MAT uses a two dimensional display format. The user sees the
windows as they would appear in 8 BROWSE-NET frame.




Each entry type (e.g., technical report, book) has a unique set of frames assoclated with it.
This frame set is defined by an entry's root frame and the frames accessible through options
from the root, excluding other root frames. An entry's frame set implicitly defines an entry's
element set. The element set defines the Information that defines an entry (e.g., title, author,
publisher). The element set Is compiled by MAT for each entry type, for use by ENTER and
CATLOG.

3.3.2. Entry Manipulation

There are two of programs that handle the input and editing of entries, They are CATLOG
and ENTER. CATLOG is a simple data entry program. Using an entry's element set (produced by
MAT), 1t queries the user for information on a new entry specified by the user. Editing of the
current entry is provided. That Information Is sent to the BROWSE-NET manager for correction
and augmentation. The manager also supplies a list of classifications Into which the entry
falls. The entry is then passed to the ENTER program for translation into the BROWSE
DATABASE.

The ENTER program provides a large set of functions. Included in that set is the ability to
create and alter frames, as well as entering entrles Into the database. Entries that are created
by CATLOG can be translated by ENTER and placed into the database. ENTER provides two
forms of creatlon and editing. A user can enter (and alter) information in either a
one-dimensional format or in a two dimensional format. In the two dimensional format the
user will enter (and alter) the Information in the place that the information would appear In a
frame. In the one-dimensional format the user enters (and alters) the information in a line by
line fashion. ‘

Unlike CATLOG, ENTER makes It is possible to alter any entrles in the database. For each

entry an identification code is created using some of the entry's element set. The ldentification
code is used to retrieve the entry from the database.

3.3.3. Entry Database

All entries are stored in the BROWSE DATABASE. Entries entered using CATLOG are translated
by ENTER Into the database, and entrles entered using ENTER are placed directly into the
database. The BROWSE DATABASE (s randomly accessed by an entry's unique ldentification
code. The database entry representation Is independent of the entry's frame set format and the
ZOG-frame representation. Hence changes to the frame format do not affect the database.

3.3.4. Network Generation

The basic function provided by ENTER is the creation of ZOG frames from an entry's database

description. In providing this function ENTER merges the FSD's of the entry with its database

description.

The remainder of the functions provided by ENTER deal with linking an entry !nta the
BROWSE-NET. As stated above, one of the functlons the manager of the BROWSE system is to
provide the categorization of an entry. Glven the categorlzations, ENTER will automatically
hook the entry Into the network. The category frame under which an entry Is classifled s
altered by adding a link (optlon) to the category. Secondly, a link (option) from the entry to
all of its classifications are added to the entry. This allows the browser to transfer from an
entry to all of its classifications.

ENTER also provides for the creation of categorizations of authors, keywords, journal, etc.
The linking of entries to those categories can be handled the same way as for subject
categorizations, except the information needed for determining where to link the entry is
already provided in the entry informatlon.

3.3.5. Other Applications

An attempt has been made to generalize the supporting software to allow for other uses.
Assoclated with the support software is a profile file. The profile tallors the support software
to a particular application. Thlis file supplies: 1) the file which contains pointers to all the
frame structure definitions, 2) the file which gives Information about the entry types (i.e. the
root FSD, the directory flle, the HST file, etc.), 3) files used for protection, and 4) files which
give information about searching used by the parameterized search procedure.
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1t 1s hoped that the support software can be used in developing other systems for the Z0G
system, as well as providing support to other systems. It would be possible to change ENTER to
output entries in a different form than the 206G frame definition.

4. Conclusion

Phase 1 of the BROWSE system project has been completed. A large network of categorles
and entries exlsts allowlng the nalve user to peruse the computer science department collection
at their lelsure. The goals of a simple man-machine interface, presenting the database
organization to facilitate assimilation, and providing a browsing-style approach to database
searching appear to be satisfied. But concrete verification of these goals awalt the user studies
in Phase I (see Fox & Palay, 1978). Though it has been suggested that a browsing-style
approach to database searching may not be achlevable (Myers, 1970, p. 47), the BROWSE
system represents a significant step towards this goal.
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