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ABOUT THIS MANUAL

This summary introduces you to the Texas Instruments Explorer systems—the
Explorer, the Explorer II, and the Explorer LX. These systems are designed
specifically for high-speed Lisp processing in standalone environments and in
combination with conventional and UNIX®-based environments. The
Explorer systems offer a rich and highly productive programming environ-
ment for research and development of complex applications. Based on
advanced 32-bit technology, the Explorer systems are packaged in compact,
attractive enclosures, ideally suiting them for office operation.

The following terms are used in this manual:

B Explorer refers to the original Explorer system, a midrange, cost-effective
computer.

W Explorer II refers to the Explorer II system, a high-performance
computer based on the VLSI Explorer Lisp microprocessor.

Explorer systems refers to both the Explorer and the Explorer II.

LX refers to either an Explorer or an Explorer II system with an optional
68020 processor that includes UNIX-based system software.

This summary describes the major features, components, and design concepts
of the Explorer systems. The summary also addresses the differences between
the Explorer and the Explorer II. The summary is intended for managers,
programmers, design engineers, and other technical people who require a
broad understanding of system capabilities. The summary assumes you have a
background in computer science and are familiar with conventional computer
terminology and concepts.

For a general description of the product, read the first section. You can then
refer to Sections 2 through 7 for more details on software features, and
Sections 8 through 10 for hardware descriptions. Illustrations are used
throughout the summary to highlight concepts. The screen formats give you
an indication of the type of information displayed for the different system
utilities. The actual contents of the screens vary considerably, depending on
how you use the utilities, and the formats may vary according to the release of
the software. This summary also includes an acronym list and a list of the
software and hardware manuals that make up the Explorer systems
documentation set.

Technical Summary
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EXPLORER SYSTEM OVERVIEW

The Explorer systems are advanced, single-user workstations that provide
extensive support for development of knowledge-based applications, for rapid
prototyping, and for research in new technologies, including artificial intelli-
gence (AI). The Explorer systems are also affordable delivery vehicles for
user applications that require symbolic processing, high-quality graphics, and
special-purpose processors.

The Explorer systems offer a flexible, interactive, and highly productive
programming environment. This environment permits you to use innovative
programming techniques to solve difficult problems. This same environment
provides run-time support for the execution of sophisticated, interactive
programs. The Explorer systems offer you the following benefits:

B Natural manipulation of symbols that can represent abstract concepts
using the Lisp language in a high-speed hardware architecture especially
designed for symbolic processing

W Ability to handle ill-defined problems that have volatile types of data by
using the tagged hardware and software support for run-time data type
processing without compromising performance or safety

B Ease of program development using the extensive software provided,
including a large number of high-level components and thousands of
documented functions you can use as building blocks to construct
programs (Software source code is part of the standard offering.)

B Improved programmer productivity in developing applications because of
integrated programming tools that share a common environment

M Ability to create large programs without concern for memory allocation
and deallocation, taking advantage of the Explorer systems’ efficient
incremental garbage collection and virtual memory management of up to
128 megabytes of virtual memory

B Transparent sharing of resources with a wide variety of computer systems
through several networking facilities

M Access to a vast amount of information at one time with the high quality
graphics and window system on the high-resolution display

M Instant feedback on exploratory programming because of incremental
development support, essentially a what-you-see-is-what-you-get pro-
gramming environment.

The Explorer system technology demonstrates innovative approaches in
system architecture, processor design, and hardware packaging. NuBus tech-
nology provides device independence in system architecture, allowing
configurations with multiple general- or special-purpose processors. The
specially designed and microcoded Explorer systems processors directly
implement the software run-time environment, providing fast execution of
large programs without sacrificing the dynamic nature of Lisp. Hardware
components are packaged in compact, attractive enclosures designed for easy
maintenance and quiet, efficient operation in your office.

Technical Summary
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The open NuBus architecture allows Explorer systems to be available in
several configurations, all of which are flexible and which can be expanded to
meet your specific requirements. There are two primary models, the mid-
range Explorer and the high-performance Explorer II. Each of these models
is available with various amounts of memory and mass storage. The Explorer
II combines the power of the a very large-scale integration (VLSI) processor
chip with a cache, larger microcode store, and additional enhancements to
provide significantly improved performance.

The NuBus allows for the addition of a 68020 microprocessor board for
high-performance numeric processing from a UNIX-based System V environ-
ment. This processor is added to either of the primary systems to make
Explorer LX or Explorer II LX systems. The LX systems provide for
integration of Lisp with conventional software already written or applications
being developed in C, FORTRAN, Pascal, and COBOL.

1-2 Explorer System Overview Technical Summary



Explorer
Software
Environment

User Interface

The requirements for very complex programs often cannot be specified in
advance; you develop complex programs in incremental steps so that you can
explore pieces of the problem and try different solutions before implementing
the entire design. The Explorer software environment encourages this type of
exploratory programming and allows you to interact freely with the system
throughout all phases of the development cycle.

The software environment consists of the user interface, the Lisp language,
and a rich set of integrated tools and facilities. The standard system provides
all the tools necessary for program development and effective system manage-
ment. Soltware options are available for specific networking protocols and for
sophisticated features that you can incorporate into your applications.

Many features that contribute to the highly productive programming environ-
ment can also serve as major components of your application. You can use
any of the system software, as well as the optional toolkits, as building blocks
to rapidly develop a functional prototype. The environment provides tools to
help you modify and enhance the prototype as it evolves into a finished
product. The environment promotes development of a finished product that
is optimized for performance but that still remains easily readable (and thus
maintainable) source code. After the application is complete, the develop-
ment tools are still available to update the application. In addition, you can
use the patch facilities to upgrade or correct existing applications.

The software options include starter kits that teach you how to use a tool or
that you can use as the base for an application. Your own application can, in
turn, add functionality to the system and extend the environment to help you
solve new, more complex problems.

The user interface is a combination of hardware and software that gives you
consistent, easy access to all system facilities. The monitor provides a high-
resolution, bit-mapped display for viewing your input and system activities.
The specialized keyboard and mouse provide quick access to items on the
display. A sophisticated window system manages the display and lets you
quickly and easily switch among activities. Help facilities offer a wide variety
of online information at different levels of detail.

m monitor, keyboard, mouse
= window system
B help facilities

Technical Summary
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Lisp Language
B  Common Lisp

Hm Extensions
m  Zetalisp
= Flavors

s Large function
library

Lisp is an excellent programming language for applications
that are dynamic or complex. Lisp run-time data type processing
promotes rapid prototyping and easy adaptation to volatile inputs.
The Explorer systems are written entirely in Lisp and support
Common Lisp as well as extensions that encompass the full Zetalisp
environment.

Flavors is provided as the object-oriented programming facility, a
flexible mechanism that supports standard features of a message-
passing, object-based paradigm.

A large library of functions comprise the system software. These
functions are available in source code for you to review, change, and
include in your own application.

Program
Development Tools

W Zmacs Editor
Lisp Listener
Lisp compiler
Debugging tools
Inspector

Flavor Inspector

Universal Com-
mand Loop (UCL)

W  Suggestions menus
m Tools for
maintaining
large systems

@ Font Editor

M Namespace editor

The powerful Zmacs Editor provides context-sensitive editing for
several languages and for text, with more than 600 commands avail-
able. Because all other tools are easily accessible from Zmacs and
the tools are well integrated, most users operate from Zmacs as their
base.

The Lisp Listener allows you to interact directly with the Lisp inter-
preter. The Lisp compiler allows programs to be incrementally
defined; the compiler retains information needed for debugging.
Thus, the program development cycle of edit/compile/debug can be
repeated quickly and efficiently.

With the debugging tools, you can find and fix bugs quickly, even in
complex programs. These tools are window-oriented and can oper-
ate directly on your source code. They include facilities for following
and controlling the execution of your program, modifying its
behavior, and inspecting the components of data structures and
flavors.

The Universal Command Loop helps you construct a command
interface for interactive applications.

Suggestions menus list the commands that are available to you in a
particular utility. These menus are context-sensitive, changing as
your activities change within a given utility.

Other facilities include tools for maintaining large systems, an editor
for modifying and creating new fonts, and an editor for creating and
modifying collections of named objects and classes.

1-4 Explorer System Overview
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Software Options
m TI Prolog
W Natural Language

Menu (NLMenu)
system

M Relational Table
Management
System (RTMS)

W Grasper network
representation tool

Explorer LX

Personal Consultant
Plus

The software options include toolkits designed to help you incor-
porate AI technology and other sophisticated features into your
applications. They provide the basic framework for building compo-
nents such as natural language interfaces, databases, and
knowledge-based systems. These frameworks can be modified and
customized easily to meet your needs.

TI Prolog has the advantage of full integration within the Lisp envi-
ronment and always operates in a fully compiled mode.

Explorer LX provides software support for a conventional processor
(68020) and the means to communicate between it and the Explorer
systems processor. This multiprocessor system is uniquely suited
to handling problems that require both symbolic and numeric
processing.

Personal Consultant Plus provides a framework for building your
own expert system.

In addition to the software options listed, Texas Instruments
provides special products to suit particular customer needs.

A number of third-party suppliers also provide software for the
Explorer systems.

System Facilities

B Memory manage-
ment

Microcode

Performance
monitoring

Processes
Stream I/O
File system

Backup and restore

System status

The Explorer systems provide a number of operating system facilities
for run-time support and efficient. implementation of Lisp programs.
The memory management facilities automatically handle paging
operations, dynamic storage allocation, and incremental garbage
collection. A large number of the most frequently used functions
are implemented in microcode to provide fast, efficient execution.
The systems also provide facilities for performance monitoring,
multitasking, stream input/output (I/O) to peripheral devices, a
file system, backup and restore operations, and system status
examination.

Networking
Facilities

MW Local area
networks

Ethernet interface
Remote login

Transparent file
1/0

B Network mail

The Explorer systems give you the advantages of dedicated use as
well as the flexibility to customize the environment. Networking
facilities allow you to combine these advantages with the ability to
share expensive resources and communicate with a wide variety of
computer systems.

The Explorer systems support local area networks (LANSs) using the
industry-standard Ethernet interface. Facilities provided include
remote login, transparent file I/0, and network mail using a variety
of protocols—such as TCP/IP, NFS, DECnet and Chaosnet—to
access mainframes, workstations, and personal computers. The
SNA II option provides direct-line communication to IBM®
mainframes.

Technical Summary
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32-bit
addressing

32-bit
data transfers

37.5-megabyté
transfer rate

‘memory board
(optional)

fair bus
arbitration

100 ns :
clock period .

hernet contro
(optional)

-
68020 processor
(optional)
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Explorer Systems
Hardware
Features

Processors
and Memory

Mass Storage

User Interface

Peripherals

Explorer systems are used for large, complex software systems that demand
high processor performance, large memory, and abundant disk capacity. The
systems are centered around a backplane bus, called the NuBus, that
provides high-speed exchange of data among processors, memory, mass
storage, special devices, and remote computers (through networking). The
NuBus processor-independent architecture and its multiprocessor support
allow you to add new processors, memory, or devices to take advantage of
new technologies or to tailor your system to meet specific application needs.

Explorer systems have a single-slot processor designed specifically for fast,
high-level operation on Lisp data structures. Two processor types are
available: Explorer and Explorer II. Either processor provides full 32-bit data
paths and writable control store for microcode. The processors also provide
hardware support for demand paging, garbage collection, and tagged data
handling for better development performance than can be achieved by
conventional processors. Additionally, the LX processor can be added to
either system for smooth integration of a conventional processor.

The Explorer II processor is based on the Explorer Lisp microprocessor.
Explorer II incorporates all the features of the Explorer processor with
increased performance due to an increased clock rate and matched high-
speed control store, architecture improvements to the processor design, and
increased memory efficiency from a large cache, NuBus block transfer, and
faster main memory. The Explorer II can be configured with 8, 16, or 32
megabytes of memory and can be expanded to 128 megabytes.

The LX processor is built around the Motorola 68020 microprocessor, which
runs at 16.67 MHz. The processor has 2 megabytes of on-board memory and
an optional 2-megabyte daughter board for expanded memory requirements.
This processor operates in parallel with the Lisp processor, with high-
bandwidth communications across the NuBus to allow independent or fully
integrated processing.

The Explorer processor is closely coupled to system memory via a private,
local memory bus. One or two memory boards—which are available in 4- or
8-megabyte capacities—can be attached to the Explorer local bus.

The Explorer systems support mass storage in a variety of configurations
through a single NuBus board. There are two mass storage controllers to
choose from; both provide an interface to the industry-standard Small
Computer Systems Interface (SCSI) bus, which supports both disk and tape
devices. The MSC also provides a storage module drive (SMD) interface for
larger high-performance disks. The mass storage devices are packaged
separately from the system enclosure and can be daisy-chained to provide
flexibility and opportunity for growth. Disk capacities range from 143 mega-
bytes to 516 megabytes for a total system disk storage exceeding 2 gigabytes.

The system interface board provides a fiber-optic link to the monitor and
both serial and parallel ports for printers and other devices.Logic on the
monitor and system interface board includes graphics support for the high-
resolution (1024 by 808 pixels) bit-mapped display.

The Explorer systems have peripherals that support specific requirements,
including dot-matrix printers, laser printers, and special products such as a
digital signal processor and a large-capacity chassis. (Special products are sold
under special terms and conditions.)

Technical Summary
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Explorer
Applications

The. high performance and powerful software environment of the Explorer
systems have enabled an increasing number of companies to benefit from

applications using AI technologies. Such technologies include knowledge-
based systems in areas that aid in manufacturing operations, scheduling,
equipment diagnostics and repair, financial planning, and the rapid proto-
typing of complex software systems.

Manufacturing

Explorer system-based applications are successful at
improving productivity of operations in such areas
as production scheduling and planning, inventory
control, and the purchase of materials. Other appli-
cations address process quality, product design, and
plant simulation. For example, operations depart-
ments are using Explorer systems for troubleshoot-
ing equipment problems while training personnel to
repair and even to predict equipment failures before
they become costly and critical.

Business and Finance

Applications based on Explorer systems aid insur-
ance companies with risk analysis of complex
situations and with management of underwriting.
Financial institutions are developing programs that
assist with loan assessment and analysis, estate and
portfolio management, and currency trading. Major
wall street companies are developing applications
that track stock prices and watch for insider
trading, as well as assist in determining incorne
possibilities. Major corporations are developing
knowledge-based programs that assist in pricing and
advertising for their products.

1-8
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Defense/Aerospace

Knowledge-based systems are widely used in the
defense and aerospace industries to provide
advanced solutions to complex situations. Expert
systems are used for design and verification of com-
ponents for the space station and the space shuttle
operations. Explorer-based systems are also used
for information fusion, submarine tracking, heli-
copter failure diagnosis and repair, natural language
front ends to large databases, and advanced
avionjcs.

Research and Design

Explorer systems are ideal tools for research into
areas such as neural networking, vision, speech,
signal interpretation, and software development.
The increased productivity and flexibility of the
Explorer development environment meets research
requirements for a powerful, fast, and reliable
development system. For example, TI used the
Explorer to aid in the VLSI design of the Lisp
microprocessor for the Explorer II.

Service Industries

Explorer systems can be used to schedule expensive
resources more efficiently. Airlines use Explorer
systems for yield management, route planning, and
scheduling. Service and repair industries are devel-
oping diagnostic systems to distribute expertise to
distant locations. Other users are developing
systems to control and diagnose phone switch gear
and to predict communications problems.

Technical Summary
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Customer The Explorer systems are backed by a network of customer support and
Support service organizations to help you use your system effectively, develop applica-
tions, and maintain your system.

Knowledge Engineering Services

Texas Instruments provides Knowledge Engineers
(KEs) who work with you to develop and customize
your knowledge-based system. KE experience in
design of expert systems and other complex appli-
cations combined with the specific knowledge of
your domain expert can produce a unique program
that you can amend and expand as changes and
growth require. In addition, your application devel-
opers quickly gain hands-on experience by working
closely with our KEs.

Knowledge Engineering Services have a wide variety
of service offerings ranging from day-to-day consult-
ing to multimonth contracts for large-scale projects.
Prepriced packaged services include:

B Management assessment — A one- Or two-
month study exploring the application of Al
technology to your company

W Application assessments — A multiweek study
of various applications, resulting in a detailed
report outlining their implementation

M Project proposals — A one- to four-month
in-depth analysis of the resources required to
complete a knowledge-based system on a
specific application (A system prototype is often
part of the proposal.)

Customer Engineering Support

The customer engineering group consists of system
analysts, hotline personnel, and application engi-
neers. They provic?‘a technical interface between
you and the product development group. The
system analysts are trained in Lisp and AI tech-
niques and are available in the field to provide you
with technical information about the product and to
help you find solutions to your problems. The hot-
line provides a direct factory contact. The applica-
tion engineers maintain an awareness of vertical
markets and evaluate customer requirements for
future products and enhancements.
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Training

The Texas Instruments Education Center offers
live, hands-on training by qualified instructors.
Training consists of introductory courses designed
for managers and those curious about symbolic
processing, as well as a series of courses designed
for programmers and system designers who will be
using Explorer systems. The series covers Lisp and
the software environment, use of the Explorer
toolkits, and other advanced topics. The courses
are presented as lectures followed by practice
sessions on the system. You can take these courses
at a Texas Instruments site, or you can arrange to
have them taught at your location.

Field Service

For your convenience, Texas Instruments provides
several types of onsite service by trained customer
representatives in designated areas. These services
include an installation service, a maintenance
agreement service, and an on-call service.

Maintenance agreement service covers all routine
maintenance defined in the contract except
customer preventive maintenance responsibilities. It
provides a variety of options. For example,
extended coverage allows you to budget for main-
tenance costs and provides priority service over
on-call service customers in both service scheduling
and spare parts allocation during peak service
periods.

Texas Instruments also provides a fixed-price repair
service for those customers who stock their own
spare parts and service their own equipment.

Documentation

In addition to online documentation, the Explorer
systems include a comprehensive set of software
and hardware manuals.

The software manuals cover all aspects of the Lisp
environment and related software tools. The soft-
ware manuals include tutorials and guides that help
you become familiar with the system, and reference
manuals that cover specific topics in detail. A
glossary and an index to the complete manual set
are also included.

The hardware manuals cover both the system level
and the subassembly level of the various hardware
configurations. They include information for pre-
paring and operating your system, for explaining
functional and circuit operations of the equipment,
and for performing field maintenance.

Technical Summary
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USER INTERFACE

The Explorer systems user interface gives you quick, easy access to all system
facilities. It consists of several hardware components and software to control
them. The hardware components are collectively called the console (some-
times called the display unit) and include the following:

B A monitor that provides a high-resolution (1024 by 808 pixels), bit-
mapped raster display in landscape orientation. The monitor supports
high-quality graphics and multiple fonts.

B A keyboard with 111 keys, including character keys, function keys, and
several levels of modifier keys. The software and the keyboard support
chording of multiple keys, so you can invoke hundreds of commands with
simple keystroke combinations.

W A high-resolution mouse that gives you quick access to items on the
display. The mouse has three buttons that perform a variety of operations
on the item to which the mouse cursor is pointing.

The software for the user interface is based on a sophisticated window system
that manages the display of various activities on the screen and directs input
from the keyboard or the mouse to the appropriate program. The Explorer
systems also provide numerous online help facilities that guide you in using
the system, promote the transition from novice to expert user, and provide
quick reference to specific information.

The user interface is extremely flexible, letting you vary your method of inter-
action according to your preference or level of expertise. For example, you
can invoke commands by using menus and the mouse, by typing command
names, or by entering special keystroke combinations associated with the
commands. The system also has a number of parameters you can modify to
customize the user interface.
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Window System

When you interact with the various system facilities, you do so through
rectangular areas of the screen, called windows. A window is typically
associated with one program and functions as a stream by providing a place
for the program to write to and read from.

The window system controls the creation of windows and the allocation of
display space among various programs. You can create any number of
windows for different programs and split the screen to display several
windows at one time. A window can vary in size or shape, overlap other
windows, or completely cover them, much like papers on a desk. To help you
identify the various types of windows and their location on the screen, most
windows have borders and labels.

To interact with a program, you can either create a new window for it or
select a window that already exists. You create or select windows by using
menus and the mouse or by using keystrokes. When you select a window, it
becomes visible and receives all input directed to it from the keyboard. You
can select only one window for input at a time; however, you can shift rapidly
back and forth among windows without losing their states or disrupting
ongoing activities.

The window system keeps track of the mouse and the window currently in
control of the mouse. As you move the mouse to point to different places on
the screen, the shape of the mouse cursor may change to visually indicate its
function in a particular place on the screen. Certain items in a window are
mouse-sensitive, which means they are highlighted in some way (usually a box
appears around them) when you point to them. You can select a mouse-
sensitive item by pointing to it and then clicking one of the mouse buttons.

Windows are arranged in a hierarchy, and each window has a superior and a
list of inferiors. The top of the hierarchy is a screen; thus, a screen has no
superiors. A window is an inferior of the screen, and a pane is an inferior of a
window. Panes serve the same purpose as windows, and a group of related
panes can be collected into a frame. You can manipulate a frame as a single
object.

Some programs use windows to display the contents of a buffer, which may
be too big to fit eritirely in the window. In these cases, you see only a portion
of the buffer at one time, and you can scroll it forward or backward using the
mouse. Such windows contain scrolling zones that allow you to scan the
buffer slowly. Some of them also have a scroll bar, which acts as a scale,
allowing you to rapidly access-any area of the buffer.

The window system represents a vast collection of software that provides a
great deal of flexibility and functionality. It provides tools for creating
windows interactively, graphics support, and menus and choice facilities.

The window system can also be incorporated into your application as the
basis for your user interface; you can customize windows to suit your
application needs.
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Graphics Primitives
You can incorporate graphics primitives into your

m @ application to draw a number of objects, including

lines, splines, arcs, circles, polygons, and text. You
can simply outline or fill in the objects for a shading
A’

effect. Once you have drawn them, you can
manipulate these objects individually (such as copy,
move, delete, or scale them), or you can collect
them in a group and manipulate them as a unit.

polyline

filled (shaded) You can combine, print, or store pictures created
spline by the graphics primitives in buffers, files, or a data-
base for later use. All applications that use the
graphics window system can share pictures with one
another.

s Graphics Editor

The Graphics Editor provides an interactive
program for drawing pictures. All the graphics
= N window primitives are available through menus of
SN 3 commands and mouse operations. For example, to
N\ draw an object, you simply select the appropriate
command from a menu and use the mouse to set
two or three points on the display that define the

The Winged X
tory of object.

Victory of
SAMOTHRACE

The Graphics Editor also includes rulers and grids,
which can overlay the display to specify points more
accurately. The points you specify with the mouse

T ST - are aligned on the nearest ruler or grid point. You
b s can easily modify the spacing of ruler or grid points.

With the Graphics Editor, you can create pictures
for presentations, reports, or manuals. Your appli-
cations can also use pictures or subpictures created
with the Graphics Editor.

A e —  Tree Editor
- v R The Tree Editor graphically displays any tree-

struatured entity. For example, you can display a

g

hierarchy of combined flavors.
msmu%—lﬂﬁmunw

‘ The Tree Editor provides commands that let you
(Find] [RO0IFIRBLE- AESTAORAAT format the display either horizontally or vertically
Wm and pan or zoom in on the structure.

To use the Tree Editor for a specific application,
you write simple interface routines that enable it to
traverse the tree structure, to handle node selection
using the mouse, and to provide editing functions

o on the tree structure or on the data in the nodes.
== . The Tree Editor provides the flavors and methods

RESTAURANT-HOD
[HHOSE-RESTAURANT O_0F_F00D-15] [RESTAURANT-KIND_OF_FOOD-EXPERT]

[EHes Xind of Food

-KIN

to do the work.

2-4  User Interface Technical Summary



FEiSb Frame Editor
The Frame Editor is a menu-driven utility that gen-
erates code for constraint frames. A frame is a
window that is divided into subwindows (panes),
using the hierarchical structure of the window
A system. One kind of frame is the constraint frame,
which adjusts the shapes of its panes automatically
Rl Sor Sie s o as its own Shape is Changed. The Frame Editor
Bl e o o emes enables you to specify the position and size of panes
e s, P B SRS 15182 58 e in a constraint frame, specify the type and name of
sy cnser revne a pane, write the constraint frame code to a buffer
or file, generate a sample constraint frame, and set
the editing defaults for creating constraint frames.

T PANETE [Ty m
HNEBw YENEE HoANESY BB AN

Heny_choose FILE seruing €9

o - Menus and Choice Facilities
h —wgime | The system includes different types of menus, some
i Z‘%QEE%WEW e Of which appl.y to the system as a whole and some to
: specific activities.

Some menus are temporary; they remain invisible
until you or a program calls them and then dis-
appear as soon as you select an option from them.

(RS An example of a temporary menu is the System

oo | meny, which provides selections for each of the

3 7 TIRT-8 DABPDADD DL5-855 DO TIBNY LoD! QUMDY 508 IMACLN MAGIN-BYE"
IA~PAINTER MARKS-PAINTER-P MARKS-PAINTER-8 PCAI-S RGEA-S55 AUMP TALARIS TI-885 UNIFORM-S
CAEEN WITH WHOLINE  FRAME  WINDOW RECTANGLE
PORTAAIT LANDRCAPE BEST
B

major utilities in the system.

The system also includes multiple-choice and
choose-variable-values menus. A multiple-choice
menu presents you with a list of items and several
choice boxes next to each item. A choose-variable-
values menu presents you with a set of variables and
their current values. Some of the items list all of the
valid values, with the current value shown in bold-
face. You can change a value by selecting the value
with the mouse.
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Most of the utilities include special assistance features or commands to
enhance ease of use. Such features complete partially entered commands and
pathnames, provide a history of the last 60 commands or keystrokes used,
and offer suggestions on what commands are available with the utility. Other
help facilities provide a wide variety of information at varying levels of detail.

Help Facilities

TOEFRRCRLDEFEVETEN” TWARE TG0V TPTTOEY
Susten, a duncn of (1188 and hou to conpile or 1oad then.dy

Suggestions

Each major system utility that has a large number of
commands includes a Suggestions menu in one of
its panes. The Suggestions menu lists the commands
available to that utility, making operations readily

accessible. When you point to an item on the
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N il Suggestions menu, the mouse documentation line

gives a short description of the item as well as the
keystroke associated with it. This allows you to
access commands as a novice and learn the key-
strokes for faster access. Once you become
thoroughly familiar with the keystrokes, you can
turn off the Suggestions menu to allow more room
on the display for other panes.
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Mouse Documentation Window and Status Line
The mouse documentation window (usually in
reverse video) and the status line below it appear at
the bottom of each main window. These lines are
always visible; they can not be overlayed by other
windows.

The mouse documentation window gives you a short
description of currently available mouse operations.

The status line provides information on systern
status, such as the date and time, your login name,
the current package, the state of the current
process, the state of an open file, and the console
idle time.

E—”’—qum Z*:T’@W“ Glossary Utility
i : ':'j'yrr?;:igr‘.ﬁj..;gg,:gg‘_ The Glossary utility provides online definition of
,‘m',‘,',"jf‘;‘!;’ji?;:j',’,m I terms specific to the Explorer systems and the Lisp
- S I e environment. The utility allows you to scroll through
P e L the entire glossary or to access a particular defini-
i ey : 2,4 ntepaaning snvionma o blck f & i tion. If the definition of one term contains words or
i DI s o e o phrases that are also in the glossary, the words are
et A _ highlighted, and you can select them from within
po) : B AE St B T, o the definition by pointing to them and clicking the
”"q i i & s o o e mouse. You can also add glossary files for your own

B 7 s e e o ok applications.
T v“mA tate fn whith black images are shown on a white
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Gl e documanterion tney You cun fogala arues
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HELP Key

The HELP key presents a menu of choices appro-
priate to the currently selected window. For many
utilities, Basic Help displays a general description
of the utility and provides information to get you
started. Other Help items describe specific utility
features or show a list of available commands and
keystrokes. When used in combination with other
keys (such as SYMBOL and TERM), Help
describes the variety of options available with the
other keys.

Online Function Descriptions

With a single keystroke, you can see online
descriptions for many commands and functions.
Most commands and functions have only a short
description, but more complicated ones have both
short and long descriptions. Another Kkeystroke

gives you a list of function arguments and returned
value(s).

Most utilities include apropos and describe facili-
ties. The apropos facility searches the system for
symbols that contain a specified substring. You can
do a string search on command names, variable
names, or Lisp functions. The describe facility
displays information about a specified object, such
as a symbol’s value and its properties.

Notification

When certain events occur that are unrelated to
what you are currently doing with the selected
window, the system notifies you with a beep and
displays an explanatory message. Such an event
might be an error in a process whose window is not
exposed. Some windows accept notification from
other windows and display the message enclosed in
square brackets. Otherwise, a small temporary
window containing the message pops up. Once
you've read the message, you can use the mouse to
remove this window from the display. Notifications
are saved so you can look at them again if
necessary.
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THE LISP ENVIRONMENT

The Explorer supports a programming environment that is outstanding when
the user wants to deal with complex problems, do incremental development,
or do rapid prototyping of a difficult problem. The reason often cited is that
the user has access to Lisp, which provides incredible flexibility. However,
the Explorer offers more than just the Lisp language to provide the basis for
these claims.

This section deals with three aspects of programming on Explorer systems:

The general Lisp programming environment
The Lisp language

The flavors object-oriented programming paradigm supported on the
Explorer

These form the heart of the user’s language tools; however, these must be
complemented by the integrated development tools described in the Section 4
and the underlying system facilities described in Section 5 to enable the
programmer to really take advantage of their power.
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Lisp Programming
Environment

The Explorer systems, unlike many implementations of Lisp on other
processors, have system software and applications software written completely
in Lisp. An Explorer system is built for a single user, and that user controls
the processes that are executing. The execution environment is an integrated
one; there are no artificial walls between functions in one process (or appli-
cation) and those in another. You need to know only the name of the
function to be able to access it from anywhere; a single large linear address
space contains all of the defined programs and data. Thus, there can be free
access to the existing code anywhere in the system, allowing a user to invcke
system-defined functions in applications and allowing for very flexible
debugging tools. Because of the integrated base of software, debugging tools
can be used to look at code currently being executed or to inspect values
defined by any process or modify the current state of any structure.

Because all of the software executing is written in Lisp, definitions can easily
be altered and those new definitions used immediately. A function definition
is carried as one of the value slots of the function symbol, and a new defini-
tion can easily replace the old one. When the next call to that function is
made, the new definition is used. There is no need to link together various
function definitions to make use of them together; the appropriate current
definition is always immediately available from the function symbol. The
definitions in use can be compiled or they can be interpreted—users mix
modes freely.

With the large linear address space (and large virtual memory support to
handle it), the Explorer Lisp environment keeps available much auxiliary
information about the code in memory to enable the use of powerful develop-
ment tools. For example, each function carries a documentation string that
describes its activity; the user can examine this string with a single keystroke
to verify the function’s syntax or check on allowable values for arguments.
The compiler includes debugging information, such as names of the argu-
ments of each function, along with its compiled form, as part of the function;
this allows for rich debugging tools that can be used on compiled code. The
function symbol also carries a field that tells the source file in which the
definition appears; this allows the user to load the appropriate file for editing
by using a single keystroke on the function name.

Programs written in Lisp generally use a lot of memory, most of it in struc-
tures of short life times. As in most Lisp systems, the Explorer Lisp system
supports a garbage collection scheme to manage the reclaiming of memory no
longer in active use. Unlike some systems, though, the Explorer has a nearly-
invisible garbage collection mechanism that is very fast both because of its
algorithms and because of the hardware support for tagged (data-typed)
memory. With languages other than Lisp, users often have to do their own
memory allocation and deallocation; with Lisp on the Explorer, all of the
memory management is taken care of invisibly to the user. This is just one
aspect of the many features provided by the system facilities described in a
later section.

3-2
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Lisp Language

Lisp is a powerful, high-level language that has been widely used for Al
research and is becoming increasingly popular for AI applications and general
symbolic processing. It offers the expressive power needed for the implemen-
tation of complex systems. A number of features distinguish Lisp from most
other programming languages:

® Symbolic processing — Lisp allows you to work with symbols and
symbolic structures rather than just numbers and characters. Symbols are
linked together in the form of list structures to represent any real-world
object or abstract concept. Functions are provided to create and manipu-
late lists to form new and increasingly complex structures. Thus, Lisp
provides an excellent foundation for representing, storing, and accessing
knowledge in a form that can be processed.

B Flexibility — You can easily build programs that can construct other
programs, a technique often used in AI programming, because Lisp
program statements (functions) and Lisp data have the same form (lists).
Storage is dynamically allocated and deallocated, allowing you to build
structures of unpredictable sizes and shapes that evolve as the program
executes. Lisp also allows you to define your own data types and
functions and control their evaluation.

M Extensibility — Lisp allows you to build new and complex structures from
existing ones. You can access user-defined functions and data types in
the same way as system-defined functions and data types. This feature
and the flexibility of Lisp make it easy for you to extend the language or
create specialized languages closely related to the problems you want to
solve.

The Explorer systems support Common Lisp, the industry standard for port-
ability and consistency among different machines. The Common Lisp
specification covers a rich set of data types, expressive control structures,
macros, a package system for preventing name-space conflicts, and stream
I/0.

In addition to Common Lisp, the Explorer systems support higher-level
extensions to the language, including the flavor system, IEEE floating point
representation, support for ISO characters, and handling of many types of
pathnames and hosts. The extensions encompass the full Zetalisp
environment.

Common Lisp is an evolving standard, and Texas Instruments plays an active
role in the development of the standard. As the Common Lisp standard
evolves, the Explorer systems implementation will conform to the emerging
standard.
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Flavor System

The flavor system provides a powerful facility for object-oriented program-
ming. This type of programming deals with objects, which are active entities
representing real-world objects (such as ships or windows on the screen). An
object encompasses data and the operations that can be performed on that
data. Programs communicate with objects by sending messages to them. The
flavor system hides the implementation of objects from programs that use
them. Thus, programs using objects can be concerned only with what opera-
tions can be performed on the objects, not how those operations are coded.
This technique reduces the complexity of large systems and makes them
easier for you to use and maintain. It also allows you to reuse software devel-
oped for previous applications, a key to incremental prototyping.

A flavor is an abstract object that describes a whole class of similar objects.
Thus, a flavor forms a conceptual model, and a specific object is an instance
of the flavor. You can create any number of instances of a flavor. The flavor
has instance variables, which specify attributes of the conceptual model.
Each instance holds its own set of values for the instance variables. The flavor
can establish default initial values for instance variables, or you can supply
them explicitly when you instantiate a flavor.

A flavor also has attached methods, which are functions that define generic
operations for any instance of that flavor. The methods can refer to any of
the instance variables of that flavor. To operate on a specific object, you
simply create an instance of the flavor and send the object messages naming
the desired operations. The object reads each message, finds the appropriate
method to handle the named operation, and returns the result.

The Explorer systems include a large number of predefined flavors, which
you can instantiate and use in your programs. For example, the window
system is based on flavors, and you can create instances of different types of
existing window flavors. You can also define your own flavors. The flavor
system provides many features to aid you in this process.

One of the most powerful features of the flavor system is the ability to
combine existing flavors to form a new flavor. The new flavor inherits all the
instance variables and methods belonging to the component flavors.

This ability to combine, or mix, flavors speeds development by allowing the
easy integration of previously written and proven code into new programs.
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PROGRAM DEVELOPMENT TOOLS

The Explorer systems provide a powerful and comprehensive set of tools for
rapid program development. These tools enable you to execute partially
developed programs. Because no explicit linking step is required, the Lisp
system allows a program to be loaded even though some of its functions and
variables are undefined. Thus, you can develop programs in pieces and
rapidly move through the cycle of testing, debugging, and changing your
program. You can start with simple tasks or existing code, and build on these
until you are satisfied with the results.

Many of the tasks normally associated with program development are elimi-
nated or simplified, increasing your productivity. You have access to the
entire run-time environment during all phases of the development cycle.
You can change a single function without having to recompile or relink the
rest of your program; the function’s callers will use the new definition.
Memory is allocated, deallocated, and reclaimed automatically as needed.

The tools are highly integrated, so they can interact with each other and
provide a unified setting for program development. For example, you can
create, compile, execute, and debug Lisp programs without leaving the
editor.

The program development tools consist of the following:

M Zmacs Editor

B Lisp Listener

W Lisp compiler

B Debugging tools

B Inspector

B Flavor Inspector
M Suggestions menus

M Universal Command Loop (UCL)
B  Tools for maintaining large systems
m Font Editor

B Namespace Editor

Technical Summary Program Development Tools 4-1



;33-%- Mode:L1sp; Package:HRCKS; Lowercase: Yes; Base: 8 -¥-
333 Shared definitions for the hacks.

(defmacro with-real-time body
__‘(Tet ((old-sh-state (si:sb-on)})
(unwind-protect
_ (progn
(si:sb-on_’ (:keyboard))
bod!

{Sitsb-on o1d-sb-state))))

7i; Sustem for menu of demos

{defvar sdemo-alistx
nil

"Menu item 1ist. Elements are (name :VYALUE <value> :DOCUMENTATION <string>).
value>s are either forms to evalyate or 1ists of shape (MENU name . elements
where_elements are recursively the same thing.")

- ; 7
{defnacro defdemo (name documentation &rest args)
"For a simple demo, (DEFDEMO <name> <documentation> <form>).
For a sub-menu, (DEFDEMO <name> <documentation> <sub-menu title> . <elements>)
where each <element> is a 1ist that looks 1ike the cdr of a defdemo form.*
‘(setq »demo-alist#* (add-or-update-demo *demo-alistx ’,name ’,documentation *,args)))

(defstruct (demo-list-element (:tupe :1ist))
demo-name
(demo-value-symbol ’:value)
demo-value
(demo-documentation-symbol ’:documentation)
demo-documentation)

:;; Biven a demo list, add the new demo, or update the old demo of the same
ii; name, and return the updated demp 1ist.
(defun add-or-update-demo (demo-1ist name documentation args)
(let ((element (or (ass ‘equalp name demo-iist)
(car (push (make-demo-list-element demo-name hame) demo-11st)))))
(setf (demo-documentation element) documentation)
(setf (demo-value element)
(if (= (length args) 1)
;3 This is the simple forn.
(first args)
;3 This is the hairy form.
‘(menu , (first args) . , (let ((1ist (cddr (demo-value element))))
(dolist (% (restl args))

Zmacs:
List Menus
Menu Tools

Find Commands
Lisp Suggestions
Undo

List Menus

BASIC MENUS
File MENU

Buffer MENU

Edit MENU
Compile/Eval MENU
Debug MENU

Zmacs Help MENU

CTRL-®X CTRL-D Dired
Edit Buffers

Other Menus
Cursor Movement MENU
File Attributes MENU
Mark Region MENU
Move, Copy & Delete MENU
Fonts & Case Change MENU
Search & Replace MENU
Hardcopy MENU
Word Abbreviation MENU
Tag Tables MENU
Lisp PrettyPrint MENU
Keyboard Macro MENU

i etalisp) * ¢ TCT5PR> DEFD; SITE: CB: (19)

L:Move point, L2:Move to point, M:Mark thing, M2:Save/Kill/ Yank, R:Menu, R2:System menu.

First Time User MENU

More Below
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Zmacs Editor

Zmacs is a real-time display editor, based on the M.I.T. Emacs Editor, that
provides extensive support for writing Lisp and Prolog programs as well as
other types of text. Zmacs is window-oriented; you can easily create any
number of Zmacs buffers to edit different files and switch rapidly among
them.

Zmacs offers hundreds of features not found in other editors. Commands
manipulate text as units, including characters, words, lines, sentences,
paragraphs, and regions. A region is any block of text that you define. Some
of the operations you can perform on these units are move, copy, delete,
transpose, indent, fill, justify, set fonts, and change to uppercase or
lowercase.

Zmacs is context sensitive; it provides modes that tailor the environment for
editing a specific type of text. The mode in effect determines how Zmacs
parses text and how commands operate. For example, in Common Lisp
mode, Zmacs treats text according to the language syntax rules so you can
move quickly through Lisp structures. Common Lisp mode also provides
many features to help you write programs. These features include commands
to perform the following:

B Match parentheses and check for unbalanced parentheses
B Properly indent and align code
N Evaluate or compile functions

M Locate and edit the source definition of Lisp objects (such as functions,
macros, variables, and flavors)

B Locate and edit the callers of a function
B Locate and edit combined methods of a flavor

Zmacs is integrated with the general system help facilities. The Zmacs
Suggestions menus list available commands for easy access and provide infor-
mation about each command. Other help facilities include a history of the
most recently invoked commands and completion on function names,
command names, and pathnames.

Zmacs also provides facilities for creating and manipulating files and
directories. A directory editor is embedded in Zmacs to help you maintain
your directories and files.

Zmacs includes many features that allow you to tailor it to fit your needs. For
example, you can set user variables to specify options, define your own
modes and commands, or define keyboard macros. A keyboard macro allows
you to define a sequence of keystrokes and invoke the sequence with a single
command.

Technical Summary
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¥ (derun factorial (num)
(if (2erop num)

;; num (factorial (1- num)))

FRCTORIRL
> {(trace factorial)
(FRCTORIAL)
> (factorial 5)
(1 ENTER FACTORIAL: 5)
(2 ENTER FACTORIAL: 4)
(3 ENTER FACTORIAL: 3)
(4 ENTER FACTORIAL: 2)
(5 ENTER FACTORIAL: 1)
(6 ENTER FACTORIAL: B)
(6 EXIT FRCTORIAL: 1)
{S ERIT FRACTORIAL: 1)
{4 EXIT FRACTORIAL: 2)
(3 EXIT FACTORIAL: 6)
(2 EXIT FACTORIAL: 24)
féaEXIT FACTORIAL: 12@)

> (trace factorial)
(FACTORIAL)
> (factorial 11)
(t ENTER FACTORIAL: 11)
(2 ENTER FACTORIAL: 1@)
(3 ENTER FACTORIRL: 9)
{4 ENTER FACTORIAL: B}
(S ENTER FACTORIAL: 7)
(6 ENTER FRACTORIAL: 6)
(7 ENTER FACTORIAL: 5)
(8 ENTER FACTORIAL: 4)
(9 ENTER FACTORIAL: 3)
(18 ENTER FACTORIAL: 2)
(11 ENTER FACTORIAL: 1)
(12 ENTER FACTORIAL: B)
(12 EXIT FACTORIAL: 1)
(11 EXIT FACTORIAL: 1)
(1@ EXIT FRACTORIAL: &)
{9 EXIT FACTORIAL: 6)
(8 EXIT FACTORIAL: 24)
(7 EXIT FACTORIAL: 120)
(6 EXIT FACTORIAL: 720)
(5 EXIT FACTORIAL: S848)
EXIT FACTORIAL: 48320)
HIT FACTORIAL: 3626808)
®IT FACTORIAL: 36288008)
FRACTORIAL: 39916808)

4
3 E
2 EXI
(1 EXIT
39916600
>

Lisp Listener 1

Suggestions Menus On Systemn Nenu

B6,85/,87 B8:82:37ANM WEEBB FRED: ; Keyboard

Help
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Lisp Listener

The Lisp Listener is a window-oriented program that allows you to interact
directly with the Lisp interpreter. The Lisp Listener reads a Lisp form, evalu-
ates it, and prints the results. This process is the read-eval-print loop used by
a number of system facilities.

The Lisp Listener accepts forms as you type them and allows you to edit
those forms. Input is complete and evaluation takes place when you finish
typing or editing a complete Lisp form. Other features that help you develop
programs in Lisp include the following:

B An abbreviated form of message sending, which permits completion of
method names and allows you to send messages implicitly to a flavor
instance

B Online descriptions of function arguments and method arguments

B Completion commands for functions, methods, and symbols

Lisp Compiler

‘The compiler converts Lisp functions into machine code so they run faster
and require less memory. Otherwise, compiled functions execute the same
way as interpreted functions. The optimizations performed by the compiler
include the following:

B Constant folding

B Source-level optimizations

B Peephole optimizations
B Branch optimizations and dead code elimination
M Tail recursion elimination

B Flavor combination optimizations
W Optional in-line expansion of function calls
You can compile or recompile portions of your code. The compiler checks

for errors and issues warning messages, which are saved in a database. Zmacs
includes commands to locate and edit files that contain compiler warnings.
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More Object Abeve
LOOKUP-SUBDIREGTORY -STEP
255 (MISC) AP-1 D-LAST :
256 CALL D-IGNORE FEF |26 ;#°FS: tWRITE-DIRECTORY-FILES
257 MOVE D-LAST RARG|G ;NODE |
260 MOVE D-RETURN LOCAL |6 ;DIRECTORY
261 MOVE D-I1GNORE RRG|2 ;0K=1F+-NOT-THERE
262 BR-NOT-NIL 265
263 CALL D-RETURN FEF |27 ;#?FB::LM-S1GNAL-ERROR
264 MOVE D-LAST FEF|28 ;*FS:DIRECTORY-NOT-FOUND
=> 265 MOVE D-RETURN ’NIL
266 MOVE D-IGNORE LOCAL |1 \
| 267 BR-NOT-NIL 275

More Object Below

Top of Args for Current Frame Top of Locals/Specials for Current Frame

Arg @ (NODE): #<LMFS-Directory> Local @: #<DTP-LOCATIVE 24540813>

Arg 1 (STEP): “DUMMY* Local 1: NIL

Frg @ (OK-IF-NOT-THERE): NIL Local 2 (FILE): NIL
Local 3 (LOC): (H#<LMFS-Directory DSOUZA> #<LMFS-Directory ENTIC
Local 4: HNIL
Local S: NIL

Bottom of Args More Locals Below

i Top of Stack
(EH: INVOKE-DEBUGGER #cFS: : DIRECTORY-NOT-FOUND-ERROR :PROPERTY-LIST (:PATHNAME #cFS::LM-PATHNAME *C8: DUMMY; FILE.LISP#>"> :0
(SIGNAL-CONDITION #cFS::DIRECTORY-NOT-FOUND-ERROR :PROPERTY-LIST (:PATHNAME #<FS::LM-PATHNAME "C8: DUMMY; FILE.LISP#>"> :0PE
(SIGNAL #<FS::DIRECTORY-NOT-FOUND-ERROR :PROPERTY-LIST (:PATHNAME #<FS::LM-PRTHNAME “C8: DUMMY; FILE.LISP#>*> :OPERATION NIL
(FS::LM-SIGNAL-ERROR FS:DIRECTORY-NOT-FOUND)
+ (FS::LOOKUP-SUBDIRECTORY-STEP #<LMFS-Directory> "DUMMY" NIL)
(FS: :LOOKUP~BUBDIRECTORY #<LMFS-Directory> (*DUMMY") NIL)
(FS::LOOKUP-DIRECTORY ("DUMMY®") NIL)
(FS: :LOOKUP-DIRECTORY *DUMMY")
(FS::LOOKUP-FILE "DUMMY" *FILE" “LISP" :NEKEST...
(FS::LMFS-OPEN-FILE #<FS::LM-PATHNAME *C8: DUMMY; FILE.LISP#>*> *DUMMY" *FILE" “LISP"...
(#eFS: :LM-PATHNAME *C8: DUMMY; FILE.LISP#>*> :0PEN #cFS::LM-PATHNAME *CB: DUMMY; FILE.LISP#>"> :DIRECTION :QUTPUT...
(OPEN #cFS::LM-PRTHNAME "C8: DUMMY; FILE.LISP#>*> :DIRECTION :0UTPUT)

More Stack Below

Help  Inspect Retry Back Top of History
Abort Arglist MHenu Step #<Stack-Frame LOOKUP-SUBDIRECTORY-STEP PC=265>

Exit Search Hodify Next

Error Up Return Proceed

Edit Doun Throw

Bottom of History

i
>>ERROR: Directory not found for C8: DUMMY; FILE.LISP#>
>

ebugger Frame 2
pne i ed:obje e 0 Dje 0 oDje D ao

/7287 B<r-H H eyboar
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Debugging Tools

The Explorer systems provide an interactive debugger as well as other tools to
help you find and handle errors in your programs. The debugger allows you
to examine the environment in which an error (or some other condition) is
signaled, take corrective action and resume execution, or abort the program.
When first entered, the debugger displays a message that describes the error
and indicates where it occurred. Once inside the debugger, you have access
to a wide variety of commands. For example, you can proceed from the
error, examine and change the values of arguments or local variables, call the
editor to change and recompile your source code, and evaluate a Lisp object
or reinvoke a function within the context of the current environment.

A window-based debugger (example shown on the left) is also available. The
window-based debugger has several panes, allowing you to .view different
types of information at one time.

Other debugging tools include the following:

M A break facility, which halts execution of your program. You can specify
a break point in your program or enter a break point from the keyboard
any time during execution. You can also specify a break that invokes the
debugger when a specified function is called or called under certain
conditions.

W A trace facility, which allows you to trace specified functions. Each time
you enter a traced function, a message containing the function’s name
and its arguments is optionally printed. When you exit the function, a
second message is printed containing the function’s name and its
returned value(s). Options are available for you to specify other infor-
mation to be printed, to invoke the step facility, or to specify trace
conditions.

B A step facility, which allows you to follow each step in the evaluation of a
Lisp form and examine what is occurring. This facility displays the next
form to be evaluated and then waits for a command. The commands
provide options on how to proceed to the next step. For example, you
can continue to step through evaluations at the current level or go up to
the next level in the stack.

B An advise facility, which allows you to modify a function’s behavior by
adding to it without actually changing its source definition. This facility is
useful for testing a change to a function without committing to that
change.

B Error or condition handlers, which allow you to specify error handling or
specific conditions within your program. For example, you can create an
error handler that ignores an error, proceeds from a condition, prints a
message, or calls the debugger.

Technical Summary
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# {INSPEGCTOR-INTERAGCTION-PANE Inspector: Interaction Pane 5 41050067 exposed>
Ar object of flavor TV::INSPECTOR- lHYE_RﬂCTION PANE. Function is #<EQ-HASH-TABLE (Funcallable) 34221037>

TV SCREEN-ARRAY ; H#<ART-1B-56-1024 15241330>
TV:LOCAT1ONS-PER-LINE: 32

TV:OLD-SCREEN-ARRAY ; NIL
TV:BIT-ARRAY: #<ART-1B-741-1824 7447750>
o|TV : NAME : *Ingpector Interaction Pane S5*

#<FONT GPTFONT 713016332
Named structure of type FONT

TU:FONT-FILL-POINTER: 256

TU:FONT ~NAME FONTS: :CPTFONT
TU:FONT-CHAR- HE[BHT- 11 .
TV:FONT-CHAR-W1 El

o|TV: FONT-RASTER-| HE!BHT- 11

#<STANDAHAD-SCHEEN Main Screen 40100143 exposed>
An object of flavor TV::STANDARD-SCREEN. Function is H#<EG-HASH-TABLE (Funcallable) 11761872>

TU: SCREEN~RARRAY 3 #<ART-1B-754-1024 71381442>
TU:LOCATIONS-PER-LINE: ek

TU:OLD~SCREEN-ARRARY #<ART-1B-754-1824 713B1442>
TV:BIT-ARRAY : NIL

TU:NAME : "Hain &creen”

TV:LOCK: NIL

TU:LOCK=COUNT :

TW:SUPERIDR: NIL
Tu:!NFgngRg: (#<INSPECT-FRAME Inspect Frame 3 4184142 exposed> #<ZMACS-FRAME Zmacs Frame | 4100172 deexpo
TV :; EXPOSE
TU:ERPOSED-INFERICRS: (#<INSPECT-FRRME Inspect Frame 3 4104142 exposedh‘)
TV :X-0FFSET: e
TU:Y-0FFSET : e
TU:WIDTH: 1824
TU:HEIGHT 754
TU:CURSOR-H: a
TU:CURSOR~ Y' Qe
TuU:MORE-VPOS: 740
TU:TOP-NARGIN-SI ZE: e
TU:BOTTOM-MARGIN-S1ZE: e
TU:LEFT-MARGIN-S1ZE: Q
TU:RIGHT-MARGIN-SIZE: e
TU:FLAGS : 32768
TU:BASELINE: 9
TV FONT-MAP: #<ART-0-26 -65549460>
TU: CURRENT -FONT ¢ #<FONT CPTFONT 713815633>
TU:BASELINE-RDJ: e
TU:LINE-HEIGHT : 13
[+
[FTavTns Dboc EXIC Delete H<INSPECTOR-INTERNCTION-PANE Inspector Interaction Fane 5 4105057 exposed>
Set= Refresh HModify Config #<FONT CPTFONT 71301633>
Mode Print Edit #<9TANDARD-SCREEN Main Screen 40100143 exposed>

Thspect: tu:selected-uindou

Inspect: fonts:cptfont

Inspect: tu:nain-screen

Inspect:

Nspect Frame 3
ack/Unlock Inspe

ES/iB/S? @B8:45:84AM RALPH USER: Keyboard + Romeo: WEBB; SYMBOLS.LISPH#1I B8

TV :BORDERS-MIXIN's mathods (all)

Methods defined for flavor TU:BORDERS-MIXIN. * = special method combination type

Typa Massage Arglist
;COMPUTE-BORDER-MARGIN-AREA-MARGINS (TV::6PEC TV::LM TV::TH TV::RM TV::BM)
A :COMPUTE-MARBINS (TW:s:sLM TV::TH TV:
[ [W-GHAPTIICS-MIXIN

Flavor H:BRAPHICS-MIXIN's component flavors.

U TRANSFORM-MIKIN
SYS:UANILLA-FLAVOR
(W WINDGW

Flavor W:UHINDOW's component flavors. ** = redundant included flavor

U:BRAPHICS-MIXIN

W: TRANSFORM-HMINXIN
TV:STREAM-MIXIN
TV:BORDERS-HIKIN
TV:LRABEL-MIXIN

TV: :ESSENTIAL-LABEL-MIXIN
TV:SELECT-MIXIN

TV:DELAY-NOTIFICATION-MIRIN** (included flavor of TV:BELECT-MIXIN)
TV:DELAY-NOTIFICATION-MIXIN
TV MINIMUM-WINDOW

TV:ESSENT IAL-EXPOSE

TU:ESSENTIAL-ACTIVATE

TV:ESSENTIAL-SET-EDGES

TU:ESSENTIAL-MCUSE

TU:ESSENTIAL-WINDOH

TU:SHEET

GYS:VANILLA-FLAVOR

Helu On Syntax A1l Flauors Trace ExXIT TV:DURDERS-MIKIN’ 8 metnods (all)
Dol Delete Refresh Up W:BRAPHICS- HIKIN
Doun Breetk Mode Config WU IHDOW

Flavor/Method: my-window
Flavor/Method: B

FTavor Tncpector &4 A
L: Bulact data to inspect, Help on currently displayed data, M2 ck inspector pane, #: Menu i on flavor WiWIND

E4)lﬁ/6? B2:13:24PM HEBB UBER: Kgyboard + Lima: LEBB; IMABGE.XLDH3 O
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Inspector

The Inspector is a useful tool for examining complex data structures. It is a
window-oriented program that allows you to view and modify the components
of Lisp objects. The components displayed depend on the type of object. For
example, the components of a list are its elements, and those of a symbol are
its value binding, function definition, property list, package, and print name.

An Inspector window contains several different panes (as shown on the left).
The interaction pane allows you to enter Lisp forms to be evaluated and then
inspected. This pane also prompts you for input when you invoke certain
menu operations.

The history pane, located above the interaction pane, maintains a list of all
objects that you have inspected so far. Objects in the history pane are mouse-
sensitive; you can select them for reinspection or deletion from the history.

The top three panes are inspection panes; you can view a different object in
each of these. When you inspect an object, it appears in the large inspection
pane below the two smaller inspection panes, and the previously inspected
objects shift upward. The inspection panes show the printed representation
and components of the objects being inspected. Certain objects in the inspec-
tion panes are also mouse-sensitive; you can select them for further
inspection or modification.

You can adjust the Inspector window configuration to have one, two, or three
inspection panes. In addition, you can lock down an inspector pane so that it
stays resident while objects are shown in other panes.

Flavor
Inspector

The Flavor Inspector is a window-based utility that lets you observe and
modify flavors, including their component flavors, instance variables, and
methods. The Flavor Inspector works in much the same way as the
Inspector.

A Flavor Inspector window contains several different panes. The command
menu, pane provides general Flavor Inspector commands.

The Lisp Listener pane allows you to enter flavor and method names to
inspect, Lisp forms, and the names of the commands that are in the
command menu panes.

The history pane and the inspection panes work like those of the Inspector.

Technical Summary
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(array

Lisp Listener 1

[BeTect one of Lhe foliowing (Functions)

/% ALLOGATE -~ AND~INITIALIZE -ARRAY
i *ARRAY
ADJUST-ARRAY

ADJUST-ARBAY-5IZE
ADJUSTABLE-ARRAY-P
APPEND-TO-ARRAY
ARRAY
ARRAY -# -DIMS
X [ARAAY-ACTIVE-LENGTH
ARRAY~BITS-PER-ELEMENT
ARRAY -DIMENSION
ARRAY-DIMENSION-N
ARRAY-DIMENSIONS
ARAAY-DISPLACED-P
ARRAY ~-ELEMENT-SIZE
ARRAY-ELEMENT-TYPE
ARRAY-ELEMENTS-PER-Q
ARRAY -GROW
ARRAY-HAS-FILL-POINTER-P
ARRAY-HAS-LEADER-P
ARRAY-IN-BOUNDS-P
ARRAY -INDEXED-P
ARRAY-INDIRECT-P
ARRAY=INITIALIZE
ARRAY-LEADER
ARRAY-LEADER-LENGTH
ARRAY-LENGTH
ARRAY-POP
ARRAY-PUSH
ARRAY-PUSH-EXTEND
ARRAY-RANK
ARRAY +ROW-MAJOR-INDEX
ARRAY-TOTAL-SIZE
{ARRAY-TYPE
ARRAY-TYPES
ARRAYGALL
ARRAYDIMS
i ARRAYP
COPY=ARRAY-CONTENTS
GOPY=-ARRAY~CONTENTS-AND-LEADER
COPY-ARRAY -PORTION
FILLARRAY
GET-LIST-POINTER-INTO-ARRAY
GET-LOCATIVE-POINTER-INTO-ARRAY

Returns the number: of elements in ARRAAY, or the fill pointer if there is one.

Lisp:
List Menus
Help

Menu Tools
Lisp Suggestions
Suggestions Menus Off

Completion MENU

fApropos Completion
Spelling Correction Comp
Recognition Completion

Retry Completion

LList Completions

List Apropos Completions
List Spelling Completion
List Recognition Complet
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Universal
Command Loop

The Universal Command Loop (UCL) provides the basis for building a com-
mand interface for an interactive application. The UCL accepts various forms
of user input (menu selection, mouse button, Keystroke, or typed command
name) and interprets the input as requests for command execution. The UCL
also provides help facilities to accommodate both novice and experienced
users.

The UCL is easily incorporated into your application; you simply supply the
following:

M A set of command definitions, which includes all the information about
each command, such as its name, the keystroke associated with the
command, the code to be executed, short and long descriptions of the
command, and a list of menus in which the command appears.

M One or more command table definitions, which organize a number of
commands into a coherent set for name and key look-up by the UCL
interpreter. With the command tables, you can set certain commands to
be active. Several command tables can be defined for applications that
need to alter the command context.

H A list of initial command tables that the interpreter uses to establish an
initial command context. Your program can modify this list during execu-
tion to change the command context.

From the above information, the UCL generates a command interpreter with
various help features that are based on the command definitions. The help
features include Suggestions menus, display of keystrokes and descriptions,
command completion, spelling correction, and string searches, and command
completion. For example, command completion allows the user to specify
part of a function call and then to request possible completions, as shown in
the menu on the left.

The UCL includes a number of features that allow you or a user to tailor the
command interface to meet specific needs. A command editor is available for
creating and modifying command definitions. User-defined macros allow you
to enter a block of text with keystrokes or to create a command defined as a
series of other commands.

Suggestions

The Suggestions system displays menus appropriate for different contexts of
an application. These menus display lists of items that are mouse-sensitive,
such as sub-menus, commands, Lisp symbols, information, and messages.
You can even archive Lisp code in a menu for building commands.

Suggestions menus are displayed in a versatile window format that offers pop-
up features, scrolling, and sub-menus. The Suggestions frame reapportions
the window to display the Suggestions menu without interfering with the infor-
mation displayed by the application. With the Suggestions facility, you can
customize existing Suggestions menus to suit your needs or create new
Suggestions menus for your applications.

The Suggestions system also provides a set of Lisp expressions menus that let
you enter Lisp code from the Suggestions menus.

Technical Summary
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"§hen (null (f ind-package "DEﬁU"))
(make-package "DEMO")

(DEFSYSTEM DEMO
(:name "Explorer Demos"
(: component—systams GRHPHIES DEMO music-demo)

(:module DRIVER "sys :demo ;driver ")
(:compile-load driver)
) ; demo

533 this was retrieved from the sys:public;music-demo defsystem file

(DEFSYSTEM music
(:name “"Music-demo")
(:pathname-default "sys:public.music-demo;")
(:module beeps "beeplng functibns")
(:module music ("MUSE"
"MUSIC_DEMO"))i
(:module programs ("driver" “ofgan" “piano"))

(:compile~load beeps)
(:compile-load music)
g::ompila—load programs)

;53 this was retrieved from the sys:public;araphics-demo defsystem file

(DEFSYSTEM :GRAPHICS- DENO
(:PATHNAME-DEFAULT "sys:public.grephics-demo;")
(:MODULE DRIVER "DRIVER")

;7 MAINTENANGCE NOTE: The following: dependency occurs because GROCK uses PLAY-STRING defined in MUSIG-DEMO
( :MODULE ORGAN "sys:public.music-dema;organ')
(:MODULE MAIN ("ABACUS"
H "Balls"
"Bounce"
"Crazed"

“GEB™
“Hal"
"HCedit"

"DEUTSC" : F

i :
[ZMACS (Common-L1isp) DEMODEF.LISPA> JOVCE; dsg: (1) Font: W (MEDFNT) 1%

1: Move point, £2: Move to point, M: Mark thing, M2: Save/Kill/Yank, H: General Menu, #2: System Menu
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Tools for
Maintaining
Large Systems

The Explorer systems provide both a system definition facility and a patch
facility to help you manage and maintain large programs. The system
definition facility allows you to define the files comprising a program as a
system. Once you define a system, the system definition facility handles the
recompilation and loading of these files.

The system definition facility provides a number of options. The options allow
you to specify properties of the system and transformations (operations such
as compiling and loading) to be performed on files. You can also specify a
condition for a transformation. For example, you can specify that a certain
file must be loaded before another file is compiled. An example of such a
specification is the DEFSYSTEM file for demo shown on the left.

The patch facility allows you to manage new releases of a system and issue
small changes (patches) to update old versions. Once a system is present, you
can ask for the latest patches to be loaded, ask which patches are already
loaded, and add new patches. You can use Zmacs Editor commands to
handle the creation, compilation, and disk storage of patch files. You can use
Explorer system commands to load and review patch files. You can also
create test patches, which will not be loaded in your released system.

You can maintain a history of multiple versions of a system. The facilities
keep track of the different versions by labeling each one with a two-part
number that consists of a major and minor version number. The minor
version number is increased every time a new patch is made. The major
version number is increased when the program is completely recompiled, and
at that time, the minor version number is reset to zero.

Technical Summary
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Font Editor

The Explorer systems supply many predefined fonts that you can use in the
display or printing of text. You can use several different fonts in the same file.
The Font Editor allows you to modify the existing fonts or create new ones.

The Font Editor is simple to use. It presents you with a grid of dots upon
which, using the mouse, you draw magnified characters. You draw characters
by setting or clearing these dots. A box shown on the grid is the character
box. This box indicates the width and, along with the line below it, the height
of a character.

The Font Editor has several menus from which you can select characters to
be edited, font parameters, and commands. When you select a character, it is
ready to be edited when the Font Editor places it in the character box. The
font parameters determine the size of the character box. If you change these
parameters, the Font Editor appropriately alters and redraws the character
box. The commands provide many useful aids for drawing characters. For
example, you can draw lines or curves, and stretch or rotate a character.

The Font Editor also displays a sample pane, which shows how the character
you are editing will appear in normal size. You can define a string to be
displayed in this pane so you can see how the character will look in context
with others.

The Font Editor has a feature called the gray plane. Normally, the character
being edited appears on the grid in black and is said to be in the black plane.
A character in the gray plane appears in light gray in back of this character.
Pixels that are common to both characters appear in dark gray. Editing
performed on the black plane character does not affect the gray plane
character. Thus, you can use the gray plane character as a guide to define a
new character. Commands are available to move characters or pieces of
characters between the two planes. Registers are provided to hold characters
or pieces of characters while you are building or editing a font.

Namespace
Editor

The Namespace Editor allows you to create a database for your network con-
figuration in which you can specify items such as mailing lists, hosts (either
logical or physical), printers, sites, and users on the network.

You can also use the Namespace Editor to create and modify other types of
databases, such as databases for your personal use. These may be memory-
resident temporary structures, or they may be disk-based namespaces. The
Namespace Editor displays the database in an easy-to-read format and
provides commands for a variety of operations. This editor allows you to
change items in the database easily. In addition, a programmatic interface
allows you to build and maintain the namespaces.
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SYSTEM FACILITIES

The Explorer systems provide many facilities for run-time support and
efficient implementation of Lisp programs. The tagged architecture provides
efficient run-time checking and processing of data types. The architecture lets
you create flexible programs quickly and efficiently. You need not use type
declarations or restrict a program to handling only particular types of data.
The Explorer systems perform the appropriate operations for the specific data
in use, accessing the type of data along with its value.

The tagged architecture on the Explorer systems also provides automatic
memory management. Built-in memory management and garbage collection
frees you from handling the details of allocating, deallocating, and reclaiming
memory. The large virtual memory enables you to handle very complex
problems.

The operating system supports a variety of standard features, including the
following:

B Microcode implementation of key functionality

B Metering system for performance monitoring

W Processes

B Stream input/output (1/0)

B File system

B Backup and restore utilities

W Utility for viewing system status

In addition, the operating system maintains a number of parameters that you
can easily change to tailor the programming environment to suit your needs
or preferences. You can specify these parameter values using the Profile
utility. This utility builds or extends the initialization file, which is automati-
cally loaded when you log in to the system. For example, you can set the
default display fonts, initial Zmacs modes, and garbage collection parameters.

An initialization file can contain any Lisp form. Thus, it can also contain
functions you want defined at login.
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Memory
Management

The E:Escplorer systems feature a demand-paged virtual memory with temporal
garbage collection. The systems support up to 128 megabytes of virtual
memory.

The garbage collector reclaims storage cells that are inaccessible and no
longer required. A temporal (time-related) algorithm provides a nearly
invisible garbage collector when you run with automatic garbage collection
turned on. The algorithm is based on four levels of collectible storage-—
generations 0 through 3—with storage objects increasing in age from
temporary to almost static. The younger storage objects are collected most
frequently, with very rare collections among the objects that are almost static.

The systems support garbage collection in several modes. You can run with
no garbage collection, with temporal garbage collection turned on, or in a
batch ‘collection mode. You use the batch mode to prepare a clean disk image
of the system or to collect higher generations of garbage than would normally
occur at a given time.

The Explorer systems allocate storage as objects are created. Storage is
divided into areas; each area can contain related objects, independent of
their types. You can specify which area(s) your program is to use for storage,
or you can simply use the default area. By grouping related objects together
in an area, the system performs better paging on your data.

A pracedure is available to provide optimal placement of objects in memory,
promoting fast access during use. You train the load band to place the
program in low-level memory by going through the program’s normal
activities while using the Explorer garbage collection primitives. This training
process moves frequently used software to the low end of memory. Once this
versign is saved to disk, you can load the version and do normal activities
with Very little paging because the optimized portion usually fits in physical
memory.

Using specified areas also gives you additional control over garbage collec-
tion. You can declare certain areas to be static, which means that their
contents seldom change and the garbage collector should not attempt to
reclaim any space in them.

Microcode

Many of the Lisp language primitives and system functions are implemented
in microcode to enhance system performance. These include the following:

B Device handling

m Virtual memory management
W Storage allocation

B Garbage collection

m Lisp data object support

m Lisp language kernel

m Screen drawing primitives

W Process switch primitives
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Performance
Monitoring

You can monitor your programs with the metering system to find out
which parts of the program use the most tirne. When you run your program
with metering, the system records each function call and return, along with
the time it took place. Page faults and words consed are also recorded. After
all the data is recorded, the metering system analyzes the records and reports
how much time was spent executing each function.

By default, tHe metering system prints the amount of Tun time and real time
spent executing each function that was called. Other options for analysis are
also available. For example, you can print a list of callers to specified func-
tions and how often each function was called.

A function histogram allows you to monitor function call activity for a set of
processes. You can specify the processes to monitor and how often and how
deeply to monitor, and you can view the result interactively or after the
session completes. You can also save data for future review.

Timing macros are also available to obtain detailed performance information
at any level of code. You specify data to be collected from choices of central
processing unit (CPU) time, real time, paging time, page fault count, and
consing count. You can also save data.
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Processes

The Explorer systems provide facilities that allow you to create and control
your own processes. You can execute several computations concurrently by
placing each in a separate process. Each process has its own program
counter, its own stack of function calls, and its own special-variable binding
environment in which to execute. -

All processes run in the same virtual address space and share the same set of
Lisp objects. Unlike other systems that have special restrictive mechanisms
for interprocess communication, the Explorer systems allow flexible commu-
nications between processes through shared Lisp objects. The Explorer
systems also provide conventional mechanisms of atomic operations, critical
sections, and interlocks.

A scheduler manages the set of active processes. Each active process is either
currently running, trying to run, or waiting for some condition to become
true. The scheduler repeatedly cycles through the active processes, determin-
ing whether each process is ready to run or is waiting to run.

When: the scheduler finds a process ready to run, that process becomes the
current process and executes. It remains the current process and continues to
execute until either that process issues a wait or it uses up its time slice. At
that time, control is returned to the scheduler. By default, a time slice occurs
once each second.

Processes are implemented using the flavor system; thus, you can define your
own flavors for different types of processes. You can also perform a number
of operations on processes. For example, you can set the priority level of a
process or specify the interval for its time slice.
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Stream I/0

The Explorer systems use data streams for performing input and output to
peripheral devices. The stream concept allows you to write programs in a
general way so that a program’s input and output can be connected to any
device.

A stream is a source and/or sink of characters or bytes. A set of generic
operations is available with every stream; these include operations to output a
character and input a character. Performing operations to a stream is the
same for all streams. You can create a new type of stream simply by imple-
menting the appropriate standard operations.

A stream can be input-only, output-only, or bidirectional. All input streams
support all standard input operations, and all output streams support all
standard output operations. All bidirectional streams support both input and
output operations. In addition, special operations are provided for the
following classes of streams:

M Windows, which take input from the keyboard and display output on the
screen.

W File streams, which read or write the contents of a file.

B Networking streams, which are made from network connections. Data
output to the stream goes out over the network; incoming data from the
network is available as input from the stream.

W String streams, which read or write the contents of a string.

W Edit buffer streams, which read or write the contents of an editor buffer.

M The null stream, which can be passed to a program that asks for a stream
as an argument. The null stream returns an immediate end-of-file if used

for input and throws away any output.

M A cold-load stream, which performs I/O to the screen and the keyboard
without using the window system.

W A serial stream, which allows access to the RS-232C port as a stream.
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File System

The Explorer file system provides a tree-oriented, multiple-level directory of
files. Files carry attributes, allowing utilities and user programs to quickly
check for the following:

M Type of file

W File owner

B Last update

W Other items

The Explorer systems handle version limiting (limiting the number of unique
copies of a given file) on a directory basis. :

The file system supports a file partition that exists on one disk or spans
several disks. You can expand the file partition if it exceeds the initially
allocated space. A directory editor is available to perform the following
functions on files in a directory:

H View

B Compare

B Delete
W Edit
W Print
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Backup and
Restore

Backup facilities are available on the Explorer systems, allowing you to back
up and restore data to tape. You can save files, directories, or disk partitions
and then restore them to transport the data to another location or to restore
the data in case of loss. (A partition is a logical segment on the disk, compris-
ing a contiguous area of disk storage. For example, the file system is a single
logical partition.)

An interactive interface to the tape system allows you to easily perform the
following:

B Prepare the tape for backup
M Do the copy operations

B Verify the copy
]

Restore any backed-up item

System Status

The Peek utility is a window-oriented program that displays the following
different types of system activities and their current states:

B Processes
Statistic counters
Areas

File system status
Windows

Network status

Servers
B Function histogram

From the Peek menu, you can select the type of activity you want displayed.
The displays are updated periodically, and you can specify the time interval
between updates. Thus, you can observe the system’s change over time as
well as examine its current state.

The information that is displayed depends on the type of activity. For exam-
ple, the area display shows all the currently defined areas, the size of each,
and the percentage of available storage in each.

Items in the displays are mouse-sensitive. In some cases, selecting an item
with the mouse displays additional information. In other cases, selecting an
item brings up a menu of operations that can be performed on that item. For
example, you can Kill or reset an active process from the Peek window.
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SOFTWARE OPTIONS

A set of software options for the Explorer systems enhances and comple-
ments the standard system tools to extend functionality of the software
environment. These options provide high-level components to solve basic
programming probléms that occur in many applications.

You can easily incorporate these components into your programs. The
optional toolkits handle most of the programming details, allowing you to
quickly build an application to meet your specific needs. They provide code
that you can integrate into your application and build on. Using the toolkits
also gives you consistency across applications.
Texas Instruments currently offers the following software options:
B Toolkits

= Relational Table Management System (RTMS)

= Natural Language Menu (NLMenu) system

= QGrasper network representation tool

= Raster Technologies color graphics support
m TI Prolog
m  Communications options (discussed in Section 7, Networking Facilities)
B Personal Consultant Plus for the Explorer

W Explorer LX multiprocessor support

Texas Instruments provides complete source code with the standard option
package for all options but TI Prolog and Personal Consultant Plus.

Other products are also available for special market needs. See your
customer representative for details.
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Relational Table
Management
System

RTMS allows you to build, access, and manipulate relational tables within the
Lisp environment. It provides the basic operations necessary for a database
while allowing as much flexibility as possible. All manipulations of the data-
base occur in virtual memory; however, you can save and load the database
elements to and from disk. RTMS provides the following functions:

W Data definition functions to define or destroy databases, relations, views,
and attributes. These also include functions to attach and detach
relations to a database.

W Relation manipulation functions to retrieve, join, and perform set opera-
tions (union, difference, and intersection) on relations. The join function
allows you to specify any type of join operation.

B Other functions to perform miscellaneous operations, such as saving and
loading a database or relation; inserting, deleting, or modifying tables;
and renaming a database, relation, or attribute.

You can define relations in any desired format (combination of implemen-
tation type and storage structure). RTMS includes accessor functions for
relations implemented in any of nine system-defined formats. You can use
other formats by defining your own accessor functions. RTMS supports
several different domains for attribute values. You can also add new domains.

The relations in a database do not need to be stored in the same directory.
The system automatically loads a relation when it is referenced. In addition,
there is no expressed limit on the size or number of relations in a database,
provided the database fits within virtual memory.

RTMS provides a set of global variables that control some of its features. You
can easily change the values of these variables to select only the features you
want at a particular time. For example, you can turn off validity checking,
suppress messages, or have the system automatically save modified relations.

RTMS is integrated with the rest of the Lisp environment. You can invoke its
functions from your application or from the Lisp Listener. An interactive,
menu-based interface is provided to help you study or debug your database.
The interface is window-oriented and consists of a scrollable output pane and
a Lisp Listener pane. The output pane contains all output generated by
RTMS during the session. Database objects in the output pane are mouse-
sensitive, enabling you to select them and display information about them.
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Natural Language
Menu System

The Natural Language Menu (NLMenu) system helps you build powerful but
friendly user interfaces to your applications. These interfaces allow users with
little or no programming background or experience to construct complex
input sentences, such as queries to a database.

An NLMenu interface presents users with a set of windows and menus that
contain words or phrases in English or some other natural language. The user
constructs sentences by using the mouse to select the appropriate words or
phrases. Software included in the toolKit controls each step of the selection
and sentence construction by allowing the user to make selections in active
windows only. With each selection, the software examines the context of the
sentence created so far and decides which windows to activate next and
which items to put in the windows.

This technique ensures that the user constructs only valid sentences and
eliminates the need for error checks. Once the sentences are constructed, the
software translates user input into the target language and passes it to the
system or application as required.

To tailor the interface to your application, you must provide the following
data structures:

B A lexicon that specifies the words and phrases that can be used to
construct sentences as well as their meaning within the sentence

B A grammar that indicates how the words and phrases can combine to
form a sentence

B A screen description that indicates how menus and items are configured
on the screen

The NLMenu system contains tools to help you write and debug these data
structures.

The NLMenu option includes a starter kit, providing sample grammars and
lexicons. In addition, a database interface generator provides a set of tools to
create NLMenu interfaces to RTMS databases.
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Software Options 6-5



Technical Summary

Software Options

6-6



Grasper

Grasper is a general network representation tool designed to efficiently
encode and access a gamut of real-world knowledge that ranges from the
interpretation of an English sentence to the modeling of a modern chemical
factory. Implemented in Flavors, Grasper provides a means for you to easily
represent your perception of a particular problem or situation, modify that
representation, and then access and use the knowledge.

Grasper is designed to represent knowledge as a network of conceptual
objects—objects that, when represented through symbolic programming, can
represent pieces of a real-world application. Modeling these systems as net-
works of nodes and interconnecting edges makes it easy to visualize and
organize a knowledge base; allowing you to work with concepts, ideas and
relationships that cannot be represented in normal data processing terms.

Grasper software consists of a set of functions, flavors, and methods to
create, delete, bind, evaluate, and show the existence of elements in a
network. The network elements include the following:

B Nodes to represent specific objects

M Edges to represent relationships between objects

B Spaces to represent a collection of objects

You can use Grasper primitives to describe your data, or you can combine
these primitives into your own data description primitives.

Raster Color
Graphics Support

The Raster Technologies system adds high-resolution color graphics capabili-
ties to the Explorer systems. The Raster Technologies system consists of an
intelligent frame buffer and color monitor driven by multiple microprocessors
programmed to perform sophisticated graphics functions.

This system enhances the versatility of the Explorer systems in many areas,
including C3 (command, control, and communications), design, engineering,
medical, simulation, and scientific applications.

The software supplied with the toolkit provides a Lisp library of about 200
Lisp functions that give you access to the Raster Technologies color graphics
support routines. It includes a starter kit with a set of demonstration programs
that illustrate the capabilities of the Explorer systems/Raster Technologies
combination.
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The beginning user wiil prob
(and, maybe, :external) query for
:1isp ansuer format. The rest of

The constructors, deconstruc
:internal format have not been di — 'i
left out. This is just an overvi 1

H
; EXAMPLES

; Setting the defaults.
(SETQ pl:xdefauit-ansuer-formatx
(SETQ pl:xdefault-numberx 8) H

; String query, all answers, :string answer
(pi:query *{[¥,Y] | append(X,Y,[1
= (*[01,0t.,2.,8.11" "C01.0, [2.,

; String query, 1 answer, :internal answer
(pl:query *{[¥,¥] | append(¥,Y, [1
=>» (]2.1 NIL ¢f2.1 (l2.1 1. (la.|

; Convert the previous result from :internd TOWERS-OF-HANOI
(p1:1->L %)

2> (NIL (1. 2. 3.))

; String query, all answers, but no answer form. There is no difference
; among the :external, iisp, and iinternal answer formats in this case.
(pl:query “append(X,Y, [1,2,3])")

D (TTTT)

; Forr and query in Prolog external form; all answers and :string format by default.
(pl:query *([] _X _¥) *(jappend] X ¥ (L1 1 2 3)))
= (“[[1,[1.,2.,3.17" *C[1.],[2.,8.13" "C(1.,2.3,[3.00" °((t.,2.,8.2, 001

; Query In Prolog Internal form, ALL answers and istring answer format by default. The form
; and query are built up into Prolog internal form by piecemeal applications of constructors.
(p1:query-internal (pl:list *(, (pl:var @) ,(pl:var 1)))

ZMAGS (Zetalisp) TV PROLOG-WITH-LISP-INTERFACE .. DOCA> PROLOG.SOURCE-CODE; LiB: (1) Font: A (CPTFONT)
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TI Prolog

Prolog is a clean, simple, and direct programming tool for programming in
logic. TI Prolog is a high-performance implementation of Prolog that is fully
integrated into the Explorer systems environment.

TI Prolog is a superset of DECsystem-10™ Prolog, the definitive language
standard for Prolog. Unlike many versions of Prolog, TI Prolog features an
interactive compiler, which automatically compiles all clauses you enter with-
out losing the flexible and incremental nature of its debugging tools. For
interactive access to TI Prolog you can use the powerful Prolog Listener,
which is analogous to top-level interpreters provided by some Prologs.

The Prolog Listener provides:

B Standard Explorer systems input editor facilities for ease of type-in
Bl Pathname completion

W Completion of system and user predicates

|

Online help for all system predicates, with support to conveniently define
help for your predicates

B Menu interface for predicates routinely used in program development.
All debug information is dynamically displayed

B The same Universal Command Loop (UCL) interface found in other
Explorer subsystems

B The compiler, which is automatically invoked on all clauses you enter

TI Prolog extends the Zmacs Editor to provide significant support for Prolog
code. As for Lisp code, Zmacs supports incremental (re)compilation of
Prolog clauses in arbitrary buffers and automatic lookup of user predicate
definitions in defining files.

Debugging consists of the powerful DECsystem-10 style of tracing facilities,
including spypoints and definition lookup (through Zmacs). Error-handling is
done by the standard Explorer Lisp error handling systems.

To provide complete integration of Lisp and Prolog, you can call Lisp from
Prolog and Prolog from Lisp. Because TI Prolog shares data types with the
Lisp system, the Lisp/Prolog interface is simplified. Because Lisp is easily
accessed, TI Prolog offers complete access from Prolog to the Explorer
window system and many other facilities.

The Common Lisp package system is available for Prolog code, providing
modularization of user code into different namespaces, avoiding potential
name conflicts in large systems.

TI Prolog comes with a number of example programs that illustrate its capa-
bilities. For example, REST (rule-based expert system tool) is an expert
system shell written entirely in Prolog.

To manage large Prolog programs, you can organize, compile, and load
modules using the same mechanism you use to manage Lisp modules.

TI Prolog consists of microcode, Lisp, and Prolog support. Hardware modifi-
cations are not necessary.

Technical Summary
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Personal
Consultant Plus

Personal Consultant Plus (PC Plus) on the Explorer is a set of programming
tools that facilitate the creation of expert system applications. An expert
system is an advanced computer program that solves complex problems using
artificial intelligence techniques. These techniques apply knowledge relevant
to a problem domain to find a solution in a particular situation.

An expert system created with PC Plus has the following properties:

H When alternate paths are provided by the developer, it can make recom-
mendations even when data is uncertain or missing and when the
decision process is imprecise.

W It can explain in natural language sentences why data is needed or how
conclusions were reached.

W It allows incorporation of qualitative decision factors as well as quanti-
tative factors.

B It interacts with the user through a natural question and answer dialogue.

PC Plus improves the developer’s productivity and range of problem solutions
by offering the following advantages:

B A self-contained, highly-interactive generate/test environment including
comprehensive rule entry language, integrated window-oriented editor,
and extensive debugging and validation aids.

m  Certainty factor input and calculation to handle uncertain or incomplete
user input and/or imprecise knowledge.

B Rule prioritization capabilities to control the order in which rules are tried
in the inference process.

B User explanation facilities to determine why a particular question is being
asked and how information was determined, or to review previous
responses for possible changes.

R Ability to create compiled, user-defined, Lisp functions to solve difficult
problems or extensively customize an application.

B Frame descriptors with inheritance to organize a large, complex problem
into a series of related subproblems for added simplification, modularity,
and control.

M Meta rules to supply information on how to best apply the other forms of
knowledge—particularly rules.

M External program interfaces to enable developers to couple their applica-
tions with other specialized programs such as communications packages.

PC Plus on the Explorer is a high-functionality member of the Personal
Consultant Series. Programs on the Explorer are knowledge-base compatible
with PC Plus on personal computers. This allows users to develop complex
applications in the rich environment of the Explorer and deliver the appli-
cation on personal computers. The compatibility also permits users to begin
development on smaller systems and grow into the Explorer as the application
demands.
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Explorer LX

The Explorer LX is designed for applications that integrate symbolic process-
ing programs written in Lisp with computation-intensive programs written in
such conventional languages as C, FORTRAN, COBOL, or Pascal.

The Explorer LX can handle a variety of demanding applications character-
ized by a high degree of complexity, the need for expert system support,
high-speed I/O throughput, and massive number-crunching in scientific,
engineering, industrial, and defense settings. Because of its dual environ-
ment, the Explorer LX is an excellent computer system for process control,
simulation and modeling, and other applications that benefit from coupling a
high-performance Lisp processor and a high-performance conventional
processor. In addition, TI System V can drive up to sixteen additional con-
ventional terminals or data I/O lines using a communications carrier board
(CCB) with plug-in cards that feature various interfaces.

Shared physical memory (often called shared direct memory access, or
SDMA) is a unique feature of the Explorer LX. A TI System V task can lock
address space so the operating system will always have a known address
corresponding to a physical address. The TI System V program then transmits
the address location to Lisp, which can then execute NuBus reads and writes
to that address, allowing Lisp applications to monitor and modify the execu-
tion of TI System V applications.

For example, if a TI Systerr!) V program is executing a simulation program, a
Lisp-based expert system can monitor the process to determine if the simu-
lation is proceeding within acceptable limits. If not, the expert system can
modify parameters in the TI System V process to effect a change.

Explorer LX also provides shared file system facilities to support the shared
memory capabilities. Lisp applications have transparent access to the TI
System V file system and the Lisp file system. File transfer utilities move data
between the Lisp file system and the shared TI System V file system.

In addition, Remote Proced
(XDR) mechanisms, based
tations, are available on bg
services to either processing
use RPC to call the 68020-t
mathematical operations in
to the Lisp processor. App
can also send queries writtg
use this capability, for exam
expert system make decisio

Different internal data repr
cations are automatically tra

ure Call (RPC) and External Data Representation
on Sun Microsystem’s public domain implemen-
th TI System V and Lisp, letting you add new
environment. Programs running under Lisp can
based processor to run required routines such as
conventional languages and then return the data
lications running on the 68020-based processor
n as Lisp expressions to the Lisp side. You can
ble, when an application program requires that an
ns for the application.

esentations in the Lisp and TI System V appli-
nslated to the proper format by the XDR facility.

The system user interface in

cludes multiple window capabilities, with multiple.

simultaneous Lisp and TI System V windows. TI System V terminal I/O can
be directed to a window managed by Lisp. Mapping is transparent to the TI
System V application program. This capability would, for example, allow a
user to run a TI System V application in one window, a debugger in another,
and a Lisp application in a third.
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NETWORKING FACILITIES

The Explorer systems support local area networks (LANs) using the industry-
standard Ethernet interface. A LAN combines the advantages of a single-user
workstation with the ability to share expensive resources and communicate
with other Lisp machines and a variety of other computers using standard
protocols.

With the Explorer LAN, your programs can communicate with other
programs through the use of data streams. A special open call allows any two
programs on the network to establish a stream between them. With the
exception of this special open call, data streams are manipulated by the
standard Explorer 1/O calls. The data streams can be unidirectional or
bidirectional.

The Explorer software incorporates a Generic Network Interface. The details
of the network protocol used to move the stream of information between
machines are hidden from the application. The choice of protocol to be used
(when more than one is available) is usually deferred until runtime.

Networking services provided by the Explorer LAN include the following:

B Transparent file I/O — You can access all files, directories, and devices
known to the network from any Explorer system as if that resource were
located on the local system.

M Remote login — You can log in to hosts on the network by using your
Explorer system as a virtual terminal to the remote host. The Explorer
systems emulate both a standard ANSI terminal and most of the
extended features of a VT100™ terminal.

B Task-to-task communication — You can write application programs that
communicate directly among themselves over the network.

W Electronic mail — You can send and receive mail across the network and
manage your mail files with a powerful user interface and message filing
facility.

M Network name management — The Explorer software includes a unique
system that provides a distributed, replicated, and highly robust database.
You can use this system to manage network global information, such as
machine names and addresses.

Technical Summary Networking Facilities 7-1
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Communications

The NuBus Ethernet controller provides an interface between the Explorer
systems and the LAN. The Ethernet controller is a single board that plugs
into the backplane of the system enclosure. The Ethernet controller connects
to a standard Ethernet transceiver and cable. Both thick and thin Ethernet
cables are available.

The Explorer systems support several communications protocols:

B The Chaosnet protocol is bundled with the system software and uses the
NuBus Ethernet controller. Chaosnet is used for communications
typically between Lisp machines.

B The TCP/IP protocol is an add-on software package that provides
communication to non-Explorer systems. TCP/IP is the standard commu-
nications protocol adopted by the Department of Defense as well as
several important wide-area networks. It has been implemented for
almost every machine that is currently widely available.

M NFS is an add-on software package that is used in conjunction with the
TCP/IP protocol. NFS has become a standard among the UNIX commu-
nity for transparent file access. The Explorer implementation extends this
access into the Explorer file system.

B Explorer Interface to DECnet is an add-on-software package that
provides access to systems produced by Digital Equipment Corporation,
such as the VAX™ product line. This package allows transparent file
access, inter-task communication, and remote login via protocols
supported by Digital Equipment Corporation on their hardware.

W SNA II is an add-on software package that emulates IBM 3270-type
equipment, providing access to systems that support IBM SNA protocols.
A terminal interface is provided for remote login, and a program station
control interface is provided for inter-task communication.

The protocols listed share diagnostic facilities (accessed via Peek, for
example) that give you complete visibility into the flow of data from the
network through the local machine.

Both TCP and Chaosnet utilize an implementation of Address Resolution
Protocol (ARP) to provide dynamic binding of protocol addresses to physical
addresses.

The Explorer implementation of the Generic Network Interface allows you to
extend the system relatively easily to include additional network protocols.
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Explorer SNA
Communications

The Explorer System Network Architecture (SNA) Communications product
provides a communications link using the IBM 3708 protocol converter that
allows the Explorer to exchange data with IBM mainframe hosts. This
product gives the user the ability to access a large number of existing appli-
cations that use the 3270 protocol interactively and to write programs that can
interact with the 3270 protocol without user intervention. Explorer users can
tap information residing on mainframe hosts, largely eliminating the need to
develop their own interfaces or to input the data again. This facilitates more
rapid development and implementation of expert systems and other Al
applications in a variety of environments.

The Explorer communicates over a serial line to a 3708 protocol converter
that connects to the IBM mainframe through an SNA/SDLC line. Explorer
SNA. emulates the IBM 3274 Model 51C or Model 61C control unit.
Through a single converter, as many as nine Explorers can be connected to a
single IBM host; alternately, eight Explorers can be connected to two IBM
hosts. The 3708 converts EBCDIC data from the IBM host to ASCII format
for the Explorer, and vice versa. The Explorer interfaces with the converter
through VT100 terminal emulation. The Explorer SNA Communications
product is a special product.

Explorer SNA II

Explorer SNA 1II, built around IBM’s pervasive 3270 protocol, emulates the
IBM 3274 Model 41C Control Unit or 3174 Model 1R Control Unit. Acting
as a gateway between the IBM host and other Explorers connected over the
Ethernet LAN, the SNA II package on an Explorer can provide up to 32
logical units per physical unit and 2 physical units per CCB in the Explorer.
SNA II provides emulation of the 3278 Model 2 Display Unit with additional
features such as support for a 25x80-character screen, user-definable char-
acters, and user-definable key mapping. Program Station Control access,
which enables programs to take the place of an operator interacting with the
system, is available for all Explorer systems connected to the gateway
Explorer. SNA II also includes support for leased lines and switched circuits
with auto-dial capability.

DECnet

The Explorer system interface to DECnet provides you with several major
capabilities. It supplies virtual terminal capabilities to allow the Explorer to
serve as a terminal on another host system through the C-Term communi-
cations protocol.

You can initiate file transfers from either the Explorer or the DECnet host
system. This capability is integrated into the file system to provide transparent
access, that is, files are accessed via the same interfaces used to access local
files with no additional effort.

DECnet also supports interprocess communication across the network. This
allows Explorer users to take advantage of many of the capabilities of the
DEC™ host and the Explorer systems, such as inferencing capabilities for
expert systems.

Once installed, the Explorer Communications Interface to DECnet is fully
integrated into the Explorer software environment, and can be used in con-
junction with other Explorer software toolkits. The only hardware required
for either the Explorer systems or the remote DEC system is the Ethernet
interface hardware.
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TCP/IP

The Explorer implementation of TCP/IP includes almost the full suite of
protocols commonly implemented for access to, for example, Berkeley UNIX
systems. This includes File Transfer Protocol (FTP) for access to files, Trivial
File Transfer Protocol for access to files on small systems, Simplified Mail
Transfer Protocol for electronic mail, Transmission Control Protocol (TCP)
for reliable stream-oriented communication over unreliable networks,
Universal Datagram Protocol for datagram interaction between systems,
Internet Control Message Protocol for network management, and Internet
Protocol (IP) for interfacing to low-level network facilities. FTP is highly inte-
grated into the remote file system capability, providing fully transparent
access. This implementation of IP supports the use of very large packets (via
fragmentation and reassembly) and subnetting for dynamic management of
larger network complexes. Many of the miscellaneous services available via
Chaosnet are also implemented via TCP/IP.

NFS

The Network File System (NFS) provides Explorer system users transparent
communications between Explorer and other UNIX workstations over
Ethernet.

NFS is an independent network service that uses Sun’s Remote Procedure
Call (RPC) and External Data Representation (XDR) protocols. NFES
provides the functionality necessary for each node to create a local file system
made of parts of remote file systems. All accesses to files in this file system,
whether local or remote, are transparent to the users and application
programs. The local operating system determines whether a file is local or
remote, and transparently uses the NFS protocols to fulfill requests for
remote files. NFS thus allows a network to keep only a single file as a secure
master to safeguard data and important files. Users do not need to know the
composition, configuration, or topology of the network or of any specific
machine in the network to gain the advantages of networking.

Since its introduction, NFS has gained increasing acceptance as a networking
standard in the computer industry. NFS opens communications between
Explorers and other computers—from personal computers to mainframes—
and enables Explorer users to gain access to valuable data shared over the
network.

Chaosnet

Chaosnet is an efficient protocol suite. It provides both connection-oriented
and transaction-oriented modes of data transport, electronic mail, and a file
access protocol that is integrated into the file system so that remote file access
is almost completely transparent to most users.

The easy, high-speed integration of Chaosnet into user programs has allowed
the development of networked facilities for resource management. Bulk
transfer (that is, band transfer) over the network can be handled at very high
data rates. Chaosnet provides a facility for quick messages, announcements,
and dialogue over the net, and it provides the time and date. Chaosnet also
provides services for examining the status and the logged-in user of each
machine.
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From: Matildae@HATAHARI
Subject: Mountain View Rock S1ide
To: matildaelLima

Dear Sierra,

You were absolutely right about Mountain View Homes. I moved into my
new home just tuwo days ago, and I must tell you that I never sau a more
beautiful place in my entire 1ife. The view 1is magnificent. The beauty
and grandeur of the walley that stretches for miles below cannot be
described by mortal words. And the sunset is nothing short of breath-
taking. I remember thinking: "Hountain View is an absolute utopial I'11
remain here foresver."

But there is just one slight problem -- one 1ittle item you forgot to
mention. Last night, Jjust as 1 was preparing to retire for the evening,
1 heard a noise outside that, at first, sounded like the roar of thun-
der. Then the sarth began to tremble as boulders the size of elephants
tumbled doun the mountainside. Although I had never before seen a rock
slide, there was not a doubt in my military mind that this was, indeed,
Just that.

The rocks continued to tumble and slide down the mountainside for, what
seemed 1ike, hours. When the turmoil finally subsided, ! climbed out
of the shambles that had, Jjust yesterday, been my beautiful home. in
Mountain Yiew. [ was lTucky to escape with my life!

Please send me the necessary forms to file a claim against my home
ouner*s insurance.

Sincerely,

¢|BRABYL.TEXT#> MATILDR; Romeo:

Attrs. Msg# Chars From Subject Date Keywords
A 1 1366 SierraeMADRE Hountain View Homes 3 Jun {PROPERTY}
2 433 BandyeBAMDERA Branding Irons 3 Jun
A 3 669 Matilda@MATAHARI Re: Mountain View Homes 7 Jul {PROPERTY}
4 365 Big-Texe@LOWESTAR South 48 Fence Line 9 Jul
S 1128 Bubba®LOMESTAR Cattle Drive 12 Jul
6 1863 SierraeMADRE Prices of Mountain View Homes 16 Jul (PROPERTY}
DR 7 1147 nMatilda@MATAHARI Closing Costs 21 Jul {PROPERTY}
D 8 495 Albatross@CASABLANCA Rendezvous 25 Jul
9 2525 Aardvark@ARMADILLO Ant Hills 28 Jul
A 19 4183 SierraeMADRE Congratulations from Mountain 38 Jul {PROPERTY}
11 1134 EnterpriseelNDUSTRY Widget Production 31 Jul
12 1412 Eyebeam@FISHBOWL Seafood Salad 31 Jul
13 28839 Alpha®OMEGA Beginning to End 1 Aug
A 14 1477 Matilda@MATAHARL Mountain View Rock Slide 3 Ayg {PROPERTY}
BABYL.TEXTH#> MATILDA; Romeo: S .
_IE.ate: 8-RAug-86 13:38:03 7

Move point, L2: Move to point, M: Mark thing, M2: Save/KIll/Y:

ZIMNACS (Read-Mail) BRBYL.TEATH#> MATILDA; RoMeO: S (o7) (Message 14725 Ansuered Filled {(PROPERTY1) L

, A General Menu, R2: System Menu
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Electronic Mail

The Explorer Mail utility is an electronic mail system that enables users to
exchange mail messages via a computer network. This system makes it possi-
ble to communicate with people around the world. The system is composed
of the mail reader, which allows you to receive messages from other network
users, and the mailer, which sends messages over the network.

The mail reader provides two separate buffers that allow you to view and
manipulate mail messages. These are called the message buffer and the mail
summary buffer. The message buffer holds all your active messages, and
provides templates that allow you to compose, send, forward, or reply to mail
messages. The message buffer displays the text of each message you request.
The summary buffer, which is the default viewing mode, contains one-line
descriptions of all messages in the message sequence. The messages are
marked to indicate whether you have viewed a message, replied to a message,
marked it for deletion, and so on.

The mailer system provides facilities for transmitting and receiving mail
messages over the network. These facilities include network mail protocols, a
queuing system for transmission retries, handling of mailing lists and mail
forwarding, and functions to parse and interpret mail addresses and message
headers. The mailer is configurable for adaptation to a variety of mail
environments. The Explorer systems provide a number of namespace objects
and attributes that determine the protocol used to communicate with specific
hosts and the routing used to deliver messages to a particular mail address.

A mailing list contains user mail addresses, enabling you to send messages to
all users specified by the list. You simply specify the name of the mailing list
in the To: field of the message template, and the mailer automatically sends
the message to the members of the mailing list.

You can customize the Mail utility by defining your own filters and template
buffers to supplement those defined by the system.
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HARDWARE OVERVIEW

System
Architecture

The Explorer system architecture and hardware provide high-performance
processing, high-speed graphics, and system configuration flexibility at a mini-
mum cost. The systems are centered on a high-speed backplane bus called
the NuBus. The NuBus provides high bandwidth for exchange of data among
all system boards. The NuBus architecture is processor independent, allowing
future system growth and flexibility.

The Explorer processor directly implements Lisp for high-speed symbolic
processing. The large main memory and virtual memory management allow
fast execution of very large programs. The system interface board provides
graphics logic, an interface to the console, and other system resources. The
mass storage controller implements the industry-standard Small Computer
System Interface (SCSI) bus for access to disk and tape drives as well as
other commercially available devices. An optional mass storage controller
provides a storage module drive (SMD) disk interface in addition to the SCSI
bus. The NuBus Ethernet controller provides access to local area networks
(LANs). Other NuBus boards may also be configured in Explorer systems to
offer a variety of hardware options and features.

A 68020-based processor is an optional NuBus board used in the Explorer
LX system, which enables you to integrate the symbolic processing of an
Explorer system with the conventional processing available from TI System
V. In addition, TI System V can drive up to sixteen additional conventional
terminals or data I/O lines using a communications carrier board (CCB) with
plug-in cards that feature various interfaces.

The processor, the system interface board, and the memory boards use state-
of-the-art surface-mount technology, with which chip carrier circuits are
soldered directly to the surface of the board to allow better packing density
and increased performance without high costs.

All system boards use a standard three-high Eurocard format with three
96-pin DIN connectors that plug into the backplane. All cable connections
are through peripheral cable adapter (PCA) boards that plug into the rear of
the backplane, thus eliminating the need for front edge connectors. No
special backplane wiring, jumpers, or switches are required, making the
boards easy to install and remove for service or changes in system
configuration. :

Each system board contains a configuration réad-only memory (ROM) that

- allows the system to configure itself automatically according to the boards

installed. At power-up, the software reads each configuration ROM—slot by
slot—to identify, test, and initialize the boards. Each board has a red fault
indicator light-emitting diode (LED), mounted on the front edge, for quick
recognition of a failed board if the monitor is unavailable for reporting error
messages.

If you purchase an Explorer and later decide that your needs require
the increased performance of the Explorer II, you can easily upgrade to the
Explorer II by replacing the processor board.

Technical Summary
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NuBus System
Interface

The NuBus system interface is a flexible bus structure. For each interaction, a
device takes control of the NuBus interface, thus becoming a master, and
addresses another device that becomes a slave for that interaction. The slave
device, after decoding its address, acts on the command provided by the
master. A simple handshake protocol between the master and the slave
allows devices of different speeds to use the NuBus interface. Fair arbitration
among potential bus masters gives each device an equal share of the bus
bandwidth.

The NuBus interface supports direct addressability of more than four
gigabytes of memory with a 32-bit address. The following features are
included in the NuBus interface:

B Processor-independent architecture with multiprocessor support

B 32 address lines multiplexed with 32 data lines that support 8-bit, 16-bit,
and 32-bit data transfers

B Single, linear address space

B Block transfers of multiple words

B 37.5-megabyte-per-second maximum transfer rate
B 10-megahertz bus clock

B Synchronous operation

W Simple bus protocols (memory reads and writes are the only bus
operations)

The NuBus features a memory-mapped event mechanism rather than a hard-
wired interrupt scheme. Interrupts are implemented as write operations and
require no unique signals or protocols. Any device can interrupt any other
device on the NuBus by writing into an area of the address space that is
monitored by the other device. A predefined set of addresses is used to post
hardware interrupts. Additional software interrupts can be posted at any
available location in the address space. The priority of the interrupt is
specified by the software according to its address.

NuBus boards from third-party companies have been developed, and designs
for additional NuBus products are in progress. If you want to design your own
processors or controllers, you can obtain a license from TI to design and
manufacture NuBus-based boards.

Technical Summary
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Local Bus The local bus is a high-speed, 32-bit private bus for exclusive use by one
Explorer processor. It is located on P2 and spans slots 3-6 on the Explorer
backplane. The local bus provides the Explorer processor with access to main
memory and the graphics bit map. It offers a high processor-to-memory
bandwidth and leaves the NuBus available for system-wide operations. Use of
the local bus is completely transparent to the software. Explorer II back-
planes do not include the local bus. The Explorer II processor is tightly
coupled to an on-board cache that is filled and emptied using NuBus block
transfers.

Backplane The Explorer backplane allows a wide variety of boards to be installed in
versatile configurations. It consists of a printed wiring board that contains
eight slots. Slots 0 through 6 are for system boards, and slot 7 is reserved for
the power supply. Slot 6 is specially designed for a high power dissipation
load; the Explorer or Explorer II processor is installed in this slot.

Two versions of the backplane for the seven-slot enclosure are available, one
with the local bus (for the Explorer) and one without (for the Explorer II).

The top row connectors (P1) are bused across seven slots to provide NuBus
connections to all logic boards. The second and third row connectors (P2 and
P3) are used for I/O signals defined by the particular board installed in that
slot. PCA modules convert from the 96 DIN connectors on the backplane to
the type of connector used on a given I/O cable.

system board
three-high
Eurocard

96-pin
DIN———> P2
connectors
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Processor
Architecture

The Explorer processor is a microprogrammed processor specially designed
for high-speed symbolic processing. Two versions of the Explorer processor
are available: a very large-scale integration (VLSI) processor chip version
(Explorer II) and a bit-slice processor version. Both use microcode designed
for optimum Lisp performance.

Features common to both Explorer processors are:

32-bit data path

Bit-field hardware to manipulate complex data structures

Tagged architecture for typed data

Multibranching to facilitate control associated with symbolic processing
Lisp instruction set decoding

128-megabyte virtual address space with demand-paged memory mapping
Special hardware to facilitate garbage collection

Large stack cache

Features unique to the Explorer II processor are:

VLSI processor chip

128K-byte, two-way set-associative cache memory
Autotransport mechanism to follow pointers in memory
Higher microinstruction clock rate

Floating point option

The Explorer II processor has a 32K by 63-bit writable control store for
microinstructions. Microinstructions are pipelined and are fetched at the
clock rate of the processor.

The Explorer has a 16K by 56-bit writable control store for microinstructions.
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Explorer II

General Features

Virtual Memory
Mapper

Cache

Major functional features of the Explorer II processor board include the Lisp
processing performed by the Explorer Lisp microprocessor, on-board cache
memory storage, virtual memory mapping, and floating point option board.

The cache memory logic and virtual memory mapping logic on the Explorer
II processor board are an integral part of the processing system, providing a
virtual-to-physical address translation for the processor as well as a direct
high-bandwidth path to the private cache memory of the processor. This
eliminates the need to arbitrate for the NuBus on a high percentage of
memory read cycles. The Explorer II processor board contains the NuBus
master logic that accesses external memory to perform cache-fills if the data
is not in cache memory. The Explorer II processor also accesses the NuBus
directly when the processor is in the physical addressing (unmapped) mode.
The processor can post events to other devices, perform I/O operations, and
access other memory not known to the virtual memory system.

The Explorer II processor logic is built around several major interconnecting
buses:

B Virtual memory address (VMA) bus — Unidirectional 32-bit address bus
whose source is the VMA register of the Explorer Lisp microprocessor.

M Data bus -- Bidirectional interface to the Memory Data register of the
Explorer Lisp microprocessor.

M Internal data bus — 32-bit bidirectional bus for NuBus resources.

B Internal address bus — Complement to the internal data bus.

The memory mapper provides virtual-to-physical address mapping for the
processor. The memory mapper consists of two major blocks of logic—the
virtual memory map and the address space map. The virtual memory system
views the main memory as a 128-megabyte address space that is divided into
128K pages of 1K byte (256 words) each.

The cache is a two-way set-associative cache with 4K blocks of 4 words each,
for a total capacity of 128K bytes. This cache is closely coupled to the
memory mapper, relying on map status information to determine if a cache
hit has occurred. The cache is driven by virtual addresses rather than physical
addresses. A cache-option feature on the Explorer II processor board allows
the cache to be selectively controlled in specific cases of prefetch cycles,
autotransport cycles, instruction fetch cycles, and program data cycles. This
cache-option feature also allows the total disabling of the cache.

Technical Summary
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Explorer Lisp
Microprocessor

The Explorer Lisp microprocessor, a single chip condensed from the 32-bit
Explorer processor, provides significantly increased performance to Explorer
systems and also improves reliability by reducing the parts count. This VLSI
chip contains over 550,000 transistors that form the arithmetic logic unit,
control logic, and six different groups of random access memory (RAM),
totaling 114,000 bits of RAM. The chip is 1 square centimeter, has 264 pins,
and is constructed with a 1.2-micron, double-level metal CMOS process.

The VLSI processor implements a microcoded architecture that is compatible
with the Explorer processor. Location of the 4000-byte register file and the
4000-byte top-of-stack cache on the VLSI chip greatly enhances the
performance of the processor. The location of the RAM on the VLSI chip
and the high clock speed greatly increase the microinstruction execution rate.
Additional improvements in the control logic allow the VLSI chip to imple-
ment Lisp operations with fewer microinstructions, further improving the
performance of the system.

8-10

Hardware Overview

Technical Summary



Explorer
Memory Board

The Explorer uses a large main memory for high performance in a demand-
paged environment.

The Explorer memory board, which uses a local bus and a NuBus, is available
in 4- and 8-megabyte configurations with byte parity error detection. Either
one or two memory boards can be used for a range of from 4- to 16-mega-
bytes of main memory. The memory board can perform individual 8-, 16-, or
32-bit write cycles from either the local bus or the NuBus. Memory access
time via the local bus is less than 300 nanoseconds.

The memory board is a slave to the NuBus except when it is under the
control of the local bus processor. When the local bus is present, the memory
board is at all times a slave to the local bus. When two memory boards are
used in a system with a NuBus and a local bus, one board can serve the
NuBus at the same time that the other board is serving the local bus. Memory
data block transfers are supported when the memory board is functioning as a
NuBus slave. Block transfers are not supported on the local bus.

Explorer 11
Memory Board

The Explorer II memory board uses the NuBus. The Explorer memory board
can also be used in the Explorer II. In this case, all accesses from the
Explorer II processor are via the NuBus; the local bus port on the memory
board automatically disables itself.

The Explorer IT memory board supports only NuBus access and is available in
8-, 16-, and 32-megabyte configurations with error detection and correction
(EDAC) logic to correct single-bit errors and flags dual-bit errors. The
Explorer II (which does not contain the local bus) has no slot limitation on
memory board locations, allowing configurations up to the full 128 megabytes
of Explorer virtual address space. This NuBus slave memory board also sup-
ports byte, half-word, and 32-byte write cycles, as well as NuBus slave block
transfers. Memory cycle times for block transfers after the first word are 100
nanoseconds.

The Explorer II memory board contains the control logic and memory chips
to implement 32 megabytes of memory space using 1-megabit dynamic
random-access-memory (DRAM) chips. Each stored word consists of 32 data
bits and a 7-bit check word. Parallel EDAC logic on the board uses a modi-
fied Hamming code to generate the check word from the 32-bit data word
during each memory write cycle.

Technical Summary
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System Interface
Board

Graphics
Controller and
Memory

The system interface board provides a wide variety of user and system
services:

B Graphics control logic

® Interface to the monitor, keyboard, and mouse through a fiber-optic link
W System resources

B Parallel printer and RS-232C ports

The graphics controller uses a one-megabit bit map to store the high-
resolution display image (1024 by 808 pixels). The bit map is implemented
with high-speed RAM for instantaneous image update. The video display is
completely refreshed 60 times per second to minimize flicker. Write opera-
tions to the bit map are interlaced with video display refresh cycles to
eliminate any speckled effect on the display. The graphics controller has
special hardware to accelerate window operations.

The fiber-optic link carries the display image, keyboard, and mouse data.
The keyboard interface provides a special chord detector that monitors key-
code sequences that can initiate a system reboot. Sound-control circuits
provide program control of the sound/noise generator in the console.

Other resources include clocks, timers, nonvolatile memory, and power
failure event logic. A battery-powered real-time clock makes it unnecessary
to reinitialize the system clock on power-up. Other interval timers can issue
events at programmable intervals. The 2K-byte nonvolatile RAM maintains
critical data through power-off, power failure, and board removal. Circuits
monitor the power failure warning line from the power supply and generate
power failure warnings to all boards in the system.

The parallel printer port provides a Centronics-compatible, low-cost periph-
eral connection. The RS-232C port provides a standard connection for a wide
variety of devices.

The bit-mapped graphics display controller consists of an 8K-word by 64-bit
bit-mapped memory, a NuBus interface, a local bus interface, address
latches, a logical operation unit, a cathode-ray-tube controller, shift register,
shift register latch, and video generator.

The bit-mapped memory stores an image of the information displayed on the
video display. The memory uses 16 high-speed 8K by 8-bit static RAM
devices to provide a single-plane video map of 1024 by 1024 pixels. Of these,
1024 by 808 pixels are displayed. The display controller must access the bit-
mapped memory in order to refresh the video display. These accesses are
shared with the processor memory accesses in such a way as to maximize
processor access without sacrificing video display quality. The processor
accesses the bit-mapped memory using either the local bus or the NuBus.
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Mass Storage
Subsystem

The mass storage subsystem is available in a variety of configurations with
various devices and enclosures. In a small form factor, 5 1/4-inch disks and
tapes are housed two per mass storage unit (MSU) enclosure. Each intelligent
formatter in the enclosure provides device-level control for the specific
device(s) attached to it, 143-megabyte (unformatted) Winchester disks and
60-megabyte cartridge tapes. Table-top enclosures house 1/2-inch tapes, and
floor-mount cabinets house larger SMD Winchester disks.

Two mass storage controllers are available. Both have a SCSI bus to support
5 1/4-inch disks, cartridge tapes, and 1/2-inch reel tapes:

B NuBus Peripheral Interface (NUPI), which provides a SCSI interface

M Mass Storage Controller (MSC), which provides an interface to either
SMD or SCSI

The NUPI features a 10-megahertz MC68000 microprocessor that relieves
the system of overhead associated with controlling multiple devices on the
SCSI bus. The NUPI also allows data transfers to and from noncontiguous
pages in main memory via a special scatter/gather mechanism. The data path
in the NUPI is separate from the MC68000 microprocessor bus, allowing
noninterleaved data transfers to and from disks. In addition, a special
extended command set enhances demand-paging operations.

The MSC: is similar to the NUPI. In order to handle the increased bandwidth
required to support both SCSI and SMD devices, the MSC features a high-
performance direct memory access (DMA) engine and two MC68010
microprocessors, as well as a NuBus master interface with a block-move
feature that can sustain transfer rates of over 6 megabytes per second
between on-board DMA and NuBus memory.

The SCSI bus interconnects up to seven formatters on a single daisy-chained
bus. The SCSI bus uses high-level generic mass storage commands to support
a mix of peripherals with different characteristics and various data transfer
rates. SCSI signals are bused on a 50-pin cable, which includes an 8-bit data
bus with parity, bus arbitration, and handshake signals. The NUPI controller
supports asynchronous SCSI data transfers for rates up to 1.5 megabytes per
second. The MSC supports both asynchronous and synchronous SCSI data
transfers for up rates to 4 megabytes per second.

Technical Summary
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Mass Storage
Controller
Design Features

Command Block

Software Interface

Independent
Data Paths

SCSI Bus

Each of the Explorer mass storage controllers share important design
features—a command block software interface, data path independence from
control paths, and SCSI bus implementation.

The mass storage controller command block software interface is fast and
flexible because the Explorer system processor can build commands in NuBus
memory and independently notify the controller of each command by its
address in NuBus memory. The Explorer processor issues a command to the
controller by building a command block in NuBus memory and then writing
the address of this block into the controller command address register. The
controller acknowledges receipt of the command block by setting the busy bit
in the command block in NuBus memory. The controller then executes the
command, performing scatter/gather on data in NuBus memory, queuing up
commands to various devices, and so on. Unlike the NUPI controller, which
is limited to one active command per device, the MSC provides internal
command queuing for multiple commands per device. On completion of the
command, the controller updates the command block in NuBus memory,
resetting the busy bit and setting the command complete bit.

Explorer system mass storage controllers are designed with independent paths
for data and control. Data from peripheral devices pass through the control-
ler on dedicated data paths, with DMA control for efficient transfer between
devices and NuBus memory. This provides maximal sustained bandwidth for
disk and tape data transfers.

Some mass storage controllers share microprocessor and device data buses,
resulting in bottlenecks between control operations and data transfers. These
bottlenecks usually result in a need to interleave disk data, so that a small
burst of data is transferred with an intervening delay to the next block or
sector of data. This greatly reduces disk data throughput because it requires
multiple disk revolutions to transfer a single track of data. The Explorer mass
storage controllers, however, maintain one-to-one interleaving of all disk
data. This ensures optimal throughput in. all Explorer I/O operations.

The SCSI bus provides the Explorer system with several advantages:

®m It is an industry standard — The SCSI bus has a wider range of peripheral
offerings than any other interface available, letting you configure tapes,
disks, and optical disks in various shapes and sizes to your Explorer
system.

m It allows device independence — The SCSI bus accommodates many
different kinds of peripherals. Only one slot in the system enclosure is
required to support both tapes and disks, as well as future mass storage
upgrades.

m It combines performance with configuration flexibility — Because the
SCSI bus allows multithreaded I/0 with several active devices by means
of disconnect/reconnect protocols and bus arbitration, both slow and fast
devices can coexist on the bus, each meeting its bandwidth requirements.
The NUPI and the MSC each can support up to seven SCSI devices.
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Ethernet Controller The Ethernet controller option provides support for a LAN. A LAN is a

communication link between pieces of equipment that are close enough to
link with a continuous cable but too far apart to link with a backplane or a
parallel-format cable, generally a distance that ranges from 5 meters (16.5
feet) to 1000 meters (3300 feet). The upper distance limit is set by the power
of the line driver devices and the signal losses in the transmission cable.
The NuBus Ethernet controller is a single board that plugs into the backplane
of the system enclosure. The controller is driven by Explorer processor-based
microcode. An I/O adapter board on the rear of the backplane and an
adapter cable connect to a standard Ethernet transceiver and cable. Ethernet
software support is described in Section 7, Networking Facilities.

The main logic groups on the NuBus Ethernet controller are:

M Intel 82586 Local Communications Controller

M Serial interface device (Manchester code converter)

B Buffer memory

H NuBus slave logic

B NuBus master (event) logic

B On-board data buses and control

B Adapter interface board

Technical Summary
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LX Hardware

68020-Based
Processor and
Memory

CCB

Terminals

The Explorer LX is a multiprocessor version of the Explorer systems that
combines symbolic and numeric processors with a powerful set of software
tools. The base Explorer LX includes a 68020-based processor board. You
can add a CCB to expand the Explorer LX with terminals, and you can add
other I/O devices.

The 68020-based LX processor features the following:
m Virtual memory for sharing system operations, addressable to 4 gigabytes
M Three main buses for addresses and data

W 68020 microprocessor for system operation and control, operating at
16.7 MHz

B 68881 floating-point coprocessor for floating-point calculations, operating
at 16.7 MHz

B 68851 paged-memory management unit for memory control

W 16K-byte cache memory for logical address, data, and instructions

H Main memory for software operations; 2 megabytes of error-correcting
on-board DRAM with an optional 2 megabytes of DRAM in a piggy-back
board

B Interrupt control chip for handling board and bus interrupts

M Three timers for a real-time clock, interval timing, and time accounting

B NVRAM for system configuration support

B ROM for board information and self-test

The CCB complements the other communications option hardware on the
Explorer systems, offering a variety of configurations with plug-in cards and
downloadable 68010-based code. Plug-in option cards include an eight-
channel asynchronous interface and a multifunction card. The CCB supports
any combination of up to two option boards, such as the 8-channel MUX and
multifunction option, with appropriate adapter cards and cables that plug in
the rear of the system enclosure backplane.

Using the CCB and an RS-232C interface, you can install up to sixteen termi-
nals to the TI System V side of an Explorer LX. Terminals typically installed
include the Model 924 Video Display Terminal (VDT) and the Model 945
workstation.
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Coprocessors

68020

Odyssey

In addition to the Lisp processor available on the Explorer systems, two
coprocessors are available as options—the 68020-based processor and the
special product Odyssey board. (A special product is available under special
terms and conditions.)

The Explorer LX combines the Explorer Lisp processor with the 68020-based
processor running a TI-implemented version of UNIX System V and
specially-developed LX software to facilitate communication between the two
processors. In addition, the LX processor board includes a 68881 floating-
point coprocessor to handle numeric computations.

TI System V supports multiple processors. Thus, you can install two
68020-based processors in a standard system enclosure to produce a three-
processor system with concurrent execution. With the larger chassis, you can
install up to four processors. The larger chassis is a special product.

The special product Odyssey board, when installed on an Explorer system,
adds high-performance digital signal processing and expandable multiproces-
sor capabilities. The Odyssey thus provides a powerful environment for the
development and delivery of a wide range of applications that require the
combination of high-speed numerical computations and symbolic processing.
These applications include speech recognition and synthesis, signal under-
standing and interpretation, image understanding, real-time digital signal
processing, and neural network simulation.

With appropriate speech recognition and synthesis software, Odyssey adds
voice input and output capabilities to expert systems. The system also
provides data acquisition and rapid signal analysis necessary for Explorer-
based software to interpret various signals. For example, an expert system
would have rapid access to results of a fast Fourier transform performed on
vibration data.

Odyssey is based on the TI TMS32020 Digital Signal Processing (DSP) micro-
processor, which features a 200-nanosecond instruction cycle time. Each
Odyssey board contains four TMS32020 processor modules, providing a
powerful dedicated signal-processing environment that performs independent
parallel processing. In local-memory mode, each processor module can
execute separate algorithms simultaneously. Each module consists of the
TMS32020 processor, 64K x 16-bit words of DRAM for data memory, 8K x
16-bit words of high-speed static RAM for program memory, and control
logic to access the Odyssey internal bus, which is essentially a modified
NuBus. This internal bus communicates among modules on the same board
or between boards. An additional communication/control module on the
Odyssey board provides a two-way data path to the NuBus for communication
with other boards within the Explorer system, such as the Lisp processor.
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HARDWARE PACKAGING

The Explorer systems use advanced technologies in the design and packaging
of hardware components. The components are packaged in attractive,
compact enclosures to make the system a pleasant and unobtrusive addition
to your office. Included are the following design considerations:

B Usability

B Reliability

B Quiet operation
B Ease of service

The design of the Explorer systems is influenced by the results of ergonomic
studies to provide comfortable, efficient operation. System components are
packaged in separate enclosures so that you can place them in convenient
locations. Parts are readily accessible for service or quick replacement. All
components and assemblies are built to exact standards and subjected to
extensive quality checking. The system is designed to operate under normal
office conditions and requires minimum site preparation. You can easily
convert the system for international voltage and frequency requirements.
Advanced fan and motor designs provide effective cooling with minimum
noise.

The hardware components include the following:
M System enclosure
B System console (monitér, keyboard, and mouse)

B Mass storage enclosures

Printers (optional)

Technical Summary Hardware Packaging  9-1
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System Enclosure

The system enclosure contains seven slots to hold circuit boards. The proces-
sor is always installed in the seventh slot because this slot provides a higher
cooling capacity. The remaining six slots are used for the other system
boards. In systems that contain the Explorer processor, the memory board
and the system interface board are installed in slots that connect to the local
bus. In Explorer II, the other system boards may be installed in any slot
except the seventh.

The system enclosure opens from both the front and rear for easy access to
the boards and cables. Interlock switches remove power from the enclosure
whenever the front inner door or rear door is opened. The circuit boards are
easily accessible from the front and connect to the backplane through three
96-pin DIN connectors. The cables are accessible from the rear and connect
to the backplane through Peripheral Cable Adapter (PCA) boards. This
design allows you to remove system boards without unplugging cables. All
cable connections are neatly hidden inside the rear door.

A high-efficiency switching power supply is also accessible from the front and
plugs into the backplane. The power supply reports fan failure, over-
temperature, and power failure for data protection. Only conventional
120-volt ac, 15-ampere service is required, which reduces site preparation to
a minimum.

The cooling system provides a unique airflow design that takes in air from the
top of the enclosure and exhausts it at the bottom, minimizing dust intake
and annoying waist-high air movement. An air filter is located above the
board slots for easy cleaning. The fan is well-embedded in the enclosure with
extensive vibration-damping devices for low noise level.

The system enclosure is compact, weighing approximately 27.7 Kilograms (60
pounds) without boards installed and 38.5 kilograms (85 pounds) when full.
It measures 63.5 centimeters (25 inches) high, 33 centimeters (13 inches)
wide, and 45.7 centimeters (18 inches) deep, allowing it to fit under most
desks or tables.

An optional, larger system chassis is available as a special product. (A special
product is available under special terms and conditions.) This larger chassis
can contain up to sixteen boards driven by one NuBus board, or up to
twenty-one boards when driven by two NuBus boards.
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System Console The system console consists of the monitor, keyboard, and mouse. A fiber-
optic link connects the monitor to the system enclosure. Connections to the
keyboard and mouse are also routed through the fiber-optic link. The fiber-
optic link provides a flexible, lightweight cable connection that transfers data
at the rate of 68 megabits per second. Cables are provided in standard
lengths of 15.2 meters (50 feet) and optional lengths of 60.9 meters (200
feet). An optional plenum fiber optic cable is available in the 60.9 meters
length.

Monitor

The monitor houses the video display and contains
cable connectors for the keyboard and mouse as
well as a microphone and headset. The cable
connectors are located on the front of the monitor
base to eliminate long cables and minimize cable
clutter. The monitor also includes a built-in speaker
with volume control.

The 43-centimeter (17-inch) diagonal tube
mounted in landscape orientation provides a high-
resolution display with 1024 pixels horizontally and
808 pixels vertically. The video display is com-
pletely bit-mapped and uses a 60-hertz refresh rate
with a noninterlaced raster to minimize flicker.

The display is monochrome (black and white) with
simulated gray tones supported by software. The
software supports display of normal and reverse
video images. You can control both the brightness
and contrast of the images with controls on the
front of the monitor.

The monitor requires minimal desk space with a
39.6-centimeter (15.6-inch) by 31.2-centimeter
(12.3-inch) base. The advanced ergonomic monitor
stand has height, tilt, and swivel adjustment for a
comfortable view of the screen. The display screen
has a continuous height-adjustment range of 10.9
centimeters (4.3 inches), a continuous tilt range of
5 degrees forward and 20 degrees backward, and a
continuous swivel range of 360 degrees.

The monitor weighs approximately 18.1 kilograms
(40 pounds) and measures 39.8 centimeters (15.7
inches) high (at its lowest height adjustment), 43.9
centimeters (17.3 inches) wide, and 41.4 centi-
meters (16.2 inches) deep.
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Keyboard

The low-profile keyboard contains 111 keys,
including the standard alphanumeric keys, Lisp-
specific keys, a numeric pad, and cursor control
keys. The keyboard provides high-quality,
snap-action, tactile feedback and silent operation.
Software programmable features of the keyboard
include:

B Key-click option to provide audio feedback if
you desire.

B Auto-repeat option, which repeats the key
function when you continue to hold a key
down.

The keyboard is 3.5 centimeters (1.4 inches) high
at minimum tilt (5 degrees), 52 centimeters (20.5
inches) wide, and 20.3 centimeters (8 inches) deep.
You can adjust the slope anywhere between 35
degrees and 15 degrees for comfortable operation.
The keyboard is attached to the monitor with a
coiled cord, and stores under the monitor when not
in use.

Mouse

The mouse acts as a quick pointing device over the
full range of the video display. As you move the
mouse over a flat surface, a mouse cursor moves on
the video display. The mouse tracks motion at rates
up to 30 inches per second with a resolution of up
to 320 events per inch. The mouse is designed for
comfortable operation and has three buttons with
which you can invoke operations without having to
return your hand to the keyboard.
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Mass Storage
Enclosures

Three types of enclosures house mass storage devices separate from the main
system enclosure—the mass storage unit (MSU); the Trimline disk cabinet;
and the 1/2-inch tape enclosure. The MSU is designed for 5 1/4-inch form-
factor disks and tape drives, and the Trimline disk cabinet houses larger
capacity, half-rack SMD disks. Various combinations of these enclosures can
be configured on an Explorer system to provide the mix and capacity of
permanent data storage desired.

Each enclosure provides its own power supply. In addition, the MSU enclo-
sures also report overtemperature and power interruption conditions to the
system processor for data protection.

The MSU enclosures are designed to be stacked, either on top of the system
enclosure (up to two) or on a desk or table. The 1/2-inch tape enclosure is
cdesigned for table-top use, and the Trimline disk cabinet is a free-standing
enclosure that is typically placed on the floor next to the system enclosure.

5 1/4-inch Winchester Disks

Disk capacities start at 143 megabytes (unformat-
ted). The average access times are 27 milliseconds
or less, and the transfer rates are 5 megabits per
second or faster.

The disk drives use a voice-coil actuator for lower
power consumption and higher speed. The actuator
is automatically locked on power-down for shipping
and moving. Sealed disk wunits provide high
reliability with no preventive maintenance.

1/4-inch Cartridge Tapes

The cartridge tapes provide low-cost disk backup
and are the standard distribution medium for new
software releases and patches. Each network of the
Explorer systems requires at least one tape unit.
The 0.6-centimeter (1/4-inch) tape cartridges are
available in a 182.8-meter (600-foot) length with a
60-megabyte capacity. The tapes use the industry-
standard QIC-24 format, making them interchange-
able with other standard 60-megabyte tapes.

The tape drives provide 228-centimeter-per-second
(90-inch-per-second) streaming at a 90-kilobyte-
per-second transfer rate. Preventive maintenance
for the tape drives is limited to a simple periodic
head-cleaning procedure.
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SMD Disks

The SMD Winchester disks provide high capacity
and high performance for demanding applications.
The disks feature 516-megabyte (unformatted)
capacity with 18-millisecond access time and
15-megabits-per-second data transfer rate. The
SMD disks are installed in a Trimline cabinet, up to
two per cabinet.

1/2-inch Tape

The 1/2-inch tapes provide an interchange medium
for transporting data between the Explorer systems
and other types of computer systems, particularly
traditional mainframes. The 1/2-inch reels provide
up to 90-megabyte capacity in 3200 bits-per-inch
mode, or 45-megabyte capacity in 1600 bits-per-
inch mode. Internal caching optimizes performance
on the Explorer systems to allow 100-inch-per-
second streaming tape speed.

Technical Summary
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Printers Several Printer options are available for Explorer systems. Printers can oper-
ate from either the serial port or the Centronics-compatible parallel printer
port on the system interface board. You can attach a printer locally to your
system, or you can direct output to a print-server station over a local area
network (LAN). Printers currently supported by the Explorer systems include
the following:

B Model 855 Printer
B Omnilaser™ 2015 Page Printer
W OmniLaser 2108/2115 Page Printer (with PostScript®)

These printers provide output for text files, graphics objects, and video
display images.

Additional printers are also supported; for details, contact your customer
representative.

Model 855 Printer
The Model 855 Printer is a dot-matrix impact
printer. Standard features include the following:

M Interchangeable font modules with choice of
pitch and true descenders

H Bidirectional printing up to 150 characters per
second

M Variable resolution up to 56.7 dots per inch
(144 dots per inch)

B Mosaic graphics for borders, bar graphs, and
patterns

B Raster graphics for pictures, graphs, and charts
M Friction paper feed

B 256-character buffer

Optional features include an adjustable-width
tractor-drive assembly, paper-stacking tray for far-

fold paper, paper-roll holder, and a 4000-character
buffer.

9-8 Hardware Packaging Technical Summary



OmniLaser 2015 Page Printer

The Omnilaser 2015 Page Printer is a second-
generation laser printer designed for high duty-
cycle, long-life use. Standard features include the
following:

m Standard Courier, 10, 12, and 16.7 pitch fonts,
plus optional plug-in font cartridges or down-
loaded fonts.

B Print speed up to 15 pages per minute

M 300x300 dots-per-inch resolution for graphics
and screen dump outputs

m  Standard RS-232C serial or Centronics parallel
interface

M  Emulation of TI 855 and other printers
H 512K memory

W Capacity to handle a variety of papers and
forms with 500-sheet input/output capacity

B Quiet operation and user maintainability

OmniLaser 2108 and 2115 Page Printers

The Omnilaser 2108 and 2115 Page Printers are
similar to the Omnilaser 2015, but include Post-
Script support. In addition to the features of the
OmniLaser 2015, standard features of the
OmniLaser 2108 and 2115 include the following:

M Standard Courier, Helvetica, Times Roman,
and Symbol fonts on board plus plug-in
cartridge fonts or downloaded fonts

B Font scaling under PostScript control

B Print speed up to 8 pages per minute
(OmniLaser 2108) or up to 15 pages per
minute (OmniLaser 2115)

B 2-megabyte memory (OmniLaser 2108) or
3-megabyte memory (OmniLaser 2115)

B 250-sheet input/output capacity (OmniLaser
2108) or 500-sheet capacity (OmniLaser 2115)

B Professional graphics and page layout capabili-
ties with PostScript support (serial interface
recommended for interactive development).
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HARDWARE SPECIFICATIONS

Hardware Dual bus structure:
System
Architecture NuBus

Local bus

Input/output:

SCsSI

MSC

CCB

Fiber-optic

Serial:

Parallel

LAN

32-bit general-purpose, multiprocessor bus
37.5-megabyte-per-second maximum bandwidth

32-bit single-master, high-speed memory access port

Industry-standard SCSI peripheral bus
1.5-megabyte-per-second maximum transfer rate
MC68000 microprocessor-based controller

SMD disk interface, up to 3 megabytes-per-second

Asynchronous SCSI I/O, up to 1.5 megabytes-per-
second

Synchronous SCSI I/0, up to 4 megabytes-per-second

8-channel RS-232C asynchronous serial 1/0
up to 19.2 kilobits-per-second

Synchronous serial I/O up to 56 kilobits-per-
second

68-megapixel-per-second transfer to display
Dual 50-micron fiber-optic cable
Also carries keyboard, mouse, and sound

RS-232C synchronous and asynchronous
communications to 19.2K baud

Centronics-compatible parallel printer port

10-megabit-per-second Ethernet option

Technical Summary
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Explorer Full 32-bit microprogrammed CPU
Processor 16K-word writable control store (56-bit microinstruction word)
7-MHz microinstruction cycle
4K-byte stack cache
128-megabyte virtual address space
High-speed, demand-paged memory mapping hardware
1K-byte page size
Microcode:
Device handling
Virtual memory management
Storage allocation and garbage collection
Lisp data object support
Lisp language kernel plus other functions
Graphics routines

Explorer 11 32-bit microprogrammed Explorer Lisp microprocessor
Processor 32K-word writable control store (63-bit microinstruction word)
4K-byte stack cache
128K-byte two-way set-associative cache memory
128-megabyte virtual address space
High-speed, demand-paged memory mapping hardware
Autotransport logic to follow tagged pointers in memory
1K-byte page size
Mic¢rocode:
Device handling
Virtual memory management
Storage allocation and garbage collection
Lisp data object support
Lisp language kernel plus other functions
Graphics routines

Explorer Main 4- and 8-megabyte boards (on local bus), up to 16 megabytes per system
Memory Leds than 300-nanosecond access time; 800-nanosecond cycle time
NuBus block (up to 16 words) transfers fully supported
Byte parity error detection

NuBus non-block transfers: 400-nanosecond read cycle time
300-nanosecond write cycle time
NuBus block transfers: 300-nanosecond/word read and

200-nanosecond/word write cycle times following the first cycle
Byte parity error detection

Explorer I1 8-, 16- and 32-megabyte boards providing up to the full 128-megabyte
Main Memory virtual address space on NuBus (up to 4 memory boards per

system)

NuBus non-block transfers: 500-nanosecond read cycle time

300-nanosecond write cycle time
NuBus block transfers: 100-nanosecond/word cycle times following the
first cycle for both reads and writes
EDAC logic that corrects single-bit errors, detects double-bit errors
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Explorer LX
Processor

68020 microprocessor, operating at 16.7 MHz

68881 floating-point coprocessor operating at 16.7 MHz

68851 paged-memory management unit

Virtual memory, addressable to 4 gigabytes

16-kilobyte cache memory for logical address, data, and instructions

Main memory: 2 megabytes of error-correcting DRAM with an
optional 2 megabytes of DRAM in a piggy-back board

Three timers for a real-time clock, interval timing, and time accounting

NVRAM for system configuration support

ROM for board information and self-test

Odyssey
Coprocessor

Four TMS32020 processor modules:
TMS32020 processor (200-nanosecond instruction cycle time)
64K x 16-bit words of DRAM for data memory
8K x 16-bit words of high-speed static RAM for program memory
Control logic to access the Odyssey internal bus
NuBus interface controller with 8K x 16-bit words of program memory
and 2K x 16-bit words of program ROM
Internal bus that is a modified NuBus
Communication/control module for a two-way data path to the NuBus

Mass Storage

Small form-factor mass storage unit (MSU):
Enclosure that holds two 5 1/4-inch devices
Up to four enclosures connected via one SCSI bus
SCSI transfers that average 1 megabyte-per-second

5 1/4-inch Winchester disks:
143-megabyte unformatted, 112-megabyte formatted capacity per
drive
27-millisecond average seek time
S-megabit-per-second transfer rate

182-megabyte unformatted, 155-megabyte formatted capacity per
drive

19-millisecond average seek time

10-megabit-per-second transfer rate

Cartridge tapes:
1/4-inch cartridge tape
60-megabyte cartridge tape capacity
Streaming capability at 228.6 centimeters (90 inches) per second
90K-byte-per-second transfer rate

1/2-inch reel tapes:
Table-top unit that connects to SCSI bus
3200 BPI (90MB) and 1600 BPI (45MB) modes
Streams of 100 inches-per-second in 1600 BPI mode
160K-byte-per-second drive transfer rate
1M-byte-per-second SCSI transfer rate

SMD disks:
Up to two SMD disks per Trimline disk cabinet
516-megabyte unformatted, 440-megabyte formatted capacity per drive
18-millisecond average seek time
15 megabit-per-second transfer rate

Technical Summary
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Monitor

43.2:centimeter (17-inch) diagonal monitor mounted in landscape
orientation

60-hertz refresh, noninterlaced raster

Monochrome display

Single-plane, 1024-by-1024-pixel bit map with 1024 by 808 pixels
displayed

Ergonomic tilt, height, and swivel adjustment

Less than 300-nanosecond bit map access and cycle time

Read-modify-write with logical operations i1 a single cycle

Currently supported cable lengths of 15.2 and 60.9 meters (50
and 200 feet)

Keyboard

111 keys, including Lisp-specific and cursor-control keys

Ergonomic, low-profile design with continuous precision tilt between 5 and
15 degrees

High-quality tactile snap-action key switches with selectable audio
feedback

Flexible coiled cord that connects directly to the front of the monitor

Mouse

Padless mouse with new anti-static mechanical tracking and optical encoding
for high reliability

320-events-per-inch resolution, 30-inch-per-second tracking

Ergonomically designed case with three buttons

Cable that connects directly to the front of the monitor

Miscellaneous
Features

Battery-powered time and date clock

2K-byte nonvolatile RAM

Efficient 675-watt system power supply
Overtemperature warning and protection feature

Size and Weight

System enclosure — 63.5 centimeters (25 inches) high, 33 centimeters (13
inches) wide, 45.7 centimeters (18 inches) deep; 27.2 kilograms (60
pounds)

Mass storage enclosure — 13.2 centimeters (5.2 inches) high, 33
centimeters (13 inches) wide, 38.6 centimeters (15.2 inches) deep;14.9
kilograms (33 pounds)

1/2-inch Tape — 241 centimeters (9.5 inches) high; 508 centimeters (20
inches) wide; 699 centimeters (27.5 inches) deep; 41 kilograms (90
pounds)

Trimline disk cabinet — 747 centimeters (29.4 inches) high; 273
centimeters (10.73 inches) wide; 819 centimeters (32.25 inches) deep;
91 kilograms (201 pounds) one disk; 131 kilograms (288 pounds) two
disks

Monitor — 39.8 centimeters (15.7 inches) high, 43.9 centimeters (17.3
inches) wide, 41 centimeters (16.2 inches) deep; 18.1 kilograms (40
pounds) )

Keyboard — 3.5 centimeters (1.4 inches) high, 52 centimeters
(20.5 inches) wide, 20.3 centimeters (8 inches) deep
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Environmental
Specifications

Meets FCC level A, VDE level A, UL-478, IEC 380, 435, and CSA 22.2
No. 134 standards

Operating temperature range — 10 to 35 degrees Celsius (50 to 95 degrees
Fahrenheit)

Noise level — 50 dBA SPL for each enclosure

Input voltage range — 102 to 132, 187 to 264 Vac

Operating power requirements (47 to 63 hertz;
with a 1/2-inch tape drive, 49 to 61 hertz)

120 Vac 220 Vac 240 Vac
System enclosure 12. amps 6.5 amps 6.0 amps
Mass storage enclosure 2.0 amps 1.0 amp 1.0 amp
1/2-inch tape 1.7 amps .85 amps .85 amps
Trimline disk cabinet (2 disks) 8.0 amps 4.6 amps 4.6 amps
Monitor enclosure 1.7 amps 0.9 amps 0.9 amps
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ACRONYMS

Al
ARP
CCB
CPU
DMA
DRAM
DSP
EDAC
FTP
1/0

1P

IPC
KE
LAN
LED
MSC
MSU
NFS
NLMenu
NUPI
PC Plus
PCA
RAM
REST
ROM
RPC
RTMS
SCSI
SDMA
SMD
SNA
TCP
UCL
VDT
VLSI
VMA
XDR

artificial intelligence

Address Resolution Protocol
communications carrier board
central processing unit

direct memory access

dynamic random-access memory
digital signal processing

error detection and correction
File Transfer Protocol
input/output

Internet Protocol

Interprocess Communication
knowledge engineer

local area network
light-emitting diode

mass storage controller

mass storage unit

Network File Server

Natural Language Menu

NuBus Peripheral Interface
Personal Consultant Plus
peripheral cable adapter
random access memory
rule-based expert system tool for TI Prolog
read-only memory

Remote Procedure Call
Relational Table Management System
small computer system interface
shared direct memory access
storage module drive

System Network Architecture
Transmission Control Protocol
Universal Command Loop
video display terminal

very large-scale integration
virtual memory address
External Data Representation
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