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The decrease in the cost of computer hardware, brought about by the
advent of the microprocessor and inexpensive solid-state memory, has
brought the personal computer system to reality. Although the cost of
software development shows no sign of decreasing soon, the fact that a
large

amount of software has been developed for the UNIX* time-sharing
much of this software port-

system in the high-level language, C, makes

able to another processor with rather limited hardware in comparison. A
single-user UNIX system has been developed for the DEC LSI- 11 micro-

processor using

20K

ondary storage.

By

tem,

it is

possible to run almost all of the standard

subsystems on

this single-user version

A background
The

file

system

tiguous files.

UNIX languages and

of the UNIX system.

process as well as foreground processes

is

"UNIX-like, "

disks.

may

be run.

but has provisions for dealing with con-

Subroutines have been written to interface

tem on the floppy
able

words of primary memory and floppy disks for secpreserving the user-system interface of the UNIX sys-

to the file sys-

Asynchronous read/write routines are also avail-

to the user.

The LSI -UNIX system (lsx) has appeal as a stand-alone system for
dedicated applications, as well as many potential uses as an intelligent
terminal system.

I.

INTRODUCTION
The UNIX

operating system 1

has enjoyed wide acceptance as a
It supports a large

powerful, general-purpose time-sharing system.
*

unix

is

a trademark of Bell Laboratories.
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variety of languages and subsystems.

It

runs on the Digital Equip11/70 computers, all 16-

ment Corporation pdp- 11/40, 11/45, and
bit word machines that have a memory
makes multiprogramming easy to support.
ten in the system programming language,

management unit which
The UNIX system is writ-

C, 2 in which most user
programs and subsystems are written. Other languages and subsystems supported include Basic, Fortran, Snobol, tmg, and Yacc (a
compiler-compiler).

The

file

system

is

a general hierarchical struc-

ture supporting device independence.

With the advent of the dec

LSI- 11

microprocessor 3

it

has become

machine as much as possible of the
software developed for the UNIX system. One of the biggest problems faced is the lack of a memory management unit, which limits
the total address space of both system and user to 28K words. The
challenge, then, is to reduce the 20K-word, original UNIX operating
system to 8K words and yet maintain a useful operating system.
This limits the number of device drivers as well as the system functions that can be supported. The secondary storage used is floppy
The operating system was written in the C
disks (diskettes).
language and provides most of the capabilities of the standard UNIX
operating system. The system occupies 8K words in the lower part
of memory, leaving up to 20K words for a user program. This
configuration permits most of the UNIX user programs to run on the
LSI- 11 microcomputer. The operating system (lsx) allows a background process as well as foreground processes.
The fact that a minimum system can be configured for about
$6000 makes the lsx system an attractive stand-alone system for
desirable to transport to this

dedicated applications such as control of special hardware.

tem

also has appeal as an intelligent terminal

The

sys-

and for applications

and private data base. In fact, this is a personal
computer system with almost all the functions of the standard UNIX
that require a secure

time-sharing system.

This paper describes some of the objectives of the lsx system as
some of its more important features. Its capabilities are
compared with the powerful UNIX time-sharing system which runs
on the pdp- 11/40, 11/45, and 11/70 computers, 4 where appropriate.
well as

A summary

and some thoughts on future directions are also

presented.

II.

WHY
Why

2088

UNIX ON A MICROPROCESSOR?
develop

a

microprocessor- based

UNIX

system?
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The

increasing trend to microprocessors and the proliferation of

intelli-

gent terminals make it desirable to harness the UNIX software into
an inexpensive microcomputer and give the user a personal computer system. A number of factors must be considered in doing
this:
(/)
(//)

Cost of hardware.
Cost of software.

(//'/')

UNIX software

(/v)

Size of system.

base.

costs of a computer system have come down
over the last few years (even over the past few
months). This trend is likely to continue in the foreseeable future.
Microprocessors on a chip are a reality. The cost of primary
memory (e.g., dynamic mos memory) is decreasing rapidly as 4-kb
chips are being replaced by 16-kb chips. A large amount of expertise exists in PDP-11 hardware interfacing. The similarity of the Q-

The hardware

dramatically

bus of the LSI- 11 microcomputer to the unibus of other members of
the PDP-11 family of computers makes this expertise available.
Software development costs continue to increase, since the
development of new software is so labor-intensive, making it
difficult to

estimate the cost of writing a particular software applicaUntil automatic program writing techniques become

tion program.

better understood and used, this trend

is

not likely to be turned

becomes imperative to take advantage of as much software that has already been written as possible,
including the tremendous amount of software that has already been
written to run under the UNIX operating system. The operating system developed for the LSI- 11 microcomputer supports most of the
UNIX user programs which run under UNIX time-sharing, even
though lsx is a single-user system. Thus most of the software for
around any time soon.

Thus

it

the system is already available, minimizing the cost of software
development.
With the advent of some powerful microprocessors, the sizes of
some computer systems have shrunk correspondingly. Small secon-

dary storage units

(floppy

disks)

are also

becoming increasingly

marketing the LSI- 11 microcomputer,
which is a 16-bit word machine with an instruction set compatible
with the PDP-11 family of computers. It is conceivable that in the
next five years or so the power of a minicomputer system will be
available in a microcomputer. It will become possible to allow a
user to have a dedicated microcomputer rather than a part of a
popular.

In particular,

dec

is

UNIX

ON A MICROPROCESSOR

2089

minicomputer time-sharing system,
puter system with a

the machine

be

made

lsx

is

a step in this direction.

the user a cost-effective interactive and powerful

will give

It

is

known response time

A

not time-shared.

com-

to given requests, since

dedicated, one-user system can

available to guarantee "instantaneous" response to requests

There are no unpredictable time-sharing delays to deal
applications in areas where security is important.
A user can gain access to the system only in the room in
which the system resides. It is thus possible to limit access to a
of a user.
with.

The system has

user's data.

Local text-editing and text-processing features are now available.
Other features can be added easily. Interfaces to special I/O equipment on the Q-bus for dedicated experiments can be added. The
user then has direct access to this equipment. Using floppy disks as
secondary storage gives the user a rather small data base. A link to
a larger machine can provide access to a larger data base. Interfaces
such as the DLVll (serial interface) and the drv-11 (parallel interface) can provide access to other computers.
One of the main benefits of using the unix software base is that
the C compiler is available for writing application programs in the
structured high-level language, C.
interpreter 5

is

also a great asset.

The use of

A general

the shell

hierarchical

file

command
system

is

available.

The LSX system has two main
(/*)
(/'/)

areas of application:

Control of dedicated experiments.
Intelligent terminals.

As

a dedicated experiment controller, one can interface special I/O
equipment to the LSI- 11 Q-bus and both support and control the
experiment with the same lsx system. The applications as an intelligent terminal are many-fold:
(/')

(//)

Development system.
General text-processing applications.

(///)

Form

O'v)

Two-dimensional cursor-controlled text

III.

editor.
editor.

HARDWARE CONSIDERATIONS

The hardware required to build a useful lsx system
The absolute minimum pieces required are:
(/')

2090

LSI- 11

microcomputer (with

is

minimal.

4K memory).
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V
LSI-11

16K

MICROCOMPUTER

DYNAMIC
MOS MEMORY

(4K MOS)

DLV-11
SERIAL

SPECIAL

DLV-11

DRV-11

I/O

SERIAL
INTERFACE

INTERFACE

INTERFACE

PARALLEL

CONNECTION TO
POP- 11/45

COMPUTER

Fig.

1— lsi-11

configuration.

16K memory

(//')

(e.g., dynamic mos).
(extended instruction set).

(///)

Eis chip

(/v)

Floppy disk controller with one drive.
dlv-11 serial interface.
Terminal with serial interface.

(v)
(vi)

Power supply.

(v/V)

Cabinet.

(viii)

A more
total

flexible

system

The

is

and powerful system

shown

is

shown

in Fig.

1.

An

actual

in Fig. 2.

microcomputer

instruction set of the LSI- 11

Fig.

2— lsi-11

is

compatible

system.

UNIX
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Table

DEC

Controller

Sector size (bytes)
Sectors per track
Number of tracks
Total capacity (bytes)

DMA

capability (y/n)
Max. transfer rate

with that of the

I

members of

AED

BTL

128
26
77

512

512

8

16

77

77

256256

315392

630784

no

yes

6656

yes

24576

49152

the PDP-11 family of computers with

The missing instructions are provided by means of the Eis chip. These special instructions may be
generated by high-level compilers, and it is advantageous not to
the exception of 10 instructions.

have

to

emulate these instructions on the microprocessor. The
and multiple shift instruc-

instructions include the multiply, divide,
tions.

A

floppy disk controller with up to 4 drives

present,

is

shown

in Fig.

1.

At

only a few controllers for floppy disks interface to the

Q-bus. The typical rotation time of the floppy disks is 360
rpm, i.e., six times per second. All floppy disks have 77 tracks;
however, the number of sectors and the size of sectors is variable.
The comparative data for the various floppy diskettes are shown in
Table I. The maximum transfer rate is quoted in bytes per second.
The outside vendor (aed Systems*) supplies dual-density drives for
an increase in storage capacity. The DEC drives are IBM-compatible
and have less storage capacity. We have chosen to build our own
LSI- 11

floppy disk controller for

The advantages of DMA

some

(direct

special Bell

memory

System requirements. 6

access) capabilities are obvi-

ous in regard to ease of programming and transfer rate. If IBM format compatibility is important, the throughput and capacity of the
system are somewhat diminished.
At least one serial interface card is required to provide a terminal
for the user of the system. Provided the terminal uses the standard
rs232c interface, most terminals are suitable. For quick editing
capabilities, CRT terminals are appropriate. For hard copy, either the
common TTY33 or other terminals which run at higher baud rates
may be more suitable.
The choice of memory depends on the importance of system size
and whether power-fail capabilities are important. Core memory is,
of course, nonvolatile, but it takes more logic boards and more
*

Advanced

2092

Electronics Design, Inc., 440 Potrero Ave., Sunnyvale, California, 94086.
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space and

is therefore more expensive than dynamic mos memory.
Dynamic MOS memory does not take as much space, is less expen-

and takes less power, but
power dips. Memory boards up

to

16K words

for

at

a

sive,

the

LSI- 11

memory

microprocessor

its

contents are volatile in case of
in size are available*

very reasonable

price.

The

costs are likely to continue decreasing in the foreseeable

future.

Another

serial or parallel interface is

often useful for connection

machine with a large data base and a complete program
development and support system. It is, of course, necessary to use
such a connection to bootstrap up a system on the LSI- 11 microcomputer. The central machine in this case is used to store all source
for the lsx system and to compile the binary object programs
to a larger

required.

The system hardware is
bus extender may be used
This provides the

now be

flexible

enough so

that,

necessary, a

if

to interface special devices to the Q-bus.

ability to

add special-purpose hardware that can

In Section XI we describe a
was built for editing and graphics applications.
Other systems have interfaced special signal-processing
equipment to the Q-bus. As dec provides more of the interfaces to
standard I/O peripherals, the applications will no doubt expand.

controlled by the lsx system.

TV

raster scan terminal that

IV.

LSX FILE SYSTEM

The hierarchical file structure of
The system distinguishes between

the UNIX system
ordinary

is

maintained.

and
Device independence is inherent in the system.
Mounted file systems are also supported. Each file system contains
its own i-list of i-nodes which contain the file maps.
Each i-node
contains the size, number of links and the block numbers in the file.
Space on disk is divided into 512-byte blocks. In contrast with the
UNIX file system, two types of ordinary files are allowed. The
"UNIX-type" file i-node contains the block numbers that make up a
special

file.

If

files,

directories,

files.

the

file is

larger than eight blocks, the

numbers

in the i-node

are pointers to the blocks which contain the block numbers. This
requires two accesses to the disk for random file access. LSX recog-

nizes another type of

file,

contains a starting block

blocks in the
*

Monolithic

file.

Memory

the contiguous

number and

the

file,

in

which the i-node

number

of consecutive
This requires only one disk access for a random

Systems,

Inc.

UNIX
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access to a

Two

floppy disks.

contiguous
for

files;

moving

important for slow access devices such as
special commands are provided for dealing with

which

file,

is

one for

allocating space for a

file

and

second one

a

The layout of the disk is
commands. By locating direc-

a file into a contiguous area.

also crucial for

optimum response

to

and i-nodes close to each other, file access is measurably
improved over a random distribution on disk.
There is no read/write protection on files. File protection is
tories

the

strictly

responsibility.

user's

The

user

is

essentially

given

super-user permissions. Only execute and directory protection is
given on files. Group IDs are not implemented. File system space is
limited to the capacity of the diskette in use (616 blocks for the Bell
Laboratories controller)

V.

LSX SYSTEM FEATURES

The LSX operating system is written in the C language, and, as
such, bears a strong resemblance to the multi-user UNIX system
developed for the PDP-11/40, 11/45, and 11/70 computers. The
total system occupies 8K words of memory and has room for only
six system buffers. Because the C compiler itself requires up to 12K
words of user address space, it is possible to run the C compiler
using only 20K words of total memory. It is possible to increase the
system size if more capabilities are required in the operating system
since the total memory space available to the system and user is

K

More system buffers could be provided in the
system is kept to 8K words, a 20K-word user program could be run. However, this requires more swap space, which
actually 28

system.
is at

a

words.

If the

premium.

is a single-user system with only one process running
any one time. A process is defined as the execution of an image
contained in a file. However, a process may fork up to two levels
deep, giving rise to a total of three active foreground processes.
The last process forked will run to completion first. More foreground processes can be run, but this requires more swap space on

The system

at

the diskette used for this purpose.

The command

interpreter, the shell,

The

the unix system.

the current directory.
directory searched.

generally

2094

used.

file

If

The

name given

is

not found, /bin/

used in
sought in

identical to that

as a
is

command

is

prepended and the /bin

/bin directory contains

all

of the

commands

Standard input, output, and diagnostic

files
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are

supported.

Redirection of standard I/O

are also executable by the

command

is

possible.

Shell "scripts"

interpreter.

"Pipes" are not supported in the system, but pseudo-pipes are
supported in the command shell. Pipes provide an interprocess
communication channel in the UNIX time-sharing system. These
to
pseudo-pipes are accomplished by expanding the shell syntax
> ._pf < ._pf. In other words, a temporary file is used to store the
intermediate data passed between the commands. Providing that
I

;

sufficient disk space exists, the pipe

implementation

is

transparent to

the user.

During initialization, the system automatically mounts a user file
system on a second diskette if it is desired. The mount and
unmount commands are not available to the user. Thus, a reboot
necessary to mount a new user diskette. The sysnormally configured with swap space and temporary
User programs and files may reside on the system

of the system

tem

diskette

file

space.

diskette

The
(i.e.,

if

is

is

a user diskette

memory

size of

is

memory segmentation

capabilities of the

not mounted.

available

and the lack of memory protection
have put some restrictions on the

unit)

lsx operating system.

However these

are not

severe in the single-user environment in which the system is run.
Profiling is not provided in the system. Timing information only
becomes available if a clock interrupt is provided on the LSI-11
event line at 60 times per second. Only one character device driver
No
is allowed at present, as well as only one block device driver.

provided for. There is also no read-ahead on file
system buffers are provided, and the buffering algorithm is much simpler than in the UNIX system. Interactive debugging is not possible, but the planting of break-point traps and postmortem debugging of a core image is possible. All user programs
physical I/O

I/O.

Only

is

six

This
to begin execution at 8K in memory.
required modifications to the UNIX link edit (Id) and debugger (db)
programs. Most other differences between the lsx and the UNIX

must be relocated

systems are not perceived by the user.

VI.

BACKGROUND PROCESS

It is

possible to run a background process

on LSX while running a

number of foreground processes to get some concurrency out of the
system. The background process is run only while the current foreground process is in an input wait state. Two new system calls were
added to LSX, bground and kill, to enable the user to run and
UNIX
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remove

background process.

a

allowed to run and

is

it

Only one background process

is

not allowed to fork another "child" process;

may execute another program. The background process
may be compute-bound or may perform some I/O functions,

however,
either

it

such as outputting to a hard-copy terminal. When the background
process is compute-bound, it may take up to 2 seconds to respond to
a foreground user's interactive command.

VII.

STAND-ALONE ROUTINES

Under lsx,
words)

in real

to

calls

require

it

is

possible

time using

all

to

run a dedicated program

the conveniences of the

(<20K

UNIX system

communicate with the file system. For programs that
more than 20K words of memory or that require more flexi-

than provided by the LSX system, a set of subroutines provide
file system without

bility

the user with a UNIX-compatible interface to the

using the lsx system calls. A user is given more control over the
program. Disk I/O issued by the user is buffered using the readahead and write-behind features of the standard UNIX system. A

much

number of system buffers are provided than is possible
lsx system. Eight standard file system interface routines are
provided. The arguments required for each routine and the calling
sequence are identical to those required by the unix system Cinterface routines. These include: read, write, open, close, creat,
sync, unlink, and seek. Three unique routines: saread, sawrite,
and statio are provided to enable the user to do asynchronous I/O
directly into buffers in the user's area rather than into system
buffers. These additional routines allow a user to start multiple I/O
operations to and from multiple files concurrently, do some computation, and then wait for completion of a particular outstanding I/O
greater

in the

To provide real-time response in applicontiguous files may be created by means of
an salloc routine. The size of the file is specified in blocks. Once
created, the file may be grown by means of the sextend routine. A
load program under lsx enables the user to load a stand-alone program that must start execution at location in memory.
transfer at

some

later time.

cations that require

VIII.

A

it,

PROGRAM DEVELOPMENT SYSTEM

One system disk has been configured to contain a fairly complete
program development system. The development programs include:
2096
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the editor,
the assembler,
the

C

compiler,

the link editor,

the debugger,

command interpreter,
and the dump program,
the

as well as a

number of

libraries that contain frequently

for use by the link editor.

It

is

used routines

thus possible to compile, run, and

debug application programs completely on-line without access

to a

machine. In a typical application, the contents of the system
disk remain quite stable, whereas all user programs are maintained
on a permanently mounted user diskette. It is possible to run
minimal systems with only one diskette. Although, because of the
lack of protection, it is possible to crash the system, in practice, the
use of the high-level language C minimizes the number of fatal bugs
that actually occur, since the stack frame and program counter are
larger

quite well controlled.
In our particular installation,
Satellite

new

it

is

often convenient to use the

Processor System 7 to aid in the running and debugging of

This is possible since programs running in the
microcomputer behave as if they are running on the
central machine with access to its file system. This emulates the
environment on LSX quite closely. Thus a program may be compiled on a central machine supporting the C compiler, run on the
LSI- 11 microcomputer, and debugged. When the program has been
completely debugged, it is possible to load the program onto the
floppy file system using the stand-alone routines described previously and the satellite processor system. This program may then be
run under lsx.
user programs.

LSI- 11 satellite

IX.

TEXT PROCESSING SYSTEM

Another area of application for the lsx system is as a personal
computer system for text processing. Files may be prepared using
the editor and run off using the UNIX nroff command with a hardcopy device. This system disk includes programs such as:

ed

editor

cat

output ascii

files

UNIX
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pr

print ASCII files

od

octal

roff

formatter

nroff

formatter

neqn

mathematical equation formatter

dump

files

program referred to in the previous section enables
or from a machine with a larger data base.
Users' files may be maintained on their personal mounted diskettes.
If a hard-copy device is attached to the computer as well as to the
user's interactive terminal, hard-copy output can be obtained using a
background process while another file is edited in the foreground.

The

file

transfer

one to transfer

X.

files to

SUPPORT OF AN LSX SYSTEM
The

limited secondary storage capacity available to lsx on floppy

mounting of all the system source and user program source code simultaneously. Thus one must be selective as to
which programs are mounted at any one time. If a great deal of program development is desirable on lsx, it is often desirable to have a
connection to a host machine on which the source code for the
application programs can be maintained and compiled. Two means
are available to do this. One is to use the Satellite Processor System 7 and the stand-alone routines described in a previous section as
a connection program. This enables one to transfer files (including
complete file systems) between the host machine and the satellite
processor. The sps must exist on the host machine and the satellite
processor must not be too far distant from the host machine.
A second means of providing support for LSX software is to use a
serial line connection such as the dlv-11 between the host machine
and the lsi-11 processor. The connection may be either dedicated
or dial-up. It requires just five programs, three on the lsx system
and two on the host processor. The three programs on lsx include
a program to set up the connection to the host machine, i.e., login
as a user to the host machine, a program to transfer files from the
host to lsx, and a third program to transfer files from LSX to the
host. On the host machine, the programs include one to transfer a
Complete file
file from the host to the lsx system and vice versa.
Checksums
transferred.
well
individual
files
may
be
as
as
systems
disks prevents the

are included to ensure error-free transmission.

2098
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XI.

LSX SYSTEM USES

The LSX system

has been put to a

number of innovative uses

at

These include projects that use it as a research
exploratory
development in intelligent terminals, and for
tool, for
software support for dedicated applications. LSX is well-suited for
Bell Laboratories.

As an example, some dualto
the
LSI- 11 Q-bus. One port
has
been
interfaced
ported memory
allows direct reading and writing of this memory by the LSI-11 CPU.
the control of an intelligent terminal.

used by a microcontroller to display characters on
This enables one to change screen contents
a
The terminal is suitable for either a two"instantaneously."

The

other port

TV

is

raster scan screen.

dimensional text editor or form entry applications, lsx is being
used as a vehicle for investigating the future uses of programmable
terminals in an office environment for word processing applications.
Other LSX installations are being used to control dedicated

hardware configurations. One of the most exciting and in fact the
original application for LSX was the software support system for a
Here the contiguous files supdigital sound synthesizer system.
ported by LSX are necessary for the real-time application, written as
a stand-alone program consisting of a complex multiprocessing system controlling about 100 processes. 8 The system is capable of
existing as a completely stand-alone system

gram support on

XII.

and of providing pro-

itself.

SUMMARY

The lsx system is currently being used for research in intelligent
terminals and in stand-alone dedicated systems. Plans exist to use
this system for further research in other areas of Bell Laboratories.
to be incorporated into the system in a
our system is connected to a larger
machine using the Satellite Processor System. More general connections to larger machines or possibly to a network of machines has
yet to be investigated. The lsx system also has potential uses in
multiterminal or cluster control terminal systems where multitasking
These application areas have only been
features are important.
looked at superficially and warrant further investigation.
As a development system, lsx functions quite well. The response
to most programs is only a factor of four or so slower than on the
conventional minicomputers, due mainly to the slow secondary

Hard-copy features have yet
clean

fashion.

Currently,

storage devices used by lsx.

Optimization of
UNIX

file

storage allocation

ON A MICROPROCESSOR
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on secondary should somewhat improve the response. For
the placement of directories close

to

the i-nodes

instance,

has improved

throughput significantly. The placement of the system swap area
needs more investigation as to its effect on throughput.
The advent of large memory boards (64K words) will require the
installation of memory mapping to take full advantage of this large
address space. This will enable the running of multiple processes
without the need for swapping a process out of primary memory and
should also improve the response of the system and increase the
number of uses to which it can be put.
There is a necessary loss of some functions in the lsx system
because of the size of the memory address space available on the
LSI- 11 computer. However, as a single user system, most functions
are still available to the user. As an intelligent terminal system, a
microprocessor with all of the UNIX software available is indeed
quite a desirable "intelligent" terminal.
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