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A disk drive consists of two subsystems:

1. An electromechanical subsystem - a rotating motor to spin
the disks and a linear motor to position the recording heads
across the recording surfaces

2. An electromagnetic subsystem - the magnetic recording mate-
rial used to coat the disk surfaces, the recording heads used to
read and write the data, and various electronics used to con-
nect the heads to the computer system

Over time the performance of the electromechanical subsystem has
advanced relatively little, because of physical constraints such as
inertial mass, and because disk drives are not a significant part of
the total use of motors (the rapid growth in disk use has made little
impact on the total use of motors for all applications). In contrast,
the number of bits that could be recorded on a square inch of disk
surface has gone up by about 35 percent per year, due to advances
in the electromagnetic subsystem.

The imbalance between progress in electronics and mechanics leads
to degraded disk performance. For example, at some point in the
past there were disk drives with the following characteristics:

e cost: $25,000
e capacity: 25 million bytes (MB)
¢ average access delay: .040 seconds (40 ms.)

For a specific application we require a storage subsystem with 100
MB capacity. We use four disk drives, and the resulting subsystem
has the following characteristics:

e cost/MB: $1,000
e capacity(MB)/access(ms.): 10

The second characteristic is called the access bandwidth. It mea-
sures the speed with which we can access the data, taking into con-
sideration the size of the data store. If we double the capacity of the
subsystem, and the average access delay remains the same, then the
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access bandwidth doubles: we can get to twice the data in the same
period of time. If the capacity remains the same, but the access
delay is halved, then the access bandwidth again doubles: we get to
the data faster. We compute access bandwith because data volume
and access delay are both critical factors in application capability.

Assuming that the four drives can be used independently, the aver-
age access time for the subsystem is 10 ms. (we can perform 4 times
as many accesses; the average access time must be one-fourth), giv-
ing the access metric value of 10, shown on the previous page.

About 5 years later, disk drive storage costs have gone down by a
factor of 4:

e cost: $25,000
e capacity: 100 MB
e access delay: 40 ms.

At this point: we can build the 100 MB subsystem with a single
drive:

e cost/MB: $250
e capacity(MB)/access(ms.): 2.5

The storage cost has gone down by a factor of 4, but so has the
subsystem performance. The effect is caused by the use of mechani-
cal devices in a disk: the disk unit has not been shrunk, we’ve just
used advances in electronics and magnetics to store four times as
much data. In striking contrast, when the price of a computer sys-
tem is reduced by a factor of 4, due to advances in electronics, it has
the same performance.

Effective systems must have balanced processing and 1/O capaci-
ties. In order to build high-performance, low-cost, computer sys-
tems, we must find techniques to improve disk performance. There
are two classes of techniques:

e Optimally allocating the location of data on the disk surfaces

e Buffering frequently used data in faster storage (caching)
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Disk Allocation

The major components of disk access delays (disk latency) are

e The time required to move the heads across the disk surface.
This varies from no delay if the heads are positioned on the
correct data cylinder; about 10 ms. if the desired cylinder is
adjacent to the present cylinder; up to about 40 ms. to move
across the entire disk surface.

¢ The time required to rotate a data sector under the disk heads.
A typical disk spins at 3600 revolutions per minute; a rotation
takes 17 ms. On average, it will take one-half a rotation for
the data, or about 8 ms.

Disk performance can be substantially improved by placing the
data on the disk surfaces so as to minimize the average access la-
tency.

e The most frequently accessed data should be clustered to-
gether into a small area. With an optimally allocated disk sur-
face, the frequency of access is highest for the center cylinders,
and then falls off for the outer and inner cylinders.

e Data that is used sequentially should be stored on the disk
surface sequentially, and should be read and written in large
contiguous pieces, not in individual blocks. Once the disk is at
the data, large volumes of data can be transferred to memory
quickly. Moving the heads and waiting for rotation is what
hurts performance.

Data allocation can be done when the application is designed, or
the disk can be periodically restructured, on the basis of observed
access frequency. Even when the allocation is optimal, further per-
formance improvement can be gained by the use of data caching
techniques.
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Data Caching

Data caching is keeping a smaller buffer of data near where you
need it. For example, data that is permanently resident on a disk
pack may be temporarily cached in central computer memory
where access is much quicker (1,000-10,000 times quicker, typi-
cally).

The percentage of time needed data is found in the cache, and we do
not have to use the disk, is called the hit-ratio (HR). The average
access time of the entire storage subsystem (cache and disk) is com-
puted as

HR * accessgache + (1-HR) * éccessdisk

Where the access time varies widely between cache and disk, espe-
cially when the disk is on a remote system accessed via a commu-
nications system, a cache can dramatically improve the average
subsystem access time.

The faster a data storage device, the more expensive it is. Unless the
cache buffer is small compared to the disk, the cost of the cache will
dominate the cost of the subsystem. But if the cache is relatively
small, the choice of which data to cache must be made intelligently,
or the hit-ratio will also be very small.

Caches are effective because data usage is statistically predictable
with simple algorithms. We can rarely predict which specific data
item will be used next, but we can keep a small collection of data
items with a high probability that the next access will come from
that collection.

Two independent effects make data caching effective:

e Data reuse. A data item that has just been accessed is likely to
be accessed again soon.

* Sequential access. A data item is more likely to be accessed if
the item logically preceding it has just been accessed.
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Cache Applications. Modern operating systems use portions of cen-
tral memory as a selective disk cache to improve effective disk sub-
system performance:

¢ File directory structures. The file directory relates account
and file names to the disk areas used to store the file data.
Keeping parts of the directory data in memory reduces the
time needed to open files.

¢ File access windows. A file access window maps the logical
blocks of a data file into the physical storage blocks contain-
ing the data. The operating system uses the access windows to
translate logical file addresses used by an application program
into physical disk addresses. Keeping some of these maps in
main memory reduces the number of physical disk accesses
needed to complete a logical file access, particularly for se-
quential file accessing.

® Record key index blocks. Index blocks are used for rapid ac-
cess to data records on the basis of a specified record key.
Caching the root index blocks in main memory (the ones that
are used for most accesses) substantially improves the average
access performance by minimizing the physical disk accesses
needed.

® Anticipated data blocks. The operating system tries to recog-
nize sequential file access. If an application program reads
file-blockn, and next reads file-blockn+1, the file system
automatically reads and buffers file-block\+2, (file-
blockN +3, ...). These blocks are probably stored on the disk
near the requested block, and can be moved to main memory
in very little additional time.

® Most recently used data blocks. The operating system uses a
part of main memory as a disk block pool. All disk reads and
writes are from this pool. When a read is requested, and the
block is not already in the pool, and there are no unused buf-
fers in the pool, then the buffer that has been used least re-
cently is released.
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Caches in Distributed Systems. Distributed systems have the same
data access problems, but access times are lengthened because the
disk storage unit is located at a remote site and accessed via com-
munication lines. Since the average access to the disk is longer, the
impact of a cache is greater.

The use of local caches also minimizes the use of data commu-
nications. Unlike the case of access to a local disk, we must pay for
data communications, often based on the volume of data trans-
mitted. '

The following are a few examples of distributed system caches:

e [ntelligent terminals. An intelligent terminal is a terminal and
a small computer. The computer can be programmed to per-
form data caching functions. For example, if the terminal is
used for form-based data entry, the most commonly used data
forms can be cached in the terminal.

e Front-end communications processors and concentrators. A
front-end processor moves communications processing nearer
to the terminals. A front-end processor is like a timesharing
intelligent terminal.

e Data caches. Distributed systems are designed so that data
used in one locality for a period of time is temporarily moved
to a system near the use.

Cache Design. Caches work because local copies of data are made.
Making copies of data is a major source of problems. For example,
if two programs each have a copy of a specific data record, and each
updates the record at about the same time, then one update will be
lost (whichever one is stored on the disk first).

The obvious solution approach is to restrict simultaneous access to
data. Depending on how this is done, the effect on performance can
be disastrous. If only one program can access the entire distributed
data base at a given time simultaneous update problems will be
avoided, but the performance will be terrible. On the other hand,
controlling access to a single record requires more complex man-
agement.
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Cache design also must anticipate the possibility of equipment fail-
ure. In a distributed system, the communication network may fail
after data has been cached in a remote system. This kind of failure
must be addressed in distributed system cache design.

TECHNIQUES FOR IMPROVING DATA SECURITY

The keys to data security are

e a careful analysis of the informational needs of an enterprise

¢ thoughtful, ongoing management of the information system.
A careful analysis of needs is the only means by which useful secur-
ity controls can be applied without seriously degrading the usability
of the system. Security needs change over time, with changes in the

system and system usage. To be effective, system security must be
managed as an ongoing effort.

Logical Security
Security is implemented by logical partitioning.

1. Divide the data base into security categories. Some data re-
cords are sensitive by themselves, others represent sensitive
data when aggregated.

2. Similarly, categorize the system procedures or transactions.
Some transactions are sensitive, some transactions are only
sensitive w1th certain data.

3. Categorize means of system access. In general, access via a
dial-up telephone line is more dangerous than access from a
terminal in the computer room.

4. Finally, assign system privileges in the form

permit (userw,transactionx,datay,locationz)
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Usery is permitted to execute transactiony on datay by using
a terminal at locationz. In most applications the privileges can
be grossly simplified; each user is given access to certain trans-
actions, for example.

Physical Security

The value of physical security should not be underestimated. A
modestly designed computer system is no more or less secure than
file cabinets in the same location. One of the advantages of small,
local computer systems. that are not accessed from remote sites is
physical security. Even if there is little logical protection in the sys-
tem, a penetrator must intrude to gain access to the system. An
intruder could rifle disks or file cabinets as well.

Communications Security

Security is a greater problem when a system can be accessed re-
motely. Then the penetrator is not necessarily an intruder. Grand
larceny can be committed from the comfort of your home, by tele-
phone. Any system that permits remote access should have some
form of user identification and password exchange. Such checks
will at least eliminate the casual wrongdoer. Beyond simple pass-
word protection, these techniques are available:

e Leased communications lines. The link to the system is pre-
wired, instead of being formed by a dial-up telephone con-
nection. A leased line is expensive but adds a level of
protection by making it more difficult to mimic a valid user.

e Dial back. Requests for system service are made via a conven-
tional dial-up phone connection, but service is performed only
after the computer system phones the user back, at a pre-
validated phone number. This is a poor man’s leased tele-
phone line. The system can be used only from valid phone
numbers.
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o FEncryption. Modern semiconductor technology has led to in-
expensive data encryption equipment. An encryption device
takes an input data stream and produces a coded output data
stream. The particular code used is specified by an encryption
key that may be changed whenever desired. Encryption has
two benefits.

1. The encrypted data is practically impossible to understand,
without preknowledge of the encrypting key.

2. If the encrypting keys are carefully protected, receiving a
message encrypted with the correct key is further con-
firmation of the sender’s identity.

Continuing advances in IC technology will make encryption an in-
expensive communications option. Encryption does not mean per-
fect security, but it does reduce the potential of security threats due
to simple wiretapping.

Audit Trail

A good security system quickly identifies when a security problem
exists. The basic method is keeping a detailed security audit trail - a
data file that records the occurrence of any significant event. The
log includes records indicating when users logged into and out of
the system, when sensitive transactions were executed, and when
sensitive data was accessed. In most cases the security audit trail is
insurance, like the photographs taken automatically in a bank but
not developed except when needed. But if there is a question of a
security problem, an audit trail provides valuable data.

TECHNIQUES FOR BUILDING ADAPTABLE SYSTEMS

Dealing with change and evolution has been discussed at length
already. Good programming practices are essential to building
adaptable systems. There are good texts on software engineering
practices, and we will not go into the subject here.
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Our focus here is on the use of standards. Many different individ-
uals will design, build, modify, maintain, and use complex, dis-
tributed information systems. Standards are one important means
of coordinating independent work.

Standards are particularly significant for distributed systems that
communicate with each other and perform cooperative processing.
Without interconnection standards, there is no communication and no
cooperation.

Standards don’t represent the right way to do something; they rep-
resent the economical way to do something. Standards should be
chosen in order to maximize savings, and not on aesthetic grounds.

e Use of standards maximizes the reuse potential for software
and systems.

e Use of standards minimizes programmer training costs.

» Use of standards provides for the broadest choice among ven-
dors and promotes a competitive marketplace.

Different levels of standardization are used for different reasons.

1. Informal standards. Standards don’t have to be written in legal
terminology and published in policy notebooks. Meaningful,
informal agreements provide much of the benefit of formal
standards, and are easier to develop and install.

2. Formal standards. As an organization grows or spreads geo-
graphically, informal standards must be formalized. Devel-
oping and installing formal standards is often a painful
process. Every reasonable effort should be made to prepare
complete, comprehensive, highly understandable, and far-
sighted standards. Once a standard is installed, conformance
to the standard must be monitored. If a standard proves in-
adequate, the standard should be modified or abolished, not
ignored.
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3. Vendor-supplied standards. Major computer system vendors
develop and use internal standards.  These standards can be
adapted for other uses.

4. National and international standards. The United States has a
national standardization body (the American National Stand-
ards Institute - ANSI), which acts as the national representa-
tive to the International Standardization Organization (ISO).
ANSI standardization efforts are supported by computer ven-
dors, government agencies, and major computer users. The
resulting standards become requirements for many govern-
ment computer contracts, and are often adopted voluntarily
by manufacturers.

At this time, no national or international standards adequately de-
fine distributed system interfaces. Most major equipment vendors
have defined networking standards, but these standards are in-
compatible, and in many cases incomplete and not fully developed.
The standardization community recognizes that distributed systems
require meaningful standards, produced in a timely fashion. Gen-
eral interconnection standards that apply to equipment produced
by more than one vendor seem needed in the future, but are by no
means guaranteed. For now, the computer user that expects to ben-
efit from standards must develop those standards.

SUMMARY

A set of design techniques for general distributed system problems
has been presented. The techniques are not cookbook solutions, but
rather possible approaches to study with the use of additional mate-
rial or consultation.



Chapter 14
A PEEK AT THE FUTURE

The major portion of the information used in offices today is still
stored in the form of paper and is transmitted manually or mechan-
ically. But the percentage of information managed electronically is
growing. Electronic data storage, processing, and communication
offers many advantages:

lower cost

greater accuracy
greater accessibility
faster delivery

Computer technology continues to improve at a rapid rate. Better
technology leads to cost/performance improvements in computer
equipment, which in turn lead to new and expanded use of com-
puter equipment.

The future of computer systems cannot be predicted. It depends
partly on technology and partly on the decisions made by major
computer producers and consumers. In many cases, the potential
offered by technology is realized only in high-volume products that
require a large initial investment.

DATA TRANSMISSION

Digital data transmission is the key to future developments. In
time, transmitting data efficiently will become as simple as using the
telephone.

¢ The existing telephone system uses digital transmission tech-
niques extensively.

197
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¢ Rapid improvements in integrated circuit technology are forc-
ing a changeover from electromechanical to electronic tele-
phone switching equipment; the electronic equipment uses
digital techniques internally.

o Communication satellites establish high-capacity transmis-
sion channels without investment in cable or microwave facil-
ities.

OFFICE AUTOMATION

There is a critical-mass effect involved in the use of information
systems. The systems are very attractive when they are seen to be in
widespread use; it’s hard to be a pioneer.

Today’s technology is adequate to build much more elaborate in-
formation systems than are in common use; everyone is waiting for
the pioneers. If system technology cost/performance continues to
improve, ultimately the systems will appear. Word processing and
other office automation technologies are good examples in point.

Word Processing

A word processor is an electronic typewriter. Its advantages over an
electric or manual typewriter, as seen today, are ease of use and
productivity, especially for complex, technical documentation
where accuracy is important (for example, legal text).

The impact of word processors will come from the greatly increased
percentage of information that will exist as digital data. When a key
is struck on an electric typewriter, the mechanism imprints the char-
acter image on the page. When a key is struck on a word processor,
the character code is stored in a digital memory. Today the word
processor memory permits the document to be corrected and modi-
fied without the probability of additional errors being made during
retyping. In the future, word processor-like terminals will send and
receive documents via electronic communications networks.
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Electronic Mail

Electronic mail is the sending and receiving of messages as digital
data rather than as paper documents. Many specialized appli-
cations of electronic mail exist today; most large companies have an
internal message switching and delivery system.

Electronic mail systems will ultimately transmit a much larger per-
centage of messages. Between now and then

e Word processing equipment, with communication capabili-
ties, will become widely used.

e Data communication will become as simple as voice tele-
phone communication.

e The usage critical-mass will be achieved.
The potential of electronic mail is great:
e Timeliness. Electronic delivery takes seconds or minutes.

¢ Economy. The labor and energy invested in electronic docu-
ment preparation and transmission is less.

e Utility. Electronic mail offers new functions. For example, a
new distribution list can be appended to a message you have
just received, and secondary distribution accomplished in a
matter of minutes. Detailed audit trails can be developed to
show when each recipient received the message and when he
acted on the message.

Electronic Filing

Once a document exists in digital form, it can be stored and re-
trieved electronically. Because the document can be retrieved over
electronic communications links, the storage location does not limit
access. Rather than keeping copies of the documents in a local com-
puter system, an individual needs to keep only an electronic list of
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the names of the documents. Additionally, electronic files can have
electronic indices that provide access to the documents by author,
title, keyword, etc. Electronic filing has many attractions.

e Convenience. Electronic files will be easier to use than most
paper files.

e Completeness. Individuals can access much larger information
collections.

e Utility. Additional functions are available. For example, a
document referenced: in a memo can be accessed almost in-
stantaneously.

PICTURES

Document transmission and storage is not limited to text. Facsimile
equipment (FAX) that exists today digitizes pictures for transmis-
sion to remote locations over communications equipment. The effi-
ciency of FAX transmission has consistently improved, as more
complex digital processing is used to reduce the number of bits
needed to transmit a picture. For example, a typical illustration is
predominately white space. If the white space can be encoded effec-
tively for transmission, the total volume of data can be greatly re-
duced. Over time, more and more complex electronic circuits are
used, and greater coding efficiency is achieved.

Computer terminals in the future will include graphical display ca-
pabilities. In the past, drawing pictures on a terminal required spe-
cial expensive circuitry. In the future, graphics will be drawn by
inexpensive microprocessors and integrated circuit memory.

e The terminal will include a large amount of IC memory that
will be used like a piece of graph-paper for drawing pictures -
one bit of memory for each dot on the picture. A grid of 400-
by-400 dots requires 160,000 bits of memory and provides pic-
ture resolution comparable to a television set. More bits pro-
vide greater resolution.
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e The microprocessor will use this memory to create pictures,
by setting and clearing bits representing light and dark in the
picture.

Computer printers will typically be able to reproduce pictures as
well as text. Offices will probably include a copier-like paper-to-
data conversion device that will perform these functions:

¢ Picture digitizing. It will convert a drawing to a standard
digital format. This is the function of a facsimile transmitter
today.

o Text identification. If the “drawing” is text (for example, a
typewritten sheet), the picture data will be compressed to the
more highly encoded text form; the letter ““a” will be con-
verted to the code for “a,” which uses far fewer bits than a
digitized picture of the letter “a.” This is the function per-
formed by an OCR reader today.

¢ Printer. The device will also perform the inverse process, turn-
ing digital-form data back into pictures and text.

TOTAL INFORMATION SYSTEMS

The net effect is that the computer system disappears as special,
visible technology. Before the computer, data was created, trans-
mitted, and stored in a standard form, namely paper. The com-
puters have introduced an abundance of special information
processing devices. But eventually, improvements in technology
will lead to computer equipment capable of storing, transmitting,
and displaying most of the data that has traditionally been paper-
based.

The resulting information systems offer greatly extended functional
capabilities compared to the manual, paper-based predecessors. In
the future we may expect more homogeneous systems capable of
performing storage, retrieval, processing, and transmission tasks.
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SUMMARY

A speculative glimpse of the future has been presented. The existing
level of information automation is primitive. Continuing improv-
ments in technology and full utilization of existing technology will
lead to many future developments.



Chapter 15
DISTRIBUTED SYSTEM APPLICATIONS

So far the discussion has been about distributed information sys-
tems at a very general level. As a practical summary, this final chap-
ter describes some diverse, practical applications of distributed
computer systems. Appendix A includes case studies based on ac-
tual computer systems.

LABORATORY SYSTEMS

Minicomputers are an invaluable part of medical, scientific, and
industrial laboratories. A standard for instrument/computer inter-
connection has been developed (IEEE-488) and is incorporated in
many instruments. Use of IEEE-488 standard equipment permits
instruments from many manufacturers to be connected to a single
computer system to provide program-controlled instrument set-up
and data acquisition. Setting up a complex experiment may be as
simple as getting the needed instruments from a stockroom and
cabling them to the lab computer.

Although the cost of a powerful minicomputer processor and cen-
tral memory system is quite low, many useful peripheral devices are
still relatively expensive. Resource-sharing distributed systems pro-
vide small laboratory computer systems with the functional capa-
bilities of expensive peripheral devices, such as large disk drives,
printers, and plotters, at a fraction of the cost of the device.

In a resource-sharing distributed system, the satellite computers
used for experiment control and data acquisition are simple; they

203
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consist of a processor, central memory, and a network commu-
nication link. A larger minicomputer system is included in the net-
work, which includes the expensive peripherals. Program
development and data reduction are primarily performed on the
large minicomputer. The satellite computers use the central system
for data and program storage over the data network, and for special
services such as data plotting.

Distributed system technology can also be used to interconnect re-
mote laboratory facilities. The remote laboratory can be a satellite
lab, or it can even be unattended instruments.

Drug companies use networks of computers to monitor and record
the progress of laboratory animals that are used to test the safety
and efficacy of newly developed drugs. Extensive data is gathered,
often from more than one testing site, and analyzed in order to
generate reports to the regulatory agencies. ‘

Airports that are near residential communities have developed in-
strument networks for monitoring the noise of airplane traffic using
the airport. The network consists of a set of remote sound-measur-
ing devices that are connected to a central minicomputer. Similar
systems have been used for the real-time measurement of air pollu-
tion in different areas of a city.

MEDICAL INFORMATION SYSTEMS

Health care in hospitals depends on information processing. Diag-
nostic and therapeutic data storage and retrieval are essential parts
of health care. A large amount of information processing is needed
to schedule hospital facilities (e.g., beds, X-Ray equipment), to bill
for the services rendered, and to deal with third-party payers (e.g.,
insurance companies, health-care plans).

A continuing problem in the design of hospital information systems
is the diversity of processing styles and requirements involved. It
has proven impossible to develop a single computer system that
meets all the different needs. One approach is to use departmental
minicomputers, each programmed to meet local needs, inter-
connected into a distributed system.
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The following examples give some idea of the breadth of require-
ments.

¢ Admitting and Administration. These conventional data pro-
cessing applications adapt nicely to interactive, forms-based,
transaction processing on a minicomputer.

* Accounting. Medium-to-large hospitals generate large vol-
umes of accounting data. A batch processing accounting sys-
tem with some interactive query capability serves nicely here.

¢ Pathology. The clinical laboratory is a standard, small labora-
tory application.

¢ Surgery. A surgery department has some scheduling problems
that might be computerized, but effective word processing
systems for preparing surgical reports is a major need.

PLANT MANAGEMENT SYSTEMS

Machine and process control were early applications of mini-
computers. For example, a numerically controlled milling machine
is capable of precisely machining a complex part with a minimum
of manual intervention. In process control, early minicomputers
served as process monitors by repeatedly measuring many process
variables, comparing the measured values to preestablished limits,
and sounding an alarm if out-of-limit conditions were found.

Machine and process control have become more sophisticated over
time. Systems exist that machine parts from engineering drawings
which are also prepared on a computer. Process control systems
now automatically control the process as well as perform mon-
itoring functions.

Computers perform valuable management and cost accounting
functions within a factory. Time reporting and attendance data is
gathered by an interactive computer system with sturdy terminals
located throughout the plant. These terminals serve a time-card
function by recording the hours worked for each employee in a
machine-readable form that can be directly input to other data pro-
cessing systems, such as payroll and project management.
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The same terminals are also used to follow particular jobs through
the manufacturing process and gather detailed cost accounting
data. The same data can be used to study machine utilization and
reliability and can serve as input to scheduling programs.

These various computer systems can be joined into a distributed,
plant management system by using network technology. Inter-
connecting the systems has these benefits:

e Data is available more quickly. Problems can be seen and
solved in timely fashion.

o More data is available. Larger processes can be optimized'; for
example, work flow through the plant can be considered as
easily as work flow at a specific machine.

The resulting plant management system can be tied into a corporate
distributed system that includes systems in other plants, ware-
houses, and sales offices.

PUBLICATION

The preparation of this handbook is an example of the use of dis-
tributed systems. The text was composed and edited on a small
word processing system (a DIGITAL WT/78). Most drafts were
printed on an attached LA180 DECprinter I dot-matrix printer.
Major drafts were printed on a ‘“daisy-wheel” printer attached to a
larger WPS-102 word processing system. Text was moved between
the two systems by interchanging floppy disks, but telephone com-
munications could have been used, since software exists to inter-
change documents.

The finished text was input automatically into a DIGITAL DEC-
set-8000 typesetting system. A translator program read the WPS
floppy disks and translated them into a composition format. The
DECset-8000 system includes many typesetting features that are
not part of a word processing system, such as selection of type fonts
and sizes.
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The same typesetting system receives input from other word pro-
cessing systems, and from on-line composition terminals. These ter-
minals are specially engineered for copy preparation and
typesetting. Each terminal has a small computer processor inter-
nally, so the typesetting system is a distributed system by itself.

Computer programs perform the traditional printing task:

1. Characters are added to a line until there is no room for an-
other complete word.

2. The width of the resulting line is measured.

3. If the width is less than a prespecified limit, a hyphenation
program is used. The hyphenation program uses grammatical
rules and tables of special cases to discover where the next
word can be hyphenated. The largest possible piece is added
to the line to fill the blank space left.

4. The resulting line is justified. Small spaces are added until the
line is flush with the desired right margin.

5. The text and spacing data is used to drive an on-line type-
setting machine that exposes film with precisely positioned
and sized letter images.

The generated film is developed into galley proofs that are cut-and-
pasted into the printing masters for the book.

Many larger newspapers use similar systems for printing the paper.
A newspaper system typically uses a larger computer for final com-
position and typesetting because of the complexity and time con-
straints of producing a daily paper. The same computer can also do
general business processing for the newspaper, as well as specialized
processing such as classified advertising management.

FINANCIAL WIRE SERVICE COMPUTERS

Banks, and other financial institutions, use data processing and
communications extensively. In addition to whatever systems a
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bank may develop for its own use, which are often distributed sys-
tems, there are common ‘“‘wire” services that transmit messages be-
tween banks. The wire services are used to transfer funds between
banks, as well as to perform other communications.

Historically the messages have been sent and received manually by
teleprinter operators. Recently, banks have installed minicomputer
systems that attach directly to the wire services, and automate the
message functions. These minicomputers are connected in turn to
internal computers and terminal networks.

These wire service computers speed up message processing, and
permit more sophisticated use of interbank transfers. For example,
funds can be moved around to take advantage of maximum short-
term interest rates.

The value of adding a computer to perfb‘rm message switching is
evident from the magnitude of funds involved.

e A large bank will process in excess of $10 billion (1010) in
transactions daily.

¢ At an annual interest rate of only 10 percent, the value of one
day’s interest on $10 billion is roughly $3 million!

RETAIL MERCHANDISING

Most large retailers are installing computerized point-of-sale (POS)
systems. A POS system begins with a device that combines the func-
tions of an intelligent computer terminal and a cash register. The
terminal often is able to read merchandise labels automatically. The
POS terminal performs the traditional cash register functions of
accumulating the total sale value, computing sales tax, and produc-
ing an itemized receipt and register journal.

The POS terminals typically connect to a minicomputer located on
the store premises that has on-line data storage. The store computer
can perform credit authorization for store accounts (or connect to a
remote credit authorization system for major credit cards). The
store computer keeps a record of all sales in the store.
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The store computer often connects to warehouse computers, and
corporate accounting systems. By use of the distributed system, the
store management is able to track sales trends closely and thus to
react to merchandising problems and opportunities quickly. Similar
use of the data can be made at the corporate level.

MANAGEMENT SCIENCES APPLICATIONS

Larger companies often use computer programs for economic mod-
eling and other planning and analysis activities. The programs are
often designed to be used interactively, so that various different
hypotheses or strategies can be conveniently tested and compared.
Typically the programs have been developed using an external,
timesharing service.

With the availability of powerful and easy-to-use minicomputers,
many of these planning applications are being moved back in-
house. Minicomputers are powerful enough to run the same pro-
grams, still with all the benefits of interaction, but at a substantially
lower cost.

Such a planning minicomputer can be tied into various company
information systems so that recent operational data is available on-
line. An additional benefit of the in-house minicomputer approach
is security: sensitive data doesn’t have to be stored at a computer
service that other businesses use, including competitors and poten-
tial competitors.

INSURANCE CLAIM PROCESSING

Claim processing in an insurance company home-office is an ideal
minicomputer transaction processing application. A dedicated sys-
tem can be implemented for each major department. The system is
used for

e entering new policy data

e entering claim data
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e producing policy and claim documentation
¢ on-line queries regarding policy or claim status

Using departmental computers instead of one large system facil-
itates adapting each system to the particular style of work. Work-
man’s compensation processing doesn’t have to fit the same pattern
as life insurance processing.

The departmental system can be connected to other corporate data
processing systems.

SUMMARY

The final chapter has presented a diverse set of distributed system
applications in order to make the potential of distributed systems
more obvious. Additional examples that have been abstracted from
existing systems are given in Appendix A.



Appendix A
CASE STUDIES

A TAXONOMIC MODEL

The benefits of distributed data processing and the criteria for
choosing it can be highlighted by analyzing several recent installa-
tions. Although each case has unique parameters (and therefore
represents a singular response to a particular set of needs), the com-
mon theme running through most such implementations is the flex-
ibility afforded in the distributed processing environment -
flexibility to optimize the utilization of hardware, software, and
comimunications resources for individual tasks and sets of appli-
cations within the scope of a product. :

Distributed data processing is a broad concept encompassing a
number of different hardware, software, and communication dis-
ciplines. Implementations are not configuration-bound; the same
equipment can support different computational and data structures
simultaneously or can serve as the foundation of a dynamically
evolving operation. One classification of possible structures for dis-
tributed applications is a taxonomy as illustrated by Figure A-1.

Type A - Stand-Alone Systems

The earliest electronic data processing (EDP) facilities were stand-

_alone machines, each characterized by a single processor accessed
from one batch or interactive terminal. Stand-alone systems are
manifestly undistributed. This classical approach to data processing
is still viable for certain classes of applications - modern examples
being the packaged WS 78 Word Stations and the Datasystem 310
small business computers by Digital Equipment Corporation.

211
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Figure A-1. A taxonomic model of distributed applications.

Type B - Distributed Access Systems

A single processor or computer can be accessed simultaneously
from multiple terminals in batch, interactive, or mixed operating
modes. The objective is to exploit the high speed and storage capac-
ity of state-of-the-art machines, making resources available to users
at individual work locations while maintaining central processing
capabilities and a single integrated data base.
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Type B-1 local multiple access systems have all terminals in close
proximity to (and wired directly to) the central processor. The re-
sources are distributed through some form of time-sharing execu-
tive in the operating system, which handles tasks such as assigning
terminals to jobs and resolving contentions for memory. No sepa-
rate equipment or procedures are needed to manage the commu-
nications.

Type B-2 remote multiple access systems have at least some termi-
nals geographically distant from the central location. Various forms
of communication lines and disciplines are needed to establish con-
nections between the remote terminals and the processor, and to
perform error checking and security functions.

Remote Job Entry (RJE) batch stations, interactive time-sharing
utilities, and shared transaction processing are examples of Type B-
1 or B-2 systems, depending on the siting of the terminals.

Type B-3 systems use various forms of concentrators, multiplexers,
or front-end processing, with remote multiple access terminals, to
reduce the capital and operating costs associated with commu-
nications. Some hardware and software logic is used in the field, but
the tasks performed involve communication only and are invisible
to the data.

Type B-4 sysems have capabilities for preprocessing without remote
data base. The purpose is to provide limited on-site checking of
transactions (for instance, for format or quantitative limits) to min-
imize use of communication lines for erroneous data.

" Type C - Distributed Processing Systems

Applications can be segmented for execution on multiple proces-
sors, some or all of which may have individual data bases. The
objective is to place actual computing power and control of data
bases near appropriate work locations and to permit some or all
tasks to be performed locally, to avoid unnecessary commu-
nications overhead.
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Type C-1 autonomous multiprocessor systems are suitable for appli-
cations that can be divided among independent processors and data
bases, with no interconnecting communication links. An example
would be a series of minicomputers dedicated to controlling and
monitoring separate units in a chemical plant.

Type C-2 semi-autonomous multiprocessor systems have the com-
puting load and data base for a unified application shared by sev-
eral processors. Communication links are maintained between
processors and used for coordination. Transactions may be handled
at a local processor or sent to one or more remote machines for
disposition. Network topology may be influenced by any number of
factors - hierarchical structure of an organization or optimum
loading of equipment being two common illustrations.

Type C-3 intelligent preprocessors with data base configurations in-
volve substantial on-site handling of transactions, including direct
access to local files. Most transactions are processed on-site, but
some may be sent elsewhere in the network, as appropriate.

I. GOVERNMENT AGENCY SUPPORT

A federal agency was formed about ten years ago to gather and
analyze data as a means of recommending national standards, en-
forcing existing regulations, monitoring certain local industrial and
municipal activities, and performing research and development
functions. The agency currently has over 11,000 employees. Ap-
proximately 3,500 are at the Washington headquarters; the remain-
der are assigned to ten regional offices, several research centers, and
a number of laboratories throughout the United States.

EDP Applications

The agency has substantial EDP requirements. These include per-
forming administrative tasks and executing scientific functions as
well as building, maintaining, and providing access to large na-
tional data bases. Representative applications at the national level
include programs for contract, library, and resource management;
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maintenance and manipulation of data bases and models; informa-
tion collection and distribution; and supervisory control. There are
also administrative and scientific applications unique to individual
sites. Due to the geographical dispersal of its activities and the need
to offer computational services to state and local governments, the
agency supports resources for nationwide access to its programs
and data. At present, 2,500 individuals use the facilities - 333 of
whom can be on-line simultaneously.

Original Approach

In the original system evolved by the agency, about 70 percent of
the total EDP load was implemented on a time-sharing utility under
contract to an outside vendor. Of this usage, roughly 70 percent was
for the national application programs and 30 percent supported re-
gional and laboratory tasks. The installation was an IBM 370/168,
accessed by a vendor-maintained telecommunication network of re-
mote job entry (RJE) and interactive terminals. Twelve agency sites
with heavy concentrations of users had dedicated multiplexers;
other locations accessed the computer by WATS lines, the Federal
Telephone Service (FTS), or the public switched network. This con-
figuration would be termed a remote multiple access system (Type
B-3) with multiplexers to reduce communication costs; it represents
a distributed access approach to EDP.

An in-house Univac 1110 computer carried 20 percent of the total
EDP load. This installation also supported RJE and interactive ter-
minals accessed through FTS, WATS, and the switched telephone
network. This is a remote multiple access system (Type B-2).

The remaining 10 percent of the applications were run on resources

belonging to other government agencies or to outside contractors.
Communications were implemented in various ways.

Deficiencies in the Original Approach

Most of the national applications were written as batch programs,
with data keypunched and verified before being input to RJE termi-
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nals. This created substantial delays in the processing and distribu-
tion of information. In order to minimize delays, the agency
encouraged conversion to interactive operation.

The conversion from RJE to interactive operation substantially
raised the load on the two major computer resources causing re-
sponsiveness to diminish noticeably. For example, during a survey
period in FY76, only 72 percent of the top priority jobs began exe-
cution within the requested time. Compounding the response prob-
lem, internal EDP requirements were growing by nearly 30 percent
per year, further degrading responsiveness.

Budgets allowed only 2.5 percent increase in expenditures for data
processing operations (in spite of the 30 percent projected usage
growth). With the original system configuration, service simply
could not be expanded to meet the expected demand under this
monetary constraint.

Another problem was that each RJE terminal could be connected
to only one host — the 370 or the 1110. For dual access, it was
necessary to disconnect a unit from the network manually, to dial
the other processor, and to stay connected until a task was com-
pleted. As a result, many sites needed two such terminals to run the
job load.

Requirements for a New System

- The agency decided to investigate means of meeting future EDP
requirements. Four major criteria were established for evaluating
proposed approaches.

e Cost was of special concern because of the disparity between
projected EDP growth and budget increases. The incremental
cost for EDP resources would have to be reduced sub-
stantially, or it would be necessary to limit the processing
functions at headquarters and at field locations.

¢ Increased responsiveness was a major criterion. Due to the
rapid growth of EDP and to the transition from batch to in-
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teractive processing, turnaround time was becoming unaccep-
table. The problem was especially acute in the case of rapidly
changing data.

e Maintenance of management control from headquarters was
considered critical in order to maintain uniform policies and
procedures throughout the country.

* Minimal disruption (when converting from one system to an-
other) was also essential because many ongoing programs
could not tolerate outages. Further, it was recognized that any
disruption of the central EDP function would have adverse
impact throughout the organization.

Alternatives

The first approach considered was the expansion of existing central-
ized facilities. This approach would involve doubling the number of
ports on both systems over a period of two years and installing
additional RJE and interactive terminals at field locations.

e An expanded centralized multiple access system would be
minimally disruptive because it would entail little or no
change in the operation of existing national programs.

¢ Cost was unattractive. The agency estimated it would incur an
annual expenditure increase of nearly 30 percent to match the
rise in usage.

¢ From the standpoint of management control, the agency de-
termined that the centralized facility would be advantageous
because management of the EDP resources would be concen-
trated at the Washington headquarters.

¢ Finally, the responsiveness of the system, already poor, would
grow even worse with an expansion of this magnitude. While
additional central processors could be obtained, this would
further escalate costs.
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The second approach considered was an autonomous multi-
processor configuration with independent minicomputers placed at
a number of major regional locations. The minicomputers would
not be connected to the central resources, but would offload the
areas of largest growth (regional and R&D processing) from the
main systems.

e The major benefit would be improved responsiveness, but mi-
gration of applications from the central to the regional sys-
tems would require time, and there would undoubtedly be
further degradation of performance during the conversion pe-
riod.

e Disruption could be minimized if existing terminal equipment
were kept on-line for a reasonable period after the mini-
computers were installed.

e The management control criterion presented some serious
problems. Enforcing central management standards would be
difficult because the autonomous processors would likely
evolve differently under independent regional supervision.

e The cost of the autonomous multiprocessor approach was
deemed high. Existing terminals and new minicomputer
equipment would be maintained concurrently during the tran-
sition period. In addition, the delay between the installation
of the minicomputer equipment and the time when regional
processing could be substantially offloaded from the central
computing resources would increase utilization expenses for a
long interval before any savings could be realized. Moreover,
to support the national application programs, some terminal
equipment might have to be maintained indefinitely.

The third alternative involved employing minicomputers as semi-
autonomous multiprocessors with communication links to the cen-
tral resources. The concept included using emulation programs at
the regional locations to permit the dispersed minicomputers to
smoothly assume the functions previously performed by the local
RJE and interactive terminals. In this manner, a transition period
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could be established during which existing applications would be
run on the minicomputers with no programming changes. The con-
version of regional programs from the central computer to local
operation could proceed in parallel with this transition.

* The disruption caused by this approach was projected as sub-
stantially less than would be incurred by the use of autono-
mous minicomputers. A pilot site would be used for
debugging the emulator software.

* The agency predicted that the degradation of central system
responsiveness would be halted with this approach.

e Agency personnel also thought that management control of
the regional operations could be achieved using the commu-
nication links to establish and enforce national standards on
local operations.

¢ Finally, the cost benefits of the semi-autonomous mini-
computer configuration appeared significant. Preliminary
analysis indicated that having the minicomputers take over
the terminal applications as well as local processing would
substantially lower system costs and provide the needed in-
cremental growth capabilities.

The Approach Taken

The agency selected a semi-autonomous minicomputer-based sys-
tem. The overall configuration is shown in Figure A-2. This concept
appeared to offer the best combination of responsiveness, minimum
disruption, management control, and cost reduction. In addition, it
could provide each region with the ability to set its own priorities
and maintain better control over the timeliness of its data.

To encourage standardization at remote facilities, the agency speci-
fied a minimum configuration for each location. This was built
around the Digital Equipment Corporation PDP-11/70 processor
(Figure A-3). Each local node has three ports, as shown, comprising
leased lines to the central 370 and 1110 plus a dial-out interface to
other processors and for backup use.
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After establishing this uniform hardware and software con-
figuration and developing a standard contractual arrangement with
DEC, the agency invited each region to do a cost-effectiveness
study for the installation of such a system in its application. The
result would permit each location to decide whether to replace ex-
isting RJE and interactive terminal equipment with PDP-11/70
equipment.

Three regional offices, two research centers, and one laboratory
have already completed feasibility studies. In each instance, they
found the cost of the distributed multiprocessor installation to be
justifiable. The studies also showed that minicomputers would al-
low the regions to offer better service in the future. In most cases,
the capital investment in the systems over their useful lives would be
significantly less than rental of the existing terminal equipment.

To ensure minimum disruption during changeover, agency data
processing specialists developed a uniform staged installation pro-
cedure to be followed in each region. During the first phase, all
current applications would be transferred unchanged from the RJE
and interactive terminal equipment to the minicomputer, exploiting
the emulation of the original programs. Cost savings would be real-
ized immediately by eliminating the rental of the existing terminal
equipment and by reducing connect time due to more intelligent
local processing of transactions.

During the second phase of implementation, a number of local ap-
plications would be transferred from the central computer - to be
run on the minicomputer alone.

During the third phase, the regional offices would cooperate to off-
load some national application programs from the central com-
puters to the regional systems. Many applications lend themselves
to a mixed mode of processing in which the bulk of the work can be
done locally, with the central computer used only for integrated
data base management and interregional coordination.

During a possible fourth phase, a fully distributed approach could

be adopted. All applications would then be transferred from time-
sharing vendors to a combination of the in-house Univac 1110 and
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the remote PDP 11/70s. Because this would require headquarters
initiative and direction, this was to be deferred until conversion was
well along at a number of sites.

Benefits

At present, five locations have converted from RJE and interactive
terminal equipment to the PDP-11/70 configurations. As addi-
tional field organizations complete cost/benefit analyses, they are
expected to adopt the new systems. The pilot PDP-11/70 was oper-
ating successfully as an emulator within two months of installation.
Subsequent installations were accomplished even more rapidly.

All installed systems are now being used with RJE emulation. Cost
recovery has started with the removal of the old leased terminals
and the transfer of some processing from the central computer facil-
ities to the PDP-11/70s. Increasing economies are expected to be
realized as the conversion process proceeds through secondary and
tertiary phases. Improved responsiveness at the central computer
site is evident already. '

Because the local laboratories and research centers are no longer
limited by the central system, they are reporting improved oper-
ations with priorities under control. This enables the regions to bet-
ter serve their own needs, especially in disseminating information to
local and state governments.

The PDP-11/70 configurations enhance the conversion of former
RIJE applications to interactive usage. As applications are switched
from remote to local operation, there is faster turnaround of infor-
mation and more timely reporting for operational and R&D re-
quirements.

Overall experience of the agency with distributed processing has
been positive to date. Careful planning and recognizing the impor-
tance of managerial controls from the beginning have permitted the
agency to achieve the conversion from centralized processing with
maximum benefits.
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II. AUTOMOTIVE PARTS AND VEHICLE DISTRIBUTION

A large automobile manufacturer found that the distribution of
parts and matching of vehicles with orders had become a significant
electronic data processing (EDP) application. The firm stocks
60,000 different parts distributed from seven depots in North
America. The company also maintains records of all automobiles in
inventory dealership, so that customer orders can be filled from
existing inventory rather than assembling. Because the number of
parts and volume of transactions is great, management considers
EDP essential to optimizing stock and transfer policies.

Original Approach

The firm had evolved a data processing system with several dis-
parate elements. Each of these components was developed some-
what independently to meet particular sets of needs.

Perpetual inventory at each parts depot was maintained on Cardex
files. This would be a Type C-1 stand-alone distributed con-
figuration under the taxonomic model, though it is not strictly an
EDP system. Manually generated summary reports were sent to
distribution headquarters although no attempt was made there to
perform centralized inventory control. At each location billing
functions were provided by small business computers operated in a
batch mode using punched cards. Because no communication was
maintained between billing systems at individual depots, this part
of the total EDP function can be classified at Type C-1.

Automotive searching (determination of car inventories) require-
ments were met by a central IBM 370 computer at distribution
headquarters. This machine used a number of local interactive ter-
minals for changes and interrogations (Type B-1 configuration).
Dealers accessed the data base by telephoning their zone offices
which in turn relayed the requests by Telex to system operators at
headquarters. The reverse procedure was used for relaying respon-
ses. Typically, the zone offices are located at the parts depots.
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Deficiencies in the Original Approach

The major shortcoming of the original approach to parts distribu-
tion data processing was the lack of overall control, with con-
sequent expense of overstock and, conversely, delays due to
unavailable items. The Cardex system was adequate for in-
crementing or decrementing inventory on hand, but it did not in-
clude provision for locating parts at other depots or means for
discouraging one depot from hoarding items needed by others.

The small business computer likewise satisfied local billing needs,
but there was an obvious duplication of effort in entering essentially
the same data into both the stocking and the invoicing systems.
Moreover, the computer produced little routine management infor-
mation, and reports were printed documents rather than files that
could be manipulated and interpreted automatically by a central-
ized machine.

The automotive searching system was also limited in effectiveness.
Telephone and Telex costs were high, and maintaining a team of
operators to handle requests was expensive. The delay in obtaining
the information and the opportunity for error due to the number of
steps involved were additional difficulties.

Requirements for a New System

The automobile manufacturer set a high priority on unifying EDP
applications. The broad objective was to provide a management
information system that would give regional depots better control
of local operations while permitting headquarters to supervise the
overall organization more effectively. One specific goal was to
lower distribution costs by using a centralized inventory control
and to reduce labor-intensity by using a source data capture pro-
cedure. Another goal was to cut the costs and delays associated
with vehicle searching. A third need was to facilitate commu-
nication throughout the organization.

The company studied numerous options, and seriously considered
two approaches. Because of the inkerently dispersed nature of the
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organization, both approaches involved forms of distributed net-
works. Management then examined the following criteria:

e Capital costs, including the time and effort level required for
programming, and the risk factor associated with devel-
opment

e Operating costs, in particular the manpower and commu-
nications expenses

e Overall system availability and the effects of equipment fail-
ure at single locations

e The integrity of data carried from point to point

¢ The provision for regional control over operations - subject
to enforcement of EDP standards and need for uniform cen-
tral supervision.

Alternatives

One proposal was to expand the capabilities of the existing IBM
370 and make the resources available through terminals at the de-
pots. This would be a distributed access system classified as Type B-
2, B-3, or B-4, depending on the extent and functionality of pre-
processing available at the depot locations.

e This approach offered advantages in terms of capital costs.
Although the central processor would have to be expanded,
the investment in the terminals for the remote sites was rela-
tively modest. Staff members were familiar with the software
requirements on the machine, so programming was not ex-
pected to pose particular problems, and development was not
considered to be too risky.

e Operating costs were expected to be moderately high. Per-
sonnel requirements for operating the system through the ter-
minals were reasonable, but the communication network
necessary to provide real-time access and high data integrity
would be expensive to maintain.
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* Availability was considered a serious deficiency of this ap-
proach. Although the processor was reliable, an outage would
bring down the entire system.

® Data integrity, as suggested, could be made high, but at the
price of communication network complexity and cost.

e Regional control was also problematic with the distributed
access approach. Managers at each depot would be respon-
sible for local operations but in this system would lose control
over their data and over the operation of the EDP function.
Uniformity, however, would be virtually assured.

The other alternative considered was a distributed processing sys-
tem. Semi-autonomous multiprocessors with data base support
would be located at the depots, and a supervisory machine (also
having a data base) would be used at the headquarters location (a
Type C-2 system). Within the node at each depot, multiple access
would be provided for real-time data entry and retrieval (a local
Type B-1 configuration). The data base for car searching would be
resident at the central location but could be accessed from the ter-
minals at the depots, with the local processors used for transaction
checking (a Type B-4 mode). The entire network would be exploited
for message transmission (for this function, a Type B-3 system).

* The autonomous multiprocessor approach meant a larger
capital investment for the automobile manufacturer because
moderate-capacity computer systems with mid-range mass
storage systems would be necessary at each depot and at head-
quarters. The PDP-11/70 computers being considered, how-
ever, could be specified with business-oriented software that
permitted programming of all functions - including commu-
nications interfaces — in the DIBOL language. This software
was considered relatively simple and eliminated the need for
producing system-level code, so programming effort would be
modest and development risk low. The system would use
DECnet/E networking protocols between the PDP-11/70s. A
proven 3271 emulator package for the headquarters PDP-
11/70 would allow direct interaction between this machine
and the 370.
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¢ Operating costs were estimated to be quite reasonable with
this approach. The data checking protocols in DECnet are
implemented in the processors, reducing the need for sophis-
ticated communication lines. Maintenance of local data bases
would permit most of the real-time functions to be performed
on-site; it would also allow much of the high-volume message
traffic to be carried at night in a batch mode making line us-
age relatively low. The manpower requirements were also rea-
sonable. Placement of processors and mass storage at the
depots would not require hiring of local data processing spe-
cialists, because practically all systems work could be per-
formed at headquarters and downloaded through the
network. Moreover, operation would be simple enough for
regular clerical personnel to use the terminals directly.

¢ System availability was another strong point of this approach.
Failure of the processor or problems with the data base at any
depot would not affect operations elsewhere. A failure at
headquarters would allow inventory management, the most
time-critical work, to proceed at remote sites. Long-term fail-
ure at headquarters was unlikely because the proposed system
would include a pair of PDP-11/70s to separate development
from production work and at the same time would offer re-
dundancy for backup.

e Data integrity was also outstanding because of the checking
functions inherent in the network architecture.

e A high degree of regional control was inherent in the dis-
tributed multiprocessor approach. Questions about enforcing
standards were raised, but because each depot depended on
systemwide information for optimum operation, incentives
would be strong to adhere to established procedures, even for
special applications. Further, the availability of competent
programming resources at the headquarters would minimize
the desire of depot managers to perform system work outside
the established set of constraints.
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The Approach Taken

After evaluating the criteria, the automobile manufacturer elected
to proceed with a distributed processing system. The firm believed
that this would yield not only the most cost-effective implementa-
tion of current tasks, but the greatest flexibility and the clearest
paths for projected growth.

User personnel, working with representatives of the computer sup-
plier, designed a configuration in which each of the seven regional
depots has a DEC PDP-11/70 processor with three disk drives and
six cathode ray tube (CRT) terminals. Three of the CRTs are pro-

- jected to be needed for on-line inquiries; the others are expected to
be used for entry of receipt and order information. Collectively,
they should handle about 2,000 order-line transactions daily. The
hardware and software installation for a representative depot is
shown in Figure A-4.

LINE COMMUNICATION
PRINTER 11/70 ‘ LINK TO
HEADQUARTERS

DMC-11
HIGH-SPEED
PORT

256 KB MEMORY

RSTS-E OPERATING

SYSTEM
(3)
RMO3 RMS-11K
DISKS
DIBOL
LA180

DECNET/E PRINTER
TAPE
DRIVE PICKING

TICKETS

DISPLAY ::::(;ER

TERMINALS
6 TYPICAL BILLS OF
LADING

Figure A-4. A typical depot configuration.
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The headquarters location includes two identical PDP-11/70 pro-
cessors each having a dedicated disk drive with access to a second
disk through a switch, shown in Figure A-5. The PDP-11/70s in-
clude 3271 emulator packages which permit bidirectional commu-
nication with the 370 using IBM CICS transaction communication
procedures in a manner transparent to applications on both ma-
chines.
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Figure A-5. Headquarters configuration.

DIBOL commercial programming language is employed for all
tasks on the PDP-11/70s, including intermachine communication.
The programs were all written by the user; tasks are run under the
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RSTS/E resource-sharing time-sharing executive; DECnet/E man-
ages all communications in the PDP-11/70 network; and the 3271
emulator interfaces the headquarters PDP-11/70s to the 370.

7 DEPOT LOCATIONS
A

11/70 11/70
4.8 KB 4.8 KB
HEADQUARTERS
j PATCH PANEL é
11/70 11/70
370

Figure A-6. Communication network.

Communication is implemented in a star network, with the head-
quarters location at the hub and the depots at the periphery (Figure
A-6). The dedicated 4800-baud communication lines converge in a
patch panel at the headquarters to permit switching between the
redundant processors.

Parts inventory management was the first class of applications im-
plemented. A complete inventory for each depot is maintained lo-
cally and updated in real-time through the multiple access terminal
subsystem at this depot. An inventory file for each of the other
depots is updated every night by a transaction list sent from the
headquarters system.



CASE STUDIES 231

Parts are logged through the terminal upon receipt at the depot.
The system increments lists, assigns warehouse locations, and gen-
erates confirmation and other documents. Likewise, when parts are
requested, the order is entered at a terminal. If the item is in stock,
the system decrements the inventory list, produces a picking ticket,
and generates all necessary billing and ancillary papers. When a
part is unavailable, the system creates a backorder transaction,
searches the local copies of other depot inventories, and returns an
appropriate message to the operator. Assuming that the system lo-
cates the part at another depot, the operator can enter a transfer
request. This message is sent to the headquarters system in real-time
and relayed immediately to the selected depot. If the second depot
agrees to fill the order, it initiates a response confirming the trans-
action and cancelling the backorder. If the interrogated depot is not
in a position to supply the part, it sends a refusal message. The
originating station can then try another depot or let the backorder
be processed through the system.

To minimize communication burdens, each depot transmits its list
of demand and sales transactions in batch mode at night. The cen-
tral PDP-11/70 then updates the master inventory. Headquarters,
in turn, sends a complete list of inventory changes to each depot,
allowing the local processors to update their files for all the other
locations.

The automobile searching task is the second application to be im-
plemented. The distributed system provides direct access to the cen-
tral data base from a terminal at a regional sales office. The depot
PDP-11/70 simply acts as a message preprocessor; the central PDP-
11/70 channels the communication directly to the 370, all in real
time. The result is that the dealer can get an answer while talking on
the phone to the regional sales office.

Benefits

Implementation of the inventory and car searching applications on
the distributed system is expected to free an average of 300 man-
hours weekly at each depot for other tasks and to significantly re-
duce the telephone, Telex, and mail costs. These efficiencies,
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coupled with the reduction in stock and delays, more-than justify
the capital and operating costs.

System availability has proved to be outstanding, with only minor
delays experienced in accessing files for updating or order process-
ing at individual depots. No problems affect more than a single
location. Integrity of data has also been outstanding, with the error-
checking features of DECnet preventing the propagation of false
signals through the network.

Regional managers have expressed satisfaction with the degree of
control they believe they exercise over their data bases and with the
consequent ability to better manage the inventories at their depots.
Customer delays due to backorders have been reduced without any
complaints about usurpation of authority to decide whether parts
should be shipped to other depots for ultimate disposition. At the
same time, the data processing staff at headquarters believes that
goals for enforcement of EDP standards and uniform central super-
vision are being adequately met.

At the current level of activity, the originally contemplated appli-
cations will use only 20 percent of the installed system capacity. As
a result, additional tasks will be added. Plans are for horizontal as
well as vertical expansion, with new applications being devised
while the functionality of present tasks is increased.

The warranty system, a data base which indicates vehicle own-
ership, is an example. By unifying this information, the company
expects to simplify the huge job of updating records when cars
change hands, to provide quick access when questions arise, and to
lower the costs associated with contacting owners for reminders
about service needs or recalls.

The distributed processing approach selected also gives the com-
pany the advantage of a low-cost growth path. Even with expansion
of existing functions and addition of new tasks, the established base
of hardware and communications is expected to meet demands for
the next five to ten years without major enhancement.
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III. RAILROAD YARD MANAGEMENT

A large midwestern railroad company operates more than 20 major
and 130 secondary freight yards. Trains arriving at these terminals
are disassembled for car reassignment. Some cars stay at the yard
for unloading and reuse or repair. Others are reassembled, along
with those originating at the yard, into new trains.

The company has strong motivation for handling cars quickly and
efficiently in the yard. Throughput is important because goods may
be perishable or have time value; the company pays a per diem
charge for cars on track owned by other railroads; and service must
be competive with alternate modes of transportation. Switching
strategies are also critical, not only because of the time factor, but
to avoid errors and lower the expenses of engine usage within the
yard. Complex decision and reporting functions are associated with
car switching and train assembly. With cars being processed at rates
exceeding 7,000 per day, the job has long since passed the stage
where it could be done intuitively by the yardmaster.

Original Approach

The railroad company originally developed a punched card tabula-
tor system to manage its cards. For each incoming train, a deck of
cards was produced at the yard on an automatic punch controlled
from the central dispatching point. Each such advance consist in-
cluded one card for each car. When a train arrived, crewmen
checked the cards against the cars and made any necessary correc-
tions manually. The yardmaster then modeled new trains with the
various card decks, using sorters and other equipment as planning
aids. In a limited sense, this was a Type C-2 EDP system, with local
processing of card-oriented data bases and communications in a
star network centered around the dispatching office.

Deficiencies in the Original Approach
Railroad company management found this method to be in-

adequate for its growing needs. One problem was that manual in-
volvement was slow and costly. Another difficulty was that the
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logic associated with switching and routing was too complex to be
performed efficiently by hand - even with the use of tabulating
equipment - particularly in view of capabilities already being of-
fered by available computing equipment. The deficiencies of the
original approach were becoming increasingly urgent, with growing
pressures on the railroad for more efficient car usage and faster
service. '

Requirements for a New System

Railroad company officials recognized the need for a new transpor-
tation control system to supervise cars and trains as well as manage
other aspects of terminal operation. They wanted a new system to:

o Supervise the location and status of all cars on the line.

e Establish and monitor car movements and associated sched-
ules.

¢ Assign and distribute empty cars to satisfy projected shipper
demands.

e Meet company, industry, and regulatory agency requirements
for car tracing and accounting, traffic reporting, and per diem
payments.

¢ Serve as the basis for better communication with shippers.

Alternatives

The railroad company first viewed the improvement question prin-
cipally as one of centralized management, and therefore a problem
of data communication. Officials decided on a Type B-3 distributed
access facility, comprised of a large central computer at headquar-
ters with communication processors at the yards. After working for
some time to implement such a facility, however, company EDP
specialists realized that the distributed access approach was not go-
ing to work.
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One problem was that almost 99 percent of the data collected at a
yard applied directly to that yard’s operation; only 1 percent was
actually needed at the central dispatch point. The communications
facilities needed to link more than 300 remote terminals to the cen-
tral computer therefore represented an unnecessarily large expense.
Similarly, the capacity of the processor needed to satisfy all of the
yard-oriented jobs contending for its resources was also high and
therefore costly.

The company re-examined its objectives and determined that a
Type C-2 semi-autonomous multiprocessor approach would better
serve its needs. With such a system, decisions related to individual
yards could be handled locally. Inputs (such as advance consists)
could be provided automatically through the network. Likewise,
reports could be transmitted to the headquarters machine as needed
for overall supervisory and management information tasks.

Company officials established criteria for selecting a system which
would provide these functions and help compensate for the time
already lost in the initial development program. Their goals in-
cluded:

e Minimization of further unanticipated development delays.

e Rapid implementation once the configuration was established
because the need to replace some of the tabulating equipment
was becoming increasingly critical.

* A smooth transition from the punched card approach was de-
sirable because of the severe economic penalties which might
result from a disruption.

e High availability would have to be virtually assured, since
yard operation would be completely dependent on the system.

¢ Proven hardware and software would be sought for rapid ap-
plication development and operating reliability.
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e An efficient real-time executive was a prerequisite because
each yard subsystem would operate in a type B-1 multiple ac-
cess mode with a large number of terminals.

* An established data base management system was highly de-
sirable for ease in tracking and manipulating the constantly
changing status of rolling stock.

e The terminals would need highly engineered operator inter-
faces to encourage acceptance by yard personnel and to min-
imize input errors or misinterpretation of output messages.

e The design philosophy should include provision for estab-
lishment and enforcement of systemwide standards.

The Approach Taken

To implement its semi-autonomous multiprocessor network, the
railroad company selected a system based on the Digital Equipment
Corporation PDP-11 computer family. The configuration exploited
Digital’s standard operating software packages that take advantage
of a powerful version of the BASIC programming language.

Each yard has a pair of PDP-11/45 computers (or a PDP-11/45 and
a PDP-11/40) for local processing. In addition, the yard con-
figuration includes 15 or more VTO0S cathode ray tube (CRT) termi-
nals, eight printer terminals, large main and mass memory capacity,
and a pair of card reader-punch devices. The machines operate un-
der the RSTS/E executive for terminal management. A representa-
tive configuration is shown in Figure A-7.

The dual processor approach provides the redundancy needed for
high availability. The secondary system is held in a cold standby
mode and is switched into service in the event of a primary proces-
sor failure. While in standby, an intermachine communication link
is used to share printing, card reading, and card punching between
the two machines.
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A typical yard configuration.

The headquarters system is the IBM 370/168 mainframe used in the
original installation. A single 2400-baud communication line is op-
erated between each yard and the headquarters processor. The net-
work scheme is shown in Figure A-8. Communication procedures
are implemented using 2770 emulators at each yard to permit direct
interaction between the 370 and the local PDP-11s.
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Figure A-8. Network configuration.

The first yard system was operating in 1973, and twenty additional
installations have been made since that time. At present, the entire
installation cycle requires about six months. The phase-over begins
with the PDP-11’s processing the cards (in place of the older tabu-
lating equipment) and proceeds through increasing stages of auto-
mation for a smooth. transition to a processor-to-processor
network.

The capacity of the system has proved more than equal to the tasks
originally contemplated, and a number of advanced applications
have been implemented to take advantage of this powerful re-
source. Jobs now being performed include:

e Production of switch lists, including generation of preswitch
analyses to permit the yardmaster to examine the effects of
alternative strategies before making final decisions.
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e Generation of car classification work orders.
® Maintenance of car inventories.
¢ Support of local management information requirements.

o Support of central reporting functions, incuding on-line in-
quiry capability, track and yard summaries (with aging data),
Rule 15 offering reports for cars refused in interchange, car-in
industry reports for stock being repaired at the yard, and vari-
ous demurrage reports.

Benefits

The system has been installed and is operating at 21 locations at the
same cost as the original tabulating equipment. This level of ex-
penditure is one third to one half the cost projected for the multi-
access approach.

Overall, the distributed processing system has averaged more than
98.5 percent availability since the initial installation.

The result of the system has been that throughput at the yards has
increased, car handling errors have fallen, and the cost of operating
switching engines has declined. The paperwork burden and the use
of unit record equipment for yard office administration have been
reduced. At the same time, the information available at headquar-
ters for total operations management has increased.

The system has evolved with a uniform discipline which has proved
to be easy to enforce from the central headquarters. No data pro-
cessing personnel have been required at the individual terminals,
and all programs are written by a central applications group and
downloaded into the remote processors.

A remarkable measure of control support, not only for the system
but also for operational questions, has also been achieved. This is
possible because the processor at each site effectively models activ-
sity at the yard. If help is requested on switching or other tasks,
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members of a central control group (at headquarters) can dial in to
provide detailed analyses or simulations to assist the local yard
crew in making optimum decisions.

IV. AUTOMOBILE ENGINE TESTING

A major European automobile manufacturer maintains extensive
research and development facilities for testing engine performance,
exhaust emissions, and transmission operation. The testing is highly
automated, requiring closed loop control of experimental parame-
ters with the acquisition and recording of large numbers of data
points (a representative test sequence conducted in a 64-Hz process
loop yields about 1 million measurements at burst rates as high as
2,000 points/sec).

Original Approach

In originally establishing the facility, the manufacturer recognized
that the desired levels of throughput and performance could be
achieved only by using digital computers for test stand control and
data acquisition. The company therefore installed a battery of four
CDC 1700 computers, each of which operated six test stands. Two
additional 1700s were employed to provide backup and graphic
output capability. These six machines were supervised by a single
CDC Cyber computer which stored data from all tests.

Deficiencies in the Original Approach

Although the system performed the test functions satisfactorily, the
manufacturer recognized three major deficiencies. The primary
shortcoming was that a test laboratory expansion was con-
templated, but the present computers could not accommodate any
additional stands. Moreover, the 1700s in use had become obsolete,
and new units would be overly expensive to purchase even if ma-
chines were available. The second fundamental problem was that
the configuration was too vulnerable to processor outages. The fail-
ure of a single 1700 would interrupt operation at six locations; a
problem in the Cyber would shut down the entire site. Finally, the
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atmospheric and electrical environment near the test stands made it
impossible to place the computers in close proximity to the equip-
ment being controlled, necessitating installation of long runs of
multiconductor shielded, armored cable. This wiring was not only
expensive, but was so complex that it discouraged switching and
changeover - limiting flexibility for reconfiguration as well as pro-
vision for redundant backup.

Requirements for a New System

Company officials decided to implement a new system for this ap-
plication. The operational requirements would be:

¢ The system would have to take over the existing stations and
provide a growth path for incremental expansion for 15 years
- to at least 50 simultaneous test stands.

e The system would have to operate in a *‘fail-soft” mode, so
that an outage on any machine would have no more effect
than interruption of testing on a single test stand.

¢ The system could lose essentially no data. (All test loops can
execute at 64 Hz, and at least three stands can produce 2,000
data points per second simultaneously.)

In addition to these functional requirements, in-house data process-
ing specialists established several system-oriented criteria:

o All hardware and software would be standard to facilitate
procurement, simplify development, and minimize implemen-
tation risks.

o If a multiprocessor installation were adopted, all machines
would have to be compatible to permit programs to be written
on a single development system and downloaded by commu-
nication links or by disk transfers to other computers. Like-
wise, a single communication discipline would have to be
applicable at all levels in the structure.



242 DISTRIBUTED SYSTEMS HANDBOOK

Alternatives

The manufacturer evaluated a number of approaches to system im-
plementation. All were hierarchical (and therefore distributed) but
employed distinct concepts of assigning tasks to system elements.

The first proposal was essentially a direct replacement of the exist-
ing machines with state-of-the-art processors — having more capac-
ity and higher speeds, but costing less than the original equipment.
This implementation failed to meet the availability criterion be-
cause downtime at the supervisory level would disable the entire
operation, and an outage of a control computer would put several
stands out of commission. Backup could be provided to alleviate
the availability difficulties somewhat, but time and data would be
lost during the changeover, particularly because of the complexity
of the cabling needed between the test stands and the mini-
computers. This approach also presented expansion problems due
to the limit on the amount of data that could be channeled into the
supervisory processor at one time.

The firm considered, and rejected, an alternative two-level hier-
archy. This implementation involved pairs of minicomputers - a
small machine dedicated to each stand, tied directly to a second
processor for supervisory control and data storage. This approach
improved the expansion problem because a relatively economical
small computer could be purchased for each test stand added. It
also improved availability because failure of the control processor
would affect only one test stand. However, complex cabling was
still needed between the test stands and the first-line mini-
computers, so changeover was difficult.

A third alternative was to increase stratification to three tiers by
placing microprocessors directly on the test stands. This would
eliminate the need for complex cabling to the control processor be-
cause simple bi-directional data lines could handle the signalling to
the minicomputers. Availability would be improved because
changeover would be simpler in the event of a minicomputer fail-
ure. Moreover, the microcomputers could conceivably incorporate
enough logic to suspend testing and initiate a hold or orderly shut-
down sequence if operation were interrupted. There was still an
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expansion problem, however, because of the number of lines tied to
the one master processor, and a continuing likelihood of total out-
age if the supervisory machine were to fail.

The final configuration examined involved a four-level hierarchy.
Microcomputers would be installed as input-output interfaces at
the test stands. Each such controller would interact with a small
dedicated minicomputer through a bi-directional data line. The
minicomputers would provide control and data storage functions
for individual test stands, and in turn would be clustered to a stage
of minicomputers used as data concentrators. The concentrators
would communicate with a central machine. This approach prom-
ised high availability because the failure of a minicomputer would
affect only one test stand, and a backup machine could be switched
quickly into service. The failure of a concentrator might eventually
shut down a block of stands but would not interrupt work in pro-
cess because all control and data acquisition associated with an in-
dividual test could be performed by the dedicated minicomputer
alone. The four-level approach also allowed for expansion; the cen-
tral processor could accommodate several additional concentra-
tors, each having a multiplicity of test stand computers under its
supervision.

The Approach Taken

The automobile manufacturer selected the four-level multi-
processor approach for the application with hardware, software,
and communications provided by Digital Equipment Corporation.
The overall configuration is shown in Figure A-9.

The processing equipment for each test stand is illustrated in Figure
A-10. The control-processor is a PDP-11/34 minicomputer with
two disk drives for program and data storage. The initial implemen-
tation incorporates 24 such machines, and expansion to 84 is pos-
sible.

The concentrators, each of which can meet data handling criteria
with as many as 12 control computers attached, are also PDP-11/34
minicomputers (Figure A-11). These machines have no disk storage
and no consoles, but do have 288K bytes of random access memory.
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The central computer facility is shown schematically in Figure A-
12. This facility comprises two PDP-11/70 computers with a large
complement of peripherals. The primary PDP-11/70 can accom-
modate up to seven concentrators. The secondary machine, which
serves as a cold-standby for backup, is the larger of the pair and is
used for program development when not on-line to the process.

Benefits

The system is able to accommodate the control and data acquisition
requirements of the existing installation and offers capacity for ex-
pansion to meet current projections for the next 15 years of growth.
All hardware and software is standard as required in the initial
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Figure A-12 Central computer facility.

specification. The communications protocol is also standard and

uniform thoughout the hierarchy.

The system offers high availability. The first-level minicomputers
are readily switched into operation through a patch panel within
the DECnet architecture, the concentrators are invisible to test
being run, and full functional backup is available to the central

system.
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No difficulties are being encountered because of the high data rates
or the total number of points being logged. Company officials feel
confident that the complexity of the tests could be increased with-
out approaching the limits of the computer system to handle the
increased load.

V. AN EMERGENCY TELEPHONE NETWORK

Emergency dialing service is being implemented by the joint efforts
of telephone companies and municipal authorities throughout the
country. The objective is to establish a standardized number, 911,
which subscribers can reach from any telephone to contact an ap-
propriate dispatcher.

Establishment of such a service in an existing teleplant is a complex
task. For example, modifications to the signalling architecture are
necessary to provide immediate dial tones at pay stations so that
911 calls can be made without depositing coins. Likewise, dedicated
trunks must be implemented so that 911 calls are routed directly to
the dispatchers.

Original Approach

A 911 system had been in operation in a large midwestern city for
several years. The configuration was relatively conventional with all
911 calls being trunked directly from the local telephone exchange
to dispatchers at police headquarters. Dispatchers had to be organ-
ized into zones corresponding to telephone exchange boundaries.
The responding officer ascertained the location of the phone and
type of emergency from the caller and took appropriate action.

Deficiencies in the Original Approach

Municipal authorities recognized several opportunities for improv-
ing the effectiveness of the emergency service. For example, the tele-
phone network structure did not coincide with police or fire
department boundaries. Trying to match dispatchers with tele-
phone exchanges was an undesirable constraint. Also, officials
wished to have the flexibility to shift service zones with time to
follow trends in population demographics.
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A second difficulty was that certain classes of callers were unable to
tell the dispatcher where help was needed (because of language, age,
psychological or physical state, or unfamiliarity with a neighbor-
hood). This prevented reaction to certain situations and delayed the
response to others. A related problem was that some callers simply
would not provide the necessary identification, making it difficult
for the dispatcher to distinguish between crank calls or false alarms
and anonymous good Samaritans.

Requirements for a New System

Telephone company and municipal authorities recognized that elec-
tronic data processing (EDP) equipment could be interfaced with
the 911 system to provide an enhanced level of service. They devel-
oped the following set of functional requirements for a new system:

o Selective routing of calls to dispatchers was needed so that
telephone, police, and fire boundaries could be established in-
dependently (and changed when desired) with calls trunked to
the proper dispatcher.

* Automatic Location Identification (ALI) would solve the
problem of establishing the source of calls when verbal com-
munication is impossible and would also trace false alarms.

e Means should be available to facilitate dispatch to responsible
agencies: fire, medical, or police.

The authorities determined at the outset that the functional require-
ments were technically feasible. Computing equipment had been
interfaced with the telephone network at the signalling level in
many applications. For example, computers were being used in
number identification systems for toll billing and traffic mon-
itoring. They accordingly established the following criteria for eval-
uating EDP approaches that could be used for the 911 task.

e Compatibility with the existing telephone network, including
not only the signalling structure, but also the lines already
installed
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e Extremely high availability

¢ Ability to handle a total data base comprising more than 2.6
million subscriber locations and 10,000 street address and
emergency zone correspondences

¢ Capacity to process at least 40,000 calls per day, with up to
5,600 calls during any one busy hour, and to provide response
within one second

e Restriction of access to the telephone company master di-
rectory (to safeguard privacy).

Alternatives

The first approach considered involved a centralized computer
managing the data base and providing the commands necessary to
operate the switches in the routing network. Such a system would,
of necessity, be quite large in order to perform all the required func-
tions. Cost would therefore be high, particularly if redundancy were
implemented to insure high availability. To protect the data base
from unauthorized access, the facility would have to be located at a
central telephone company office and would require replacing vast
amounts of cable already run to switching equipment in the police
department. There was also skepticism about the ability of a single
system to handle the required call volume without severely degr-
aded response during peak periods.

A distributed multiprocessor configuration was studied as an alter-
native. Such a system would meet the requirements for com-
patibility with telephone signalling protocols and could be
implemented with processors at telephone, police, and fire offices
using existing cable installations. In a system based on small proces-
sors, redundancy would be more economically achieved and would
therefore be a cost-effective means of insuring the required high
availability. Accommodation of a large data base, with assurances
of strict security enforcement, was another advantage of this ap-
proach. This was possible because the overall file structure could be
segmented naturally into a subscriber directory and zone corre-
spondence tables for the fire and police departments. Finally, the
speed criterion was relatively easy to meet because processor capa-
bilities could be matched to each part of the application.
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The Approach Taken

The system chosen for the application is a semi-autonomous dis-
tributed processor configuration. Minicomputers are located at
telephone company and various police and fire department loca-
tions. The network is connected in a star configuration (Figure A-
13). The data base for the location directory is at the hub under the
control of the telephone company, and switching processors are lo-
cated at police and fire department dispatch centers. All processors
are members of the Digital Equipment Corporation PDP-11 family.
All inter-processor communications are implemented with DECnet
protocols using 4800-baud synchronous communication lines.

DATA BASE SYSTEM POLICE DISPATCH SYSTEM
(TELEPHONE COMPANY) (POLICE HEADQUARTERS)
(ALL 4.8 KB)
|——- PDP-11/40 -‘L PDP-11/40 jo—
DATA AND | TELEPHONE [¢—
CONTROL | swiTcHING ThEgHone
INTERFACE | EQUIPMENT |q
PDP-11/40 PDP-11/40 le—

DISPLAY ]
TERMINAL
N —

FIRE DISPATCH SYSTEM

(2 FIRE DISPATCH TYPICAL POLICE
LOCATIONS) DISPATCHER (60)
PDP-11/10 PDP-11/10
DATA AND
CONTROL
INTERFACE
TELEPHONE
SWITCHING
EQUIPMENT

DISPLAY
TERMINAL

« )
ng

TYPICAL FIRE
DISPATCHER
(7-10)

Figure A-13. 911 communication network.
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The telephone company installation, shown schematically in Figure
A-14, acts as a directory manager. A pair of PDP-11/40 processors
is used with four dual-ported disk drives. This is arranged as an
overflow backup system which insures that one system will be avail-
able when the other is busy, overloaded, or out of service. Each
machine has a complete data base, so two copies are on-line simul-
taneously.

DUAL-PORTED
RPO4 DISK SYSTEM

128 kB 128 KB

MEMORY MEMORY
TAPE TAPE
DRIVE RSX-11/M RSX-11/M DRIVE

PDP-11/40 PDP-11/40

OPERATING SYSTEM OPERATING SYSTEM
FORTRAN FORTRAN
LINE PRINTER DECNET DECNET
COMMUNICATION
LINKS
(ALL 4.8 KB)
N — — d v
TO POLICE TO FIRE TOFIRE TO FIRE TO POLICE
HEADQUARTERS SOUTH NORTH SOUTH HEADQUARTERS

Figure A-14. Data base system.

The police system comprises a pair of PDP-11/40s operated in a
watchdog hot-standby mode (Figure A-15). Dispatch terminals are
connected to the system through a special switch to provide redun-
dancy for immediate changeover, but without the confusion that
would result if different addresses were displayed on different ter-
minals. Smaller PDP-11/10 processors, in a configuration similar
to that used by the police, are employed by the two fire department
dispatch centers.

When a 911 call is recognized at a local exchange, it is switched
through the telephone network to the switching equipment at police
headquarters along with the identification of the originating num-
ber. The 11/40 at the police center sends a request to the central
data base for the corresponding address and zone. The information
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Figure A-15. Police dispatch system.

is extracted from the master directory and returned to the police
system. The zone identification is used to determine routing to the
proper dispatcher. When the dispatcher answers the call, the tele-
phone number and address are displayed on the ALI display. If the
call is a police problem, the dispatcher makes the appropriate dis-
position. If the caller indicates that the problem is a fire, the dis-
patcher depresses a single button on the console which transfers the
call, including the number and address, to the appropriate fire de-
partment processor. The call is routed to the designated dispatcher
in that agency in a manner analogous to the initial transfer. Voice
communication is unnecessary to establish location. Moreover, the
address display can be held by the system after the phone is hung up
at the point of origin.
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Benefits

The operational availability of the computer system has exceeded
99.95 percent. The system can handle 40,000 calls daily, with up to
5,600 calls in any one hour. It is interesting to note that these limita-
tions are imposed by the teleplant rather than the computer system.

The data base has room for 4 million subscribers, with only 2.6
million needed at present, and can accommodate 10,000 street-zone
cross-references. To date, the system has maintained a response
time of within one-quarter of a second - measured from the mo-
ment the police system is notified of an incoming 911 call to the
switching of the teleplant crossbar. This fast response has not only
been credited with great improvements in the ability of the agencies
to cope with emergencies, but, coupled with automatic location
identification, has led to the apprehension of fraudulent callers and
reduced the instance of false alarm.

The system was installed without any major changes in the line
structure of the existing 911 network, and therefore represents con-
siderable economy relative to the other configuration considered.
The system also offers the benefit that each data base is under the
control of the appropriate agency, thereby maintaining the security
requirements of the telephone company, and accommodating es-
tablishment and shifting of boundaries by the police and fire de-
partments.

VI. MINI CASE STUDIES

A. A Wire Service Copy System

A major international wire service is using distributed processing
for copy entry, editing, storage, and transmission in many cities
throughout the United States and abroad. At each site, the wire
service has installed a copy editing system provided by a Digital
Equipment Corporation OEM. These systems use PDP-11 proces-
sors for story editing and terminal interface and use PDP-8E pro-
cessors for data base management.
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A typical installation in one foreign country makes use of a two-
level distributed processing system. In small cities, video display
equipment is used to enter stories; it also provides limited editing
and storage capabilities. At the wire service headquarters in the
country, large systems are used to store copy in storage queues from
which they can be recalled for review and further editing. The head-
quarters location also contains directories for all stories in the
queue.

Clerical personnel enter stories at either the remote or headquarters
location, using upper and lower case video terminals (up to eight at
each location). Any amount of copy - from a single character to
entire paragraphs - can be altered, inserted, or removed. Once the
stories have been entered, they are transmitted from the remote city
to the headquarter. They can also be printed out at this time for
local review.

At headquarters, copy is stored in appropriate queues (sports, fi-
nancial, news) until it is edited and dispatched over the news wires.

The electronic news management system was adopted because of its
ease of news copy editing and retrieval at any stage of preparation,
the ease of queuing stories for rapid handling, and the capability for
quick transmission of messages and copy. The news service believes
that its implementation has resulted in significant material and
man-hour savings through almost total elimination of paper shuffl-
ing and redundant typing of copy.

B. Food Distribution

A major food manufacturer is using distributed processing to pro-
vide a centralized system for order entry and inventory update. The
manufacturer has four regional order entry facilities located in the
middle Atlantic states, the Midwest, the Southeast, and the West
Coast. At each of these sites, the food manufacturer has installed a
distribution management system provided by a Digital Equipment
Corporation OEM. These systems are based on PDP-8 or PDP-11
processors and include video displays, printers, and disk storage as
appropriate to the size of the distribution center.
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Salesmen telephone their orders each evening to the appropriate
regional office where they are entered into the system using the
video display terminals. The system acknowledges each order re-
ceived. Acknowledgments for valid orders, whether rush orders or
regular orders, are printed on special acknowledgment forms; sus-
pended orders are acknowledged on plain paper. Orders which have
not been accepted as billable by the system because of some irregu-
larity are printed as ““invalid”. Order correction and order splitting
procedures are used to correct invalid orders to make them ship-
pable.

Bills of lading are generated at convenient intervals during the day,
and the carrier summaries are generated at the end of the day.
These are either transmitted directly or mailed to the appropriate
distribution warehouses. In addition, the regional facilities generate
shipping documents for rush orders.

At the end of each day, all work orders entered during that day are
transmitted to a central computer facility via a communications
network. This is done after normal working hours to minimize
communications costs.

The regional facility also receives from the central facility bills of
lading and carrier summaries for orders which have been processed
earlier. These are printed and mailed to the warehouses from the
regional facility during the night.

The food manufacturer sees two major benefits from the installa-
tion of the distributed processing system. The first benefit is a re-
duction in inventory made possible by the regionalization of order
processing and control. The second major benefit is a significant
improvement in the accounts receivable of the company.

C. Agency Accounting for a Railroad

A major railroad has installed a distributed processing system to
control its revenue accounting. The agency accounting system has
four major applications: rating, waybilling, accounts receivable,
and miscellaneous accounting. The distributed processing system
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consists of PDP-11/70 computers in seven major cities, with termi-
nal equipment located in 68 cities. A central computer houses all
remote programs and master files which it distributes to each re-
mote computer as appropriate. Each remote PDP-11/70 services
satellite input/output terminals which are strategically located to
support the freight agencies of the railroad.

Railroad rates are complex and difficult to maintain and apply
manually. The rate data base requires 60,000 rate records covering
23,000 unique forwarded moves. The frequent changes in the rates
makes it difficult to maintain accurate and up-to-date tariff man-
uals at the remote locations where rates are applied. The on-line
rating system is a mechanized application of the rate during prepa-
ration of revenue waybills. This can be generated either directly by
the computer without assistance from rate personnel or by inter-
action between the computer and rate personnel. Approximately 70
percent of the railroad’s originating traffic can be covered by repeti-
tive rates from the computer data base.

The outbound waybilling application captures available data at the
time and place of initial transactions and adds data at the time and
place of additional actions. It then organizes and maintains these
records in a central location accessible for all uses.

The railroad sees the following advantages to the use of the agency
accounting system:

1. It eliminates costly duplication of records and insures that all
departments base decisions on the same data.

2. It achieves and maintains accurate rating functions.
3. It maximizes productivity of rating personnel.

4. It improves customer payment performance by providing ef-
ficient freight billing.

5. Tt provides a sufficient degree of operational independence in
the event of a central outage.
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6. It permits decentralization of division functions but maintains
central controls.

7. It provides access to information both centrally and locally.

D. On-Line Pharmacy System

A major pharmacy chain is using distributed processing to provide
an on-line system for billing and patient profiles. In the initial in-
stallation of the system, terminals are being installed at 30 pharma-
cies in a single area. Plans call for dissemination of the system
throughout the country.

The system uses microprocessors to control the CRT terminals lo-
cated in each store. The microprocessors are connected by a multi-
point DECnet protocol to twin PDP-11/70 processors located at
headquarters.

The system provides the pharmacist with the following capabilities:

¢ inventory control over all inventory in the store

¢ labeling of prescriptions

e patient profiles

e drug inquiry

¢ drug pricing

¢ drug interaction
The pharmacy chain sees the principal benefit of the system as pro-
viding computer facilities to the individual pharmacy without in-
stalling a computer system at each pharmacy. The use of distributed
processing makes it possible to satisfy many of the processing re-

quirements on the microcomputer at the pharmacy, using the head-
quarters computer for central data base storage and retrieval.

E. Telephone Network Performance Measurement System

A major international telephone network is planning to use dis-
tributed processing to provide an integrated performance measure-
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ment system for its network operations. The network covers a large
geographical area and is divided into autonomous regions, each
with a high degree of local control. Approximately 90 percent of all
telephone calls originating in any region terminate in that region;
only 10 percent of the calls move from one region to another, al-
though these are typically the highest cost calls. The telephone net-
work wishes to obtain a clear continuing measure of network
performance in order to match the performance of the network
against management goals and customer expectations.

In considering its approach to network performance measurement,
the telephone network considered both the centralized and the dis-
tributed processing approaches. It eventually chose the distributed
processing approach for two major reasons:

e The fact that 90 percent of the calls originating in a region
terminate in that region suggested that communication costs
would be high if all collected data were sent to a central loca-
tion for processing.

e The fact that the regions are largely autonomous and quite
concerned that they have the principal control over their data
suggested that the data processing be regionalized.

The approach the telephone network is planning consists of placing
one processing facility in each region plus one additional facility at
a central location. All locations will be connected to provide data
from one region to another.

Because the regions vary (quite widely) in size, it is advantageous to
be able to use a compatible family of hardware and software to
span the various regional processing requirements. For this reason,
the telephone network is considering the use of the PDP-11 family
which permits small processors and disk storage capacity to be used
in the smaller regions. Large processors and disks can be used in the
larger regions, all in the context of a consistent operating system
environment. It is planned that DECnet will be used as the inter-
processor communications facility.
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The telephone network expects two major benefits from the instal-
lation of this system:

¢ [t will provide the ability to measure network performance in
a manner consistent with customer expectations.

¢ It will provide management at all levels in the telephone com-
pany with clear, unambiguous measures of performance of
the resources under their control. In this way, the telephone
network hopes to substantially improve its operation.

F. Marketing Distribution in an Oil Company

A major oil company is using distributed processing to provide an
integrated system for physical distribution. Its analysis indicated
that physical distribution was its third largest cost of doing business
(following manufacturing and marketing).

At each distribution center, a minicomputer-based system keeps all
the data files and provides interactive application programs to
handle five separate functions of physical distribution:

e transportation of raw materials and finished products into
and out of the distribution center

e material handling within the plants and warehouses
¢ inventory control to assure optimum levels of stock

e order processing of all documents (sales orders, invoices, bills
of lading, payments)

e communications both within the distribution center and be-
tween it and central management -

Customers call the distribution center at any time during the day to
place orders. The orders are entered through interactive terminals
by an order entry operator. Inventory files are kept current to the
minute. Customers are advised immediately whether adequate
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stock is available and are queried as to what action to take if an out-
of-stock condition exists.

The system then produces picking tickets for the warehouse and
loading information for trucks to deliver items to the customer. The
system also generates invoices and keeps track of receipts. At the
end of each day, all information is sent to a headquarters system
which keeps track of the company’s overall inventory on a batch
basis.

The system is based on a PDP-8A computer with a large disk stor-
age system for the inventory files. Typically, ten interactive CRT
terminals are used for data input and inquiry, and four to six print-
only terminals are used to produce pick lists, invoices, etc. A mag-
netic tape drive is used to back up the disk files. Finally, a high
speed port is used to support communications to the headquarters
facilities.

The company sees benefits from the system in the following ways:
¢ white collar labor savings due to large reductions in the cleri-
cal work order processing, invoicing, inventory tracking,
loading, and shipping control
e blue collar labor savings due to more efficient warehouse op-
erations, vehicle loading procedures, and scheduling of re-

plenishment.

e reductions in inventory levels due to enhanced inventory con-
trol procedures

e reduced EDP costs in the data center

¢ reduced level of accounts receivable due to faster order pro-
cessing

o fewer lost sales due to having fewer out-of-stock conditions

e more effective use of truck fleets






Appendix B
DIGITAL EQUIPMENT
CORPORATION PRODUCTS

Many of the 100,000 Digital Equipment Corporation mini-
computers sold in the last two decades have been used in distributed
systems. Traditionally, minicomputer systems have been interactive
and have focussed on a specific function or application. Such sys--
tems are easily adapted to be components in a distributed computer
system.

This chapter presents a cursory overview to some DIGITAL hard-
ware and software products that can be used to form distributed
systems. The chapter is not a catalog, however: many products have
been omitted entirely; only partial details are given for those de-
scribed. A local DIGITAL Sales Office can provide full product
details, prices, and delivery information.

COMPUTER SYSTEMS

DIGITAL produces computer systems that range from small to up-
per-middle size. There are three major system families: the PDP-8,
the PDP-11/VAX-11, and the DECSYSTEM-10/20. Each family is
characterized by software and system compatibility.

The PDP-8 Family

By today’s standards, the PDP-8 is a very simple computer. The
PDP-8 instruction set is small, and the machine uses 12-bit words.
The first PDP-8 was shipped in 1965. Since that time, over 40,000
machines have been produced to establish the PDP-8 as one of the
most sucessful computer designs ever.

263
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The machine was designed for simple laboratory, process control,
and communications functions, but has ended up being used for
countless unanticipated applications. For example, this book was
composed on a PDP-8 based word processing system, and typeset
with another PDP-8.

The PDP-8 is actively marketed in twb models today:

o The PDP-8/A. The PDP-8/A is configured as a traditional
minicomputer - a box with circuit boards for processor, mem-
ory, and perhipheral controllers. Up to 128K words of 12-bit
memory can be added. A fast floating-point arithmetic pro-
cessor is an option. Peripherals include various disk drives,
tapes, printers, paper tape equipment, instrumentation adapt-
ers, and communications controllers. The PDP-8/A can be
used as a conventional computer system, or incorporated as a
component in other equipment. DIGITAL sells the PDP-8/A
as a word processor (WPS-102 and 200 series) and as a small
business system C Datasystem 310).

e The VT-78 Video Data Processor. The VT-78 is a complete
computer system within a video display terminal. The VT-78
uses a single IC PDP-8 processor, 16K words of memory, and
includes built-in controllers for floppy disks, communication
lines, and a printer. The VT-78 can be used as a small general
purpose system, and is also available configured as a word
processor (WT-78) and a small business system (DEC Da-
tasystem 308).

The PDP-11, VAX-11 Family

The PDP-11 has been a leader in establishing the broad appli-
cability of the minicomputer. The first model, the PDP-11/20, was
produced in 1970. Since that time, many different models have been
produced: presently they span a range from the LSI-11/2, which
has a complete processor on a single, small circuit board, to the
VAX-11/780, which is comparable in all respects (except price) to
mid-sized mainframe systems.
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The PDP-11/20 was a very sophisticated small computer, with a
rich logical instruction set, capable of addressing up to 28K words
of 16-bit memory. Enhancements to the design since have added

e special-purpose instructions for commercial and scientific
processing

e very fast computational processor options

e memory mapping; the 11/70 can address up to 2 million
words of memory

The VAX-11/780 represents a major enhancement to the design,
and would consitute an entirely new computer family except for the
fact the VAX-11 systems are capable of executing PDP-11 pro-
grams (as well as VAX-11 “native’” programs), and utilize existing
PDP-11 peripheral devices. The VAX-11 utilizes a virtual memory
design: a VAX-11 program can address over 4 giga (10%) bytes of
address space, whereas a PDP-11 program is limited to 64K bytes.

The following PDP-11 models are only part of the total product
offering. They are presented to give some idea of the breadth avail-
able.

e The LSI-11. The LSI-11 is based on a custom-designed in-
tegrated circuit processor. The LSI-11 is sold as a component
to be integrated into equipment (individual circuit boards),
and as a complete small computer system - the PDP-11/03.
The LSI-11 can have up to 56K bytes of memory, has micro-
code commercial and scientific instruction options, and can
be equipped with a variety of peripheral options.

e The PDP-11/34. The PDP-11/34 is designed to be a small,
complete computer system. Up to 256K bytes of memory can
be used; memory mapping is standard. Instruction options are
available, as is an optional memory cache. The PDP-11/34
can be used with any of the PDP-11 Unibus-attached periph-
eral options.: '
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¢ The PDP-11/70. The PDP-11/70 has a built-in memory cache
and map, and can have up to 4 million bytes of memory. In-
struction options are available. PDP-11/70 systems can use
any of the Unibus or Massbus peripherals.

¢ The VAX-11/780. The VAX-11/780 features a new virtual
memory design, a revised instruction set with commercial, sci-
entific, and special operating system and language instruc-
tions as standard instructions. The VAX-11/780 can utilize all
Unibus and Massbus peripherals, and was designed for up to
8 million bytes of memory.

The PDP-11 family has a complete line of computer peripherals (so
complete as to require its own handbook). PDP-11s have been used
to implement a range of applications too broad to be easily cate-
gorized. On the order of 50,000 PDP-11s have been sold so far.

The DECSYSTEM-10/20

The DECSYSTEM-10/20 family of computers was first introduced
in 1964 as the PDP-6 - a 36-bit machine designed for timesharing.
A second model, the KA-10, began the DECsystem-10 family in
1967. In 1976, a fourth processor model, the KL, was produced
both as a DECsystem-10, and as the beginning of a new family,
with a new operating system, the DECSYSTEM-20. In 1978 a low-
cost version of the -20, the DECSYSTEM-2020, was introduced.
All told, about 1,000 of these systems have been installed.

Presently, the DECSYSTEM-20 is marketed in two classes of sys-
tems:

e The DECSYSTEM-2020. This low-cost version of the -20 is
designed to extend the -20 family into the traditional mini-
computer price range. The machine follows traditional mini-
computer design by using normal line-current power and not
requiring air conditioning. Up to 2 million bytes of memory
can be added. The -2020 uses PDP-11 Unibus peripherals.



DIGITAL EQUIPMENT CORPORATION PRODUCTS 267

e The DECSYSTEM-2040, -2050, -2060. These are the more
powerful versions of the -20, and are designed in the style of a
mainframe computer. More memory can be used, and con-
trollers have been built-in for the high-speed Massbus periph-
erals.

SOFTWARE SYSTEMS

In the past, the knowledgeable computer consumer spoke in terms
of model numbers and microseconds. Today many systems are pur-
chased as complete hardware/software systems, or even just as sys-
tem machines. The reason for this change in focus is the rapid
decline in the cost of hardware, and the relatively constant cost of
software. In terms of the total cost of ownership, it’s a lot more
important to have the right software (to minimize programming
costs) than it is to have the last iota in hardware performance.

Some of the major DIGITAL software systems are described be-
low, categorized by typical application use.

Data Acquisition and Process Control

These systems are used for data collection process control. They are
characterized by:

1. Internal efficiency: The real time nature of the applications
demands that the system be able to respond quickly to an
external event or request.

2. General design: Because of the diverse nature of these appli-
cations, the system design must support many styles of appli-
cation.

3. Broad device support: The software system should include the
control programs for many input/output devices.
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4. High-level language and data management support: The system
should support the commonly used high-level languages, and
provide data storage and retrieval mechanisms.

These operating systems are often used as the basis for other kinds
of applications, such as communications processing (e.g., message
switching) or high-performance data processing (e.g., credit card
validation) because of the rapid-response, high-performance focus
of the designs.

The following software products are examples of DIGITAL’s real-
time operating systems.

e RT-11. RT-11 is a software system designed for relatively
simple, high-performance applications on the lower-range
PDP-11 processors. There is a minimum of system-introduced
overhead. The system is designed to be easily usable. In addi-
tion to the basic operating system facilities (including a com-
plete data file system), FORTRAN IV, APL, and BASIC are
available. DIGITAL also markets RT-11 tailored for specific
commercial and laboratory applications. The commercial ver-
sion includes an interactive commercial programming lan-
guage, DIBOL.

¢ RSX-11IM. RSX-11M is designed for more complex, real-time
applications implemented on middle-range to top-end PDP-
11 systems. RSX-11M permits complex multiprogramming,
provides preprogrammed support for a wide variety of de-

* vices, supports many programming. languages (including
FORTRAN IV PLUS, BASIC PLUS 2, and COBOL), has a
full functionality file system (FILES-11), indexed access meth-
ods for record management (RMS-11), and a CODASYL
compatible database management system (DBMS-11).
DIGITAL also markets RSX-11M tailored for spe01f1c appli-
cations, such as plant management.

Transaction Processing

Transaction processing is the style of interactive, transaction-orien-
ted processing that has been featured in this book: Transaction ap-
plications can be created without any special purpose software. A
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transaction processing system provides many valuable functions,
such as the mechanisms needed for high data integrity, in a pre-
programmed form,; this greatly reduces application development
costs.

e TRAX-11. TRAX-11 is a PDP-11 software system designed
specifically for transaction processing on the PDP-11/34 and
-11/70. The system is designed for forms-based interaction us-
ing an intelligent terminal - the VT-62. Transaction programs
can be written in COBOL or BASIC. FILES-11 file manage-
ment and RMS-11 record management services are provided.
Data integrity functions and utilities are provided. The system
design is optimized for transaction processing and data ac-
cess.

e RSTS/E and TOPS-20. DIGITAL also markets transaction
processing packages for these general-purpose systems. These
packages reduce the development costs of transaction-orien-
ted applications.

Word Processing

DIGITAL markets a family of word processing systems (WPS).
These systems have the following features:

e A video display terminal that gives the system user a pictorial
view of the text while it is created, edited, and formatted.

* A function-button editing language that gives the system user
a powerful but simple-to-use set of functions for text editing,
rearranging, and formatting.

e A disk unit capable of storing many documents.
e An optional printer that produces high-quality output, in-
cluding justified margins, proportional spacing, multiple col-

umns, etc.

The DIGITAL WPS systems feature word processing integrated
with data processing. The systems can be used as small business
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systems, as well as for word processing, and can be integrated into
large distributed information systems by use of communications
options.

General Purpose Systems

DIGITAL sells a family of general purpose, interactive timesharing
systems. These systems can be used concurrently by many terminal
users, each developing, testing, and executing programs. These sys-
tems can also be tailored for specific processing applications.

e RSTS/E. RSTS/E is an operating system for the PDP-11/34
and -11/70. RSTS began as a BASIC programming system,
but has evolved to provide multiple language programming in
FORTRAN, APL, RPG II, and COBOL. RMS record man-
agement services are available.

* VAX/VMS. VAX/VMS is designed to utilize the extended
capabilities of the VAX-11/780. It provides demand paging,
working set management, and swapping as virtual memory
services. The native machine can be programmed in FOR-
TRAN, BASIC, and COBOL. Additionally, many PDP-11
utilities and languages can be used under the compatability
mode feature. There is a full file-management system with re-
cord management utilities.

o TOPS-20. TOPS-20 is the operating system for the DECSYS-
TEM-20. Like VAX/VMS, TOPS-20 is a virtual memory op-
erating system. COBOL, FORTRAN, BASIC, APL, CPL,
and ALGOL are available as programming languages. A
CODASYL Database management system — DBMS-20 - is
also available.

Communications Software

The interactive systems discussed above each supports some set of
asynchronous and synchronous terminal devices. DIGITAL manu-
factures a wide variety of communication peripherals. The DECnet
interconnect software was described in Chapter 10.
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that computers should be tools that can be used by people who *

need information to do their jobs. We have promoted the design <
of interactive’ computer systems that can be placed where they

are needed. We see the trend toward the increased use of inter-

active, distributed computer systems as confirmation of our basic

philosophy.”

2 < Kenneth H. Olsen
e President
1.1

DOGITAL EQUIPMENT CORPORATION, Corporate Headquarters: Maynard,
01754, Te (617) 897-5111—SALES AND SERVICE
OFFICES; UNITED STATES—ALABAMA, Birmingh and H s .
ARIZONA, Phoenix and Tucson * CALIFORNIA, Los Angeles, Oakland, Sacra- 3
mento, San Diego,-8an Francisco, Santa Ana, Santa Barbara, Santa Clara, o
Sunnyvale « COLORADO, Denver » CONNECTICUT, Fairfield and Meriden » . ) ¥
DISTRICT OF COLUMBIA, Washington, D.C. (Lanham, MD) » FLORIDA, Miami, -4
Orlando, Tampa * GEORGIA, Atlanta « HAWAII, Honolulu ¢ ILLINOIS, Chicago. =k e
Peoria, Rolling Meadows * INDIANA, Indianapolis « IOWA, Bettendorf e 3 *
KENTUCKY, Louisville « LOUISIANA, New Orleans * MASSACHUSETTS, e
Springfield and Waltham « MICHIGAN, Detroit « MINNESOTA, Minneapolis » _ *
MISSOURI, Kansas City and St. Louis « NEBRASKA, Omaha « NEW HAMP- e
SHIRE, Manchester « NEW JERSEY, Cherry Hill, Fairfield, Princeton, Somer-
set « NEW MEXICO, Albuquerque » NEW YORK, Albany, Buffalo, Long Island.
Manhattan. Rochester, Syracuse « NORTH CAROLINA, Charlotte and Dur* i
. ham/Chapel Hill « OHIO, Cinci i, Cl , Columbus, Dayton ¢« OKLA- e
T HOMA, Tulsa « OREGON, Portland « PENNSYLVANIA, Harrisburg. Philadel-
b phia (Blue Bell), Pittsburgh « RHODE ISLAND, Providence » SOUTH
CAROLINA, Columbia » TENNESSEE, Knoxville and Nashville « TEXAS
Austin, Dhllas, El Paso, Houston » UTAH, Salt Lake City « VIRGINIA, Richmond
\ * WASHINGTON, Seattle « WEST VIRGINIA, Charleston « WISCONSIN, Mil-
waukee * INTERNATIONAL—ARGENTINA, Buenos Aires » AUSTRALIA,
Adelaide, Brisbane, Canberra, Melbourne, Perth, Sydney * AUSTRIA, Vienna
* BELGIUM, Brussels » BOLIVIA, La Paz » BRAZIL, Rio de Janeiro and Sao
Paulo « CANADA, Calgary, Edmonton, Halifax, London, Montreal, Ottawa,
Toronto, Vancouver, Winnipeg * CHILE, Santiago * DENMARK, Copenhagen
« EGYPT (A.R.E.), Cairo ®» FINLAND, Espoo * FRANCE, Lyon, Paris, Puteaux
HONG KONG e« INDIA, Bombay » INDONESIA, Djakarta « IRAN, Tehran o
IRELAND, Dublin » ISRAEL, Tel Aviv ¢ ITALY, Milan, Rome, Turin « JAPAN,
Osaka and Tokyo * MALAYSIA, Kuala Lumpur ¢ MEXICO, Mexico City
NETHERLANDS, Amstelveen, Rijswijk, Utrecht « NEW ZEALAND, Auckland S
and Christchurch » NORTHERN IRELAND, Belfast ¥« NORWAY, Oslg »"~ ~
PUERTO RICO, San Juan » SINGAPORE » SOUTH KOREA, Seoul » SPAIN.
Madrid « SWEDEN, Gothenburg and Stockholm « SWITZERLAND, chs a -
“and Zurich » TAIWAN, Taipei « UNITED KINGDOM, Bmmngham anlol ’
Ealing, Epsom, Edi gh, Leeds, Lei London,
VENEZUELA, Caracas * WEST GERMANY, Berlin, Cologne, Franklurl Ham-
burg, Hannover, Munich, Nurnberg, Stuttgart e WGOSLAV[A Belgrade and _
Ljubljana e 2 3 i %2 ® -
‘ 2 -

€

PRINTED IN'USA EB-PI 195 03/78 08A 02 20




