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Disclaimer of Warranties and Limitation of Liabilities

The staff of Wang Laboratories, Inc., has taken due care in preparing this manual. However,
nothing contained herein modifies or alters in any way the standard terms and conditions of the
Wang purchase, lease, or license agreement by which the product was acquired, nor increases in
any way Wang’s liability to the customer. In no event shall Wang or its subsidiaries be liable for
incidental or consequential damages in connection with or arising from the use of the product,
the accompanying manual, or any related materials.

Software Notice

All Wang Program Products (software) are licensed to customers in accordance with the terms
and conditions of the Wang Standard Software License. No title or ownership of Wang software
is transferred, and any use of the software beyond the terms of the aforesaid license, without the
written authorization of Wang, is prohibited.

Warning

This equipment generates, uses, and can radiate radio frequency energy and, if not installed and
used in accordance with the instructions manual, may cause interference to radio communica-
tions. It has been tested and found to comply with the limits for a Class A computing device, pur-
suant to Subpart J of Part 15 of FCC rules, which are designed to provide reasonable protection
against such interference when operated in a commercial environment. Operation of this equip-
ment in a residential area is likely to cause interference, in which case the user, at his own ex-
pense, will be required to take whatever measures may be required to correct the interference.
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PREFACE

This manual introduces the Wang CS. It describes the features of the
basic system and its nominal components: the Central Processing Unit
(CPU), an interactive D-type terminal such as the 2436DE Interactive
Terminal with business—-graphics capabilities, and the diskette drive.
Master initializing the system, configuring the system (partition
generation), backing up the system platter, executing the user
diagnostics, and performing routine maintenance procedures are also
discussed.

This manual should be used in conjunction with the following
documentation supplied with every system.

e Multiuser BASIC-2 Language Reference Manual(700-4080) -
describes the system's operational features., documents the set of
system commands, and describes each statement in the BASIC-2
instruction set.

e BASIC-2 Utilities Reference Manual(700-6855) - describes the
utilities provided with the BASIC-2 Operating System. It includes
specifications for the utilities as well as installation and
operating instructions.

e Programming in BASIC(700-3231) - introduces the beginner to
BASIC programming and the utilization of peripherals that are
frequently used with the CS series of computers.

Additionally, a separate reference manual is provided for each
optional peripheral device attached to the system.

vii






CHAPTER 1
INTRODUCTION

SYSTEM OVERVIEW

The Wang CS is a versatile, disk-based computer system that
concurrently supports multiple users programming in the Wang BASIC-2
language. As many as 16 terminals can run up to 16 jobs with the same
response time as a single-user interactive system. The following
components constitute a basic CS system.

e A CS CPU with 128K or 512K bytes of user memory
e A disk system, DS or 2275

e One to sixteen Model 2436-type terminals with business-graphics
capabilities

The CS also provides multiprogramming (a feature usually available
only on larger systems), yet is as easy to use as small single-user
systems. The operating system executes several programs concurrently
because several users share a single CPU. A terminal can control more
than one program, allowing foreground (interactive) and background
(noninteractive) processing. Global (reentrant) programs and
variables can be shared by users, greatly reducing the memory required
to perform multiuser applications. The system overlaps processing and
I/0 to efficiently use the memory and peripherals that support a
variety of applications.

The system is simple to program and operate by using BASIC-2, a
variety of powerful system commands, and application software
available from Wang and other vendors. Since the user at each
terminal may access all system resources directly from the keyboard,
no special personnel is required to oversee system operation. This
direct access saves programming, job turnaround, and operating time.
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The modular design of the system is economical and permits easy
expansion and physical relocation of the system’'s components.
Connections between the CPU and each terminal can be either local or
remote (RS-232-C/CCITTV.24), allowing the system to be adapted to a
wide variety of applications and configurations. Each terminal
supports a local printer.

Allocation (configuration) of system resources can be redefined as
needed by the primary system operator. When security requirements
exist, the CS lets you selectively restrict access to the system's
resources.

The features of this system are discussed in greater detail in the
Multiuser BASIC-2 Language Reference Manual.

Typical System Configuration

A CS may be configured with a variety of peripheral devices and
options. A typical system might include a CPU with 512K bytes of user
memory, three Model 2436-type terminals for interactive communication
with the CPU, a DS Diskette Drive unit for system interfacing,
software loading, for program and data storage, and a Model PM017 Line
Printer for hardcopy output.

Each unit is attractively designed for easy integration into the
office environment. See Figure 1-1 for an illustration of a typical
configuration.

PMO17
[' 1 Printer
T2t CS
DI e, M ERY CPU
2436DE G 2436DE
Terminat 2236 MXE ] Terminal
Disk Controller
... Triple Controlier <
PMO17
Printer gtsozagt:
Cabinet

Figure 1-1. Typical CS Configuration
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System Memory

The CS utilizes two distinct types of memory: control memory for
system needs, and user memory for user programs and data. Control
memory contains the operating system, Multiuser BASIC-2 interpreter,
and other system data; it is inaccessible to the user or the user's
programs and data. User memory contains user programs and data, as
well as some system control information. The size of the user memory,
which can be 128K bytes or 512K bytes, determines the "size" of the
particular CS.

User memory is organized into banks. Bank 1 contains 61K of user
memory, while Banks 2 through 8 contain 56K bytes each of user

memory. User memory in each bank is distinct from memory in any other
bank, and programs and data in one bank are not generally accessible
to programs and data in another bank. However, the first 5K bytes of
available memory in Bank 1 constitute a universal global area;
programs stored in this area of memory can be accessed by any other
program in the system.

User memory can be divided into as many as 16 separate partitions,
each of which can be used for a separate program. A global partition,
however, contains programs accessible to several or all users on the
system. Up to 16 terminals can concurrently access the memory
partitions. BEach partition is assigned to either one terminal on the
system or to the null terminal during configuration of the system by
the operator. However, each partition is controlled by only one
terminal at any time, giving each user essentially a standalone
system. Each terminal may control more than one partition
simultaneously, and ownership of these partitions can be changed
during system operation without reconfiguration. See Chapter 3 for
information on partitioning and terminal assignment.

The System Platter

The operating system, Multiuser BASIC-2 interpreter, system utilities,
and other system programs are provided on two system diskettes. The
files on these diskettes may be "installed" onto a single system
platter. When the system is master initialized, the operating system
and interpreter are loaded from one system platter into the control
memory. The system diskettes shipped with each CS also contain a
variety of hardware diagnostic routines as well as a utility program
to generate, execute, and save system configurations.

Caution: Because they contain so much configuration information, the
system platters must be handled with extreme care. Make a backup copy
at the earliest opportunity to protect against accidental loss or
destruction.
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Chapter 3 describes how to load the operating system and the Partition
Generator utility from the system platter. Suggested procedures for
creating a backup copy of the system platter are also covered in
Chapter 3. Chapter S discusses the procedure for loading and
executing the diagnostic routines from the system platter.

BASIC-2 Lanquage Features

The Wang CS, running either Multiuser BASIC-2 or VP BASIC-2, supports
the BASIC-2 language, whose powerful and flexible capabilities provide
a wide range of applications. Multiuser BASIC-2 is compatible with
earlier versions of Wang BASIC-2, so all Wang software previously
developed for 2200 series systems can be run on a CS.

Multiuser BASIC-2 contains instructions for data testing,
manipulation, and logical operations at the bit and byte levels,
comparable in scope to those of many assembler languages. Many data
operation statements can support both numeric and alphanumeric
expressions and can operate on all or part of alphanumeric arrays.
thereby enhancing the system's data-handling capability.

System commands give the operator complete control over system
operations from the keyboard and also serve as powerful debugging
tools. Statements exist to facilitate common programming tasks such
as decision-making, branching, looping, passing data to subroutines,
overlaying program modules, and accepting and processing
operator-entered data. A variety of instructions are provided for
controlling disks and plotters and for formatting output to the
printer and CRT displays. Several groups of special-purpose
statements perform operations such as code conversion, sorting, matrix
arithmetic, and customized I/0 control. Additionally, in Multiuser
BASIC-2, a number of statements are implemented to support
interpartition sharing of programs and variables, temporary control of
shared devices by one partition, specification of multiuser
system-configuration parameters, and other multiprogramming features.

Nunmeric operations are carried to 13 digits of accuracy for most
operations. The user may specify whether results are to be rounded or
truncated at 13 digits. When full precision is not required, numeric
data can be packed from eight bytes to as few as one byte.
Trigonometric arguments can be specified in degrees, radians, or
gradians.

Multiuser BASIC-2 supports numeric variables and alphanumeric string
variables (both scalar and array). The maximum number of elements in
one—dimensional arrays is 65,535, and 255 by 255 in two-dimensional
arrays. Each alphanumeric array element or alpha-scalar-variable can
be from 1 to 124 bytes in length. Alphanumeric arrays can be used in
data manipulation statements as scalar variables (element boundaries
are ignored), providing a convenient technique for manipulating
extremely long character strings.
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The Operating System

The CS runs Multiuser BASIC-2, which supports up to 16 concurrent
programs.

The CS can also execute VP BASIC-2 previously used by the 2200VP and
2200SVP systems. BASIC-2, which configures the CS as a single-user,
one partition system, is generally more restrictive than Multiuser
BASIC-2 and therefore, is not normally used with the CS.

The general instruction set for the CS is discussed in the Multiuser
BASIC-2 Language Reference Manual. Instructions used to control all
other I/0 devices are described in the reference manual for the
particular device.

Interactive Terminals

The 2436D-type terminals let each user easily control and communicate
with the system. The terminal consists of a 24-line by
80-character-per-line, Cathode Ray Tube (CRT) screen and displays a
full 128-character set. Its keyboard contains a 10-key numeric keypad
and 34 user-definable function keys. Up to 16 2436D-type terminals
can be configured with the CS CPU.

The Model 2436DE and 2436DW Terminals are capable of both box and
character graphics and can display bright, blinking, underlined, and
reverse video (dark characters on a light background) characters.
Special features of the Model 2436D-type Terminal also include an
audio signal to indicate a variety of error conditions, repeating
keys, and the capacity to support a screen dump to its own local
printer. The features of the Model 2436DE and 2436DW Terminals are
detailed in Chapter 2.

System Expansion

Because of the CS modular design, it is easy to add memory and
peripheral devices. The CPU supports up to 512K bytes of user
memory. The CPU can be configured with up to 16 terminals, several
disk models, high~speed printers (up to 600 lines per minute), and
industry-compatible, 9-track magnetic tape. Appendix C contains a
list of peripheral devices that can be added to the system.

The CS also supports telecommunications. This option allows the
system to share information, either locally or remotely, over phone
lines and modems, with another Wang system or a host computer.
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ENVIRONMENTAL CONSIDERATIONS

Although the CS is designed to operate in most office environments,
the environment should be designed to encourage optimal system
performance. An ideal environment is one in which the temperature and
humidity are controlled and airborne contaminants are minimal. The AC
power source should be grounded, adequate for present and proposed
system needs, regulated, and noise free. The room should have space
for future expansion and be easily accessible to operating personnel,
yet sufficiently removed from the main traffic flow to permit the
system to operate smoothly. See Appendix D for further information.

UNPACKING, INSPECTION, AND INSTALLATION

Special factory packing techniques require that the CS be unpacked,
inspected, and installed by a Wang service representative. When the
system arrives, call the Wang Customer Engineering Office and request
that this service be performed. Failure to follow this procedure
voids the warranty.

The Wang service representative checks to see that all equipment has
been delivered, inspects each unit for shipping damage, connects each
device in the system and performs tests to verify the proper operation
of all system components.

If modems and telephone lines are going to be used, this equipment
should be installed before the Wang equipment is delivered. The Wang
service representative connects the Wang equipment to the modems. The
modem vendor or phone company, however, must connect all modems to the
proper transmission lines.
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CHAPTER 2
SYSTEM COMPONENTS

THE CENTRAL PROCESSING UNIT

The CS Central Processing Unit contains the processor, interpreter,
memory, and system logic necessary to resolve and execute programs,
perform arithmetic operations, and control the input and output of
data. The minimal CS CPU contains 128K bytes (1K = 1024 bytes) of
user memory and nine I/0 slots. (Controller boards for peripheral
devices are plugged into the I/O slots.) User memory can be expanded
to a maximum of 512K bytes.

Data memory is divided into 64K byte banks. The hardware maps the
first 8K addresses in each bank onto the first bank. 1In this shared
8K byte area, 3K bytes of control information are stored. 1In the
remaining SK bytes, the user may create one or more partitions that
have the special property of being accessible to all banks.
Partitions created in the remaining 56K bytes of each bank may share
data and program text within their bank, but are isolated from
partitions in the other seven banks.

The CPU and operating system employ many techniques to maintain
optimum memory integrity and efficiency. The CS provides overlapped
I/0 and program execution, significantly shortening the overall
processing time of foreground (interactive) and background
(noninteractive) jobs. All programs are stored in a condensed form to
save memory. Multistatement lines can also be used to conserve
memory, speed program execution, and logically group related
statements.

Programmable device selection allows increased flexibility for I/0
operations. One user can monopolize the devices allocated to all
users during system configuration to secure exclusive access to those
devices. (Refer to the Multiuser BASIC-2 Language Reference Manual
for further information.)
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System diagnostics automatically verify proper CPU operation whenever
the system is master initialized. Additionally, hardware and software
errors detected during any system operation are signalled by an
audible tone and a code identifying the error and its approximate
position. System response to many types of errors can be suppressed
if handling errors through program control is preferred. Debugging
facilities provide complete program, variable, and subroutine
cross-reference listings and allow the programmer to step through the
execution of a program one statement at a time, observing variable
assignments and program transfers as they occur. The programmer can
also interactively edit program lines, immediate mode lines, and input
date values both during and after entry.

I/0 Controllers

The standard CS CPU has nine I/0 controller slots, each of which holds
an I/0 controller board used to manage one or more peripheral

devices. Some controllers possess front-end intelligence, which
allows the controller to perform I/0 processing and CPU processing
concurrently.

The controller for every peripheral device attached to the CPU is
identified by a unique device address consisting of three hexadecimal
digits. The first digit of the device address is used by the
operating system to identify what type of I/O routines are to be used
to control the device. The second and third digits of the address
represent the hardware address set on the controller, which is used by
the system to electronically identify that device when information is
to be transmitted to or from it. A printer attached to the CPU is
normally addressed 215, and plotters are normally addressed 413 or Cl3.

The 2236MXE Terminal Processor requires one I/0 slot and can support
up to four 2436D-type terminals. Unlike the device addresses set on
most peripheral processors, the physical device address set on the
2236MXE Terminal Processor is not used to access the terminals.
Instead, the program address of all CRTs, keyboards, and local
printers is the same for all terminals on the system. The operating
system automatically translates the program addresses into the
appropriate physical address for the processor port being utilized.
Thus, each program in each partition addresses its terminal and local
printer as if they were the only ones on the system. The last two
digits of the device address of the CRT are always 05. The device
address of the keyboard is always 001. The last two digits of the
device address of a local printer (i.e., a printer directly attached
to a terminal) are always 04.

If a single disk unit is the only one on the system, the fixed drive
normally has address D11, while the removable drive has address D10.
The procedures for addressing a disk, when more than one drive unit is
contained in the system, are discussed in the Multiuser BASIC-2
Language Reference Manual.
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Each 2436D-type terminal is connected to a 2236MXE Terminal Processor
or a 22C32 Triple Controller that controls data input and output at
the terminals. Hardcopy printout to a local printer can be created
concurrently with CRT displays at each terminal. The terminal
processor and triple controller collect keystrokes into lines of text
and buffer the CRT and local printer output to contend with the speed
discrepancies between the asynchronous line, the CRIs, and local
printers. Buffering allows the CPU to be more fully devoted to the
execution of programs than would be possible if it had to pause
frequently to test the ready status of I/0 devices.

Line handling between the CPU and each terminal is asynchronous and
full-duplex. Since the 2436D-type terminals and the Model 2236MXE
Terminal Processors are RS-232-C/CCITTV.24 compatible, both local and
long-distance terminal placement are possible. Local terminals can be
placed up to 2,000 feet away from the CS CPU, while unlimited distance
is available for remote terminals using telephone lines and modems.

Any combination of local, extended-local, and remote connection may be
used. However, the terminal connected to 2236MXE Port 1 should reside
in the same area as the CPU because it acts as the system console for
master initialization when the system is turned on and for the
reporting and correction of system errors. Allowable configurations
of the terminals relative to the CPU and 2236MXE processor are as
follows.

Local - For distances up to 25 feet (7.6 meters), transmission rates
of 19.2K baud are available with a direct four-wire connection using a
Wang-supplied cable. (This is the standard configuration.)

Extended Local - For distances from 25 feet (7.6 meters) to 2000
feet (610 meters), optional Wang-supplied cables provide direct
extended-local connection at speeds of 19.2K baud. These cables are
available in lengths up to 2000 feet (610 meters).

Remote - For distances greater than 2000 feet (610 meters). two
asynchronous, full-duplex, RS-232-C compatible modems, operating at
the same baud rate, and suitable transmission lines must be used to
provide the communications link. One modem is plugged into the
terminal and the other is plugged into the terminal processor. The
following two types of remote configurations are possible, depending
upon the distances involved.

Distances up to 5 miles (8 kilometers) — Short-haul modems using
private, voice—-grade lines with a four-wire connection between
modems may be employed.

Distances exceeding 5 miles (8 kilometers) - Private (dedicated)
or switched (dial-up), voice-grade telephone lines provide the
connection between telecommunication modems. The modem selected
determines whether these lines must be two-wire or four-wire.
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Memory

Line speeds ranging from a minimum of 300 to a maximum of 19.2K baud
may be selected (19.2K baud equals about 1900 characters per second).
Baud rates of 300, 600, 1200, 2400, 4800, 9600, and 19,200 are
supported. The Model 2236MXE Terminal Processor and the 2436D~type
terminal each have a set of switches for setting the transmission
speed. Both the Model 2236 MXE Terminal Processor and the terminal
connected to it must be set at the same baud rate. The transmission
character format is 11 bit (1 stop + 8 data + odd parity + 1 stop
bit). Special cables for modem connections of Wang equipment are
required; they are available in 12-foot (3.7-meter), 25-foot
{(7.6-meter), and 50-foot (15-2-meter) lengths. Modems must also be
set at the same baud rate as the terminal and terminal processor.

Partitions

Multiuser BASIC-2 supports multiuser operations utilizing a
fixed-partition memory approach. In the first bank of user memory,
approximately 3K bytes of memory are required for system owerhead. In
each subsequent bank, 8K bytes of memory are required. Thus, a
512K-byte CS contains 453K bytes of memory available for partitions.
This memory can be divided into a maximum of 16 partitions. Each
partition's size is specified in 256-byte (0.25K-byte) increments,
with a minimum partition size of 1.25K bytes required and a maximum
size consisting of the remaining available memory in any one bank.
However, no partition may be specified that contains memory from more
than one bank. Approximately 8K bytes are needed in each partition
for overhead, leaving the remaining memory available for user programs
and data.

The system configuration (i.e., number and sizes of partitions, the
terminals and peripherals attached to each partition, etc.) is defined
by a procedure called partition generation. The allocation of system
resources (system configuration) can be changed whenever necessary by
the primary system operator. Since a number of different system
configurations can be generated, named, and stored on the system disk,
partition generation can be made similar to loading a program and can
even be performed automatically. The process of system configuration
and the parameters which can be modified by the user during system
configuration (i.e., background/foreground partitions, disabled
programming mode, bootstrap programs, etc.) is described in Chapter 3.

Each user has a distinct memory area or partition for program and
variable storage. There is, however, only one central processor. The
central processor executes the program in each partition sequentially
in a round-robin fashion. By bypassing inactive partitions,
overlapping I/0 with CPU processing, and switching between users
frequently, the system assures good response time for each user. This
interleaving of the execution of the programs in the system causes the
user programs to appear to be executing simultaneously, creating the
appearance of a single-user system for each user.
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The CS partitioning scheme imposes some programming constraints on
system users because timing considerations of the operating system
must be considered. Unbuffered, time-dependent software and
associated devices cannot be used with the operating system., For a
discussion of programming considerations and BASIC-2 language
enhancements for multiprogramming, refer to the Multiuser BASIC-2
Language Reference Manual. If time dependency is required, the CS
can use the VP BASIC-2. The same hardware, at different times.
supports both systems.

The system supports up to 16 partitions, and 16 terminals at the same
time. A single terminal can also control more than one partition.
Partitions that are currently attached to a terminal (running an
interactive job, for example) are said to be running in the
foreground. Those partitions that are not currently attached to a
terminal (running noninteractive jobs, for example) are said to be
running in the background.

A terminal that controls several partitions can be switched from one
partition to the next to initiate program execution and to permit
necessary user/program interaction. When a program running in a
background partition attempts to communicate with a shared terminal
but the terminal is attached to another partition, program execution
is suspended until the terminal is released by the current partition.
A terminal can be released to a specific partition or made available
to any waiting partition either by the operator or under program
control. For each partition, only the terminal assigned to the
partition can list the program in the partition, release the terminal
to that partition, or modify the program executing in the partition.
A partition assigned to the null terminal, however, can be attached to
any terminal upon request. Partitions may be assigned to the null
terminal at any time during system operation.

Each partition functions independently of the others in a manner
similar to a separate, single—user system. However, any partition may
declare itself global, making its subroutines and specially labeled
global variables accessible to other partitions within its bank.

Since BASIC-2 program text in a global partition is re-entrant two or
more partitions may simultaneously execute the same statement in a
shared subroutine. Global variables can be interrogated and modified
by several users, providing a convenient mechanism for interpartition
communication. (Note that although other partitions can access and
modify global variables, they cannot modify global programs.) In many
cases, the special features of global partitions also speed throughout
and allow several users to concurrently process several related
applications at each of the terminal sites. This concurrent
processing allows users to share the application programs, eliminating
the necessity of duplicating those programs. Refer to the Multiuser
BASIC-2 Language Reference Manual for a detailed discussion of global
programming capabilities.
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Programming and immediate mode operations can be inhibited for any
partition(s). In the Disabled Programming mode, the operator is
limited to BASIC-2 software, preventing inadvertent or unauthorized
use of certain data files and programs. The operator can only load
and execute a program called START, which can provide a menu of
operations that can be performed and cause other software to be loaded.

TERMINALS

A variety of 2200 interactive terminals and terminal emulations may be
used with the Wang CS. The interactive terminal is your principal
means of communicating with the CS. The different terminals have
different physical characteristics but offer similar functionality.

The terminals that may be attached to the CS include: 2236, 2336,
2436, and the 2436WP. There are 2200 terminal emulations that may be
run on different personal computers.

KEYBOARDS

The 2236 is a single unit made up of the CRT and keyboard. The 2336
and 2436 models offer detached keyboards. Three different keyboards
are available: DE, DW and expanded DW. Refer to the 2436 Series
Interactive Terminal User’s Manual (715-0739) for more information on
the 2436D-Type Interactive Terminal.

The DE-style keyboard was designed primarily to support data entry.
It consists of a typewriter-style keypad along with a numeric keypad.
In addition, certain BASIC-2 keywords are supported with single
keystrokes. Additionally, the function keys are labelled to support
the built-in edit functions.

The DW-style keyboard was designed to support word processing in
addition to the data entry function. The the DW-style keyboard offers
the typewriter keypad, the numeric keypad, as well as a cursor control
pad. The cursor control pad allows you to move the cursor up, down,
left, and right. 1In addition, single key screen scrolling
(previous/next screen) and editing (insertion and deletion of text)
are offered. Additionally, the function keys are labelled to support
word processing functions such as INDENT, PAGE, CENTER, and etc.

The expanded DW keyboard offers the standard DW features with some
additional keys that are used to support foreign character sets.
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The 2436WP is a multi-tasking standalone word processor that offers
the added functionality of 2200 Terminal Emulation. It provides local
word processing, printing, forms, and merge print capabilities., When
connected to a Wang 2200 minicomputer system, it becomes a remote
terminal with the same basic functionality as a Wang 2235DE/DW
terminal. A file transfer and archive system is provided to allow
2436 documents to be stored in an archive file on the 2200 system. A
complete description and set of instructions are included with the
2436WP Terminal Workstation.

Additional 2200 terminal emulators, available through Wang and other
vendors, allow a Wang PC, as well as IBM and IBM clones, to act as a
2200 terminal.

DISK UNITS

The principle disk unit for the Wang CS is the Wang DS Data Storage
Cabinet that offers a wide range of storage and backup capabilities.
In addition, all the current 2200 disk peripherals may be used with
the Wang CS. The list of available units include: the Model 2260 and
22702 Series Disk Drives, the Model 2275 Disk Drive, the Model 2280
Disk Drive.

These drives offer various amounts of storage on combinations of
floppy drives and fixed/removable hard drives (e.g. Winchester
drives). The disk units are divided into platters. A platter is made
up of a number of sectors and may contain up to 16 MB of storage
depending upon the disk model.

Up to three disk units may be attached to any one CPU. This includes
a DS, a 2275, or pairs of 2280. 1In addition to those three units,
other 2260 and 2270 disk drives may be attached. The disk unit may
also contain up to 32 disk platters.

Some disk units may be "shared" by more than one CS or 2200 via a Disk
Multiplexer. The Models DS, 2280, and 2275 may be shared by up to a
total of 16 CPUs via the 2275MUX and 227SMUXE controllers.

Multiuser BASIC-2 provides the user with a number of statements that
are designed to allow the user to store and retrieve data and programs
on any of the disk units available.

PRINTERS

The Model CS may utilize any Wang 2200 printer as a hardcopy output
device. The 2200 printers and some Wang PC printers are configured as
system printers and terminal printers. All printers are accessed
through BASIC-2 statements such as PRINT, PRINT USING, and LIST.
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User application programs may be written for a specific printer or may
be written to be used with the Generalized Printer Driver (for Wang PC
printers). The CS system platter contains a number of printer driver
tables that may be used in conjunction with the Generalized Printer
Driver feature of the BASIC-2 Operating System.

Printers are treated as either a system printer or a terminal
printer. A system printer is attached to a printer controller
installed in the CS and is accessible by all users. A terminal
printer is attached to one of the terminals and is accessible by that
terminal only.

Note: Only 2200 printers can be attached to terminals.

BASIC-2 provides statements that allow the application program to
direct hardcopy output to either type of printer.

Wang offers a range of printers that includes matrix printers for
draft quality output, daisy wheel printers for high-quality, letter
output and band printers for high-speed output. All printers must be
attached to a 22C02 controller, a 22Cl11 Dual Controller, a 22C32
Triple Controller, or directly to a terminal.

COMMUNICATIONS CONTROLLERS

Communication is handled by a software package working in conjunction
with a communications controller board. Packages are available for
both asynchronous and synchronous communications.
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CHAPTER 3
MASTER INITIALIZING THE SYSTEM

MASTER _INITIALIZATION

Master initialization is the process of powering up components of the
system, loading the operating system and BASIC-2 interpreter, and
exercising the CPU to determine if any malfunctions exist. In the CS,
the bootstrap proms contain the only resident (hardwired) microcode.
These proms represent the only area that is functional as soon as the
CPU is turned on. Neither user memory nor control memory contains any
information when the system is first powered up. Before any
operations can be performed by the system, the operating system and
BASIC-2 interpreter must be loaded from the system platter into the
control memory to manage the processes of interpreting and executing
the BASIC text, overseeing variable and program storage in user
memory, and controlling I/O.

The CS can be master initialized only at Terminal 1 (the terminal
attached to the primary 2236MXE Terminal Processor at Port 1). For
this reason, Terminal 1 should be located at the central system site
as near as possible to the CPU and disk drive.

The bootstrap routines are invoked automatically whenever the system
is powered up or whenever the operator at Terminal 1 executes the
Immediate mode $INIT password command (in order to reconfigure the
system or whenever certain CPU malfunctions are detected). The
operator need only verify that the system disk is properly mounted and
inform the bootstrap routines (via the RESET button and function keys)
of which disk address to access and which system program to load.

Both user memory and control memory are cleared when the system is
powered down. Therefore, the system must be master initialized
following any power—-down operation or whenever the system resources
are to be reallocated. In rare instances, it may be necessary to
power off and master initialize to recover from an error condition.
Always save any desired programs or data residing in memory before
powering off the system.
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System

Perform the following procedures to master initialize the CS.

1. Power up the CPU, the system disk, each terminal, and any other

device to be used. (Always power the system up before mounting
the system platter.)

If the system is already running and master initialization is
required to reconfigure the system, it is not necessary to power
the system components down and power them up again. The Immediate
mode form of $INIT, when executed at Terminal 1, causes the system
to initiate the bootstrap routines as if the system had just been
powered up.

2. Mount the system platter, containing the BASIC-2 interpreter and

operating system, as well as a variety of hardware diagnostics and
other system programs.

3. Use the RESET and function keys to load the operating system and

BASIC-2 interpreter from the system platter into control memory.

Each of these procedures is described in detail in the following
paragraphs.

Power Up

To power up the system, first place the CPU's Power switch in the ON
position. Then turn on the CRT and printers. As soon as the system
warms up (15 seconds), the Terminal 1 CRT displays a
self-identification message, such as the following one.

2436DE RO101 19200BPS 8 + O (USA)

where:

2436DE is the model number.

RO101 is the revision number of terminal firmware, preceded by
R.

19200BPS is the data rate, followed by BPS.

8 +0 is the number of data bits (7 or 8); E is even parity, O
is odd parity, and N is no parity.

(USA) is the version of the keyboard and CRT character set,

enclosed in parentheses.

This indicates that the terminal has passed its internal diagnostics.

Next press the RESET key. The following message should then appear on
the CRT display of Terminal 1.

MOUNT SYSTEM PLATTER
PRESS RESET

3-2 Master Initializing the System



If the MOUNT SYSTEM PLATTER PRESS RESET message does not occur, or if
it is incomplete, an error has been detected by the bootstrap
diagnostics. Master initialize the system again. If the second
attempt fails, see Master Initialization Error Recovery in Chapter 5.
If master initialization still cannot be performed, call your Wang
service representative.

Mounting the System Platter

The following procedure applies to the DS Diskette Drive and should be
followed when the system platter is first mounted. It is recommended
that the system files be copied onto another disk/diskette and mounted
from there at each master initialization and that the system platter
be used solely as backup. (See the section in this chapter that
discusses the backup of system platters.)

A write-protect slot is provided on each diskette to prohibit writing
over information already stored. Valuable programs or data can be
protected from inadvertent loss by using the write-protect tabs. If
the slot on a 5 1/4 inch diskette is covered, information can be read
from the diskette but no information can be written onto the
diskette. To write—protect the diskette, place one of the adhesive
tabs supplied with the diskettes over the write-protect slot.

All blank diskettes are manufactured without the tabs covering the
write-protect slot. Diskettes can accept data only when the
write-protect slot is uncovered.

Note: The procedure for write protecting 5 1/4” 2275 diskettes is
exactly opposite of what is used for 8-inch diskettes on 2200
systems. An open slot on an 8-inch diskette protects it from being
overwritten; writing is allowed when the slot is covered.

1. Remove the system platter from its envelope, and check to ensure
that the platter moves freely in the jacket and that it is not
write-protected.
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Write-Protect Tab T Write-Protect slot 1

Figure 3-1. A 5 1/4 inch Double Sided Double Density
Diskette Showing the Write-Protect Feature

2. Open the door of the diskette drive by raising the floppy door
lever to its vertical position.

3. Grasp the diskette as indicated in Figure 3-2 and slip it into the
slot in the drive. Be sure the edge of the diskette closest to
the recording slot goes into the drive first. Use the Insert and
Up arrows on the orientation label to confirm that the position of
the diskette is correct as you insert it in the drive. 8Slip the
diskette completely into the drive.
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Figure 3-2. Inserting a Diskette

4. Close the diskette drive door by lowering the lever to the
horizontal position.

5. Once loaded, the system platter can be removed by raising the
drive door over to the vertical position and removing the

diskette. The system platter should immediately be placed in its
protective envelope.

Loading the System Programs

When the system platter is properly mounted, press the RESET key,
which is located in the upper-left corner of the keyboard. The
following prompt is displayed at Terminal 1.

KEY SF'?

You must now press a function key to specify the disk address where
the system files are located. (The function keys are arrayed across
the top of the keyboard. See Chapter 2.) The following options are
available for loading BASIC-2 from the system platter.
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SF KEY '00 = Load from disk address D11 (or 310)
SF KEY '0l1 = Load from disk address D10 (or Bl0)
SF KEY '02 = Load from disk address D21 (or 320)
SF KEY '03 = Load from disk address D20 (or B20)
SF KEY '04 = Load from disk address D31 (or 330)
SF KEY '05 = Load from disk address D30 (or B30)

The bootstrap also allows the default file name @@ to be overridden by
entering the file name immediately before pressing the function key.
The name of the file to load must begin with @ and can be no more than
four characters in length. This feature allows more than one
operating system to functionally reside on a platter.

Normally, the removable drive in the primary or default diskette unit

is assigned address BlQ, and the first fixed drive is assigned address
310. If there is an additional disk unit on the system, the disks on

the second drive are usually addressed B20 and 320.

Approximately 15 seconds are required for the BASIC-2 interpreter and
operating system to be loaded into control memory from diskette.
While they are loading, a BASIC-2 or diagnostics menu appears. After
making that selection, the following message appears.

Loading: Multiuser BASIC-2 Release X.X
Where X.X is the number of the release being used.

If you press the wrong function key (e.g., if the system platter is
mounted at address 310, but you press SF key '0Ol), an error message is
displayed in the following form.

*%*SYSTEM ERROR (DISK 00XX)%#*#*
PRESS RESET

It is generally easy to recover by simply pressing RESET and pressing
the correct function key. If RESET fails, turn the system off, wait
at least 5 seconds, turn the system on again, and repeat the master
initialization sequence. If this approach fails, try the master
initialization error recovery procedures discussed in Chapter 5. 1If
the master initialization still cannot be completed, call your Wang
service representative.

When the operating system is loaded, the system loads and runs the
@GENPART program from the system platter. @GENPART allows you to
interactively create a system configuration or automatically execute
any configuration stored on the system platter. @GENPART also allows
other programs resident on the system platter to be loaded into the
partitions and executed automatically when the system is configured,
with no further operator intervention.
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If @GENPART is not on the system platter, the system is configured
into a limited system in which Terminal 1, the default disk drive, and
any local printer attached to Terminal 1 are ready for limited use and
the READY (BASIC-2) message is displayed. The other terminals and
system resources can be utilized (i.e., are enabled) only after
configuring the system.

PARTITION GENERATION (SYSTEM CONFIGURATION)

Partition generation (system configuration) divides the resources of
the system among the various users. This section discusses the use of
the @GENPART utility program to create, save, and execute system
configurations. @GENPART is supplied with every system on the system
platter.

User—-Specified System Configuration Parameters

You can specify the following ten parameters when configuring a system.
1. The number of partitions
2. The number of terminals
3. The size of each partition
4. The terminal associated with each partition
5. The programmability of each partition
6. The bootstrap program for each partition
7. The addresses of the peripherals attached to the system
8. The access to peripherals
9. The system message

10. The system reconfiguration password
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System Configuration Using @GGENPART

The process of master initialization, discussed previously, creates a
limited BASIC-2 system having a single partition with all of the user
memory controlled by Terminal 1. Only Terminal 1, any local printer
attached to it, and the system disk drive are operative at this time.
No other system devices are available until a configuration is
executed. As a part of master initialization, the system microcode
automatically loads and runs the BASIC program file @GENPART from the
system platter if such a file exists. (The system always assumes
@GENPART to be the name of the system configuration program, whether
Wang-supplied or user-written.) If @GENPART is not on the system
platter, the READY message is displayed at Terminal 1. When GGENPART
is first executed, the parameters from the previously loaded
configuration {(called current) are loaded; a list of previously saved
configurations is displayed, along with a prompt inquiring if a
different configuration is to be loaded:; and the list of @GGENPART
options is displayed.

You then enter responses to the prompts displayed by each option and
use the function keys to advance from option to option. Refer to the
BASIC-2 Utilities Reference Manual for a complete description of
Generating a Sample Configuration.

The standard Wang @GENPART program allows you the following two basic
options.

1. Creating configurations to be executed or stored for future use.

If you are creating a configuration for the first time or wish to
modify a previously defined one, the function keys can be used to
load and modify the old configuration or to create a new
definition, execute it, and/or store the configuration for future
use.

2. Loading and executing previously defined configurations

If you wish to execute a system configuration (previously defined
and stored in the configuration file on the system platter)
without making modifications, you can select a configuration from
the list of configuration names displayed on the screen and
manually execute it. (It is also possible to modify the

@GENPART utility program so that a specified configuration is
loaded and executed automatically when the system is master
initialized. Refer to the BASIC-2 Utilities Reference Manual

for a discussion on Customizing @GENPART.)

Refer to the BASIC-2 Utilities Reference Manual for a complete
discussion on @GENPART operations.
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USING THE DISK/DISKEITE DRIVE

After the system has been initialized, a disk/diskette drive may be
used to store programs or data files. An unused disk/diskette,
however, must be formatted before it can be used. Ordinarily, a used
disk/diskette is not formatted before storing additional files since
formatting destroys any information previously recorded on the
diskette. For this reason, disks/diskettes containing packaged
programs must never be formatted or scratched.

Formatting Disks/Diskettes

You can format fixed disks as well as removable diskettes by using the
SFORMAT command in the BASIC-2 language or by running the
Wang-supplied Format Disk Platter utility. The Format Disk Platter
utility produces the same results as executing a $FORMAT command, but
prompts you to be sure that the proper disk is being formatted. This
feature enables you to be sure you are not formatting a disk or
diskette that has information on it that you want to keep. Refer to
the Multiuser BASIC-2 Language Reference Manual for instructions on
how to use the $FORMAT command. For instructions on how to use the
Format Disk Platter utility, refer to the BASIC-2 Utilities Reference
Manual,

Defining a Catalog Index

Before the first program or data file can be stored on a disk/diskette
in the Automatic Cataloging mode, you must create a catalog. The
process of creating a catalog is called scratching the disk/diskette
because the SCRATCH DISK statement is used to perform the operation.
Take care not to scratch a disk/diskette with packaged programs or
desired files since a SCRATCH DISK statement overwrites a previous
catalog index.

In a SCRATCH DISK statement, you must specify how many sectors are to
be reserved for both the Catalog Index (where the file names are
stored), and the Catalog Area (where the contents of the files are
actually stored). The Catalog Index always begins at the first sector
on a disk/diskette (sector numbering starts with zero) and occupies a
number of sequential sectors specified by the user. The Catalog Area
begins immediately after the Catalog Index and occupies all sequential
sectors up to and including the user-—specified last, or ending,
sector. The end of the Catalog Area is usually specified as the last
available sector on the disk/diskette.
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The size of the Catalog Index is defined with the LS parameter in a
SCRATCH DISK statement. For example, LS = 10 indicates that 10
sectors are to be reserved for the Catalog Index. If no value is
specified, the system assigned (default) value is 24. (The first
sector, sector 0, can hold 15 file names, and each subsequent sector
can hold 16 file names.)

The last sector in the Catalog Area is specified with the END
parameter in a SCRATCH DISK statement. For example, END = 1023
indicates that sector 1023 is the last sector to be used for the
catalog area. You must specify the END parameter.

To scratch a disk/diskette, perform the following steps.
1. Mount a formatted disk/diskette in the drive.
2. Enter a statement such as:
SCRATCH DISK T/D10, LS = 20, END = 1023

Press the RETURN key. LS = 20 specifies that 20 sectors be
reserved for the Catalog Index; END = 1023 specifies that sector
1023 is the last sector to be used by the catalog. The number of
sectors allocated for the catalog index and data storage may vary
depending on the user's system and programming requirements.
(Refer to the Multiuser BASIC-2 Language Reference Manual for
further information.)

3. Repeat Steps 1 and 2 for any other disk/diskette that must be
scratched. After a disk/diskette is formatted and scratched, it
is ready for data and program storage.

Note: A LIST DC T [/disk address] statement can be used to check the
size of the Catalog Index. Entering the statement LIST DC T/DI0O after
scratching disk DIO in the manner shown above would cause the
following to be displayed on the CRT.

INDEX SECTORS = 00020
END CAT.AREA = 01023
CURRENT END = 00019
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BACKING UP THE SYSTEM PLATTER(S)

After loading the system programs, first make a backup of the system
platter(s). At least one copy should be made of each system platter
on another diskette or on a disk in the fixed/removable disk drive in
case the original is accidentally damaged or destroyed. You have a
choice between using the BASIC-2 disk commands and the operating
system utilities. The BASIC-2 commands and the system utilities
provide the flexibility of backing up an entire platter or backing up
the platter file by file.

BASIC-2 Statements

The following statement copies an entire platter (including scratched
files).

COPY T/xxx, TO T/yyy.

The following statement moves an entire platter (removing scratched
files).

MOVE T/xxx, TO T/yyy.

The disk address of the system platter is xxx and yyy is the address
of the new disk/diskette on which the copy is made. This statement
copies the entire catalog of the original platter to the destination
platter. An example of valid syntax follows.

MOVE T/B10, TO T/310,
To move a platter one file at a time, use the following statement.
MOVE T/xxx, "filename" TO T/yyy.

This statement causes only the named file to be copied from the
Catalog Area of the original platter to the Catalog Area of the
destination platter. Two examples of valid syntax follow.

MOVE T/D1ll, "Bonds" TO T/D10,
MOVE T/310, "€@" TO T/B1O,

The BASIC-2 interpreter and operating system are contained in a single
file named @@ on the system platter. Other programs on the system
platter may be copied, individually, in a similar manner. (Refer to
the Multiuser BASIC-2 Language Reference Manual for a complete
explanation of the MOVE statement.)

When the system software is provided on multiple diskettes, the above
procedures should be used to make a backup of each diskette.

Master Initializing the System 3-11



Utilities

The system platter contains a variety of system programs. (The file
names of these programs begin with the @ (at) sign.) System programs
are stored on the disk in Automatic File Catalog mode. (Refer to the
Multiuser BASIC-2 Language Reference Manual for an explanation of
Automatic File Catalog mode and to the BASIC-2 Utilities Reference
Manual for a detailed description of these programs.) There are
several utilities that accomplish the task of backing up the system
platter.

1. Move System Files (@MOVE)

This utility moves specified system files from one platter to
another. You must verify each move. Existing files on the
destination platter can be overwritten in order to update system
programs. To use this utility, select the system platter and
press RETURN. Type

SELECT DISK hhh and press RETURN
LOAD RUN "@MOVE" and press RETURN

Another way to access this utility is to type
LOAD RUN and press RETURN

Press the Space Bar to move the cursor to MOVE SYSTEM FILES and
press RUN,

The program provides prompts that require you to specify the
details of the file transfer. If the system platter is larger
than the destination disk, disk error D85S appears, '"Catalog Index
Full". To continue, you should mount a new disk platter and
create a new catalog.

2. Backup Disk Platter (@BACKUP)

This utility copies the contents of a single disk platter to
another platter or to a series of smaller platters. This utility
moves the entire contents of the origin platter including the
Catalog Index, if one is present. To retrieve the contents of the
backup platter(s), you must use the @RECOVER utility.

3. Move File (@MOVEFIL)

This utility provides a general file move capability for both
system and user files. Specified files are moved from one platter
to another. If necessary, a file can span from one output platter
to another.
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CHAPTER 4
OPERATING THE CS

INTRODUCTION

The CS is a versatile system that can be used as both a programmable
data processor and a convenient and powerful calculator using the Wang
BASIC-2 language. Wang BASIC-2 is an interactive programming language
that uses many English words (such as PRINT, READ, and STOP).

Although such words are given a special and clearly defined meaning
when used in a BASIC-2 program, their usage and meaning is similar to
that of commonly used English. Detailed information about the Wang
BASIC-2 instruction set is presented in the Multiuser BASIC-2

Language Reference Manual. Programming techniques are discussed in
detail in Programming in BASIC.

This chapter introduces you to the operation of the CS. It includes
general instructions for running preprogrammed software modules and
provides information on using the CS workstation as a calculator.
Additionally, this chapter presents a sample BASIC-2 program, along
with an explanation of the program itself and the procedures for
entering, running, and saving the program.

RUNNING SOFTWARE PACKAGES

Preprogrammed software packages may be run easily on the CS. First,
insert the program diskette in the Model DS diskette drive. Most Wang
software packages contain starting modules named START, although some
have starting modules with other names. Check the manual supplies
with your software package for the required module name.
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Loading the Starting Module

When software packages contain the file START, enter the following
command.

Press SHIFT and RESET

SELECT DISK hhh

The diskette containing the software package is hhh. When the
following statement is entered, it clears memory, loads the starting
module, and begins program execution.

LOAD RUN (RETURN)

If the software package does not contain a program module named START,
enter the following commands.

CLEAR (RETURN)
LOAD RUN [/disk address]., "xxxxx" (RETURN)

The name of the starting module is "xxxxx'".

Entering Data

During program execution, operator prompts usually appear on the CRT.
Remember the following facts when responding to these prompts.

e In general, a displayed question mark indicates that the system
expects a keyboard entry.

e If a numeric value is requested, the system permits a maximum of
13 digits, a decimal point, a sign, and a signed 2-digit exponent
to be entered. (The program itself may impose more restrictive
limits on a response.) If entering a sign, it must precede the
digits; the letter E is used to mark the beginning of the
exponent. The following are examples of system-acceptable numeric
entries.

25.15
-79.5
4.56E4
+23.2437E-12

e If an alphanumeric response is requested, the system accepts any
keyboard characters except some sequences containing commas and
double quotes. (Refer to INPUT statement in the Multiuser
BASIC-2 Language Reference Manual.) Most software packages
remove the restrictions imposed by the INPUT statement by using
the KEYIN statement or the LINPUT verb.
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® The Edit mode keys may be used to correct a response before
entering a response to a prompt (see Chapter 2).

¢ When you have typed in a response and it appears on the display in
the desired form, press the RETURN key to enter the response and
terminate the keyboard entry.

e After a response is entered, the system may signal an error
condition with a message in the form of ERR ¥Yxx, where Y
represents a letter prefix of the error class and xx represents an
error number (see Appendix E for a discussion of system execution
error messages). An English description of the error is also
displayed. The question mark reappears on the screen; this
indicates that the entered response was not acceptable to the
system. To continue, check the form of the response and enter
another.

USING THE CS IN IMMEDIATE MODE

The CS can perform as a calculator when a BASIC-2 statement is entered
without a preceding line number. When such a statement is entered and
executed, the CS is in Immediate mode. To perform quick

calculations, you can enter unnumbered, single, or multiple statement
lines in Immediate mode, using the PRINT statement to display the
results. If the system detects no syntax errors, it executes an
Immediate mode statement when the operator presses the RETURN key, as
in the following example.

:PRINT 25 + 273 (RETURN)
:298

In this case, when you press the RETURN key, the line is immediately
executed, the expression 25 + 273 is evaluated, and the result is
displayed. The line is not saved in memory because it was not
preceded by a line number when entered.

Multiple statement lines (individual statements separated by colons)
are acceptable in the Immediate mode, as in the following example.

:PRINT 3 + 8: PRINT 15/9: PRINT 144/4.2

Upon execution, the following is displayed on the screen.

11
1.666666666667
34.28571428571
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The function keys along the top of the 2236DE Terminal can be used to
edit an Immediate mode statement. To activate the editing
capabilities of these keys, first press the EDIT key, located in the
top right corner of the terminal keyboard. For example, pressing the
EDIT key then pressing the RECALL key causes the most recently entered
Immediate mode statement to appear on the screen where it can be
edited and re-executed. The capabilities of these keys are explained
in the BASIC-2 Utilities Reference manual.

Arithmetic Operations

The CS can operate on numeric quantities as large as 10'°°

close to zero as 10”°°. The quantities may be positive or
negative. Quantities within this range can be represented by a
maximum of 13 digits, a decimal point and sign, and a two-digit
positive or negative integer exponent. The letter E in a gquantity
means times ten raised to the power of.

and as

The arithmetic symbols, or operators, of BASIC-2 are the following.

addition

subtraction

multiplication

division (5/4 reads 5 divided by 4)

exponentiation (5 T 4 reads 5 raised to the 4th power)

SN * |+

Any number of variables and constants in an expression can be linked
together by arithmetic symbols. Some simple expressions, using
arithmetic symbols, are underlined as follows.

PRINT 12/7

PRINT 23%110000%32.1%4
PRINT £3/22.5E23

PRINT 4123

Expressions using the same arithmetic operators are evaluated left to
right. For expressions with mixed arithmetic operators, the following
priorities of evaluation are observed.

All exponentiation ( T ) is performed left to right.
All multiplication and division is performed left to right.
All addition and subtraction is performed left to right.
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Not all combinations of constants and variables connected by
arithmetic operators are valid expressions. In order for an
expression to be valid, it must be capable of being evaluated in the
stipulated sequence. At each state of evaluation, the operation to be
performed must be defined for the given values, and must yield a valid
numeric quantity. For example, the expressions in Table 4-1 are
invalid for the reasons shown. '

Table 4-1. Invalid Arithmetic Expressions

Invalid Expression Reason

(3.4E26 4) /9.7El7 3.4E26 4 yields an invalid numeric
quantity of 10'°°,

17/((4*5)-20) After evaluating ((4*5-20), the system
attempts to divide 17 by 0, an undefined
operation.

(-3) T 3.5 The exponentiation ( T ) operation is

undefined for non-real results.

If the result of evaluating an expression or a portion of an
expression yields a quantity Q in the following range, the value Q is
zZero.

-10"°° @ 107*°

BASIC-2 Functions

A BASIC-2 function is a special type of instruction that accepts a
given value as an argument and returns a unique value as a result.
The result of a function can be displayed in Immediate mode if the
function is included in a PRINT statement. PRINT SQR(55), for
instance, prints the square root of 55.
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Some BASIC-2 functions that may be useful in Immediate mode are listed
in Table 4-2.

Table 4-2., BASIC-2 Functions

Function Result

ARCCOS Returns the arccosine of an expression.

ARCSIN Returns the arcsine of an expression.

ARCTAN (or ATN) Returns the arctangent of an expression.

EXP Finds the value of e raised to the value of the
expression.

LOG Returns the natural logarithm of an expression.

SIN Returns the sine of an expression.

SOR Finds the square root of an expression.

TAN Returns the tangent of an expression.

Other BASIC-2 functions and keywords are explained in detail in the
Multiuser BASIC-2 Language Reference Manual.

Numeric Variables

When used in Immediate mode, the CS can assign values to variables and
perform operations on those variables. A numeric variable in BASIC is
designated by a letter of the alphabet A-Z or a letter followed by a
single digit such as A0, Al-A9, BO, B1-B8, CO, Cl1-Z7, Z8, and Z9. The
letters in variable designations must be uppercase. Variables such as
A and A0 are distinct. There are 286 numeric variables available for
use in BASIC-2. A numeric variable may be assigned any legal numeric
value.

Variables retain their values until they are explicitly cleared from
memory or assigned new values. The commands CLEAR, RUN, and LOAD RUN
are some of the commands that cause variables to be cleared from
memory.

Care should be taken when assigning variables in Immediate mode since
Immediate mode commands can change the values stored in variables
created by a program. Immediate mode operations involving variables
should be performed only at times when it is known that disturbing the
values stored in the program-created variables causes no harm. While
running a program, it is best to refrain from performing Immediate
mode calculations that involve variables, unless the author of the
program has specifically documented that Immediate mode operations do
not adversely affect the operation of the program.

4-6 Operating the CS



For further information on BASIC-2 variables, refer to the Multiuser
BASIC-2 Language Reference Manual or Programming in BASIC.

A SAMPLE PROGRAM

It is not difficult to program using BASIC-2 on the CS. The simple
syntactical rules and most frequently used commands can be learned
very quickly from reading Programming in BASIC. With this

knowledge, even a beginner can write simple, functional programs.
Further reading and practice provides facility with the more advanced
BASIC-2 commands and features. The Multiuser BASIC-2 Language
Reference Manual, the prime source of the wide variety of commands,
functions, and statements to which the CS responds, discusses the many
BASIC-2 programming features that can make programs more powerful and
efficient.

This section discusses how to enter and run a simple program, list it

on the CRT screen and printer, save it on disk, retrieve it from disk
and modify it, and resave it on disk.

An 2dding Machine Program

2 program is a set of instructions enabling a computer to receive
data, manipulate it, and return it to the operator in a desired form.
The following program has been written to make the system function
like a simple calculator: when the program is executing, the user
enters two numbers on the keyboard and indicates the operation he
wishes to perform upon them. The system displays the answer on the
CRT screen.

A program line is entered by typing in a line number, followed by one
or more BASIC-2 statements and their operands. Each line is
terminated by pressing the RETURN key. When the RETURN key is
pressed, the entire line is saved in memory.

It is customary to number program lines in multiples of 10. This
enables a programmer to insert new lines between already existing
lines by assigning the new line an intermediate statement number.
When the operator enters such a line on the keyboard, the computer
places it in its proper place in the program. The computer normally
executes these statements in sequential order, though several BASIC-2
statements allow the operator to change the order of execution.
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Type in the following program on the keyboard, pressing the RETURN key
after each line is entered.

10 DIM as$l

20 INPUT "WHAT TYPE OF OPERATION (+,-,X,/) DO YOU WANT TO PERFORM", A$
30 INPUT “ENTER FIRST NUMBER", A

40 PRINT A; A$; "";

50 INPUT B
60 IF A$= "+" THEN GOTO 170
70 IF A$= "-" THEN GOTO 180

80 IF A$= "X" THEN GOTO 190

90 IF A$= "/" THEN GOTO 200

100 GOTO 20

110 PRINT A; A$; B; "EQUALS"; C

120 INPUT "DO YOU WANT ANOTHER OPERATION", B$

130 IF STR(B$,1,1) = "Y¥" THEN 20
140 IF STR(B$,1,1) = "N" THEN 160
150 GOTO 120

160 END

170 REM ADDITION: C=A+B: GOTO 110

180 REM SUBTRACTION: C=A-B: GOTO 110

190 REM MULTIPLICATION: C=A*B: GOTO 110

200 REM DIVISION: IF B< >0 THEN 220

210 PRINT "DIVISION BY ZERO IS AN ILLEGAL OPERATION, START AGAIN
PLEASE": GOTO 20

220 C=A/B: GOTO 110

Listing the Program

To review the program entered in memory, enter the LIST command.
LIST

This statement lists the entire program on the CRT a screen at a
time. When output 1s directed to some device other than the CRT, the
LIST S command lists the program a screen at a time. You must press
the RETURN key when ready to review each subsequent screen. LIST
[line number] lists the specified line only; LIST 10, for example,
lists only line 10.

To obtain a hardcopy listing of the program on a printer, turn on and
manually select the printer (press its SELECT switch). (When the
printer is selected, its SELECT switch indicator lamp is
illuminated.) Then, enter the foilowing statement from the keyboard
to select the printer for listing.

SELECT LIST 215
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This statement changes the default output address for the I/0 class
parameter LIST from the primary address 005 (the CRT) to the address
215 (the system printer). Next, enter LIST and press the RETURN key.
Program listings formerly displayed on the CRT are now listed on the
printer. To again obtain program listings on the CRT, enter the
following statement.

SELECT LIST 005

Next, enter LIST and press the RETURN key. If a local printer is
attached to the rear of the 2436D-type interactive terminal, it may be
accessed at address 204. Further discussion of the SELECT statement
and its various parameters can be found in the Multiuser BASIC-2
Language Reference Manual and in the individual printer manuals.

Running the Program

Once the program is saved in memory, it can be executed by pressing
the RUN key. Note that the program text is saved in memory each time
that RETURN is pressed. When you press the RUN key, followed by the
RETURN key, the screen displays the following prompt.

WHAT TYPE OF OPERATION (+,-,X,/) DO YOU WANT TO PERFORM?

As an example, enter +. The screen displays the following.

ENTER FIRST NUMBER?

Enter 25. The following is displayed.

25 + 7

Enter 75. The following appears on the screen.

25 + 75 EQUALS 100
DO YOU WANT ANOTHER OPERATION?

Enter YES. The program once again asks, WHAT TYPE OF OPERATION
(+,-,X,/) DO YOU WANT TO PERFORM?

The program has been designed to recognize an attempt to divide by
zero. Enter /. When the screen displays ENTER FIRST NUMBER?, type in
100. The following appears on the screen.

100 /7
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Enter 0. The screen displays the following information.

DIVISION BY ZERO IS AN ILLEGAL OPERATION. START AGAIN PLEASE.
WHAT TYPE OF OPERATION (+,-,X,/) DO YOU WANT TO PERFORM?

The program continues processing until you enter NO or N to the
question, DO YOU WANT ANOTHER OPERATION?

Explanation of the Program

The adding machine program instructs the computer how and where to
store information entered by the operator or produced by processing,
sends prompts to the operator on the CRT screen, accepts operator
input from the keyboard, processes entered data according to a defined
formula, and displays results on the screen. The following section
examines the program line by line and discusses the use and purpose of
each BASIC-2 command.

Line 10:
10 DIM a$1

The DIM statement in line 10 is a dimension statement, limiting the
length of the information which can be stored in variable A$. The
only reason the program includes this statement is to guarantee that,
if an operator entered an inappropriate response such as + + + + + + +
+ to the question WHAT TYPE OF OPERATION (+,-.X,/) DO YOU WANT TO
PERFORM?, the adding machine program would not generate a prompt on
the screen such as the following.

44 + + + + + + + + 7

Because of the dimension statement, the system cuts off the six extra
plus signs and stores a variable of only one character in length. As
a result, the screen shows the following.

44 + 72

There are many other uses of the DIM statement. Refer to Programming
in BASIC and the Multiuser BASIC-2 Language Reference Manual for

more information on the DIM statement.

Lines 20 and 30:

20 INPUT "WHAT TYPE OF OPERATION (+,-,X,/) DO YOU WANT TO PERFORM" ,A$
30 INPUT "ENTER FIRST NUMBER",A
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The INPUT statements in Lines 20 and 30 are the computer's way of
receiving information from an operator. The computer stores the
information entered by the operator in variables, such as A$ and A in
this program. A$ is called an alphanumeric variable. Alphanumeric
variable names can be distinguished from numeric variable names by the
presence of a dollar sign ($) immediately following the variable
name. Alphanumeric variables may contain any kind of character:
letters, digits, or special characters, but may not be used in
mathematical computations, because they do not necessarily contain
numbers. A$ in this program is used to store the character +, -, X,
or /. (Refer to the Multiuser BASIC-Z Language Reference Manual for
more information on variables.)

The phrase in quotes is called a literal. Here it is used as a prompt
to the operator to enter the first number of the arithmetical
operation. The INPUT statement automatically displays a question mark
following the prompt. BASIC-2 does not require the literal in the
INPUT statement. If the literal is omitted, the INPUT statement
simply displays a question mark. A lone question mark is of little
use to an operator who does not know the program, so it is a good idea
to always provide prompts. The literal in the INPUT statement is one
means of providing prompts.

Refer to Programming in BASIC and the Multiuser BASIC-2 Language
Reference Manual for more information on the INPUT statement.

Lines 40 and 50:

40 PRINT A; A$;" ":
50 INPUT B

The PRINT statement causes values and literals to appear on the CRT
screen. Additionally, its punctuation can determine the spacing of
the printed material. A comma causes elements to be displayed in
zones, each 16 characters wide. This is ideal for charts, where
figures must be arranged in columns and rows, but it is not convenient
for this program. A semicolon is used in this program, because it
causes no additional spaces to be placed between printed elements.

In line 40, the PRINT statement instructs the computer to display the
current value of variables A and A$. As in the INPUT statement,
literals (those characters and phrases contained in quotation marks)
are displayed on the screen as written in the program line, even if
the literal is a blank space, as in line 40.
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Refer to Programming in BASIC and the Multiuser BASIC-2 Language
Reference Manual for more information on the PRINT statement.

The INPUT statement in line 50, an example of an INPUT statement not
containing a literal, causes the question mark to appear on the
screen. For example, when the program is run as in the previous
section above, 25 + ? appears. The value of A is 25, and + is the
value of A$. The space after the addition sign results from the
coding of the literal space, " ", in line 40. The question mark
results from the INPUT statement and is placed immediately after the
literal space due to the semicolon in line 40.

Lines 60-90:

60 IF A$ = "+" THEN GOTO 170
70 IF A$ = "-" THEN GOTO 200
80 IF A$ = "X" THEN GOTO 210
90 IF A$ = /" THEN GOTO 220

It is not always desirable to have the computer execute program
instructions in statement number sequence. Two ways of altering the
sequence of program execution are demonstrated in th