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RSTS/E

; “A High-Performance 32-user
Tlmeshcnng and Data Monogement System”

& System Descnptton ”
RSTS/E is a total computer system designed to allow

. _multlple users to mteractlvely process large amounts

of data easily and efﬂcrently RSTS/E stands for
. “Resource Sharmg Timesharing System/Extended.”
 The system is built around the DIGITAL medium-scale
PDP-11/40 and PDP-11/45 computers.

Sophisticated and Powerful Hardware

_ Stale of-the-art 'PDP-11 family architecture combines

_ the systems level power of stack processing with the
~ proven speed and etllmency ofa general register
~_machine. The complex addressmg modes of systems
_ data structures are built right into the PDP 11 hard-
_ware. So too are the multi- -priority mterrupt handling
capabilities that drive the large complement of
perlpherals at their fully rated speeds. ~

The hlgh performance design phllosophy of the PDP 11

~starts with memory systems that expand to 248K

bytes. Bipolar solid-state memories operate at a speed

~ of 300 nanoseconds; core memory at 900 nano-
seconds. Processing speed, too, is exceptional with

~ the processor capable of performing 3,000,000 opera-
_ tions per second. Floating point hardware performs

~arithmetic operations with 17 decimal digits of
_accuracy, typically in less than 12 microseconds. A
~_memory management system assures efficient use of
all available memory while permitting complete pro- ‘
tection of programs and data. t

,' Many Users, Large Programs
'RSTS/E puts the exceptional hardware power of the

PDP-11 into the hands of the users. RSTS/E provudes -

~versatile and rapid system access to 32 users sumul-
taneously with jobs ranging from small ‘desk ‘
calculator” tasks to large 32K byte programs
Extensive Data Base Support .
The data file system of RSTS/E prOVldes a wrde range ~

of on-line processing capabilities. Files may be random .

or sequential, numeric or alphanumeric. Files may be
created, updated, extended and deleted interactively
from the user’s terminal or under program control.
Files can be protected from access on an |nd|v1dual
group, or universal basis. Data may be stored on re-

- movable disk cartridges, disk packs, or magnetic tape.
Industry compatible magnetic tape files preparedon

__another computer may be read on RSTS/E, and tape

files generated on RSTS/E are readable by other com-

, puter equapment Files may be accessed by many
~ terminal users simultaneously and updated on-line.

Effective and Efficient User Interaction
Users interact with RSTS/E using BASIC-PLUS. The
language is easy to learn and work with. Its immediate
__mode of operatlon enables the terminal to be used as
adesk calculator. It also ssmplmes debugging since
programs may be mterrupted atany pomt checked,
_ corrected, and operation resumed. Also, built into
BASIC-PLUS are the means to automatlcally recover
- from mput/output errors.. ,

,Resource Sharmg
’W|th BASIC-PLUS, every terminal user has access to
_ all the system peripherals and resources. Line printer,

card reader, disks, tapes—all are avallable to any ter-
minal user on-line. Enhancing the use of these re-
sources is the ability to provide output in the most
meamngful format for the rec:plent ‘

Operatmg Emcrency .

RSTS/E installations can expect exceptlonal efficiency
of operation because the operating system contin-
uously and dynamically allocates processor time, mem-
ory space, file space and peripherals on a best-fit/best-
throughout basis. Efficiency results too from the system
manager and users having on-line access in BASIC-
PLUS to 34 system management commands and opera-
tions, many of which are normally a manual manage-

~ ment function.

. Comprehens:ve Security
 The ability for total or selective backup of programs k
and files is provided in RSTS/E. Backup may be done
_on-line without disrupting system users or it may be
- :done off-line. In the unlikely event of a power brown-
~out or other malfunction, the basic system will auto-
_matically recover while all programs and data files are
_ maintained intact and generally may be easily
~restarted from the point of failure.
. Dlgltal Equlpment Corporahon
, f:ﬁ_DlGITAL is the world’s largest and most expenenced
. Vmanufacturer of small computer systems, with well
~over 20,000 computers installed and in use. Over 5,000
- mstal!atlons are of PDP-11 family systems. .
_n 1963 DIGITAL began work on the PDP-6 timeshar-
_ ing system, the first timesharing system to be delivered
~ with manufacturer—supported software. The follow-on

128-user DECsystem -10 is one of the most sophis-

ticated, highly developed timesharing systems in the
~ world with well over 200 installations. In 1968

DIGITAL introduced Timeshared-8, a versatile 16-user

time-sharing system based on the popular PDP 8 com-

puter.

~ RSTS-11, forerunner to FlSTS/E was mtrodqoed in
~ June 1971 Over 150 RSTS-11 systems are installed
_ today performmg such jobs as on-line order entry, pro-

duction control, accounts receivable and payable
inventory management, and invoicing. Schools and
colleges use RSTS for on-line student registration and

~ school management as well as for research, simula-

tions, algorithmic problem solvmg and computer as-
sisted instruction. t

RSTS/E—The Total System

~ RSTS/E is surprisingly economical. Complete systems

range in cost from $85,000 to $200,000. Lease costs,
including mamtenance range from $2,500 to $6,000
per month.

- RSTS/E. Unparalleled performance Complete data

management. Easy to use. Highly efficient. Proven
capabnny
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RSTS/E FEATURES AT A GLANCE

Up to 32 users—30 cps DECwriters, 240 cps CRT
DECterminals, Teletypes or Remote Modems.

Up to 248K-character (byte) memory—300 nano-
second bipolar memory (to 16K), 450 nanosecond
MOS memory (to 64K), 900 nanosecond core
memory (to 248K).

Up to 32K-character programs for each user—Data
need not intrude into program space.

Up to 12 files simultaneously accessible to each
user—An unlimited number of files may be opened
and closed by one program. Maximum file size: 33.5
million characters.

Resource Sharing—All peripheral devices may be
used by any user at any terminal directly or under
program control.

Disk storage up to 343 million characters—Moving-
head, 10-platter disk pack (up to 8); Moving-head
cartridge disk (up to 8); Fixed-head swapping disk
(up to 8).

Industry-compatible Magnetic Tape—Programs may
be written to read or write in format of any other
computer for interchangeable use.

Three types of variables and variable arrays—Float-
ing point with up to 17 digits of accuracy, integers
for indices and counters, character strings of
unlimited length.

Virtual memory for automatic-extension of in-core
data to the disk(s).

File Protection—Three levels of read or write ac-
cess: Owner (programmer or user), Group (all with
same project number), Universal.

Multiple User Access to Common Files—Up to 32
users may read or write the same program or data
file.

Immediate Mode—Use terminal as a calculator or to
interrupt a program, check and correct it, and
resume execution.

BASIC-PLUS—Powerful extension of Dartmouth
BASIC. 50 program statements, 34 system com-
mands, 24 operators, 3 types of variables, 40
functions.

Character String Operations—14 relational and
logical operators, 11 string functions. Strings of un-
limited length.

Matrix Operations—4 arithmetic operators, 8 matrix
operators, 3 matrix functions. Unlimited array size.

Programmable Timing Control—SLEEP, WAIT, 5
time functions and 2 date functions.

Formatted Output—PRINT USING for floating dollar
sign, asterisk fill, comma insertion, decimal point
alignment, and trailing minus sign.

Error Recovery—Automatic program recovery from
input/output errors.

System Manager Control—34 system management
commands and operations, all usable directly or
under program control.

Dynamic Scheduling Algorithm—Continuous alloca-
tion of processor time, memory space, file space,
peripheral access for best-fit/best-throughput basis.

System Usage Accounting—On-line reporting of job
status, memory usage, disk and peripheral usage,
run time, connect time and log-ins.

Commercial Data Processing Facilities—Sort/merge

program, indexed file access method, decimal arith-
metic capability, line printer spooling.
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System Versatility

RSTS/E, Resource Sharing Timesharing System/
Extended, provides complete system access to 32
timesharing users simultaneously. Terminal response
to even the largest “compute-bound” jobs is generally
under 2 seconds. Even more important, the system is
designed for optimum job execution speed. Jobs may
range from a small “desk calculator” task to a large
32K byte program, even larger if program segments are

chained together.

wide variety of terminals and peripherals s
RSTS/E. User terminals can range from 10 character
per-second Teletypes® to high-speed 240 cps CR
terminals, local or remote. Data may be entered inter-
actively from user terminals, from high-speed paper
tape or punched cards. Data files may be stored on
fixed head disks, removable cartridge or stacked disks,
or magnetic tape. The output may be to a user ter-
minal, line printer, magnetic tape, or directly to another
computer.

A summary of the hardware supported by RSTS/E is in-

cluded as Appendix A.

.
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upported by
cler-
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PROCESSOR

STATUS

ARITHMETIC
AND
LOGIC UNIT

GENERAL
REGISTERS

FLOATING
POINT
PROCESSOR

UNIBUS® Architecture
Heart of RSTS/E is 2 PDP-11/40 or PDP-11/45 com-
puter. The PDP-11 featurss UNIBUS architecture, over

400 instructions, 8-bi = hzndling, 16 general regis-
ters, memory management, and nardware push-down
stacks.

+hs of the PDP-11 family is the
nis—processor, memory,
—plug into a single asynchro-
Known as a UNIBUS, this bi-
=5 sasy interfacing and simplifies
_ ultiprocessor or shared peripheral
ations such as RSTS/E.
UNIBUS architecture keeps PDP-11 systems from be-
sutmodad. Due to its asynchronous nature, the
ompatible with devices that operate over a
peeds. Therefore, faster devices, ter-
emory can be easily added or replace
older v ns without obsoleting the system.
Contributing to system reliability and speed, with the
UNIBUS, fast devices have direct access to the mem-
ory—no muliiplexers or synchronizing DMA hardware
are required. These devices can send, receive, or ex-
change data without processor intervention and with-
out intermediate buffering in memory.

o




Central Processing Unit

The central processing unit of the PDP-11 was de-
signed as a high-performance component for large
systems. Hardware push-down stacks provide fast
temporary storage for frequently used data and for
storage of program information during interrupts and
subroutine calls. Stacks not only simplify interrupt and
subroutine handling, but, by automatically nesting
interrupts and subroutines, they facilitate the use of
re-entrant and recursive subroutines. Software book-
keeping and overhead in RSTS/E are thus reduced.

The basic PDP-11 is capable of performing more than
3,000,000 operations per second. Combined with the
large instruction set of 413 hardwired instructions, its
overall execution speed makes the PDP-11 the fastest
machine in its class.

Contributing further to the speed and precision of
RSTS/E is the built-in hardware Floating Point Proces-
sor. The Floating Point Processor operates with single
and double precision numbers to provide 7 and 17
decimal digits of accuracy. Single-precision multiplica-
tions are performed in 5.6 microseconds and double in
9.3 microseconds.

Memory Versatility and Protection

Memory systems of the PDP-11 also reflect its high
performance design philosophy. Memory expands to
248K bytes (124K words) and is both byte and word
addressable. Memory may be core, solid state, or the
optimum combination of the two.

Bipolar solid-state memories operate at 300 nano-
seconds. MOS solid-state memories at 450 nano-
seconds. And traditional core memories at 900 nano-
seconds. In RSTS/E, the run-time system software can
be resident in solid-state memory, thus allowing high-
speed access to commonly used routines while large
user programs can utilize more economical core
memory.

In the PDP-11, a memory management subsystem
relocates, partitions, protects, and allocates the use of
all memories in up to 48 variable-sized segments. Thus,
programs are broken down into manageable pieces
and stored wherever memory space is available. This
assures efficient use of all available memory yet pro-
vides complete protection of user programs and the
system monitor.




DATA BASE SUPPORT

Resource Sharing

RSTS/E users have on-line access to a wide range of
program and data files. Files may be created, updated,
extended, and deleted from the user’s terminal or
under program control. Up to 12 files may be open and
accessible from a single program at any one time.
Since files may be opened and closed during the run-
ning of a program, the actual number referenced in a
program may be far greater than 12. The total number
of files a user may have stored in his disk library is
bounded only by the total system disk capacity and
the library demands of other users.

RSTS/E files are not limited to disk files. Data may be
read in from a card reader and printed out on a high-
speed printer. The on-line user can assign devices and
even other terminals for input and output functions
through his programs. Thus, individual users get exclu-
sive use of these devices for as long as required, then
release them for others to use. This is known as
“resource sharing.”

Private data files may be stored on removable disk
cartridges, disk packs, DECtape, magnetic tape, or
paper tape. Confidential files may be dismounted when
not in use and kept under lock and key. These stored
files may be as large as 33.5 million bytes, yet acces-
sible on a completely random basis.

Resource sharing is discussed further in the next
section, “User Interaction.”

Three Types of Data

RSTS/E has the capability to handle three types of
data—floating point, integer, and character string.
Floating point numbers are used for most numeric
representation and may be one of two levels of pre-
cision: 7 decimal digits (two computer words) or 17
digits (four words). Number size may vary from approx-
imately 10® to 107
Integers may be use
as indices, counters, and
Character strings are ava for powerful processing
of non-numeric data. Str y ¢
single character or unlimited ] trings used
virtual memory are limited to 312 ter
strings, a list of names and addre
may be organized into tables or arrays |
meric information. Since strings can be read from or
written to external files in a sequential or random man-
ner, whole files of textual data may be built up and
updated on-line.
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Virtual Memory Arrays

The concept of virtual memory essentially makes the
system disks an extension of main memory. This per-
mits the user to manipulate large arrays or tables of
data without cutting into his program size and indeed,
process larger masses of data than will fit in the entire
main memory of the system. Furthermore, the user can
access large amounts of data without the need for
explicit read/write programming.

i DISK 1S AN

CENTRAL | DAA
PROCESSING
UNIT
PROGRAM re—— PROGRAN

Virtual memory is easy to use. Two statements at the
beginning of a program are required—one to open a
disk file for virtual memory use and the second to
dimension the size of the virtual memory arrays de-
sired. From then on, variables and data in virtual mem-
ory are treated precisely as though they were in actuz
memory. For example, in the statement:

A=B @31
the user need not be concerned whether the B array =
stored in main memory or virtual memory.

Data in virtual memory arrays may also be o7
using MATRIX statements. These stateme7=

operations on multiple elements of virtual me
arrays with a single statement.

i
f
|

Virtual memory may be used to stors =7 5= &

—floating point, integer, or characisr =27¢ Float
point virtual memory might be usez &v = ¢
distributor to store customer account T2 EN0ES OF 2

s. Character string viriuzl memory COuld DS

cemory arays. With this sys-
v made every time

c=d. Consequently,

of processor efficiency as

Two programs demonstrating the use of virtual memory
are included as Appendices F and G.



Disk Files

RSTS/E provides users with a high degree of flexibility
for handling quantities of data, both large and small.
Three fundamental types of disk units are supported
by RSTS/E.

High-speed fixed-head disk 512K 47

Moving-head single-disk

cartridge 2.4M 70
Moving-head, 10-platter

disk pack 40M 41

Up to 8 of each of these devices are supported by
RSTS/E, giving maximum disk storage of 343 million
characters; individual disk files may be as large as 33.5
million characters. Thus, the installation has wide flex-
ibility to meet its specific requirements.

Programs may be stored on the disk(s) in source lan-
guage form or compiled form. Storage in the source
language is used during program creation or when
modifications will be made. After completion, compiled
form would normally be used. While this requires
somewhat more disk space, access is considerably
faster since it need not be recompiled. Also, in com-
piled form, the program cannot be altered by
unauthorized persons.

When a data file is established or opened in a program,
the system automatically creates a buffer space in the
user’'s memory space to buffer all input and output to
and from the file. Typically, the amount of space re-
served is determined by simply specifying the device—
e.g., card reader (CR) sets up a buffer in memory of

82 characters (the contents of one punched card).
However, using the RECORDSIZE option, the user pro-
gram can specify the allocation of more buffer space
than would be normally provided. On a disk file, total
throughput can often be improved by using a larger
buffer size as this permits a single disk transfer to read
or write a large quantity of data.

If many records wlil be frequently used together, it is
desirable for handling efficiency that they be stored in
a contiguous area on the disk. The user may specify
this by means of the CLUSTERSIZE option.

Larger data files are generally stored on one of the
moving-head disk units. If the information is of a sensi-
tive nature, the disk cartridge or disk pack may be
removed from the system and locked up when it is not
in use.

Files on Tape and Other De :

RSTS/E supports both file-struct file-
structured devices. File-siruciu
disks, DECtape and indusiry-co
When a structured file is opensd in 2 progra m
possible and often desirable o specify

of information. In particular, z file nz
fied. Also, an extension to the name
the program is in source code (for e
the program) or compiled code (for efficiency in
running—compilation is not necessary).
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On structured files, a project and programmer numbsr
may also be specified. These form an integrzl part of
the file protection scheme. Combined with a protect
code, they determine who may access a file. Files
be read and/or write accessible to three classes
users:

g O
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1. Owner (programmer or user)

2. Group (all those with a specific identification
number)

3. Universal (all users)

DECtape is generally used to store relatively short files
such as programs and data files under 300K bytes in
size. DECtape is economical and has found favor in the
school and university environment with students, pro-
fessors, and researchers each having their own private
DECtape libraries on one or more four-inch reels.

Like DECtape, industry-compatible magnetic tape is
used for sequential access to data, but it is capable of
handling large masses of data. Large disk packs can
be backed up on magtape, for example. (See “Disk File
Integrity” section under “System Management”.) Also
magtape can be used to provide an interchange be-
tween RSTS/E and computer systems of other manu-
facturers. (See next section on Record I/O for further
discussion.)

Non-file-structured devices include the card reader,
line printer, high-speed paper tape reader and punch,
and other user terminals. In using these devices, only
the name of the device need be specified in the pro-
gram I/O statement and the data file automatically is
read in from or written out to the device. Customer
invoices, for example, could be printed out on the line
printer with the programmer merely specifying the
name of the device (LP), the data to be printed, and the
format. (More about formats in the “Formatted Output”
section under “User Interaction.”)
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Record Input/Output

Record 1/O files are files which are accessed by fixed-
length data transfers with no conversion between data
formats and no regard to any special characters within
the records being transferred. Record 1/O transfers are
possible on all devices but are especially significant
with respect to disk and magtape.

I
|
|
|
[

TAPE READ AND

WRITTEN USING

STANDARD SYSTEM
FORMAT

L

TAPE READ AND
WRITTEN USING
RECORD 170
FEATURE

RECORD 1/0 PERMITS MAGTAPE TO BE
PROCESSED ON OTHER COMPUTERS

DEVICE
BUFFER

AUTOMATIC
STANDARD

|

STANDARD DATA TRANSFERS
~ (FORMATTED ASC III AND
VIRTUAL MEMORY)

DATA TRANSFERS BY CONVENTIONAL
METHOD VERSUS RECORD 1/0

It is this technique that permits industry-compatible
magnetic tape to be written and accessed in a format
compatible with the computer systems of other manu-
facturers. The key benefit of using Record /O strictly
within RSTS/E for disk files is its efficiency with respect
to speed and minimization of disk space. These ad-
vantages are obtained at the cost of the simplicity of
standard formatted ASCll and virtual array /0, both of
which are practically transparent to the programmer.

Another way of looking at Record 1/0O is a method
which permits the user not only to manipulate the data
to be input and output put also to manipulate how that
data enters and leaves the 1/O buffers going to and
from the actual storage device (disk, tape, etc.)

DEVICE
BUFFER

PROGRAM
CONTROLS
CONTENTS

AND
FORMAT
IN- CORE OF DATA
DATA iN THE
DEVICE

BUFFERS

| PROGRAM

RECORD INPUT/OUTPUT



As with other file accessing techniques, Record 1/0
requires that a file on a physical device be opened for
use by means of an OPEN statement. Input and output
to Record I/0 files are performed directly between the
device and the I/O buffer created by the OPEN state-
ment. All I/O is specified in terms of single records,
using the GET and PUT statements. Using sequential
files such as magtape, the GET statement reads the
next sequential record from the file open on the desig-
nated channel. For example:

GET #3
reads the next record from file channel 3.

Similarly, the PUT statement writes the contents of the
I/0 buffer for the specified channel onto the next
sequential record of the file.

In the case of disk files, Record 1/0 transfers may be
random as well as sequential. In this case, the user
can specify which record in the file he wishes to read
or write by using the RECORD statement. For example,
to fetch the Jth record from file channel | would be
done with this statement:

GET #1, RECORD J

The GET and PUT statements determine how data are
moved between the I/O buffer and the device. Record
I/0 also provides for moving data between the 1/0
buffer and program. This is accomplished by means of
the FIELD, LSET and RSET statements. The FIELD
statement is used to dynamically associate string
variable names with all or part of an I/O buffer. For
each 1/0 file buffer, FIELD specifies the names of the
string variables (or data) and the length, in characters,
of each string variable, similar to a COBOL data-
division file descriptor.

Once the string variable names have been defined as
part of the I/O butfer with the FIELD statement, it is
necessary to be able to store values in the string vari-
ables without moving them from the 1/O buffer. The

T and RSET statements store values in a string
vitkout redefining the string position; LSET
the value to be left-justified in the string vari-
T causes it to be right-justified.

O uses string variable names, the effi-
"""""" not limited to the use of alpha-

)
0O U
)

v
J

numeric strin ating point and integer values
may also be st using some simple conversion func-
tions. This technigue allows the optimization of file
storage space compared to the siandard RSTS/E in-

teger and floating point va

Multiple User Access to Common Files

It is often desirable to have one or more on-line disk

files simultaneously accessible to more than one user.

For example, in an order entry/inventory control sys- |
tem several clerks might be entering orders and each :
one must have access to the same customer master
file and inventory control file. Or in a college on-line
registration system, students would register and enter
their course preferences at a number of terminals
simultaneously.

Under RSTS/E any number of users may read data
from the same file simultaneously. Typically, only one
user at a time may write on the file. However, when
multiple user updating is desirable as described above,
the UPDATE feature permits this to be handled safely
by locking out a physical disk record from other users
while one user is in the process of updating the
record. While the record is locked out, other users
are temporarily prevented from accessing it, although
they can read or write any other record in the file

not currently locked out. When the locked-out record
is updated, it then once again becomes accessible

to other users. In this way, all users are guaranteed

to have access only to current, valid records instead
of records that are not up-to-date because they are

in the process of being altered by another user.

File Security

Each terminal user has full control over the degree of
privacy he desires for each file he creates. Access may
be limited to one user, to those in the same group (or
project), or to all system users. Access may be read
only, write only or read/write. System and file security
are discussed at greater length in the section on “Sys-
tem Management.”
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USER INTERACTION

Interactive Orientation

RSTS/E is oriented to an interactive rather than a batch
mode of operation. Users interact with the system
through a variety of terminals—high-speed cathode ray
tube terminals for extremely rapid response where
hard copy is not required; the 30 cps DECwriter for
medium speed and printed copy; the industry work-
horse Teletype for lowest initial cost; and a variety of
remote modems and communications equipment. Al-
though users control their activity through such ter-
minals, they also, through resource sharing, have ac-
cess to and control over system peripherals such as
card readers, line printers, paper tape devices, disks,
and magtape units. Thus, RSTS/E provides interactive
terminals for ease of use and operational efficiency
along with resource sharing for high performance and
large system capability.

BASIC-PLUS—AnR Expanded Language

Timesharing users interact with RSTS/E using BASIC-
PLUS. The language is easy to learn and work with, yet
puts the enormous power of the system at the users’
fingertips. The immediate mode of operation enables
the terminal to be used for simple calculations. Dy-
namic debugging is faster since programs may be inter-
rupted at any point, checked, corrected, and operation
resumed.

BASIC-PLUS automatically checks all program com-
mands for accuracy when they are entered. Errors are
reported immediately. Since each program line is com-
piled as it is entered, there are no frustrating delays,
even on the RUN command.

BASIC-PLUS is a significant extension of Dartmouth
BASIC to increase its utility and make RSTS/E the ideal
tool to solve a broad range of problems. For example,
administrative applications such as on-line order entry,
inventory control and payroll may be implemented effi-
ciently by using language features suited for data proc-
essing. Text-processing applications such as Computer
Assisied Instruction (CAIl), automatic letter or docu-
ment editing and production may utilize the set of
characier string handling functions. The utility of
BASIC for computational applications such as struc-
tural design and simulation is extended with language
features which zllow more concise, and therefore,
more efficient programming and program execution.
BASIC-PLUS eliminates the constraints of BASIC for a
variety of applications programming tasks.

11

Calculations in BASIC-PLUS are generally executed
using floating point variables. The magnitude range of
numbers lies between .14x10* and 1.7x10*. Two levels
of precision are available: 7 decimal digits (2 computer
words) or 17 decimal digits (4 computer words). The
degree of precision used is a system generation param-
eter. Whichever is chosen applies to all users of the
system unless the system is regenerated for a different
degree of precision.

BASIC-PLUS also allows the use of integers. These are
whole numbers in the range —32,768 to 32,767. The
most'common uses of integers are in counting, index-
ing, and subscript operations. Since integers only oc-
cupy one computer word, their use often increases the
execution efficiency of programs.

BASIC-PLUS provides a comprehensive set of math-
ematical functions to the user—trigonometric, logarith-
mic, absolute value, truncation, pi, random number
generator, and square root. Logical and relational op-
erators are also available. (See Appendix D for a com-
plete language summary.)

Immediate Mode of Execution

Normal timesharing use of RSTS/E consists of typing
program text using a keyboard terminal and at the end
of the program typing a RUN command at which time
the program executes. A second mode of using
RSTS/E, called immediate mode, consists of typing
program statements on the keyboard and having them
executed immediately. Program statements are iden-
tical in either case except that, in immediate mode,
they are typed without line numbers.

Two uses of immediate mode might be 1) performance
of simple calculations in situations which do not occur
with sufficient frequency to justify writing a program
and 2) program debugging. To debug a program a user
can place STOP statements liberally throughout the
program. Each STOP statement causes the program to
halt and prints the line number at which the STOP oc-
curred, at which time the user can examine and change
various data values in immediate mode and give a com-
mand to continue program execution.




String Operations

Many RSTS/E applications, such as Computer Assisted
Instruction, text editing and business data proc-
essing, require efficient processing of alphabetic data
such as names, addresses and, indeed, entire sen-
tences and paragraphs. BASIC-PLUS provides for the
processing of character strings of various lengths, the
maximum length being limited only by the available
memory. When used with virtual memory, character
strings are a maximum of 512 characters in length.

A comprehensive group of string operations is provided
in BASIC-PLUS. Strings may be appended to one an-
other. Strings may be compared to one another to see,
for example, if a keyboard response is correct or to
alphabetize a list of names.

Functions are available to extract, examine, or search
for a string of characters contained within a larger
string. The use of these powerful functions can be il-
lustrated by a CAl example. Let us say the answer be-
ing sought is “MARINE.” The program could be written
so the following student responses would be accept-
able:

MARINE
THE ANSWER IS MARINE!
| THINK IT'S MARINE

Whereas, the following responses would not be correct:

MARINA

SUBMARINE

THE ANSWER IS NOT MARINE (pro-
gram recognized a negative word pre-
ceding the answer)

Further enhancing the utility of string variables is
the capability of using string arrays or matrices. With
this feature, an entire list of alphabetic data, say

a list of names, could be read in with a single
statement, processed and output with another state-
ment. In standard BASIC, without string arrays, a
separate READ and WRITE statement would be
required for each and every name in the list.

10 IF X>Y AND Y>Z THEN Z =XELSEZ=Y

10 A(Y1, Z1) = Z1+3 FOR Z1 = 1TOL

10 A1 =PIPR1IFR1 =520RR1 =06

10 GOTO 5530 UNLESS X1$>Y1$ AND Z1$ = “ABC”
10 ON X(2, 5) GOTO 100, 150, 200, 250, 300

10 A1, B, C = SIN (2*X*Pl) IF R1> .5

Matrix Operations

The user of RSTS/E may improve processing and
programming efficiency by organizing his numeric
data into one- and two-dimensional arrays or
matrices. The BASIC-PLUS matrix commands add,
subtract, multiply, and invert entire data matrices
in a single operation. Commands are also available
to initialize a matrix to zeroes, ones, or the identity
matrix.

Both numeric and character string matrices may be
input, read, and printed with single commands.

If the matrices won't fit in main memory, the
BASIC-PLUS virtual memory facility can be used
as an extension of main memory as needed. Thus,
array size never restricts program size, or vice versa;
RSTS/E offers unlimited array capability even with
the largest programs.

Extended Program Statement Coding

The effectiveness of RSTS/E in solving problems in a
broad variety of application areas is significantly
increased with the addition of numerous extensions

to the structure (syntax) of the BASIC program state-
ments. These highly flexible program statements,
previously found only in advanced scientific languages
like ALGOL, permit more concise expression of
complex program steps.

Consider the following examples:

10 IF X< =Y THENS50
20 IFY<=ZTHENS0

30 LETZ=X
40 GOTO 60
50 LETZ=Y

10 FORZ1=1TOL
20 LETA(Y1,Z1)=2Z1+3
30 NEXT Z1

10 IFR1=5.2 THEN 30
20 IFR1< >0.6 THEN 50
30 LET PI=23.14159

40 LET A1 =PI"R1

(2 statements)
(5 statements)
(5 statements)



Resource Sharing

RSTS/E terminal users may have exclusive use of

any peripheral on the system (except the public
disk(s) which is a shared device). Not only can

all devices be accessed by users at any time, but also
any device can be accessed from a BASIC-PLUS
program. Users may use a device as long as needed,
and then return it for assignment to another user

or program. The ability to enter, store, and retrieve
programs and data files using high-speed peripheral
devices makes RSTS/E a true general-purpose,
problem-solving and data management system.

Examples of the value of the resource sharing
concept are: one user may use the card reader,

line printer, magtape and disk for performing a
“batch’” administrative data processing task; another
terminal user may use a DECtape unit for retrieving

or creating a tape file intended for off-line storage;
and, when the card reader is free, yet another terminal
user may read in a punched card file which contains
a BASIC program created at an off-line card punch.

Access privileges to the system devices are controlled
by the system manager during system initialization.
However, once access has been granted, RSTS/E
automatically allocates the use of the devices among
those users having access privileges.

uNiBUS®

CARD
READER

CARD
READER

UNIBUS®
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Programmable Timing Control

BASIC-PLUS gives the user the ability to control
certain operations in actual time. The SLEEP func-
tion allows the user to suspend his program from
execution for a specified number of seconds. When
the time specified has elapsed, execution resumes.
Let us say a RSTS/E installation has a substantial
number of users trying to print things on the line
printer—invoices for example. Rather than each one
of these users getting in a queue and inserting a
SLEEP command in his program to wait a few
seconds if the line printer is busy and then trying
to access it again, consider this more elegant ap-
proach with BASIC-PLUS. Each user writes his line
printer output into a specified disk file. Then a
program running at, say, the system manager’s ter-
minal examines that disk file periodically and, if it
has something in it, prints it out on the line printer.
If the disk file is empty, the program sleeps a few
seconds and examines it again. Optimum throughput
with never a delay to the user!

In some applications, the length of time that a ter-
minal user takes in responding to a message printed
at his terminal is a significant variable. The WAIT
function provides an interval timer feature which
may be used for signaling the program that the ter-
minal user has not responded within some prede-
termined length of time. One example of the use of the
WAIT function is in Computer Assisted Instruction
applications where one measure of student per-
formance may be his “think time.” If the student
takes more than 5 seconds, for example, to respond
to a question, the computer can restate the question
in another manner, and record the delay as one
element of the student’s overall performance.

An additional real-time feature provides year, month,
day, and time-of-day information to RSTS/E programs.
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Formatted Output

Many applications, such as business data processing,
require more flexible control of the printing format
than Dartmouth BASIC allows. BASIC-PLUS in-
cludes a PRINT USING statement which may be used
to achieve precise definition of printed data format.
PRINT USING allows character, decimal, and ex-
ponential data field lengths and positions to be
defined, and mixed, in a line of output. In addition,
leading dollar sign or asterisk symbols may be
“floated”” to automatically precede the most sig-
nificant digit of decimal fields. Also, trailing minus
signs may be specified for compatibility with
accounting report standards.

Floating dollar sign 69520 § 95.2

$4,382.69 $ 4382.69
$0.43 $ 043
Asterik fill $***20.32 Not available
$**120.48
Comma insertion, decimal 4,832,684.15 4832684.15
point alignment 1,497.00 1497
Trailing minus sign 572.83— —572.83

Error Recovery

One of the more frustrating situations for a time-
sharing terminal user is having his program can-
celled because an input/output error condition occurs
(perhaps temporary), therefore causing all results
created (in a file, for example) to that point to be lost.
This situation, though rare, may be eliminated in
RSTS/E by use of the ON ERROR GOTO statement.
This subroutine call statement is triggered by a
variety of input-output operation errors. The called
subroutine is passed a value which identifies the
error type, and attempts to recover from the error
condition. If the subroutine is successful, normal
execution of the application program resumes.

Occasionally, problems will occur within the tele-
phone system causing an unexpected disconnect
for a remote user. In this event, the remote terminal
will be detached from the job (system), but the pro-
gram will continue processing. The user can then
re-dial the computer system, re-attach to his job, and
then continue interaction with his program.

In all cases, on hardware or software error, the file
system is kept intact and secure. In the unlikely
event of a system “crash,” users will merely have to
perform a simple determination of the status of their
file processing at the time of the crash, and then
continue.



SYSTEM MANAGEMENT

Efficient Scheduling Algorithm

RSTS/E installations can expect exceptional efficiency
of operation because the operating system con-
tinuously and dynamically allocates processor time,
memory space, file space and peripheral access on

a best-fit/best throughput basis. The RSTS/E operating
system automatically and dynamically assigns

one of 255 job priority levels to each timesharing job.
These priority levels are based on such criteria as

job size, computing requirements, current time since
last quantum of run time for the job, and input/output
requirements. They may also be altered by the

System Manager.

Disk allocation is made dynamically as users require.
lJsers do not have to plan ahead for their use of

disk space; however, additional efficiencies may be
realized if they do. Specifying contiguous disk seg-
ments, as discussed previously in the “Record 1/0”’
section, can decrease the number of disk accesses
required for reading and writing large files.
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Control of User Access and Resources

RSTS/E provides facilities to the System Manager
for his accurate and effective control of system use.
The System Manager may specify for each user

his programmer and project number, his password,
his maximum logged-out disk space, and his maxi-
mum number of files.

If desired, user access to the system can be controlled
by the System Manager. In fact, if he wished, he could
control access -automatically through a program, thus
relieving the tedium of system administration. For
example, in a school, certain users could be auto-
matically limited to 30 minutes of log-in time per day
or to two log-ins per day. Should users not log-off at a
designated time, the System Manager can force a
log-off of the user’s terminal which will preserve his
files, but terminate his job execution.

Facilities are available for the System Manager to
send messages to all terminal users. Also an auto-
matic shutdown system is provided which periodically
warns users that the system will shut down at a
designated time. Any users still active at the designated
time are logged off in an orderly fashion, with full
integrity of all active files.

Access to peripheral devices is generally open to all
users under the resource sharing concept on a first-
come, first-serve basis. However, the capability is
available to the System Manager to intervene in
peripheral assignment and permit assignment as he
sees fit. In addition, the System Manager can specify
how the space on the system disks is to be allocated.




System Usage Accounting

The System Manager, as well as any terminal user, can
determine the status of the RSTS/E system through use
of the SYSTAT program. This program gives informa-
tion on:

Status of all jobs

Disk structure and status

Status of other peripheral devices
Run time to date

A more detailed accounting of a specific user, or all
users, is possible using the program MONEY. For each
unique account, this yields information on:

CPU run time

Connect time of the user’s terminal
Memory usage

Peripheral device usage

Number of log-ins and log-outs
Disk storage allocation

System and File Security

As mentioned above, to gain access to a RSTS/E
system, a user must first have a programmer number
assigned by the System Manager. After that, whenever
he uses the system, he must identify himself correctly
by entering his number and password (non-printing).
Either the user or System Manager has the capability
of changing this password at any time. This facility,
when combined with the individual file access protec-
tion codes, (discussed in the section, “File Security’)
provides an effective means of safeguarding user data.

Additional protection can be provided by “private,”
removable disk packs and cartridges. A private disk is
one upon which only authorized users (by the System
Manager) may create files. Other users may access
these files only if protection codes permit. Private disks
may be mounted or dismounted from the on-line sys-
tem at any time. When not in use, they may be kept
under lock and key.
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Disk File Integrity

An essential requirement of any computer system is to
be able to restore on-line disk files to a known state

in the event of system or program failure. RSTS/E pro-
vides two facilities to ““back up” disk files—one facility
is called “ROLLIN/ROLLOUT"” and the other is called
“BACKUP.”

ROLLIN/ROLLOUT provides a means for transferring
the entire contents of one or more mass storage de-
vices to one or more other mass storage devices.
Usually a disk would be copied to a magtape, one or
more DECtapes, or another disk (as in the case of
removable packs).

The program is run “off-line,” that is, when RSTS is
not in use. ROLLIN/ROLLOUT provides a very fast,
non-file-structured copy; that is, copies between mixed
media do not allow individual files to be restored with-
out restoring the entire volume, which must also be
done off-line.

The BACKUP program, on the other hand, is an on-line
RSTS system program that allows selective file-struc-
tured copying on a file-by-file basis. An individual user
may back up any or all of his files with a simple com-
mand.

The System Manager may specify that any or all files
of any or all accounts be backed up. Restoration of
the files is also accomplished on-line and provides the
user with the same flexibility as in the backing up of
his files—any or all files can be restored with a single
command. Although the BACKUP program is slower
than ROLLIN/ROLLOUT for the entire volume backup,
it has the following advantages:

1. Itis an on-line operation; other users continue to
execute their programs undisturbed.

2. It provides a verification of the disk pack file struc-
ture and provides a list of all files backed up.

3. It can optionally delete inactive files at the opera-
tor’s discretion.

4. It is selective—only those files requiring backup
need be transferred.

5. It restores files in a manner which reduces the over-
head required for accessing those files.
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ZURICH

Scheuchzerstrasse 21

CH-8006 Zurich, Switzerland
Telephone: 01/60 35 66 Telex: 56059

ITALY
Digital Equipment S.p.A.
MILAN

Telex: 19079 DEC N

Corso Garibaldi 49, 20121 Milano, Italy

Telephone: 872 748 694 394 Telex: 33615
SPAIN

Dlglta\ Equ\pmen! Corporation Ltd.

MAD,

Ataio Ingemeros S.A., Enrigue Larreta 12, Madrid 16
Telephone: 2153543 Telex: 27249

BARCELONA

Ataio Ingenieros S.A., Ganduxer 76, Barcelona 6
Telephone: 221 44 66

CANADA

Digital Equipment of Canada, Ltd
CANADIAN HEADQUARTERS
P.O. Box 11500

Ottawa, Ontario, Canada

K2H 8K8

Telephone: (613)-592-5111 TWX: 610-562-8732

CANADA (cont.)
OTTAWA

P.O. Box 11250

Ottawa, Ontario

K2H 779

Telephone: (613)-592-5120
TORONTO

230 Lakeshore Road East, Port Credit, Ontario
Telephone: (416)-274-1241 TWX: 610-492-4306
MONTREAL

9675 Cote de Liesse Road
Dorval, Quebec, Canada 760
Telephone: (514)-636-9393
CALGARY /Edmonton

Suite 140, 6940 Fisher Road S.E.
Calgary, Alberta, Canada
Telephone: (403)-435-4881
VANCOUVER

2210 West 12th Avenue
Vancouver 9, British Columbia, Canada
Telephone: (604)-736-5616 TWX: 610-929-2006

TWX: 610-562-8907

TWX: 610-422-4124

TWX: 403-255-7408

GENERAL INTERNATIONAL SALES
REGIONAL OFFICE
146 Main Street, Maynard Massachusetts 01754
Telephone: (617)-897-5111
From Metropolitan Boston 646-8600
TWX: 710-347-0217/0212
Cable: DIGITAL MAYN
Telex: 94-8457

AUSTRALIA

Digital Equipment Australia Pty. Ltd.
SYDNEY

P.O. Box 491, Crows Nest

N.S.W. Australia 3065
Telephone: 439-2566
Cable: Digital, Sydney
MELBOURNE

60 Park Street, South Melbourne, Victoria, 3205
Telephone: 639-2888 Telex: AA40616

PERTH

643 Murray Street

West Perth, Western Australia 6005

Telephone: 21-4993 Telex: AA92140
BRISBANE

139 Merivale Street, South Brisbane
Queensland, Australia 4101

Telephone: 44-4047 Telex: AA40616
ADELAIDE

6 Montrose Avenue

Norwood, South Australia 5067

Telephone: 63-1339 Telex: AAB2825

Telex: AA20740

NEW ZEALAND

Digital Equipment Corporation Ltd.
AUCKLAND

Hilton House, 430 Queen Street, Box 2471
Auckland, New Zealand

Telephone: 75533

JAPAN

Digital Equipment Corporation International
KYO

Kowa Building No. 17, Second Floor
2-7 Nishi-Azabu 1-Chome
Minato-Ku, Tokyo, Japan

Telephone: 404-5894/6  Telex: TK-6428

WEST

REGIONAL OFFICE:

310 Soquel Way, Sunnyvale, California 94086
Telephone: (408)-735-9200

SANTA ANA

2110 S. Anne St.

Santa Ana, Calif. 92704

Telephone: (714)-979-2460

F.S. 7149792464  TWX 910-391-1189

WEST LOS ANGELES

1510 Cotner Avenue, Los Angeles, California 90025
Telephone: (213)-479-3791/4318  TWX: 910-342-6999
SAN DIEGO

6154 Mission Gorge Road, Suite 110

Sen Diego, California 92120
Telephone: (714)-280-7880, 7970
SAN FRANCISCO

1400 Terra Bella, Mountain View, California 84040
Telephone: (415)-064-6200  TWX: 910-373-1266
OAKLAND

7850 Edgewater Drive, Oakland, California 94621
Telephone: (415) 635-5453/7830  TWX: 910-366-7238
ALBUQUERQUE

6303 Indian School Road, N.E., Albuguerque, N.M. 87110
Telephone: (505)-296-5411/5428  TWX: 910-989-0614
DENVER

2305 South Colorado Boulevard, Suite #5

Denver, Colorado 80222

Telephone: (303)-757-3332/758-1656/758-1659

TWX: 910-931-2650

SEATTLE

1521 130th N.E., Bellevue, Washington 98005

Telephone: (206)-454-4058/455-5404  TWX: 910-443-2306
SALT LAKE CITY

431 South 3rd East, Salt Lake City, Utah 84111
Telephone: (801)-328-9838  TWX: 910-925-5834

PHOENIX

4358 East Broadway Road, Phoenix, Arizona 85040
Telephone: (602)-268-3488 TWX: 910-950-4691
PORTLAND

Suite 168

5319 S.W. Westgate Drive, Portland, Oregon 97221
Telephone: (503)-297-3761/3765

TWX: 910-335-1230

JAPAN (cont.)

Rikei Trading Co., Ltd. (sales only)
Kozato-Kaikan Bldg.

No. 18-14, Nishishimbashi 1-chome
Minato-Ku, Tokyo, Japan

Telephone: 5915246 Telex: 781-4208

PUERTO RICO

Digital Equipment Corporation de Puerto Rico
MIRAMAR

American Airlines Bldg.

804 Ponce De Leon, Miramar, Puerto Rico
Telephone: 809-723-8068/67 Telex: 385-9056

ARGENTINA

BUENOS AIRES

Coasin S.A.

Virrey del Pino 4071, Buenos Aires
Telephone: 52-3185  Telex: 012-2284

BRAZIL

RIO DE JANEIRO — GB.
Ambriex S.A.

Rua Ceara, 104, 2.° e 3.° andares
Fones: 221-4560/44, 252-9873
Cable: RAIOCARDIO

SAO PAULO — SP

Ambriex S.A.

Rua Tupi, 535

Fones: 51-0912; 52-0655; 52-7806
Cable: RAIOCARDIO

PORTO ALEGRE — RS
Ambriex S.A.

Rua Cel. Vicente, 421, 1.° andar
Fones: 24-7411; 24-7696

CHILE

SANTIAGO

Coasin Chile Ltda. (sales only)

Casilla 14588, Correo 15, Santiago
Telephone: 396713 Cable: COACHIL

INDIA

BOMBAY

Hinditron Computers Pvt. Ltd.
69/A, L. Jagmohandas Marg.
Bombay-6 (W.B.), India
Telephone: 38-1615; 36-5344
Cable: Tekhind

MEXICO

MEXICO CITY

Mexitek, S.A.

Eugenia 408 Deptos. 1
Apdo. Postal 12-1012
Mexico 12, D.F.
Telephone: (905) 536-09-10

PHILIPPINES

Telex: 011-2584 Plenty

MANILA
Stanford Computer Corporation
P.O. Box 1608

416 Dasmarinas St., M,
Telephone: 49-68-96

VENEZUELA

CARACAS

Coasin, C.A.

Apartado 50939

Sabana Grande No. 1, Caracas 105
Telephone: 72-8662; 72-9637

Cable: INSTRUVEN

anila
Telex: 742-0352
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RETURN THIS CARD FOR MORE INFORMATION ON
RSTS/E

TO ALLOW US TO SERVE YOU BEST, PLEASE
INDICATE YOUR INTERESTS BELOW AND AN-
SWER ALL QUESTIONS.

Send a BASIC-PLUS Language Manual $7.50
Send a RSTS/E Users Guide $7.00
Send a RSTS/E System Managers Guide $7.00

Have a Salesman call
(PAYMENT MUST BE ENCLOSED)

Type of Company or Institution?

Consulting Engineer or Architect Firm
Manufacturer

Distributor or Warehouse

Retailer

Secondary School

Junior or Community College

College or Univ. Computer Center
College or Univ. Department

Type of Application (Please describe)?

Current Computer Usage?

Manufacturer and Model

L
L
L

Approx. Annual Budget $

On-site [] Lease or Rent
Own [] Timesharing
Remote Job Entry [ ] Service Bureau

NAME

TITLE

DEPARTMENT

COMPANY OR SCHOOL

STREET ADDRESS

CITY STATE ZIP

TELEPHONE: AREA CODE NUMBER
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