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Hospitals in this country that have automated their chemistry 
laboratories have demonstrated their ability to hold the line in 
terms of laboratory costs per unit of output. Despite a very rapid 
15% yearly rate of growth in their workload, compounded by 
shortages of space and skilled personnel, unit costs have been 
reduced by the introduction of automation technology. Studies 
show that the average cost of a clinical chemistry test, using 
manual procedures, approximates fifty cents at a daily volume of 
250 specimens. The introduction of automated procedures cuts 
this unit cost in half, although the cost to the patient may actually 
increase since the system now performs upward of eight tests on 
the same specimen, not all of which were ordered. At daily 
volumes approximating 1500 specimens per day, automation be­
gins to result in significantly lower unit costs; and above 2500 
specimens, costs drop below 10 cents per test. Although the 
number of hospitals in this country of sufficient bed size to justify 
these processing volumes is small, there are good indications that 
the recently expressed interest of smaller, geographically proxi­
mal hospitals to merge their laboratory facilities will produce the 
desired economies. The motivation for merger might well come 
from the analysis of data such as that being generated by Dr. 
Seligson at Yale, correlating decreased turnaround time for labo­
ratory repprts with reductions in the average length of hospitali­
zation. I'll report on additional developments concerning 
automated laboratory services later in my talk, but first I would 
discuss the somewhat analogous technological evolution that oc­
curred in the area of automation of physiological signs. 

For the past three years, the National Center has supported a 
project, based in St. Luke's Hospital, Denver, Colorado, to inves­
tigate the economies associated with the systematic community­
wide introduction of a computer-assisted electrocardiogram 
analysis system. The results of this experience are very aptly 
described in a 130-page final report, copies of which are now 
available from the National Center. I found the report one of the 
better analyses documenting the impact of introducing a techno­
logically advanced concept in a previously existent, highly com­
petent component of the health care system. As in the case of the 
automated chemistry laboratories, the encouraging economic 
projections were realizable only through some restructuring of 
the traditional health care delivery organization. In 1969, Denver 
area hospitals manually processed over 120,000 electrocardio­
grams, and projected a 12 percent annual rate of increase for this 
diagnostic procedure. Significant cost reductions were demon­
strated through the centralization and automation of their elec­
trocardiographic diagnostic services; however an inverse 
relationship between unit cost and volume was observed. In Den­
ver the break-even point is 300 EKGs per day. Further increases 
in their daily processing volume will offer an economy of scale 
that cannot be duplicated by conventional EKG systems. Cardi­
ologist manpower savings up to 75% were reported by placing 
this automated system in series with a rotating panel of cardiolo­
gists representing all the participating hospitals. The cardiolo­
gists reviewed the centrally-filed EKGs independently of the 
hospital origin of the patient. The implications of these statistics 
are clear. Given a sufficient volume of EKGs, recent technologi­
cal developments have made it possible not only to reduce unit 
costs, but to effect an appreciable savings in medical manpower. 

I will now discuss an aspect of medicine that traditionally has 
absorbed a lion's share of the technological Rand D investment, 
although on a national scale it represents a relatively small spec­
trum of the total health care delivery system. 

Data from the surgical intensive care unit at the University of 
Alabama indicate that introduction of automated monitoring and 
blood infusion programs can reduce post-cardiac surgical mortal­
ity to as low as 7%. This favorable figure has been maintained 
in the face of an average post-surgical stay in the intensive care 
unit of one day, and a conservative patient-to-nurse ratio of 3 to 
1. Routinization and mechanization of these relatively complex 
medical manpower tasks have effected (1) a reduction in length 
of stay in the intensive care unit, and (2) decreased medical 
manpower requirements, both essential prerequisites to economic 
savings. Although representing only a small fraction of the over­
all health care need, intensive care techniques are especially adap­
tive to technical innovations, and even without major R&D 
efforts, continued refinement of existing technologies can be ex­
pected to effect further improvements. 

In the almost explosive growth of hospital information system 
technology, the shared, modular systems utilizing small to medi­
um-sized computers appear to offer the most economically prom­
ising solution. Information handling as opposed to patient 
management is stressed, the objectives being to achieve automa­
tion in a modular or incremental fashion through terminals con­
nected via telephone to larger timeshared systems servicing many 
hospitals. For example, the census and bed control module at the 
Framingham Union Hospital (MA), by its requirement for daily 
physician updating of estimated length of stay, has achieved a 
14% utilization increase for the 150 medical/surgical beds in this 
288-bed hospital. Similar technological support modules applied 
to radiology and pharmacy information handling can be expected 
to achieve comparable cost reduction through rationalization of 
information flow within these departments. 

At the Massachusetts General Hospital Outpatient Clinic, an 
automated medical history is saving physician time. New patients 
are given a paper history and the results are keyed into a com­
puter terminal which quickly generates an annotated printout of 
the history information. Here in Washington, patients of a five­
man group practice in internal medicine produce a similar history 
output by entering their responses directly into a computer termi­
nal. In both instances, the physician further annotates the histori­
cal report during the physical examination, but at a considerable 
savings of his time. The coupling of automated history taking and 
triage procedures with paramedicals will result in even further 
savings in medical manpower. 

Physician consultative aids are available to support the practic­
ing physician with knowledge of immediate use to him in the 
diagnosis and treatment of his patient. The major benefit of these 
programs is the transference of specialized and dynamic knowl­
edge from the medical center, with its ready stores of literature 
and subspecialty consultation, to outlying medical care locations. 
Their use for library reference, poison control, and audio re­
sponse to pertinent subject review is now state of the art, and 
protocols for fluid and electrolyte management, hypercalcemia 
and coagulation disorders, and aid with complex differential di­
agnosis are being widely demonstrated. 
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Flow sheets of clinical logic have been constructed which en­
able the paramedic, using a computer terminal, to collect (in a· 
logical fashion) patient historical, physical, and laboratory data 
for a large number of common complaints such as earache, sore 
throat, cough, backache, fatigue and headache. By emulating the 
decision moves used by physicians in the handling of these com­
plaints, the protocols often enable the paramedic to handle a 
given patient from presentation to exit. Points at which a physi­
cian's intervention is required are automatically flagged. In addi­
tion to supporting the paramedic, computer protocols permit the 
physician to periodically review both the performance level of the 
paramedic and the clinical logic of the computer. F. 1. Moore 
reports in his "Information Technologies and Health Care" that 
the number of allied health workers varies inversely with the 
physician/population ratio. Further deployment of automated 
support and audit systems will expand the population base that 
a -pliyslclan-cIfn--adequarety-serve, --a-nd--greatiyincrease--patient­

throughput in areas with few physicians. 
In these examples of the technological contribution to our 

educational process, it is evident that learning efficiency for a 
given subject is directly proportional to the immediate relevance 
of that subject for the learner. For the physician, protocols such 
as Bleich's fluid and electrolyte, hypercalcemia, and coagulation 
disorder programs, Worley and Ringe's differential diagnosis 
programs, and Barnett's cardiopulmonary resuscitation pro­
grams, have their greatest impact when used as consultative aids 
for each specific patient. Paramedic protocols offering the great­
est impact appear to be the operating support protocols such as 
the Lincoln Laboratories' Chronic Disease Management pro­
gram and Dartmouth's Acute Disease Management and Audit 
programs. Patient education protocols showing the greatest 
promise are epitomized by the highly interactive programs di­
rected at weight reduction, diabetes management, pediatric im­
munization, or situational depression. 

It would not be difficult to extend this description of techno­
logical applications to health care for several more pages. There 
are certainly many other applications, equally innovative, that 
have demonstrated technology's impact on the cost, accessibility 
and quality of care available in this country. Within the National 
Center we have attempted to place these innovations in real­
world settings offering a maximum opportunity for further de­
ployment and tranferability of the technology to other health 
care systems. During this deployment, or transference, stage it is 
becoming increasingly more evident that flexibility to adaptation 
is essential if widespread deployment is to be achieved. This has 
resulted in the creation of a completely new set of technologically 
oriented projects. For example; the centralization of laboratory 
services creates logistical problems perhaps best solvable by the 
twin technologies of transportation and communication, but 
equally responsive to miniaturization technology. On the one 
hand we have the specimen transfer and information handling 
problems of centralized laboratories that process several million 
samples per year. On the other hand is the concept of sophis­
ticated miniature analyzers, mass~produced at a unit cost low 
enough to permit analysis at the primary site of patient care, the 
physician's office and outpatient clinic. This latter idea is attrac­
tive to physicians who believe they can perform better if they 
have 

have the patient and his data in one place at the same time. 
Obviously any further decentralization along these lines obscures 
advantages I will shortly be citing about the centralization of the 
medical record. 

Systems for computer analysis of the electrocardiogram are 
also highly susceptible to modifications generated by communi­
cation and miniaturization technology. Primarily developed for 
hospital in-patient applications, miniaturization of acquisition 
systems and even mobile self-contained computerized EKG sys­
tems are now within the realm of technological practicality. The 
ubiquitous telephone, modified for automatic card dialers, auxil­
iary Touch-Tone keyboards, and computer-generated voice re­
sponse, has the capability of revitalizing the physician's office as 
the primary place for patient care at a level of quality deemed 
impossible only a few short years ago. The problem-oriented 
medical I ecOi d, adapted to computer techfli.ttties,aml--iRte-grate-4-
with essential administrative data, offers significant advantages 
for the patient, the primary care physician, and the health care 
system manager. Grossman has suggested that four distinct levels 
of care are potential beneficiaries of such an integrated record. 

"At the level of daily patient care, medical records can be 
searched and sorted by computer to group patients for spe­
cial purposes. Patients who should receive influenza vaccine 
each winter, people with chronic diseases, endocrine abnor­
malities and those over the age of 65 ... With such a record 
system, the computer can search the patient files and pro­
duce a list of patients meeting these criteria. 

At the level of the individual physician's practice, the 
system serves as a source of feedback. Computer-generated 
reports can list in decreasing frequency the diagnoses the 
physician has made, the number and type of tests he has 
ordered, and the number and the type of medications he has 
prescribed. Reports can be produced by specialty so that aN. 
individual can compare his practice to that of the group as 
a whole, contributing to a sense of group enterprise rather 
than individuality among practitioners. 

At the levels of the health care institutions, accessibility 
of aggregate medical information brings an entirely new type 
of data to the administrative planning process. Because of 
the availability of exact diagnostic distribution, placement of 
personnel can be based on actual case loads and trends 
rather than predicted needs. The data also contribute to the 
control of costs, and medical and lay administrators can 
know much more precisely the individual utilization of 
available resources. 

Finally, at the level of health care evaluation, the avail­
ability of structured medical data provides for an opportu­
nity to build definitive criteria for quality of care. For 
example, in assessing the chronological course of diabetes 
mellitus, assessing the levels of blood sugar over time, or 
checking if the blood pressure of hypertensive patients falls 
below a certain required therapeutic level. The online avail­
ability of these status records precludes the need to pull a 
patient's paper medical record for use with scheduled pa­
tients, unscheduled walk-in patients, and telephone inqui­
ries." 
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A model for this integrated record system is currently operat­
ing at the Harvard Community Health Plan, where an online 
status report and laboratory system permit cathode-ray tube dis­
plays for use by the member physicians in their offices, by the 
plan's administrative staff, and by paramedics for triage and 
educational purposes. The statistical reports generated closely 
approximate the four levels suggested by Grossman; Medical 
Aggregates (listing of diagnoses, tests ordered, and medication in 
order of frequency for each staff member); Utilization (the fur­
ther division of aggregate table to reflect specialty visited, and 
frequency of visits, cross-tabulated with age, sex, and demo­
graphic data); Membership Data (alphanumeric lists of member­
ship by specific characteristics); and Special Studies (listings of 
women taking sequential birth control pills who should discon­
tinue their use, profiles of the Welfare-supported population 
within the Plan, mailing lists of members meeting criteria for 
participation in emergency preventive health programs). These 
ongoing services also parallel the data components described in 
the general guidelines of Federal-State-Local-Health-Systems, re­
quiring that "Systems be developed in association with efforts 
made to provide the information needed for patient care, quality 
assessment, fiscal responsibility, certification of need, and health 
planning". The Harvard model appears equally adaptable to 
other major health care delivery systems such as EMCRO, 
EHSDS, and Health Maintenance Organizations. 

Any description of a model health care delivery system, com­
plete with hundreds of remote terminals and cathode-ray tubes, 
equally accessible by physicians, paramedics, administrators, and 
patients, immediately brings to the technologist's mind the con­
cept of added system utilization through the introduction of a 
two-way visual communication system. For this final portion of 
my discussion on recent technological developments I would like 
to comment on the impact we might expect from the potentially 
explosive role that broadband communication systems might 
contribute to a health delivery system. First let me mention some 
of the questions health care technologists are asking. Can physi­
cians remotely supervise patient care for a relatively large popula­
tion of bedridden individuals by communicating directly with 
paramedical personnel through interactive television systems? 
(Adaptation of television sets for this use could radically reduce 

the cost of manpower dedicated to in-hospital and other confined 
patients.) Are physicians, linked by Picturephones or other 
broadband modalities to the hospitals with which they affiliate, 
able to review X-rays, EKGs, and laboratory results, and discuss 
these with the hospital's staff without leaving their offices? Can 
patients who are under examination in one physical location 
benefit from online consultation from remotely located special­
ists? Can our considerable reserve of nurses turned housewives be 
brought back into the health care system by the installation of an 
interactive visual screen in their homes, linking this vitally 
needed talent to physician or patient? Is there a sense of "per­
sonal presence" when patients and medical care professionals are 
in face-to-face communication via television, and will the avail­
ability of such service ensure more equitable access to health care 
without further disruption of an already overburdened transpor­
tation system? (For example, in Chicago, the cost of transporting 
an elderly patient from a nursing home to an out-patient clinic 
and back is eight dollars.) These and other questions are presently 
under investigation in a series of projects supported by the Na­
tional Center which address the extent to which visual communi­
cation can be substituted for travel. 

In all of these applications of technology to the delivery of 
health care there is an implied interdependence between those 
technologies whose primary impact is in the area of patient ser­
vices and those technologies with primary impact on the educa­
tional process. It is the entrainment of the health care 
professional into using computer technology in his own educa­
tional process that most facilitates the use of similar technology 
in his medical practice patterns. All the examples I have chosen 
have promoted further trial and use of technical practices and 
devices, and are exercising a spreading train of influence in the 
emergence of other technological innovations. The impact of this 
technology, measured in terms of the cost, quality, and accessibil­
ity of health care, will be better measured when its deployment 
reaches a more representative portion of the patient population. 
We may at that time find that the greater impact has already 
occurred, in the changing health delivery concepts of administra­
tors, physicians, paramedics, and patients familiar with the ways 
of automated, push-button, interactive, visual, two-way, audio 
response technology. 
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One objective of the information processing community is to 
aid the problem-solving activities of its clients. In this paper we 
will discuss a methodology for serving the needs of the "user", 
that is, the end-user: the manager running an organization, the 
accountant understanding the financial condition of a company, 
the anthropologist studying a culture, the engineer designing 
some equipment, or the meteorologist predicting the weather. 
Each of these users has his own particular, idiosyncratic prob­
lems. The computer should be an effective tool for him in dealing 
with these problems. Our methodology is designed to provide 
each of these users with an appropriate interface to the computer, 
with a ianguage which is natural to his view of reality. 

In this paper we examine the nature of today's ubiquitous 
applications packages, discuss our notion of applications lan­
guages and present some of our experience with the REL system, 
which has been designed to incorporate our views on specialized 
user languages. 

This research has been supported by: 
Office of Naval Research contract #NOOO14-67-A-0094-0024 
National Science Foundation grant #GH-31573 
Rome Air Development Center contract # F30602-72-C-0249 

APPLICATIONS PACKAGES 

The bare hardware of a computer, from the point of view of 
the user, is impotent. An operating system augmented by a few 
language processors, e.g. FORTRAN and COBOL, is hardly 
more useful. Indeed, when constructing complex applications for 
an end user, the standard programming technique is to first build 
a set of data structures and utility routines which then become 
the user's environment and make the computer habitable. We 
will call any consistent set of such structures and routines an 
applications package. 

The need for many such applications packages is clearly dem­
onstrated by their existence and wide usage. Examples are stan­
dard programs for payroll and inventory control in business, the 
SPSSI package for statistical analysis, subroutine libraries and 
languages such as NAPSS2 for numerical analysis, and APT3 for 
machine tool control. Hundreds of other illustrations may easily 
be found. 4,5 

An these systems have a common property: they provide oper­
ators which perform meaningful unit operations needed by their 
users. Their primitives draw up payrolls, compute correlations 
and solve differential equations. We wish to examine how the 
user invokes these primitive operations to fulfill his requirements. 
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In the most unsophisticated system, the user invokes a unitary 
operator: e.g. "produce the payroll". This is a complete program, 
perhaps operating on large bodies of data, with well-understood, 
structurally constant results. This type of applications package 
supports only a single aspect of its users' reality. Being optimized 
around a single task, it is not easily modifiable to meet even 
simple contingencies and it often quickly becomes inadequate. 
Problems change in structure as well as in data. Because the user 
has no concept of the computer representation of sub-parts of the 
whole problem, he is left with the use of a partly obsolete opera­
tor, or he becomes dependent on his programmers to make even 
the most minor structural changes in his problem solutions. 

Concerns of typical computer users consist not of single, all­
encompassing operations, but of a number of lower level tasks 
which in combination allow the solution of a range of related 
problems. For example, the accountant does not care merely to 
be able to produce his quarterly financial report. He has to be able 
to investigate data on various aspects of the company's fiscal 
status to understand his problems. His products are not just 
periodic reports, but also the tax and cash flow calculations, 
projections, special briefings, etc. Similarly, a physicist manipu­
lating his experimental data looks not for a single answer, but for 
a multitude of indications and partial results which may help him 
understand the processes he is studying. 

A computer system which supports such investigations must 
embody a number of different primitive operators, to correspond 
to the variously complex conceptual units of the user. It must also 
allow the hierarchical combination of these primitives to build up 
the operations which match higher-level user concepts. 

The common production of standardized subroutine libraries 
in many fields attests to the widespread acceptance of this view. 
Such libraries, along with the standard algebraic computer lan­
guages, allow the construction of hierarchically-composed calls 
on the primitives, offering flexibility and power. What, then, are 
the inadequacies of these sophisticated applications packages to 
the user? 

On the one hand, a computer system for a particular user must 
embody a large set of the conceptual primitives of his problem 
area in order to be useful to him. In addition, however, that 
system must also exclude the incursions of as many as possible 
of those computer concepts unrelated to the problem area. All of 
today's generally available programming languages have a strong 
bias in their syntactic and semantic capabilities to fit the needs 
of their designers, namely computer scientists. Their natural 
primitives include the control of storage, input and output, the 
declaration of procedures, data types, etc. Everyone of these 
concepts is foreign to the problem area in which the non program­
mer user is working. Thus, although the subroutines in a library 
may well represent valid primitives to our user, the irrelevant 
concepts of program control, procedure calling, and data man­
agement intrude upon and disrupt his problem solving.6 

Current users struggle with this disruption in different ways: 
the accountant must work through a programmer, removing 
himself from direct contact with his data; the physicist often 
becomes a programmer, sacrificing his productivity as a scientist 
to develop competence in a field of only incidental interest to his 
work. 

The information science community can provide better techni­
cal solutions and more viable tools. 

APPLICATIONS LANGUAGES 

To be most effectively utilizable, the computer must metamor­
phose to be each user's own conceptual machine. It must embody 
exactly those primitive notions which the user finds fundamental; 
it must support that structuring of complex problems which the 
user finds natural. And because the user must be able to commu­
nicate easily with his machine, it must provide for communica­
tion in a language which embodies the user's conceptual 
primitives and the means of composing them clearly and con­
cisely. 

It is not generality that the language must provide. Indeed it 
is exactly in its ability to reflect the biases, limits, and idiosyn­
cratic representation of the user's reality that a specialized lan­
guage finds its greatest strengths. The user brings with him a host 
of presuppositions, the knowledge of his field, of which he is only 
peripherally aware, but whose logic underlies all of his problem­
solving activities. General languages know nearly nothing about 
the problem domain. All checks, all limits, all structures must be 
explicitly expressed by the user. In any high-level application, the 
amount of knowledge which the user has about his data is enor­
mous. To enter it as explicit instructions to the computer and to 
probe his data in a system which recognizes none of his tacit 
knowledge is unconscionably tedious. 

The implicit inclusion of the tacit knowledge of a specialized 
problem domain is the advantage which gives the applications 
language both expressive conciseness and computational effi­
ciency in the problem-solving tasks of the particular end user.7 
With such a language the user can concentrate on his problem 
instead of the programming details. There is no intrusion of 
foreign concepts from the implementation - the user manipulates 
structures and operators that are familiar and relevant. The 
power of the language opens new options and capabilities in his 
use of the computer, and the naturalness of the language allows 
him to exploit those capabilities himself, bringing his own im­
plicit knowledge and intuition to bear without having to work 
through a programmer. 

At the same time, the embodiment of the user's presupposi­
tions implicitly in the prior programming of the primitive opera­
tors results in increased computational efficiency. It is often 
erroneously assumed that higher-level, user-oriented languages 
entail increased computing times as well as excessive implemen­
tation costs. Quite the contrary. The existence of specialized 
knowledge of the field of application allows more global optimi­
zation of the basic primitives. And once programmed, these 
primitives can be composed in the solution of wide-ranging prob­
lems, being reused a multitude of times without involving any 
new programming tasks. One can appreciate the extent of such 
savings by considering the compaction of records and optimiza­
tion of access to peripheral storage which the programming of 
specialized primitives can embody, savings in ultimate computer 
time which can amount to orders of magnitude for large data 
bases. 8 



The fear has been expressed that the widespread development 
of such languages would lead to a large number of small user 
communities, each with its own highly specialized language, each 
unable to communicate data and methods of solution to the 
others. Consequently, the argument goes, we should concentrate 
upon standardizing our languages rather than specializing them, 
to allow the easy exchange of data, algorithms and personnel. 

We find two related answers to this line of argument. First, we 
do not believe that our current experience with sharing data or 
programs justifies the requirement of adherence to rigid stan­
dards on the part of all computer users. Specialized languages 
already tend to arise in response to natural divisions which exist 
among groups of users. Hence, between groups isolated by spe­
cialized languages, it is already unlikely that they would profit 
from sharing of common technique and common data. Second, 
t.M.jncreased capabilities provided a group by a specialized lan­
guage may well justify acce-ptlng--ihe- costorreIati,ie-isOIiitlOii:It 
is the user community's responsibility to regulate language devel­
opment to achieve an economic balance between specialized ca­
pability and communication. Between groups where 
communication and sharing of data is desirable, their various 
specialized languages can explicitly facilitate precisely such com­
mon access and cross-talk. 

Currently, the economic factors underlying the decision of 
whether or not to create a specialized language are dominated by 
implementation cost. Technical advances of the sort we will de­
scribe can reduce this cost sufficiently to allow that decision to 
be made on the grounds discussed above. We now examine the 
task of implementing specialized languages. 

METALANGUAGES 

From the implementor's viewpoint, a computer language con­
sists of a set of procedures containing the semantic primitives of 
the language, the set of data structures to which these are to be 
applied, and a syntax which allows the user to compose his 
operations and to apply them to his data. The task of the language 
implementor is to analyze the natural requirements of the user 
in these three areas and to design and code the procedures, data 
structures and syntactic processor to realize the language. 

We can examine the language writer's problem just as we 
looked earlier at the end-user's problem. We note that current 
programming languages do not have operators and data struc­
tures in their semantics which specifically support language im­
plementation. Because their facilities are much more primitive 
and detailed, the construction of applications languages is dif­
ficult and costly. The language implementor needs a specialized 
language, just as the user does. The primitive concepts of this 
language must be parsing, storage management, permanent and 
temporary data base management, semantic compositions, etc. 
Again we emphasize that this implementor's language is not a 
generalized language. Not all implementors will want the same 
parser nor the same data base management scheme. However, for 
particular classes of language implementors, those implementing 
similarly-structured user or object languages, a particular imple­
mentors' or meta- language is useful. 
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A metalanguage structures and supports the task of the appli­
cations language implementor in the same way that the applica­
tions language structures and supports the task of the user. It 
allows the implementor to concentrate on the problems of design­
ing his language and supports its implementation. For example, 
provision within the metalanguage of an efficient parsing al­
gorithm coupled with a simple means of expressing syntax rules 
will allow the programmer to utilize a natural syntax in his 
language. He is no longer forced to a simple syntax by the high 
cost of implementing anew a complex parser.. The metalanguage 
can embody much of the tacit knowledge of the language imple­
mentor about the internal structure of the language. For instance, 
a rigid coupling between rules of grammar of the object language 
and the invocation of the associated semantic primitive routines 
allows the metalanguage to know the calling and return struc­
tures of these semantic routines, and to use this knowledge to 
allow a rii-ore COIlClSe-aeSCflplioffofmeroutI-ne-S-alTctto-p-erform­
error checking or optimization on the object language. The meta­
language also directs the attention of the language implementor 
to the central issues of his task: the construction of the operators 
and data structures that are significant to the user and a natural 
syntax for combining them. 

REL -
THE RAPIDLY EXTENSIBLE LANGUAGE SYSTEM 

The REL System has been developed to give concrete realiza­
tion to the ideas presented in this paper and allow us to get actual 
experience with the use of such a system. We will not further 
describe REL here, but will only enlarge upon those aspects 
which relate to ideas discussed in this paper. For a more complete 
description of REL, see references 9,10,11. 

The REL System provides a metalanguage for the implementa­
tion of sentence-driven, syntax-directed, interpretive and extensi­
ble applications languages 12. Within the REL environment, a 
language is represented by a set of general rewrite grammar rules, 
their corresponding processing routines, and the data structures 
of the associated data items. The grammar rules structure the 
operation of the language, define the valid syntactic constructs 
which the user may employ, cause invocation of the syntactic and 
semantic processing routines, and define which data types may 
be related in the language. As an example, consider the following 
grammar rule: 

<class;relation_image> => <relation> 'OF' <class> 

This may be a rule of grammar of a language which expresses 
aspects of a relation calculus. The rule, written exactly as shown 
here, states to the REL system that: 

• the syntactic construct "name of a relation" followed by the 
word "of' followed by "name of a class" is valid. 

iii such a construct represents another data item of the type 
"class", 

• this new item may be computed by applying the program 
named "relation_image" to the two old data items. 
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Notice how this metalanguage forces the implementor's attention 
to exactly the problems which should concern him: the primitive 
entities of his language, e.g. "class" and "relation"; the primitive 
operations of the language, e.g. "relatioILimage"; and the syntax 
by which these can be combined, e.g. "regions of salesmen", 
"vendors of components". 

We have emphasized that the user's language should fit his 
needs naturally. That means that he must often be able to define 
new operations on the basis of his previously existing operations 
to express new tasks and methods of solution. REL provides the 
applications programmer with a powerful tool to implement this 
ability for his language. Using whatever external syntax he finds 
natural for his users, the programmer can invoke an REL system 
utility which will add to the user language's grammar new rules 
which express the desired definitions of the user. 

REL APPLICATIONS LANGUAGES 

We have used REL to implement a variety of languages and 
have found it to be very supportive of them. Indeed, even if we 
had wanted to develop only one fairly complex language, we 
would have found it desirable to separate the REL system and 
general language processor facilities from the syntax and seman­
tics of the particular language. Doing so has given us a frame­
work in which to design our languages that has been at least as 
important as the support we have gotten to actually write the 
code. 

The languages that have been implemented under REL to date 
include REL English,13,14,15 the Animated Film Language 
(AFL),16 a language for solving ordinary differential equations, 
17 and a discrete simulation language.l s We present a few exam­
ples from the first. 

REL English is a technical English question-answering lan­
guage for the analysis of complex sets of highly interrelated data. 
Its primitive operations are based on the data and semantics of 
a relational algebra. Thus the language was designed with a view 
to serving users with messy, large-scale data-related models. REL 
English's current users include a cultural anthropologist, a re­
search hospital, and elements of a military staff. 

The syntax of REL English is a complex, quite natural, deep 
case grammar which provides our users with powerful but con­
cise statement and query capabilities. The primitive data entities 
of the language are individuals, classes, and binary relations. 
REL English has all the common notions of sentence structure, 
time, function words like "all", "what", and "the". It does not 
include any particular vocabulary but provides the ability for the 
user to introduce new words which denote individuals, classes 
and relations from his own problem domain. Further, it has the 
capability for defining new verbs in terms of relations and the 
verbs of being, and it provides the ability to extend itself by new 
syntactic forms which represent composed operations of the lan­
guage, as specified by the user. 

Note that this much REL English is common to a wide variety 
of users. Relating to the earlier discussion of the cost of imple­
menting specialized languages, we remark that to this point the 
cost of adding yet another English-hased language to REt is 
merely 

merely the effort of deciding that the relational data structure and 
an English statement and query capability are natural to the 
user's problem area. To specialize to the requirements of a partic­
ular user, the extension facilities of REL English are used to 
introduce the relevant user concepts to the language. 

Our example will be the familiar one of the personnel data 
base. The initial preparation of the language consists of acquiring 
a copy of REL English and adding appropriate terms: 

employee := class 
department := relation 
immediate supervisor := relation 
salary := number relation 

We can then include all of the basic data on each person, usually 
taking it from some fixed-format file. At this point, the personnel 
manager can ask the usual questions: 

What is Sue Jones' salary? 
When was John Smith Bob Jones' immediate supervi­
sor? 
How many departments have employees whose salary 
is over 20000? 

The manager will soon extend this simple language with mean­
ingful and useful terms: 

def: senior employee: employee whose salary is at least 
18000 
def: subordinate: converse of immediate supervisor 

Are all managers senior employees? 
What proportion of senior employees are female? 
Which managers have more than five subordinates? 

The user can, of course, produce reports. The statement: 

What is the ratio of male employees to female em­
ployees in each department? 

produces a columnar listing of the departments and their male 

female ratios. Other involved conceptualizations can be ex­
pressed by verbs: 

earn := verb «object> is the salary of <agent» 

Does some employee earn more than his immediate 
supervisor? 

The capabilities represented here allow the user to efficiently 
explore the interrelationships which are meaningful to his task. 

The above is a small illustration of the type of applications 
language which we have implemented in the REL system. Each 
of the other languages mentioned have quite different syntax and 
semantics. Although our experience to date is limited, these ap­
plications have been found to be directly and effectively usable 
by their intended users and inexpenSIve to implement. 



CONCLUSION 

The continued development of more sophisticated software 
and better, less expensive hardware should lead to a great in­
crease in the number of computer users. As a tool for organizing 
and managing large, complex human problems, specialized com­
puter languages promise to increase our effectiveness in handling 
a complicated world. Indeed, only by the support of specially 
tailored "natural" languages will the large group of new com­
puier users have the ability to effectively deal with this growing 
resource. Whenever possible, the burden of making man-machine 
communication tractable should fall on the machine, where the 
burden is manageable through the use of specially designed meta­
languages and applications languages. 

Our experience with REL gives us confidence that the notion 
of a metalanguage for the implementation of whole classes of 
apPlications languages -is Tegiti-mateanCl valuable. --Welntenrl to 
continue exploring the wide range of end-user oriented languages 
which find a natural home within our system, and we envision 
the future construction of other metalanguages (or programming 
systems) for different classes of applications languages. 

We would like to make a few final comments about the impact 
of the above ideas on the computer professions. We expect a 
redefinition of the relation between systems programmer, appli­
cations programmer, and user. The user has problems to solve, 
which he can state in some language specialized to his universe 
of discourse. The task of the applications programmer, in our 
view, is to provide the user not with solutions to individual 
problems, but with computer languages and capabilities to allow 
the user to pursue the solutions of his problems in terms of 
concepts which are natural to his problem domain. The task of 
the systems programmer is to build efficient language processing 
systems and their associated metalanguages so that the applica­
tions programmer can concentrate on the structuring of the data, 
preparation of the processing algorithms, and specification of the 
syntax natural to his user. The current work in computer systems 
such as REL will facilitate the task of the applications program­
mer. 

Finally, the power (and thus the responsibility) of the applica­
tions language implementor is great. As our everyday language 
affects our thoughts, our computer languages guide and limit our 
work. An appropriate and flexible applications language can 
greatly enhance the work of a user; a poor and rigid one can 
impoverish it. The future of our ability to effectively use one of 
our most powerful tools, indeed, of our ability to cope with an 
informationally overwhelming world, is at issue. 
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ENSURING INPUT DATA INTEGRITY 
IN A HIGH -VOLUME ENVIRONMENT 
by ROBERT F. STOVER and S. KRISHNASWAMY 

Honeywell Information Systems 
Framingham, MA 

SCOPE/INTRODUCTION 

The cost of errors in entered data can be significant in a com­
pany's data entry operation. Currently available program-con­
trolled data entry devices and systems afford the user an 
opportunity to detect the error, but they generally cost more, and 
the error detection may also impact throughput. 

The objective of achieving selective data integrity at lowest 
overall cost implies an understanding of errors, their detection 
and correction. 

This paper is based on multistation key-disk systems because 
of their generalized, extensive error detection and reformatting 
capabilities, subsets of which are found in other, single-station 
devices. The points should be applicable to all devices. 

Feedback 
Loop 

FigurE' 1. "rhf"'m~tic of rhr. Dflta Fntry Pr(l('",~~ 

ELEMENTS OF THE DATA ENTRY PROCESS 

Figure 1 shows the schematic of a generalized data entry pro­
cess which really encompasses all the necessary steps from the 
source of data to the processor, together with the essential feed­
back from each step to a previous step as appropriate. 

Descriptions of the Elements 

• Source: The actual source of data, like storage bins or point 
of sale, etc. The source is assumed to be a "pure" source with 
no processing. 

• Capture: The process of first entering selected data from the 
source into the system, for example, writing up the sales 
order. 

• Conversion: The process of converting the data into a form 
in which it can be read and manipulated by electronic pro­
cessing machines. This can be transcription (keying) or me­
chanical (OCR, OMR). 

• Collection: The process of collecting the converted data from 
data various sources or "batching", or "pooling", ifappropri­
ate. 

• Pre-Process: A possible intermediate reformatting and la­
belling step to get the data ready and organized for process­
ing. Traditionally this has been done in the computer that 
does the processing. "Collection" may follow this step instead 
of preceding, or may be part of it. 

• Process: The data processing function with an associated 
central Data Base. 

• Transfer: The link between the boxes (Figure O. The method 
of conveying the information from one box to another, gener­
ally involving some form of transportation like US Mail, 
trucking, data communication, etc. In its broadest general 
interpretation this function is present between any two boxes. 
It may imply cost and delay or may only be incidentaJ move­
ment 
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The data processing function is included here only because 
traditionally it has actually been required to perform some func­
tions like collections and preprocessing that are really data entry 
functions. This paper will not cover processing errors or details 
of the implementation of the feedback loop. 

SOURCES AND TYPES OF ERROR 

Considering each element of the data entry system in turn, the 
following kinds of error are possible: 

Capture 
Vital data may be missed or not captured in sufficient detail. 

The wrong data may be picked up or the data could be entered 
-------- -in-t-he--wr--emg--ar-ea-ef-t-he-f-emr.- .~ 

Conversion 
Mechanical devices like OCR could read erroneously or not at 

all if the input data does not fit a prescribed form. Keying of data 
may introduce skipped field, keying (typographical) errors, misa­
ligned data and duplicate records. 

Collection and Preprocessing 
Mechanical errors occur when data is moved around within or 

between memory and external storage. Imperfect software could 
misinterpret entered data or introduce errors. Error detection 
and correction algorithms and procedures could themselves in­
troduce errors. Automatic duplication of data in a field from data 
previously entered is an example of this. If subsequently the first 
occurrence of the data is corrected, all subsequent occurrences 
could be in error without appropriate software correction. Simi­
larly, if a field used in arithmetic operation (hash totals, exten­
sion) is changed subsequent to the operation, the field holding the 
result would be in error. Data loss could also be caused by 
external problems like mechanical failures (disk head crashes) or 
electrical (power) failures. 

Transfers 
Errors could also be caused during data transfer, as in commu­

nications. On a larger scale, large batches of entered data, col­
lected or pooled and transferred to the data base of the processing 
element, must be properly labeled and identified to ensure that 
the processor is fed with the right data set. 

!.'1direct Errors 
The user's data entry procedures and changes to them are 

potential error sources. The 80-column card constrains the entry 
format to the processor requirement, not the format of input 
data. Effectively the operator is editing while keying. If input 
exceeds 80 columns, the operator is forced to look up and rekey 
identifying field on each "card". In some cases the information 
is reduced to codes on the form. All these reduce the operator's 
comprehension of keyed data, raising the probability of error. 
The user is also naturally liable to change and improve his proce­
dure, and any potential errors during this period must be mini­
mized by a good data entry system. 

IllegaJ Data 
There is always the problem in any data entry system of a 

person attempting to pass illegal data such as nonexistent charge 
accounts. The system must also provide the necessary check digit 
algorithms to prevent this. 

Errors can therefore occur in any element of the data entry 
system itself, due to the complexity of the input forms or keying 
procedures. The errors may range from the total absence of essen­
tial data to the entry of illegal data and includ,e invalid data, 
incorrectly entered data, or errors that are actually introduced by 
the data entry systems hardware or software itself. 

V ALUE OF ERROR 

-It-is-o£-rr.in:te importance 1{Lrealiz.eihaLall errQL~u~·re IlQJ of 
equal importance. It simply is not economically sound to strive 
for error-free data just because that is the "right" thing to do. 
Instead, more care should be placed on designing a system in 
which error detection, throughout, and cost of undetected errors 
are balanced. 

The nature of the data provides quick clues as to the nature of 
the potential problems. Textual data generally can tolerate errors 
because it is for reference purposes, i.e., human use, and errors 
can be detected since the symbols have easily recognized mean­
ing. Numeric data must be precise and it is relatively easy to 
make errors. Coded data may be even worse since there are fewer 
applicable check methods. 

As stated, the objective is to get a required level of data integ­
rity at minimum cost. This implies balancing error detection 
procedures against productivity. One must consider where the 
points of error detection are, where the knowledge to correct the 
error lies, and how well the detection procedure can isolate the 
error. 

DETECTION OF ERRORS 

Once the user has determined the errors that affect the system 
crucially enough to be detected and corrected, a number of meth­
ods are available. The selection of methods depends on the nature 
of the errors and the points where they are to be checked. 

The following discussion is along the same lines as that on the 
sources of error. 

Capture 
Data errors incurred during capture are caught during conver­

sion time. To prevent omission of data, the data entry (conver­
sion) equipment can be programmed such that the user may 
specify that data "must be present" in specific crucial fields. The 
system must also provide means of record insertion and deletion 
to correct for totally missed or duplicated records respectively. 

Capture (and entry) of invalid data can be reduced to a degree, 
particularly for numeric data, if the attributes of that data are 
known. Thus, one can specify the range of values (range check) 
for the data to be entered, or the values that are legal (value set), 
or provide validation controls such as check digit algorithms. 
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Conversion 
Keying errors can be caught by keying controls, validation 

controls, and finally by verification. 
Keying controls can check if the data is to be in upper or lower 

case, whether the field can be skipped or duplicated from a prior 
occurrence, and the legal types of data in the field (like alpha­
betic, numeric, blanks or special symbols). 

In addition, one could also specify minimum and maximum 
number of characters in the field, and if the field is numeric, 
specify that it is to be included in a hash total. A hash (or batch) 
total does not really check each field as it is entered, but gives an 
overall check for a defined collection of records. 

Crucial data that needs to be error-free, but is checked either 
incompletely or not at all by validation during entry, can be 
checked by two forms of verification - visual and key. Visual 
verification consists of providing the operator with a display of 
a record on a screen to permit correction either during initial 
entry or during a subsequent verification and correction run. 

A visual display by itself is not effective in detecting errors, as 
operators seldom look at displays while keying. If an error is 
detected by other means, such as validation controls, a display 
could be useful in correcting the error. A display is particularly 
useful to an operator familiar with the data being entered. In such 
cases, the operator would be able to spot the error and could 
possibly correct it generally if the error is in keying (wrong case, 
wrong key, etc.) Even here the use is limited, because if the error 
is in the validity of numeric or coded data the operator really 
cannot correct it any better than without the display. The value 
of displays is not clear in high-volume situations like tab room 
operation where the data is not meaningful to the operator. 

Key verification is the process of rekeying and comparing the 
records created in the two passes, character for character. It is 
really no more than a check on the keying. The keypunch verifier 
forces the user to rekey the entire card. Modern data entry sys­
tems allow the user to specify the verification of only specific 
fields, bypassing noncritical data. It is also possible to bypass 
verification of fields that have already passed validation tests 
such as hash totaling. 

Con version and Preprocessing 
Though it appears trite to say so, processing errors are best 

prevented by good design of hardware and software. Mechanical 
errors are detected by parity and cyclic redundancy checks 
(eRC) in the hardware and by defensive programming to protect 
the data area and itself against equipment malfunctions. 

Errors from the detection algorithm itself can be prevented by 
good systems design and procedures that allow for all possible 
convolutions of error conditions and detection/correction proce­
dures. A corrected first record of a duplicated field can be propa­
gated through all duplicated fields either automatically, by 
resolving the duplications after all corrections are over, or by 
forcing the operator to correct every successive dup field. Arith­
metic errors can be resolved by a separate total pass or by main­
taining running totals that get corrected every time a component 
field is corrected, etc. If this type of error occurs frequently, a 
user must also be able to force reverification of a field or record 
that has had major corrt"ctions made. 

The data can be protected from external causes such as power 
failure by incorporating extensive checkpoint recovery proce­
dures in the system itself, and by duplication (redundancy) of 
critical library information. 

Transfers 
Transfer errors such as communication errors are generally 

taken care of by built-in detection and correction procedures. On 
a larger scale, proper identification of batches of data by appro­
priate labeling is done very well in shared processor systems, 
which can be programmed by the user to allow the creation of 
various types of labels from the supervisor's console or from 
within the system itself so that the resultant data stream meets 
the compatibility requirements of the host processing system. 
This not only reduces errors but actually lessens overall cost by 
cutting down or eliminating a separate editing pass at the main 
processor or elsewhere in the data entry system. 

Indirect Errors 
The power of the processor in a shared processor data entry 

system can be used extremely effectively to allow the user great 
latitude in changing his data entry procedures, keying procedures 
or input forms without introducing errors. Most key-disk pro­
cessor systems have extensive reformatting capabilities. Input 
data is stored in intermediate storage on disk, reformatted as 
directed by the user, and output. 

If data entry procedures change, new data is added, some old 
data removed, or if input forms change, the user only needs to 
alter the output editing formats and the output would still fit the 
processing programs. Similarly, if a new application program 
uses the same input data but in a different format, this too can 
be accomplished by merely using a different output edit form. In 
all cases, the software modules that do individual editing on the 
data are already written and part of the system; all the user must 
do is enter an editing form that tells the system what editing 
facilities are to be used and in what sequence. The use of disk for 
intermediate storage, and the editing formats, release the user 
from the stifling grip of the 80-column card format. The greatest 
boon to the user is that the shared processor key-disk system can 
effectively decouple the output format from the input so that the 
operator can "key what you see" and yet the output is computer 
compatible. Single programmable stations are generally unable to 
provide the same complex or extensive reformatting capabilities 
as shared processor systems because of cost considerations. But 
they can also be programmed to allow for changes in input proce­
dures and the program can be stored in auxiliary storage if neces­
sary (like cassettes) to be used one at a time. 

IllegaJ Entries 
Illegal entries are generally checked with check digit proce­

dures and cross-field validation procedures in which the type of 
information in some critical field is keyed to coded information 
of another. Error detection methods therefore are generally based 
on the nature of the data such as length, value, etc., to provide 
validity checks and on reverification procedures. Errors induced 
can be avoided or reduced by extensive checkpoint restart 
capahiJities find reformatting 
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CORRECTION PROCEDURES 

This section categorizes the correction procedures commonly 
available, with general comments on the characteristics of each. 

Spot Correction 
Spot correction procedures are almost always the first method 

if a proper one exists. All keying controls fall into this category. 
Also, there are validation procedures which provide for spot 
correction. 

A validation error will stop the entry operator immediately 
and allow it to be rekeyed. Usually this corrects the problem. 
However, if the data itself is wrong, then the operator must be 
allowed to proceed anyway since it cannot be assumed the opera­
tor can correct or even identify the error. This separates this class 
of e~ror frol!?:_~e.y!~~.?_~t!ols. 

Error Marking 
As just mentioned, it is not always possible to correct errors 

when detected. The next best procedure is to mark them for later 
correction. This may be done in a variety of ways. The entry 
operator can be instructed to physically mark the document, 
overkey the field with an error indication, or delete the record 
and remove the document. A slightly better procedure might be 
to allow a format position following the field which is checked, 
so that a special character can be inserted if an error is given. A 
more elegant procedure is available on key-to-disk equipment. As 
data is stored on disk in an intermediate form, it is possible to 
append control characters in a way that is essentially invisible, 
i.e., not occupying any format position, and automatically con­
trolled. Thus if a validation error is signalled and the operator 
does not correct it, the field is so marked. This mark is then used 
generally in two ways. First, the batch can be later reopened and 
the system instructed to search for the first error record (or the 
next error record, etc.) Second, during output the reformatting 
features can test for the error flag and do somthing entirely 
different if an error is present. This allows great flexibility in error 
control procedures. 

Second Pass 
Simple verification is unique because it requires no knowledge 

of the meaning of the data. It merely checks to see that the entry 
operator and verify operator transcribed the data the same. It 
requires full rekeying, which no other method does. 

Data Separation 
A technique is available on key-disk systems, particularly, to 

separate data containing errors from those that don't have errors. 
This usually is done on a batch basis and usually involves batch 
balance errors. The system informs the supervisor which batches 
have errors and which don't. Then the supervisor can pool the 
error-free batches onto tape under control of one reformatting 
procedure. For the batches with errors a separate reformatting 
can be used, and then the data is typically output on a printer. 
This procedure is designed to allow sight checking of the data. 
When the error is found the batch can be corrected and output 
under the first procedure. 

CURRENT EQUIPMENT CAPABILITIES 

Table I lists four different types of data entry equipment. The 
capabilities are listed in three groups for each. The first group are 
those commonly available and the second group are additional 
feature available on some systems. Group three are additional 
features which prevent errors in the handling, status, and records 
of larger units of data such as complete batches. 

There is a substantial increase in capabilities of the key-disk 
systems over the card punch and the key-to-tape, which are 
hard-wired devices that cannot be easily or cheaply enhanced. 
Key-disk systems share a normal processor which can be repro­
grammed as required. 

Source data entry systems can be program-specialized to one 
application, but this could be expensive and attended by debug 
problems. 
. ... -Sume---source-dat-a-systems;--lw-,--are-vefY~~-€ 
standard because the operator understands the data and can 
correct detected errors without aids. 

Card Punch 

iverify 
Case control 

jOne-field batch 
balance 

(Check digit 

f 

: Permanent 
copy of data 

-
Key toTape 

Verify 
Case control 
One-field 

batch balance 
Check digit 

I 

Key to Disk 

Verify 
Case control 
Batch balance 
Check digit 
Allowable 

character set 

Multiple batch 

I balance 
i Subtotal balances 
i Crossfooting 

Special character 
sets 

Range check 
Value set 
Automatic program 

linking 
Reformatting 
Error testing 

on output 
Must-be-present 

field 
Minimum length I field 

i Cross field 
validation 

Source Data Entry 

Operator 
knowledge 

User 
programmed 

I 

I 
I 
I 
I 

i 
! 

I 
I , 

! 

-t-.... ~---+--------+--~---~ 
Hard record of 

batch status 
Record of super­

visor actions 
Detailed statistics 

on each batch 
Labeling 

procedures 

Essentially 
mated to 
processing 
programs 

Table I. Data Entry System Error-checking Capabilities 
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IMPROVING THE PROCESS 

A system must be understood to be improved effectively. Bet­
ter-managed data entry facilities have always kept detailed 
records on each phase of operation. Yet the process itself of 
keeping these records is a laborious and costly process subject to 
some error. Modern data entry systems are capable of recording 
very complete statistics as a normal part of operation. The plan­
ning of any data entry system must include provision for statistics 
collection as feedback for system improvement, cost justifica­
tions, etc. 

The statistics provided by a data entry system should be avail­
able as either raw or processed results. Raw statistics include 
such information as operator identification, batch identification, 
start and stop time, number of records, number of keystrokes, 
number of keying errors, number of validation errors, number of 
verifying errors, and so forth. This allows the user complete 
freedom to do later processing as he requires. 

Processed statistics could analyze the raw statistics by opera­
tor, for example, providing common measures of work done, 
keying rates, error rates, etc., for each person. Good performance 
can be quickly recognized and rewarded. Better control of train­
ing can be realized on an individual basis by recognizing prob­
lems earlier. Perhaps operators can be matched to the difficulty 
of jobs. This data may allow the supervisor to achieve better data 
integrity levels without any system changes. 

The systems analyst will more likely want to see the statistics 
analyzed on a job type basis. By averaging over many operators 
this gives direct information on the difficulty of a particular job. 
If the keying rate on one job is substantially lower than others, 
a need may exist to redesign the forms or alter the associated 
procedures. Keying rates are affected by data type, so this conclu­
sion does not always follow. Jobs of similar types of data should 
be compared. Careful inspection of the types of errors incurred 
will discover other problems. It may be the people originating the 
form are careless, or the form requires data frequently not 
known, or the user misinterprets instructions on the use of the 
form, etc. 

Finally, the analyst has a complete source of statistics on the 
volume of data by job and total errors by type on each job. Since 
this data is constantly being generated by the system, the analyst 
always has a current picture of his part of the process. A major 
problem in proceeding from this point is to realize that it is only 
part of the data integrity problem. Since no entry system is per­
fect, there will be errors going on to succeeding processing steps. 
The problem is to establish quantitative measures of either ac­
ceptable error levels or a cost! error basis. These measures will 
probably be difficult to establish and will usually be estimated on 
the low side. It is difficult to trace the full effect of an undetected 
error and assign true costs. However, it is necessary to have these 
numbers to give the systems analyst a solvable problem. 

Ultimately, these concepts must be reduced to costs for evalu­
ation. A useful approach is to assign costs based on a keystroke. 
The number desired has four main components: 

S = Operator Salary/Month 

D = Data Entry System Cost/Month 
Number of Operator<; 

R = Average keystroke rate in keystrokes/hour 

H = Working hours/month for an operator 

C = llQ = cost of a keystroke 
HR 

Typical numbers might be: 

C = 650 + 70 = $0.OOO56/keystroke for 
160(8000) keypunch equipment 

C = 650 + 150 
160(10000) 

= $0.00050/keystroke for 
key-to-disk equipment 

Several comments may be made here. Keystrokes are physical 
key depressions and not the number of format positions, e.g., not 
80 to the card. Note that doubling equipment costs is more than 
balanced by a 25% gain in keying rate. Such gains are commonly 
experienced in direct conversion of a job from punch to key-to­
disk before changing the job to take advantage of new capabili­
ties. All of the numbers in the definition of C are easily available 
or measurable. Using this definition allows the data integrity cost 
to be attacked as a function of only two major factors, number 
of keystrokes required to achieve a given level of data purity and 
the cost of the errors that remain (which must be provided or a 
negotiated estimate made). Questions of rates, etc., are eliminated 
from further discussion to clarify the problem at hand. Also note 
that if equipment is used more than one shift the cost is simply 
lowered for each operator. 

Each field in the document has its own needs with respect to 
data integrity. The type of errors possible, the cost of an un­
detected errors, and the applicable detection methods must be 
considered on a field basis. Table II gives four commonly used 
types of error detection, with some of their characteristics. It 
illustrates the concepts one must consider in making a proper 
choice (all items in Table I must be viewed in a similar manner). 
Several types of errors can apply to a single field. 

Type Isolates Error Type Approximate Expected Number of 

Error to Detected Undetected Errors/Batch (for I field) 

Full Character Transcription FN E2 

Verification 10 

Batch Batch Transcription FE2 N(N-I) 

Balance 40 

Check Field Transcription, NE2 F (F-I) 

Digit Data 20 

Range Field Gross data NFE 
Check 

E = Probability of keying error on a specific keystrr>ke. 

N = Number of records in a batch. 

F = Average number of data keystrokes in the field. 

Table II. Typical Error Detection Methods 
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It should be noted again that the data entry system can be used 
to measure these expected error levels directly by controlled 
experiments. Let us hypothesize a simple example and see how 
such calculations might be applied. 

C = $0.0005/keystroke 

160 hours/month 

Batch = 200 documents 

100 Batches/day 

E = 1/2000 = .0005 (an average of 1 in 2000 keystrokes is in error) 

Only one type of job is being done, one document containing: 

Field Itein Max. Length Average 

1 Acct. No. 10 10 

2 Customer Name 20 12 

3 Amount 10 6 

4 Selling Dept. 3 

For this simple analysis we will ignore control keystrokes such 
as skip, dup, record release, etc., which depend on type of equip­
ment being used. 

Field 1 must be correct or considerable problems will arise. 
Billing will be incorrect in two accounts, with considerable cus­
tomer dissatisfaction. By the time the error is found, traced, and 
corrected, it is estimated that $100 of labor and computer costs 
are involved, plus intangibles. 

Field 2 can tolerate errors with little problem. It is used for 
sight checking and not for detecting the proper account. 

Field 3 clearly must be correct. Errors would cause other totals 
to be out of balance in later processing, causing much data to be 
rechecked. An error is estimated at $500. 

Field 4 can be in error with little problem. It is used for 
cross-checking only and, if in error, it can be traced with modest 
effort. 

Results of applying the given formulas to this example are 
shown in Table III. 

Case 2 

No Full 
Checks Verify 

-- --.~----

Entry cost 3.10 3.10 

Verify cost 3.10 

Field I errors/batch \.0 \.0 
Errors undetected \.0 0.00005 

Error cost 100.00 0.005 
Field 3 errorslbatch 0.6 0.6 

Errors undetected 0.6 0.00003 

Error cost 300.00 Om5 

Total costlbatch 403.10 6.22 

Table III. Cost Comparison 

Even such a simple analysis highlights several interesting 
points. It is good discipline to be forced to quantify arguments 
on data integrity so the choice can be analyzed. Undoubtedly one 
will comment that a certain figure in the example is arbitrary. So 
will another, but pick a different parameter. One point of the 
analysis is to bring out hidden differences in opinion which might 
be resolved by some direct measurements. Doing the analysis 
with two different sets of parameters may show that the contro­
versial number is unimportant to the decision. Then one can 
refine the accuracy of the important ones. 

For example, the $100 and $500 costs/errors are very rough 
estimates, i.e., I-digit accuracy. However, great changes in these 
numbers will not affect any of the conclusions drawn except in 
Case 5. It is obvious from Cases 1 and 2 that error checking is 
required. Case 3 shows that errors are only important in certain 
cases. Case 4 shows a check digit to be a valuable addition. Case 
SIS a mudsurprtse; One c-ans-ay that 5500 is urrre~~-y high 
and tipped the scales. A more penetrating observation in Case 6 
is that if the data could be provided with 4 subtotals as weB as 
a grand total, and if the data entry system had subtotal checking 
capability, the cost/per batch would be 3.50 and a clear winner. 
The reason is that the batch balance error is sensitive to batch 
length, and the error is more highly localized. The result is inde­
pendent of volume as would be expected, but we must reapply the 
volume figure to appreciate the actual daily savings realized. 

Items such as "must be present" field, minimum length specifi­
cation, special character sets, etc., which considerably improve 
data integrity, can be added to the above simple analysis. 

SUMMARY 

We have presented the sources and types of error possible in 
a data entry system, the possible methods of detection, and proce­
dures for correction. We have also indicated a quantitative 
method of evaluating the cost of errors in determining the extent 
of error checking needed in any system. With intelligent analysis 
of possible error situations and their costs, the user can set ac­
ceptable error thresholds and meet the objective of selective data 
integrity at an optimum overall cost. 

J 4 5 6 

Partial Check Check 

Verify, Digit, Digit, 

Partial Check Batch Sub· 

Verify Digit Balance totals 

3.10 3.20 3.20 3.20 

\.60 0.60 0.38 0.09 

\.0 \.0 \.0 \.0 

0.00005 0.00027 0.00027 0.00027 

0.005 0.027 0.027 0.027 

0.6 0.6 0.6 0.6 

0.00003 0.00003 0.00150 0.00037 

om5 Om5 0.75 0.18 

4.72 3.84 4.35 3.50 
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DATA INTEGRITY IN THE GIANT SYSTEM 
by JED R. ALLEN and VERDON R. WALKER 

Management Systems Corporation 
Salt Lake City, UT 

The Genealogical Information and Name Tabulation 
(GIANT) System has been operational since late 1969. The 
GIANT System is operated by the Genealogical Society of The 
Church of Jesus Christ of Latter-day Saints. Computer process­
ing is done on an IBM 360 Model 65 computer. 

The principal inputs into the GIANT System are "individual" 
records (records of births, christenings, or some other identifying 
events for individuals) and "marriage" records (records of a mar­
riage or related event for couples). These records are submitted 
by patrons of the Genealogical Society and are usually a result 
of their personal genealogical research aimed at identifying and 
recording their ancestors. 

For certain localities where there is a concentration of ances­
tors of members of the Church, the Genealogical Society itself 
has also input records on a controlled basis, thereby making them 
more accessible to persons attempting to identify their ancestors. 

An example of the contents of a typical individual and mar­
riage record is now shown. 

Individual Record 

Individual -
Father -
Mother -
Birth Place -
Birth Date -

Thomas Crain 
William Crain 
Joney CowIe 
Andreas, Isle of Man, England 
9 April 1761 

Marriage Record 

Husband - John Johnson 
Wife - Alice Wright 
Husband's Father - Thomas Johnson 
Husband's Mother - Elizabeth ---
Wife's Father - Robert Wright 
Wife's Mother -
Marriage Date -
Marriage Place -

12 Oct 1573 
Fressingfield, Suffolk, England 



The ultimate repository of these records, after they have been 
input into the computer system, is the Genealogical Mass File. 
This file not only serves as a repository but also as a clearing­
house, in that incoming records are compared to those already 
in this file and if they are duplicates they are rejected. The Genea­
logical Mass File currently contains over 15 million individual 
records and 3 million marriage records. Approximately 3 million 
records are being added to the file each year. 

The purpose of this paper will not be to provide a detailed 
description of all phases of the GIANT System but rather will 
be limited to the discussion of these aspects of the system: 

• The steps taken to detect the duplicate input of records that 
are already in the file. 

• The handling and organization of the Genealogical Mass 
File, which currently occupies more than 42 IBM 2314 disk 
packS~------ - -- -- --- -- --

DUPLICATION DETECTION 

The Genealogical Society maintains and continually adds to a 
large collection of source genealogical records. These records are 
available in its library system for use in ancestral research. The 
same source could be used at different times by many different 
people. As people identify and submit records of their ancestors 
further and further back in time, the probability increases that 
ancestral lines of apparently unrelated people will begin to merge. 
These factors mean that there is a certain probability that an 
incoming record may already be in the Genealogical Mass File. 

In order to maintain the logical integrity of the file, much care 
is taken in the GIANT System to prevent duplicate records from 
being added to the file. The Genealogical Mass File will provide 
a data base of genealogical records organized in such a manner 
as to be useful for future analysis and research. 

In order to be able to handle variations in the spellings of 
names of people and localities, records are processed by a locality 
subsystem and a name subsystem before they are compared to 
records already in the file. The locality subsystem is based on a 
large computer catalog of locality records, containing variations 
of town, county and country spellings, each with an associated 
standard spelling. The actual locality spellings in each incoming 
record are compared to the locality catalog and the standard 
spellings found there will replace the actual spelling in the record. 
If the actual spelling is not in the catalog it is printed out for 
evaluation by geographers. The geographers will add the actual 
spelling to the catalog with its appropriate standard spelling. The 
new actual spelling could be a variation of an existing standard 
locality or it could be a new locality not yet in the catalog. 

Along with the standard spellings, the locality catalog also 
contains a longitude-latitude coordinate code for each town in 
the catalog. This code is also added to the record and serves as 
a fixed-length code for the town. The coordinate code also pro­
vides the capability for distance calculations which, although not 
currently used, will be of value in the future for making searches 
within specified distances of a given locality. 

Some examples of variations of locality spellings are given: 
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New York 

NY 
NYk 
N York 
N Ykr. 
N Yrk. 
N.Y. 

Rensselaer County 

Renns. 
Rennsalaer 
Rennselar 
Renns!. Co. 
Rens 

N. York 
N. Yk. 
N. Yrk. 
N. Y. 
N.york 
N-Yrk 

Renslr 
Renslr. 
Renss 
Renss. Co. 
Renssalaer 

Petersburg Town (4245N 07320W) 

Peterburg Petersburg 

New York 
New York. 
Newyork 
NwYk 
Nw Yrk 

Renssaler 
Rensselaer 
Rensselar 
Rensseleer 
Rensselser 

Petersburgh 

The name subsystem operates in somewhat the same manner as 
the locality subsystem. The basis of the name subsystem is the 
name catalog. This catalog contains a given and a surname por­
tion, and within each there is an additional geographic break­
down according to linguistic group such as, U.S.A. and Canada, 
British Isles, Central European, etc. Name variations can be 
dependent upon the general linguistic area, so the provision has 
been made that different standard spellings can be assigned to the 
same actual spellings for differing localities. 

As in the locality system, all incoming names are matched to 
the name catalog. Names which are already in the catalog will 
pick up the standard spelling and a fixed length standard spelling 
code from the name catalog. If the actual spelling is not already 
in the catalog, then it is printed out for manual evaluation. The 
standard spelling is determined and added into the catalog. In 
many cases the standard spelling of the name is the actual spell­
ing. There are currently over 1,250,000 surnames and nearly 
500,000 given names in the name catalog. 

An example of some of the variations of names are given below: 

George 

Gaorge 
Garge 
Geaorge 
Gearge 
Geirge 
Geo 

Hamilton 

Heamilton 
Hambelton 
Hambledon 
Hamblton 
Hamelton 

Geog 
Geoge 
Geogre 
Geoirge 
Geor 
Geor. 

Hamilinton 
Hamiliton 
Hamilten 
Hamilton 
Hamliton 

Geordg 
Georg 
Georg. 
George 
Georgh 
Georgi 

Hammilton 
Hamolton 
Homilton 
Hammelton 
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In the locality system the actual spellings are not retained but 
are actually replaced with the standard spellings in the individual 
and marriage records. In the name system the actual spellings 
input are always retained in the record. The standard spelling 
code is used, however, in the actual comparison made for dupli­
cate records. 

After localities have been standardized and the name standard 
spellings and codes have been added to the records, they are 
ready to be compared to records already in the file. Any record 
in the file will have previously had it's locality and name spellings 
standardized. A statistical approach has been taken in making 
the decision of whether two records are actually of the same 
individual or couple. A table of "uniqueness factors" is used in 
the GIANT System. These uniqueness factors are currently rela­
tively broad but can be refined as more data is available for 
analysis. Basically a uniqueness factor is assigned to each item of 
identification, such as, month of birth, given name, surname, 
father's given name, etc. This uniqueness factor is roughly the 
proportion of people who may have that identifier in the popula­
tion being considered. 

The uniqueness factors for the common information between 
an incoming record and a possible duplicate record in the file are 
used to computer the probability that the common information 
would identify not more than one individual or couple. There are 
some items of identification that cannot conflict without invali­
dating an otherwise duplicate situation. There are other items 
which can conflict and if the uniqueness value is sufficient, the 
duplicate condition will be accepted. In general, it can be stated 
that the records available from genealogical sources being used 
ordinarily contain sufficient information to permit unique iden­
tification and duplication checking that is the statistically sound­
est. 

GENEALOGICAL MASS FILE HANDLING AND ORGA­
NIZATION 

There are currently over 18 million records on the Genealogi­
cal Mass File. This amounts to slightly over 1 billion characters. 
The file is growing at the rate of over 3 million records per year. 

The Genealogical Mass File has both a static file portion and 
a dynamic file portion. Records are in sequence on each of these 
files by locality, then name, and then date. The majority of 
records are always on the static file with only inc-oming new 
records being added to the dynamic file. The static file is seg­
mented into segments of two disk packs each. During actual 
processing, only one segment of the static file is mounted at a 
time. There are currently 21 segments in the static file. 

Each static file segment is organized in an "indexed sequen­
tial" manner. The standard IBM indexed sequential access 
method has not been used, however. Rather, records are blocked 
into fixed length blocks of 1682 characters. Four blocks occupy 
one track and 80 blocks occupy one cylinder of the IBM 2314 
disk pack. Blocks of data are read using relative block addressing. 
One block per cylinder is an index block indexing the other 79 
data blocks on the cylinder. There are also 5 index blocks on each 
"egment which index the 400 cylinders on the segment. 

Since all new records being added to the Genealogical Mass 
File go into the dynamic file, there is no need for empty or 
overflow areas to be left in the static file. Other than a small 
amount of unused space left in each fixed length data block when 
the variable length records are blocked together, all space on the 
static file is used. 

In comparing incoming records to the static file, the indexes 
are always used to eliminate the necessity of reading every record 
in the file. The incoming records are in the same sequence as the 
file, so all processing against each segment is done in turn. After 
each segment is completed, it is dismounted and the two disks of 
the next segment are mounted. 

The records in the dynamic file are always blocked in the same 
manner as the records in the static file. The dynamic file is always 
read sequentially, however, so no index blocks are needed. Each 
time that a group of new records is processed against the Genea­
logical Mass File, the entire dynamic file is read in sequence and 
all records from it are merged with those new records to be 
added. These records are then written out on a new output dy­
namic file. 

The static-dynamic file approach does require the checking in 
two places for duplicate records. It does eliminate, however, the 
need for writing new records in each processing run into a file 
that is as large as the static file. If this were required, it would 
mean the leaving of empty spaces through the file to accommo­
date the new records to be added. The problem would be particu­
larly acute in the GIANT System since the input does tend to 
cluster. A person may submit a large number of records with the 
same surname from the same locality. Unless they duplicate, they 
would all go into the same area in the file. This problem is even 
more severe with batches input by the Genealogical Society 
which could contain. several thousand records from a particular 
locality. 

The dynamic file, of course, becomes larger each time a new 
group of records is added. Periodically a Genealogical Mass File 
reorganization is run in which all records on the dynamic file are 
merged with the static file and a new larger static file is created. 
The dynamic file then begins over from zero. Currently this 
Genealogical Mass File reorganization is done about twice a year 
in the GIANT System. 

A major advantage of the static-dynamic approach is that the 
static portion of the file can be considered as a read-only file 
during regular processing. This contributes to the integrity of the 
file by insulating it from logical programming errors. It will also 
lend itself well to the possible future use of read-only mass storage 
devices. 

CONCLUSION 

The operation of the GIANT System has not been without 
some problems. However, the integrity of the data being pro­
cessed by the system and being stored on the Genealogical Mass 
File has always been maintained to a very high degree. 

It is hoped that the techniques and approaches used that have 
been described in this paper may be of value to others who are 
designing and operating similar large! dala handling systems. 
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DIGITAL RECORDING RELIABILITY 

FOR INFORMATION EXCHANGE APPLICATIONS 
by ROBERT T. McKENNA 

Goddard Space Flight Center 

Greenbelt, MD, US 

In the past several years both government and industry have 
been using computers with digital tape drives which record at 800 
characters per inch (cpi). As more equipment of this type is used, 
complaints of read failures from users increase. The most fre-

_quenLcJlmplaint is that!t~~~xl2-~d(!IL~e--PfQQl~m§_~hH~JIJ~~~_t­
ing to read tapes which have been written on a computer other 
than their own, or sometimes within their own facility. 

The purpose of this paper is to identify the basic cause of this 
problem. It also will offer some solutions and alternatives to 
alleviate these complaints. 

At Goddard Space Flight Center (GSFC) our primary mission 
is launching and performing telemetry data processing of non­
manned scientific satellites. In performing this function we ship 
each year approximately 75,000 digital tapes of processed data to 
experimenters involved with the onboard experiments, located in 
government agencies, universities, and foreign countries. We gen­
erate these tapes on computers built by several different manufac­
turers. Likewise, the experimenters read these tapes on many 
makes of computers of both domestic and foreign manufacture. 

We have been doing this type of processing for twelve years, 
during which we have encountered all types of interface and 
compatibility problems pursuant to interchanging information 
through these digital tapes. Because of these problems, we in­
vested engineering time and effort to develop special hardware 
for the purpose of making measurements of the recorded data. 
These measurements are made of the amplitUdes, character skew, 
character spacing, asymmetry, special format characters, inter­
record gaps, and specified recording formats. This specialized 
equipment is located in a laboratory which we call our Digital 
Tape Unit Test Facility. This facility not only performs routine 
tests but also does special tests on tapes and tape drives to resolve 
problems existing between computers managed by NASA as well 
as other government agencies and industry. Presently we test 250 
tape drives on a routine scheduled basis and perform 200 to 300 
special tests each month. 

Our test results have shown that the most common cause of 
compatibility problems is a condition called skew. Skew is a 
product of two factors whose end result is that the characters are 
not recorded perpendicular to the edge of the tape. These two 
factors are static skew and dynamic skew. Static skew is deter­
mined by the physical alignment of the recording head and tape 
guides, and also the alignment of the individual track recording 
gaps within the head assembly (gap scatter). Dynamic skew is a 
result of the wandering and squirming of the tape as it passes 
across the recording head. Additional factors are the asymmetry 
and pattern sensitivity of the recording head. 

The sum of these two is total skew, usually just called skew 
because in application they are inseparable. Figure 1 shows tape 
characters and the effect of skew. 

NO SKEWED 
SKEW AND 

GAP SCATTER 

--H-
GAP GAP 

Figure 1 Tape characters and effects of skew. 

Having identified and described "skew", what part does it play 
in computer tape compatibility? First, it shows up to the com­
puter user as parity errors and changes of record lengths. The 
physical problem is that the reading system cannot separate one 
tape character from another, resulting in the splitting or omission 
of characters. Referring to Figure 1, you can see that as the 
packing density increases, the space or window between charac­
ters decreases. A reasonable distance or gap between characters 
must exist. This is to allow for reading termination of a character 
and preparation to read another, as well as providing a tolerence 
for the read head assembly's skew. 

I will present some facts and figures which will demonstrate 
the almost impossible task a manufacturer is confronted with in 
trying to maintain consistently reliable tape drive operations. I do 
not say that it cannot be done, but if it is done it requires constant 
adjustment and maintenance of varying degrees, sometimes ap­
proaching equality of down time with up time. 

Figure 2 shows two methods of recording. The basic difference 
is that phase encoding has a transition for both "ones" and 
"zeros", whereas NRZ has a transition only when a "one" is 
recorded. The advantage of phase encoding, as related to skew, 
is that each track is self-clocking and the gap or window between 
characters is not as critical. 
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Figure 2 "Non Return to Zero" and "Phase Encoded" recording methods. 

800 cpi packing density requires a character to be written every 
1250 microinches ±3 percent. From Figure 1 it can be seen that 
to separate one character from another, a space must exist be­
tween characters so that no ambiguous condition or indecision 
can occur as to which character a bit belongs. This is fundamen­
tal. In addition, a tolerance for the skew and gap scatter of the 
read head must be allowed. Therefore the character skew must 
be less than half of the character spacing, minus an additional 
tolerance to provide for read head skew. For these reasons, the 
digital recording specification (American National Standard for 
Recorded Magnetic Tape for Information Interchange) specifies 
that the total write skew is to be less than 425 microinches. Figure 
3 is a timing diagram, showing the read process when reading a 
tape written with a skew of 425 microinches. 

CASE I 

--1 425 I- 825 --I 425 ~ 
READJLSL 

WINDOW 
TIMING 

CASE 2 

Figure 3 Timing diagram of read process. 

Case I is typical. The read window is opened upon receipt of the 
first bit, which in this case is in track 9. The window must be open 
for at least 425 microinches in order to read a tape written at the 
maximum skew tolerance. This provides a nice wide distance of 
825 microinches between characters to provide for the read head 
skew. Case 2 shows the critical problem. 

The recording specifications state that the character spacing 
tolerance can be +3 percent. The manufacturers specify ±3 per­
cent of nominal tape speed for their drives. This means that -6 
percent can be expected for the character spacing as related to 
time. The effect of speed variation is to reduce the time between 
characters. Case 2 is the worst case; a character with a bit in track 
1 only is followed by one with a bit in track 9. Upon receipt of 
the bit in track 1, the read window must be opened for a period 
of at least 425 microinches as related to the tape speed, leaving 
only 400 microinches to the next character, whose first bit is in 
track 9. Within this 400 microinch gap you must subtract the -6 
percent tolerance, giving the effect of subtracting 75 microinches. 
Now the space between the characters is effectively 325 microin­
ches. Therefore, to maintain reliable operation, read head static 
and dynamic skew must be less than 300 microinches. This is 
closer than the write skew tolerance, which is 425 microinches. 

Now we know what tolerances these tape drives must perform 
to, let us apply them to existing equipment and see if they can 
reliably and consistently hold the tolerances. Figure 4 shows 
histograms for six computer systems at Goddard Space Flight 
Center. These systems are made by the three largest manufactur­
ers. The tape drives are their standard drives, maintained by their 
on site customer engineers. The point is that these tape handlers 
are representative of the best equipment produced and are main­
tained in accordance with the best maintenance methods as pro­
vided by the manufacturers. It must also be pointed out that all 
of these manufacturers quote skew tolerance specifications with 
write skew less than 425 microinches. 

You may evaluate this to be fact or fiction from the histograms 
in Figure 4. The data shown was accumulated during 1971. The 
horizontal axis represen 52 weeks. The vertical axis is the write 
skew measurement made at 112.5 inches/so The test equipment 
calibration error for skew measurement is 45 microinches. 

57 tape drives were tested (each from two to six times a week) 
for a total of 12,963 tests, as follows: 

(1) Three blocks of 960 characters each are loaded into core. These 
consist of three patterns, one for each recorded record: all ones, 
checkerboard, and a pattern sensitivity test pattern. 

(2) The computer outputs these patterns to each of its tape drives, 
writing these three patterns over until 960 records are written. 

(3) These tapes are then taken to the Digital Tape Unit Test Facility 
where the skew is measured. 

(4) The normal routine is that each drive is tested twice per week. 
(5) Should the skew of a tape exceed the established threshold, that 

drive is then taken "offline" and maintenance is performed. 
(6) When maintenance is complete, the drive is retested and must per­

form within specifications before being placed online again. 

To interpret the histograms: Each week is represented by two 
vertical columns with the letter "H" used as a filler. The value 
range is from 01 to 99 with an * for values in excess of 99. So, 
for any week, it shows the number of tapes tested and the corre­
sponding write skew measured. In making these measurements, 
the digital test transport moves the tape at 112.5 inches/so So we 
must convert the physical dimensions of microinches to time base 
measurements of microseconds. Now the skew is measured in 
microseconds as shown on the vertical axis. 
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Figure 4 GSFC computer systems histograms. 
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Lines are drawn across the histograms at the maximum skew 
tolerance for 556, 800, and 1600 cpi phase-mode recording. 
Looking specifically at 800 cpi NRZ, I have calculated the per­
cent of failures for tapes tested to meet the write interchange 
specification (425 microinches, or 3.8 microseconds at 112.5 
inches/s). The downward trend as time progresses could be an 
effect of improved testing procedures and maintenance. In our 
experience, a failure rate of 3 to 4 percent is considered tolerable 
for our application. This would vary at other facilities, depending 
upon needs and applications. I do not present these figures as 
typical of all systems, but rather of a well-adjusted system, be­
cause of the unique and persistent maintenance at our facility. 

Many government agencies, and occasionally industry, have 
asked us to resolve compatibility problems. This is done by test­
ing both reading systems and writing system to find which one 
is not operating within specifications. From this experience, but 
-laek-ffi-g-s-tatisties;---i---is- my-- -opinion--that-many sy s telIlS woutd 
operate with a disastrous rate of unreliability should they be 
required to interchange data using 800 cpi digital tapes NRZ. 

In addition to these write performance tests, we also conduct 
a read performance test that measures read head skew and read 
window width. This is done by generating a special test tape, 
written so that ten records are written with zero skew. Then 
successive lO-record groups are written displacing track 1 by 56 
microinches for each ten records until track 1 is skewed 1000 
microinches. Then each successive track is treated the same. The 
net effect is that we have rotated a character so that it is skewed 
in one direction, then in the other. We now read this tape using 
a special computer program which types out the read analysis. 
This gives both read head skew and read window width. 

The data collection for the read performance is not available 
for presentation now. When it is, one can overlay the histogra any 
system's written tape results on another's read ability test histo­
gram and quickly determine the compatibility or probable failure 
rate percentage. Significantly, the write performance histograms 
show that these systems cannot consistently write within specifi­
cations. So it is probable that they cannot consistently read 
within the 300 microinches tolerance. 

Having identified the problems and described the precise toler­
ances that a tape drive must maintain in order to write tapes 
which meet the recording specifications, what can a facility do 
to help itself overcome these problems? Several things: 

(1) System Planning. When planning for data interchange, 
consider the difference in reliability. Skew tolerance for 1600 
cpi phase mode is 625 microinches, as opposed to 425 for the 
800 cpi NRZ mode, and thus much more reasonable to 
maintain. From the histograms it is evident that the same 
drives can consistently meet the specifications for 1600 cpi 
but not for 800 cpi NRZ. Don't overlook the additional 
advantage of being able to correct one or more bit dropouts 
using phase mode. 

Systems which use incremental recorders should never 
record at 800 cpi. For severa! years I have tested many 
models and makes of these recorders. In my experience, they 
are not able to record at 800 cpi without very high incidence 
ill failures, often approaching inability to process any data 

at all. The problem is that the tape is being subjected to an 
instantaneous speed variation condition at recording time. 
The solution is to record at 556 cpi or preferably 200 cpi, and 
then submit the tape for duplicating on another computer 
system to generate the required output tape. This defeats the 
requirement to generate the output tape at the original 
source, but after one experiences many frustrations and de­
lays by not being able to process the original tape it may not 
seem so unreasonable. 

(2) System Maintenance. To have good maintenance you must 
not simply rely on the customer engineers to perform only 
the maintenance contract specifications, independent of user 
control. A good working relationship must be established 
between customer engineers and the data center manager. 
This can be done by someone without a technical back­
-gfffilIlG.--MakiR-g-a-list-ef-efttie-al-adjustment-s-ancl-eal-ibr-atioo 
is required. Then a schedule should be made for the required 
frequency of these maintenance tasks. Someone must follow 
through to ensure that no oversight or deficiency exists. This 
may sound basic, and is in fact presumed to be a normal 
method of maintenance, but I have visited facilities where 
maintenance on these critical adjustments is performed only 
remedially. If the start time and the read and write skew 
alignment are checked once or twice per week, fairly reliable 
interchange can be expected in most cases. The master skew 
alignment tapes, the basic tool of the customer engineer for 
aligning the read and write skew, are sometimes worn so 
badly that measured skew of these tapes exceeds 225 mi­
croinches. It is good practice to retire these tapes on a sched­
uled basis. The schedule depends on the number of drives 
within a given facility, as the wear rate in turn depends on 
the number of drives serviced. 

(3) Trouble-Shooting Technology. It is important that a com­
puter facility manager have some ability to identify the most 
common types of problems. This requires that he covers 
only some of the basic types of compatibility failures. E.g., 
read parity errors. Where do they occur? Throughout the 
data record or only at the beginning? In this way a problem 
could probably be identified as a skew problem or a start­
time problem. Some implementation of follow-up proce­
dures is necessary to ensure that each piece of equipment is 
maintained on schedule and not neglected. One may also 
write a tape on each drive and see if it will read on all other 
drives within the facility. This does not guarantee compati­
bility with another system; but it is better than no test at alL 
A latent benefit is customer engineers' recognition that the 
computer manager is interested and concerned, which usu­
ally yields better and more responsive maintenance. 

(4) Tape Logistics. Many good tapes are destroyed by storage 
facility temperature variations. This can cause physical 
damage to tapes, recognizable by characteristics of spoking 
or cinching. Do not permit tapes to remain in trucks or 
shipping containers outside of your environment-controlled 
facility any longer than necessary. 
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ARCHIV AL PERFORMANCE 
OF NASA GFSC DIGITAL MAGNETIC TAPE 
by WILLIAM B. POLAND, JR. GILBERT E. PRINE and THOMAS L. JONES 

NASA/Goddard Space Flight Center Litton Industries Wolf Research & Development Corporation 
Riverdale, MD Greenbelt, MD College Park, MD 

INTRODUCTION 

For most of the last decade, the Goddard Space Flight Center 
(GSFC) has accumulated data from scientific spacecraft at a rate 
of approximately 1012 bits per year. This has resulted in an influx 
of instrumentation magnetic tape at a rate of approximately 2000 
miles per week, and an effiux from the Center to experimenters 
of approximately 2000 partially filled reels of processed digital 
computer tape per week. The same data are archived in compact 
form, along with computer programs, orbit/attitude data and 
other related items. Scientific data tapes have now been accumu­
lated in substantial quantities since 1958, along with tapes for 
manned and other spacecraft, and now constitute an archive of 
several hundred thousand reels of computer tape. 

For a limited period in the early 1960's, a part of the accumu­
lating archive was kept in space which did not have well-con­
trolled temperature and humidity However, by far the larger 
portion of the GSFC archival tapes have been kept continuously 
in air-conditioned warehouse space in plastic containers pack­
aged approximately 7 to a cardboard box. 

Virtually all of the tapes (including 100% of those studied) 
employ 7 -track format and were recorded at a density of 200 or 
556 cpi NRZI. They were obtained by competitive procurement 
based on a NASA specification. They were recorded primarily on 
Univac III-C and VIII-C tape units, but some were recorded on 
IBM 729 and CDC 607 tape units, and a few other types. 

The purpose of this study has been to assess the archival per­
formance of digital tapes in such a way as to determine the major 
categories of error mechanisms operative in our storage environ­
ment, to identify the strategy for optimizing use of the tape, and 
to determine quantitative expectations for operating tape perfor­
mance as a function of age under the conditions which obtain in 
the GSFC archive. It is important to determine quantitatively the 
level of performance of digital tapes in order to be able to specify 
the level of performance which future magnetic tape or other 
storage systems must achieve in order to offer an improvement. 
Such data in quantitative form do not appear to exist in the 
current literature. Since large quantitities of tapes are being "re­
habbed" (i.e., rehabilitated - erased, cleaned, reconditioned, re­
wound on new reels, and returned to service), it presumably will 
be more difficult in the future to obtain a large sample of ran­
domly selected tapes from the GSFC archive. 

This study is primarily applicable to the GSFC tape archive, 
but it is felt that our tape storage practices are typical for many 
installations. 

Since about 1967, a program to study archival performance of 
digital tapes has been pursued at a modest level of effort. This 
report summarizes the initial part of the program in which the 
investigation was confined to determining the archival perfor­
mance of digital data tapes recorded in normal operations. 

EXPERIMENT DESIGN AND TEST CONDITIONS 

The study consisted of two major divisions based on random 
samples of archival data tapes retrieved and analyzed over the 
period from 1967 to 1971. 

Error Mechanisms 

First, approximately 1200 reels of tape were tested on the 
GSFC Digital Tape Unit Test Facility (DTUTF). In these tests, 
both the mechanical and magnetic conditions of the tape were 
evaluated, using an IBM 729 Mod. VI 7-track tape unit, and 
areas containing detected magnetic errors were examined for 
corresponding mechanical damage (including cinching), dimples, 
oxide defects, and errors not accompanied by a visible defect. Of 
these tapes 7% were "defective", i.e., had 50 or more parity 
errors per reel, and overall 44% had at least one parity error. The 
distribution of parity errors with respect to error mechanisms is 
summarized in Table III. 

Performance Evaluation 

The second part of the study dealt with operational behavior 
of the archival tapes in a realistic data processing environment. 
Approximately 390 tapes from the archive were tested in the 
Univac 1108 telemetry computing facility. These were randomly 
selected data tapes recorded in support of various spacecraft 
projects from 1960 to 1970. 

The measured quantity was the number of blocks (records) 
containing errors. This number depends strongly in some cases 
on the number of passes over a read-head which the tape unit 
must perform before a given block is considered to be erroneous. 
In these tests, only "permanent" errors were counted (i.e., only 
those errors which persisted after eight completed passes over the 
read-head). Tapes containing 50 or more blocks in error were 
merely categorized as high-error tapes and not studied further. 
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The tapes selected were recalled from the archive (the GSFC 
warehouse or the Washington National Records Center 
[WNRC]) in the normal fashion and were submitted for process­
ing along with the evaluation program (T APECHEX). Where 
possible, the tapes were selected by a semi random scheme de­
signed to give uniform coverage in time without introducing 
systematic data errors. From 1967-1971, 4 tapes were chosen 
from boxes containing 7 tapes stored at intervals of approxi­
mately one month. A random selection scheme determined the 
position in the box of the four tapes used, and the types of data 
tapes were selected to produce an even mix from the tapes ar­
chived during that time. 

For the post-1966 tapes it was possible to determine the date 
of storage to within two weeks from the bookkeeping records, 
giving consistently even time coverage. 
--- J-he data were-gather-e(Lin-SUCh--a--Wa¥---that---¥a~ 
might be applied in evaluating tape performance. Since no usable 
precedents were found, it was decided to apply an operating 
criterion which has grown up in the telemetry data processing 
area at GFSC as a matter of practice and expediency; a tape will 
be rejected if more than three parity errors are detected through­
out its (nominal) 2400-foot length. As a result of rounding and 
unit conversion this criterion has been modified to 1 error/300 
metres (0.0033 errors/m). as the maximum acceptable error rate. 
The technique employed is to count not the actual parity errors 
but rather the number of blocks (i.e., records) in error per unit 
length. Since the errors are usually widely spaced, the rate of 
occurrence of blocks in error approximately equals the rate of 
parity errors. 

Several factors were not controlled or evaluated in the course 
of these tests: e.g., write current, head wear, read threshold, head 
magnetization effects, and playback amplitude. 

STATISTICAL METHODS 

To describe the probability distribution of tape length between 
errors, irrespective of position on tape, two interacting distribu­
tions were used, WeibulP and Poisson.2 Although the most gen­
eral expression for Weibull distribution contains three param­
eters, two sufficed to describe reliability with respect to iape 
length. Time-related behavior was determined by dividing the 
data into separate age groups, obtaining the Weibull parameters 
for each data set, and fitting a nonlinear function to the computed 
probabilities for the required error rate (0.003 errors/m). 

Length between errors was determined after sorting the reels 
on days in storage and then testing them as one continuous piece 
of tape (i.e., as if the reels were placed end to end). 

The Weibull probability function can reduce to other distribu-
. Wms---in--Sp€~s-{e---.-g.,--DeRIl-al-,-negati-ve-·-eK-pooen-ti-al-:)-,----arul-· 
thus is ideal for fitting data, with one restriction: change in error 
rate must be monotonic with respect to a given variable for valid 
representation of reliability. Given the Poisson distribution 
parameters, and independence of the distributions, one composite 
or smoothed distribution function can be derived. A solution of 
two independent distributions can be generalized into a method 
for combining any number of distributions. 3 

In order to observe change in error rate with respect to position 
on a tape, a set of histograms was computed. Figure 1 shows the 
observed error rate compiled for 25-metre intervals along a reel 
of tape as related to time in storage. Four age categories were 
used for expediency. The error rate clearly displays at least two 
distinct and consistent features for all age groups. It is high in the 
initial 100 metres and low in the next 200. Another pattern 
appears in three of the age groups (300 to 400 m), and other 
features are indicated which might be delineated by more data. 

l , " , I,' O.05~-----........,. 

w 
~ E 
0:::: .......... 

(/) 

0:::: ~ 

o 2 
0:::: ~ 
0:::: Q) 

w 

0.04 

0.03 

0.02 

0.01 

\ 
\ 
\ 
\ 

".~ 
\ .............. 
\ ~ ,"", .",,).0., ' ___ ..J '-_ 

\ I,' 
I I" 
I I, I 

I ~ I \ I 
I I, ,) , , 

," I" ,I, I" 
~ I ' r" I 

! "'\ /'..1' '"" , ,,;., \ I 
I I " ... A-' , ....... ..----~ ,,-- 11.0 
I.............. "95 
\ ....... . 
~~,~ 

". ....... '4{ "'-- ------....... , ,~ 
, t,' ___ ''V'' _____ , I , __ 

YEARS IN STORAGE 
O. a a -..--,....,.....--,-"T"""--,.-~ ........ .". 

o 150 275 400 525 650 775 

POSITION ON TAPE < m > 

Figure 1. Isometric Representation of Error Rate, Position, and Age 



M70 National Computer Conference, 1973 

To satisfy the requirement for a monotonic error rate, the 
analysis was carried out in such a way that each tape was effec­
tively divided into zones defined by position in a reel, and the 
performance of similar zones for all tapes in an age group was 
analyzed. 

The presence of correlated errors decreases the validity of the 
estimated parameters. Some editing was performed to help pre­
serve the validity of the analysis. Errors occurring in consecutive 
blocks were treated as the occurrence of a single error mecha­
nism. 

Computer Program 

A computer program was developed to handle the Wei bull 
parameter estimation. The program separates the data into speci­
fied age groups, computes the length between errors from the 
position data for each zone, and then finds the Wei bull parame­
ters for each age group. Printer plots of positional error rates for 
each age group are displayed for evaluation. 

Position 1.5 Years 
(in 25 m) Rate # Reels 

1 x 25 m 48.4 111 
Zone 2 0.0 106 

1 3 4.2 101 
4 6.7 76 
5 0.0 53 
6 24.2 51 
7 11.1 43 

Zone 8 0.0 34 
2 9 0.0 29 

10 0.0 2 
11 0.0 28 
12 0.0 27 
13 0.0 27 

Zone 14 17.4 26 
3 15 20.0 20 

16 0.0 20 
17 0.0 19 
18 0.0 17 
19 0.0 15 

Zone 20 0.0 12 
4 21 0.0 11 

22 0.0 6 
23 0.0 2 
24 0.0 2 
25 0.0 1 
26 X* X 

Zone 27 X X 
5 28 X X 

29 X X 
30 X X 

ORGANIZATION OF THE PROCESSED DATA 

For this study, error rates were investigated for five position 
zones on the tape and four age groups. The zones are: 

(1) 0 to 100 m, the outer end region; 
(2) 101 to 300 m, a generally good data region; 
(3) 301 m to 400 m, thought to be the cinching region; 
(4) 40 1 m to 600 m, a good data region except in the oldest age 

group; and 
(5) 601 m to the inner end, the hub region where little data was 

available. 

The age groups used were from (1) 194 to 987 days in storage, 
tapes archived about 1969-1971; (2) 1110-1731 days, 1967-1968; 
(3) 1869-2901 days, 1964-1966; and (4) 2929-4006 days, 1961-
1963. The unsmoothed data for the analysis are summarized in 
Table I and Figure 1. A fuller presentation of the data and 
analysis are contained in the source documents.4.5 

4 Years 6.5 Years 9.5 Years 
Rate # Reels Rate # Reels Rate # Reels 
87.3 80 388.3 51 410.1 86 
44.6 76 194.5 47 97.5 82 
14.7 58 153.0 40 74.6 77 
0.0 49 271.1 34 85.7 70 
9.7 41 49.0 33 71.3 68 
0.0 41 25.0 32 55.8 66 
0.0 39 0.0 32 75.0 64 
0.0 39 0.0 31 81.6 64 
0.0 36 36.9 25 69.8 63 
0.0 33 19.0 21 77.2 63 
0.0 32 0.0 21 51.8 62 
0.0 31 39.8 21 66.6 61 

13.2 31 0.0 20 93.9 60 
0.0 30 0.0 20 96.5 58 

17.6 25 0.0 20 155.6 58 
0.0 22 0.0 20 160.3 56 
0.0 18 0.0 20 325.0 54 
0.0 17 0.0 20 246.8 47 
0.0 14 0.0 18 139.9 47 
0.0 12 0.0 18 64.8 45 
0.0 11 0.0 18 77.7 42 
0.0 11 0.0 18 41.8 40 
0.0 11 0.0 18 56.7 36 

89.2 10 0.0 18 13.6 34 
0.0 8 0.0 18 43.6 28 

53.0 8 0.0 18 16.3 27 
0.0 7 0.0 18 0.0 23 
0.0 2 0.0 10 41.1 13 
0.0 1 0.0 1 139.3 7 

X X 0.0 X 285.8 5 

Table I. Vnsmoothed Position Error Rates 

(Errors/\1etrc x 10-4) 

~ote: X mdlcates no tape m pOSlllOn mten-al and thus no error rate estlmatlOn. 
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From the analysis now described, two different time-varying 
probability distributions showing the overall aging behavior can 
be obtained, one for the entire tape and the second excluding zone 
1, the first 100 metres. Both time distributions can be fitted very 
precisely to the function illustrated in Figure 2 and 3. 

If the "life" of the tape is taken to be the median life (i.e., the 
age for which reliability is 50%), this function has convenient 
properties; on a log-log plot (Figure 3) the tape life Ao falls 
directly below the intersection of the asymptotes, and the slope 
of the descending asymptote equals the exponent. 
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Figure 3. Logarithmic Plot of Reliability vs Time in Storage 

In order to determine an effective strategy for archival record­
ing, it is necessary to choose a block length which is short enough 
to have a reasonable probability of avoiding errors but long 
enough for efficient packing of the data on the tape. This can be 
estimated from the error probability distribution for length; i.e., 
the average probability that a given interval will be free from 
error irrespective of its position. 

Figures 4 through 7 show some length distributions for se­
lected cases. Unfortunately, the data do not provide values for 
lengths less than 25 m. 
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Model R = 1/[1 + A/Ao)n], where 

R = probability that a tape has less than 1 error /300 m 
A = time in storage 
Ao = median tape life (time when R = 0.5) 
n = exponent 

A. Total Tape Data 

Estimated parameters: Ao = 5.7 years, n = 9.0 

Average Time in 95% 
Storage (years) Confidence 

1.5 

4.0 

6.5 

9.5 

0.9987 
0.6002 

0.9919 
0.9281 

0.5898 
0.0168 

0.0315 
0.0005 

Robs Rfit 

0.967 1.0 

0.975 0.9600 

0.2286 0.2347 

0.0145 0.0100 

Analysis of Variance: Regression mean square 
Error mean square 

2.310 
0.0013 
1777* 
99.97% 

F ratio 
Correlation 

B. Tape Data with First 100 m Excluded 

Estimated parameters: Ao = 7.5 years, n = 13.8 

Average Time in 95% 
Storage (years) Confidence Robs 

1.5 1.000 1.000 

4.0 1.000 1.000 

6.5 0.9862 0.879 0.878 
0.3670 

9.5 0.0757 0.039 0.037 
0.0160 

Analysis of Variance: Regression mean square 
Error mean square 

3.8 
5 x 10-6 

0.0327 

0.0149 

0.0061 

0.0045 

0.0 

0.0 

0.001 

0.002 

F ratio 
Correlation 

7.6 x 105 * 
virtually 100% 

*Well over 99% significance level 

Table II. Data for Time Reliability Function 
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Figure 7. Probability of Error vs. Length, Zone 2, Age 9 to 11 Years 

RESULTS 

The data discussed above suggest the following major conclu­
sions about the archival tapes at GSFC: 

• Performance. The performance of tape wound on a stan-
dard 10.5 in. reel depends significantly on position in the reel. 
Five distinct regions are identifiable by performance, the odd­
numbered regions being characterized by relatively poor per­
formance compared to the even-numbered regions. The error 
mechanisms associated with regions 1, 3, and 5 are not yet 
identified, but there is evidence that they are mechanical 
rather than magnetic in nature. 
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• Error Mechanisms. Tapes used in the GSFC computer facili­
ties and placed in the archive have been subjected to a con­
trolled environment typical of "laboratory" conditions. 
Temperature, humidity, and ambient level of dust and other 
contamination during use are considered not atypical of those 
found in most computing facilities and are often referred to 
as "semi-clean" room conditions (there was some departure 
from temperature and humidity control for some tapes placed 
in the archive prior to 1965). The identifiable error mecha­
nisms occurring in tapes retrieved from this archive may be 
placed in the following categories: tape flaws exhibited by the 
tape itself and attributable to the manufacture or age-depend­
ent degradation; trapped debris, arising fom the tape itself or 
acquired from the environment; abuse resulting from im­
proper handling; cinching. The relative frequencies of failures 
JIl,_y~rtQ~~categQd~~ ~re lisJ:~9:_iI1 T~Qk JJJ. 

Normal Reels Defective Reels 

Mechanical Damage 
(including cinching) 53% 45% 

Dimples 23% 20% 
Oxide Defects 10% 25% 
No visible defect 14% 10% 

100% 100% 

Reels containing errors 40% 7% 

Table III. Error Mechanisms - Average for all Ages 

Noie: "Normal" reels have 50 or fewer parity errors per reel; 
"defective" reels have more than 50 parity errors per reel. 

• Median Life. The median life of tapes in the archive, based 
on an arbitrary performance criterion of 0.003 blocks in error 
per metre derived from operating practice, shows that the 
tape performance maintains a substantially constant and ac­
ceptable level for the first four years of its life and then fails 
to meet our criterion at an age greater than about 5.7 years. 
This life can be extended about 30% if recording is excluded 
from the first 100 meters of the tape; median life is then about 
7.5 years. 

• Technology. An unknown fraction of the tapes entered in the 
GSFC archive were subjected to environmental stress (tem­
perature and humidity) prior to 1965. The tapes in this group 
show a reasonably typical error profile, but are quantitatively 
inferior to those entered more recently. It is not clear from 
our limited data whether the poor performance of the group 
of oldest tapes results from excessive environmental stress, 
inferior tape technology, a continuing decaying process de­
pendent on age, or a combination of these factors. It may be 
noteworthy that cinching can be induced rapidly by tempera­
ture and humidity stress. However, since the overall error 
pattern existing in younger tapes appears to be accentuated 
in the oldest group, we believe a continuing decay process 
otTers the more probable explanation for the observed data. 

RECOMMENDATIONS 

The following items would appear to be good practice in pre­
paring a tape archive based on the results obtained: 

• The data of Figure 1 suggest that archival performance can 
be improved by avoiding regions 1, 3, and 5 of the tape. If 
region 1 is omitted the median life will be extended by 1.8 
years. 

iI If ail of the tape must be used, a substantial improvement in 
performance can be obtained if cinching can be avoided. 
Means often recommended for alleviating cinching are stor­
age in a temperature-controlled environment, programmed 
tension wind, or rewinding a tape at appropriate intervals. 
The data suggest a 4- or 5-year interval may be sufficient for 
th!~~IQQ~~~ __ Wlte"- dat~!!!~Lbe retained reliably for longer_ 
than the periods indicated in Figures 2 and 3, special provi­
sion should be made to condition the tape or transcribe it. 

It would be highly desirable to obtain data from other facilities 
in a fashion which would permit comparison of results. The 
following parameters would be suitable for this purpose: 

Recording density 
Record current 
Read threshold 
Error detection 

556 cpi, 7-track 
saturation per ANSI Standard 
20% of normal playback amplitude 
count blocks in error 
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COMBINING REMOTE & CENTRALIZED 
DATA OPERATIONS ECONOMICALLY 

by ROBERTS. HULSE 

Hewlett-Packard Company 
San Diego, CA 

INTRODUCTION 

For many different reasons (obtaining increased sales, provid­
ing better service to customers, or achieving more timely and 
wider distribution of products). companies have seen fit to geo­
graphically locate and decentralize many of their operations -
sales offices, manufacturing or service operations, storage and 
distribution facilities. Although decentralization is a must for the 
continued success and future growth of such companies, there are 
still some functions, such as payroll processing, which are data 
dependent and which are performed more efficiently and less 
costly in a centralized operation, mainly because to do otherwise 
would involve the performing of numerous duplicative functions 
at each decentralized facility. 

As one example of combining remote and centralized data 
operations economically, this paper describes a "combined" pay­
roll operation which economically links the data collection func­
tion performed at remote decentralized locations with established 
data processing methods of the central facility, thereby obviating 
the need for performing duplicative data processing functions at 
the remote outlying locations. The method of operation described 
herein is equally applicable to inventory control applications, or 
other record-keeping husiness transactions that involve remote 
collection and centralized processing of data. 

NEED FOR AN ECONOMICAL 
"COMBINED REMOTE/CENTRALIZED" OPERATION 

By centralizing its payroll processing operation, a company 
would be able to achieve the following measurable benefits over 
having numerous decentralized payroll processing operations: 

(1) Development Dollar Savings 

A significant savings in "program development dollars" 
could be achieved if existing payroll programs at the central 
facility are used by the remote facilities instead of these facili­
ties developing their own payroll-processing programs, and 
their own summary and statistical reporting programs, such 
as for vacation and tax reports. 

(2) Data Storage Savings 

Dollar savings on data storage and data maintenance charges 
could be realized by the remote facilities if data from these 
facilities are stored and maintained at the central facility 
instead of at each remote facility. This eliminates the need to 
maintain additional storage equipment and duplicative data 
files at the remote facilities. 
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(3) Data Processing Savings 

Data processing dollars would be saved if payroll processing, 
with its attendant file accesses and report generating, is per­
formed as a single, complete centralized operation than as 
independent, disjunctive operations performed at the remote 
facilities as independent program "runs". 

Despite these obvious savings, and the opportunity cost that 
would also be saved if the resources used for individual progmm 
development, data storage and data processing at the remote 
facilities were used instead for other needed projects, there are 
instances where the turnaround time associated with centralized 
processing would be prohibitive, especially where the remote 
facility does not have a data communications capability enabling 
prompt communication of the payroll information to the central­
ized facility for processirig:- For- exainple~--becauSe--oftfiesfiort 
time between the time of data entry and the time of receipt of 
paychecks, the processing of weekly payroll at the central facility 
might be unworkable. Also, the cost of having a computer at the 
remote site to communicate with a central computer may be 
prohibitive in light of insufficient volume of work at the remote 
site to justify its own computer. 

To achieve the cost savings associated with centralized pro­
cessing, therefore, an economical combined remoteicentralized 
operation is needed that provides prompt turnaround times and 
has a low cost data communications capability. 

ONE ANSWER: AN ECONOMICAL STAND-ALONE UN­
ATTENDED REMOTE DATA STATION 

An economical stand-alone data station (e.g., a communica­
tions card reader for approximately $3(00), such as shown in 
Figure 1, would permit economical communication of payroll, 
inventory, or other data to a centralized facility without the need 
for a computer at every remote location. 

Such a remote, stand-alone card reader would operate unat­
tended, and would be capable of: 

(1) Being polled by the central computer, at the computer's con­
venience. 

This provides several advantages: First, by being polled at the 
central computer's convenience, the need for developing real­
time interrupt subroutines, and increased line handling and 
data storage capabilities for the central computer is made 
unnessary. Also, the need to establish scheduled periods for 
data communications between the remote facility and the 
central computer would be obviated. Furthermore, by per­
mitting the central computer to poll the remote facilities at 
its convenience (i.e., ask for data from the remote facilities 
only when it is ready to do so), this gives the central computer 
greater flexibility in scheduling and performing its other op­
erations. Collaterally, such flexibility also enables new func­
tions to be added to the central computer that otherwise 
could not be scheduled in. 

(2) Transmitting data by telephone at high or low speeds. 

This permits data to be transmitted at selected higher speeds 
of 120 or 240 characters per second over regular "dial-up" 
facilities or over a company's existing tie-lines. The data 
speed would be switch-selectable and would also include 
lower speeds of 110, 150, 300, 600 or 1050 baud, conforming 
to the capabilities of the central computer and its multiplexer. 

(3) Retransmitting one or more cards of information upon com­
mand from the central computer. 

This permits retransmission of data from the remote facility 
in the event data received at the central computer is errone­
ous. The retransmission request would be honored even if the 
cenifalTaciTity-fiad-lo -oreak-telepnone cOiiiiiCCtemporarily --­
with the remote facility in order to service a realtime request 
for service from another source. The retransmission would 
occur when telephone contact is resumed. 

(4) Rejecting into a select hopper any card improperly filled out. 

This provides the central computer the opportunity to exam­
ine the contents of each card, to request retransmission in the 
case of transmission or data error, and to reject the card in 
the event the error is not corrected. The card, if erroneous, 
can then be returned to the submitter for correction, and later 
re-entered. 

(5) Accepting marked, preprinted or punched cards. 

By having the capability to accept marked, preprinted or 
punched cards, card preparation is simplified. Nonchanging 
information, such as employee's name and number, can be 
preprinted or prepunched, while the changing information 
can be "pencil-marked". In the case of error, the marked 
information can be easily erased and remarked. 

(6) Compacting the data so as to minimize transmission costs. 

By having the capability to indicate precisely where data ends 
on a card, unnecessary spaces or other information on the 
remainder of the card need not be transmitted. This reduces 
the amount of data transmitted to only "essential data", 
thereby reducing the time and cost of data transmission. 

(7) Operating in series with other card readers, if necessary. 

This permits several card reader stations at the remote facility 
to use a single telephone line and modem in communicating 
with the central facility. This "multi-drop" method of opera­
tion not only saves transmission cost by making the need for 
dupiicate telephone facilities unnecessary, but also provides 
for growth in the facility's operations by being able to handle 
both increased data volumes and differences in data function 
(e.g., payroll data collection, inventory data collection, etc.) 
performed at the different card reader stations. 
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A SUCCESSFUL REMOTE/CENTRALIZED PA YROLL 
OPERATION 

An efficient, economical payroll operation is now described, 
featuring the use of a H -P Model 7260A Card Reader as an 
unattended remote data collection station linking the Finance 
Department of the H-P San Diego Division to the central data 
processing system located at Corporate Headquarters in Palo 
Alto, CA. The remote reader is linked by regular telephone and 
two 202C modems to the central computer facility (Figure 1). 

Figure 1. A Stand-alone Data Station 

Payroll data is punched on SO-column cards, or optionally 
marked on 40 or 80-column cards (Figures 2 and 3). The carriage 
return character punched or marked on the card tenninates the 
data on the card, thereby "compacting" the data and preventing 
unnecessary spaces or other infonnation on the rest of the card 
from being transmitted. 
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Figure 2. Punched Data on SO-Column Card 
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7igure 3. Marked and Punched Data on 4O-Column Card 

After preparation, the cards are placed in the input hopper of 
the card reader. and the "Line On" (Power "On") button is 
depressed. From this point on, the reader is able to operate 
unattended, and to communicate with the distant centralized 
computer whenever that computer is ready to receive data. 

At its convenience (i.e., at scheduled periods or times when 
regular workload has decreased sufficiently), the central com­
puter polls the remote reader and "commands" it to transmit the 
infonnation contained on the cards in its input hopper, a card at 
a time (Demand Mode). The computer checks to see if data was 
in fact sent, and if so, whether it was sent correctly. If not, it 
requests retransmission. If after a reasonable number of attempts 
the data received is still incorrect, the card containing the errone­
ous data is rejected; transmission continues until the input hop­
per is empty or the output hopper is full, at which time 
communication is ended. If status infonnation was sent instead 
of data, indicating a reader, telephone or modem malfunction, 
the computer tenninates transmission and turns otT the reader 
until the problem is corrected. (In periodically attended opera­
tions, the computer may even ring a bell in the reader to signal 
that a problem has occurred there. The person in attendance 
would then manually correct the problem.) 

If data was being received successfully at the time the input 
hopper was found to be empty, or the output hopper full, it is 
stored on magnetic tape for later processing by the payroll pro­
gram. As indicated in Figures 4 and 5, the application program 
controlling the data transfer from the card reader may be any 
simple control program. It may be as flexible as desired, tailored 
to individual applications such as payroll, inventory control or 
others, and/or to ditTerent modes of use of the remote reader -
e.g., as an attended or unattended device, or as a single or multi­
drop device, with or without a remote printer terminal. 
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1 
Prepare to poll Remote C~:-d Reader Station 
(reSerlJe storage for I.,pu! Data, initialize 
Counters and aefine Control Words) 

Select ASC II Code 
Request a Card of Data or Status Information 
Test for Card Reader Malfunction 
Test for Telephone or Modem Malfunctiol"1 
T .. t Input or Output Hopper Status 

Check Data 

Reset Retransmission Counter 
Store Data on Magnetic Tape 
Count Number 01 Cards Received 
Prepare to Read Another Card 
Check lor Valid End of Data 
Write End,ol-File on Magneric Tape 
Successful Stop 
Turn off Card Reader 
Error Stop 
Count NumbE'r of Retransmissions 
Check if 3 Retransmissions Made 
Request RetransmiSSion 
Prepare to Check the Retransmission 
Reject a Card 
Check if Reject Successlul 
Count Number of RejeCT Attempts 
Check if 3 Reject Attempts Made 
Prepare to Reissue the Rejec"! CO""''l1a nd 
Reset Reject Counter 
Reset Transmission Counter 
Prepare to Read Another Card 

Figure 4. Simple Application Program (in FORTRAN) 
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REQUEST 
RETRANSMISSION 

N 

PREPARE TO 
POLL REMOTE 
CARD READER 

STATION 

SELECT 
ASCII 
MODE 

Figure S. Simple Flowchart of Application Program 

TANGIBLE ECONOMIC BENEFITS DERIVED FROM 
THE REMOTE/ CENTRALIZED OPERATION 

Figure 6 shows the actual program development dollars saved 
when our remote facility decided to perform the data collection 
and data transmission payroll functions utilizing the data pro­
cessing capabilities of the central facility. The development dol­
lars shown represent direct iabor cost, assuming an average 
programmer's wage of $1175 a month. 

For some, the development dollars saved may be lower, but for 
many others, it may be significantly higher, depending upon the 
size (number of employees) of the remote facility and the exten­
siveness of the overall company operation. 

In many instances the difference between the cost of adding 
disk capability to a "bare-bones" mini system at the remote 
facility and the cost incurred in making use of abundant disk 
capabilities at the central facility via remote reader is very signifi­
cant. For example, the cost of implementing needed auxiliary 
storage at the remote facility could very well be about $358 per 

MAN- DEVELOPMENT 
PROGRAMS MONTHS DOLLARS SAVED 

Payroll 11.5 13,512 
Payroll Tax Report 1.4 1,645 
W2 and 941A FICA Reports 1 1,175 
Bureau of Labor Statistics Report 1.6 1,880 
Insurance Report 2.2 2,585 
Personnel Wage & Salary Report 2.4 2,820 
Workmen's Compensation Report 2 2,350 
Vacation & Sick Leave Report 3.5 4,112 

TOTAL 25.6 30,079 

Figure 6. Program Development Dollars Saved 

month. ($350 per drive per month on a I-year lease, plus $8 per 
-month rental for one disk pack.) I he cost of USing eXisting disk 
capabilities at the central facility could simply be the cost of the 
packs ($8.00 per month). This would represent a monthly disk 
storage saving of $350, or about $4,000 per year. 

In addition to development and storage dollars that are saved, 
processing dollars (i.e., program execution or computer run dol­
lars) are also saved in a remote/centralized operation. It is esti­
mated that for each out-of-pocket dollar spent either for an 
independent system at the remote facility or for service from a 
Service Bureau near the remote facility, the actual "inhouse" 
incremental cost to the company for the remote facility to use the 
system existing at the central facility is approximately 60-70% 
less than the cost to the company if the remote facility were to 
purchase its own system or use an "outside" processing service. 
This savings in processing cost, of course, varies with the number 
of users of the central system, the extent of each user's usage, and 
the extent to which the cental computer is depreciated. 

Compared to the cost of utilizing this "buffered remote reader 
method" for combining remote and centralized operations, the 
savings that accrue, as described previously, could be signifi­
cantly greater than the cost associated with this method. Figure 
7 shows the approximate monthly cost of utilizing the buffered 
remote reader method. The figures reflect our experience in using 
the Model 7260 buffered mark/punch card reader as an unat­
tended remote data collection/data communications device. 

With respect to power consumption cost, the reader uses 72 
watts when in stand-by mode waiting to be polled, and 135 watts 
when the motor is "on" and the reader is actually communicating 
with the distant computer. It is in unattended operation, ready 
to communicate, approximately 15 hours per day (i.e., from 5:00 
p.m. to 8:00 a.m.) for 20 work-days per month. Utilizing a 202e 
modem for 120 characters per second transmission, data trans­
mission is achieved at the rate of 100 cards per minute (average 
of 72 characters on a card) or 300 cards within a single 3-minute 
long distance call limit. Polling occurs once a day. 

The monthly cost of operation is determined as: 

72 watts x 15 hours x 20 work days per month = 
21.6 kilowatt-hrs/month. 

135 watts x 1120 hour x 20 work days per month = 
0.135 kilowatt-hrs/month. 
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Assuming a rate of$2.67 for the first ten kilowatt-hrs used, and 
6.006 cents for each additional kilowatt-hr used, the monthly 
power consumption cost is determined as: 

10 kWh 
11.735 kWh at 6.006 cents/kWh 
21.735 kWh 

ITEMS 

Power Consumption 
Telephone Traffic 
DataSet/Modem 
Remote Reader 

BASIS OF CHARGES 

Approx. 21. 7 kWh/month 
Approx. 20 calls at $1 each 
Approx. $45 rental/month 
Approx. $3000, depreciated 

over 4 years. 

TOTAL MONTHLY COST (approx.) 

$2.67 
0.71 

$3.38 

MONTHLY 
COST 

$ 3.38 
20.00 
45.00 
62.50 

$130.88 

Figure 7. Approximate Monthly Cost of Operation of Remote Reader 

For higher daily volumes of data transmission (i.e., >24,000 
characters per day, in a scheduled polling operation), little addi­
tional cost is incurred other than the incremental telephone time 
cost which, though minimal at the 1200 baud transmission rate 
(7200 characters per minute), would be even less with a 2400 
baud modern with superior turnaround capabilities. 

The dollar benefit that accrues with a remote reader operation 
is even more significant when multiplied by the number of remote 
facilities that can benefit from this method of operation. 

OTHER ECONOMICAL METHODS 

The payroll application described previously demonstrated the 
use of the remote reader as an unattended device operating in a 
"Demand Feed Mode" (card-at-a-time mode). However, other 
applications may find one of these methods preferable: 

(1) Multi-Drop Operation 

A multi-drop operation, such as shown in Figure 8, may be 
performed as an attended or unattended operation. By 
means of "roll-call polling" via a single telephone line, the 
central computer, in a single call to the several remote read­
ers, addresses each reader in tum and unloads its data. This 
method of operation permits different types of data (payroll, 
inventory, sales, parts or other) to be transmitted to the 
central computer as a result of a single telephone call from 
the central facility to the remote facility. Actually, whether 
the operation is unattended or attended (because of the need 
to replenish the input hopper in the case of high volume, i.e., 
greater than 500 cards at a time), the application program 
that receives the data at the central computer identifies the 
data from the data type code it receives in the data (see 
columns 22 and 23 of Figure 2, and lines 170 and 180 in the 
program of Figure 4). In this way, different application 
programs can process different data in different ways. 

Each remote reader is unique in its multi-drop environ­
ment. It can be specifically selected by the cental computer 
without any communication with the other readers. Like­
wise, the configuration may be easily changed by the re­
moval or adding of remote readers without affecting the 
operation of the other readers. 

To & From Central 
Computer Via 
Telephone Line 

Remote Card ReadE.rs 

Figure 8. Multi-Drop Method of Operation 

(2) Continuous Feed Mode Operation 

In addition to the demand feed mode of operation, the 
remote reader is also capable of "batch data transfer" when 
operated in continuous feed mode. Once the central com­
puter commands it to continuously send data, data is contin­
uously transmitted by the reader until its input hopper is 
empty or output hopper is full or transmission is specifically 
interrupted by the applications program. 

(3) Unit Record Method of Operation 

In the event a full card of data is to be transmitted each time, 
the carriage-return code need not be included (marked, 
punched not printed) on the card. Upon sensing the end of 
the card, the card reader transmits a carriage-return charac­
ter following the data characters on the card. (The card 
reader always transmits a line-feed character upon sensing 
the beginning of card.) 

Many unit record operations lend themselves to this 
method of operation. Many different applications (educa­
tional, medical, retail business or utility, to name a few) use 
a card as an input data form and a mark/punch reader as 
a data input device. These and many other applications can 
significantly benefit from the added capability in data collec­
tion and data communications that a buffered, remote mark­
/punch reader provides. 

SUMMARY 

A method was described for economically combining the data 
processing requirements of many decentralized (remote) com­
pany operations with the capabilities of a central computer facil­
ity. An economical remote mark/punch buffered card reader was 
used as a data collection device, capable of transmitting data at 
various speeds and communicatin g via ordinary telephone lines 
with a distant central data proce'.'- ,lg facility. Modes of usage 
were described, showing cost economies in data transmission, 
program development, data storage, data processing, and other 
benefits such as improved central operations scheduling and ease 
and flexibility in data preparation and data entry. 



~!J.a. Lo\v=Cost Approach to Remote Data Eiltry N179 

A LOW-COST APPROACH TO REMOTE DATA ENTRY 
by B. V. O'BRIEN 

Western Union Data Services Co. 

Mahwah, NJ 

An efficient approach to remote data entry is assuming in­
creasing importance for typical geographically dispersed orga­
nizations. Its importance is becoming more apparent as a result 
of the increasing visibility of the implications of two well-estab­
lished trends in data processing. 

The first of these is the centralization of computer power for 
purposes of achieving scale economics, data base management 
efficiencies, and other considerations. The second trend is the 
dispersal of the data preparation function out to the original data 
sources for purpose of achieving rapid data accessibility, as well 
as the greater data entry accuracy associated with source data 
entry. 

The data system designer faced with the problem of putting a 
remote data entry system in place must resolve a number of 
questions for which facts and experience have not yet provided 
tools. One important question is the relative accuracy of data 
preparation at the source location where familiarity with the 
source information is available, as compared to accuracy in a 
centralized key entry location, where functional control is more 
available. 

The common design approach to this dilemma is simply to 
overwhelm the remote data entry problem with the kind of opera­
tor guidance and error checking that can be accomplished in 
computerized intelligence. Until recently this has implied online 
data entry using either a CRT or some form of typewriter termi­
nal. This approach has provided the essentially unlimited intelli­
gence of the central computer to the remote data entry station. 
However, it also results in extremely high communications, soft­
ware, and computer overhead costs. 

More recently, to alleviate some of these costs, many organiza­
tions have gone from this online approach to an offline batch 
approach using an "intelligent" terminal. This puts the same kind 
of computerized intelligence level at the hands of the remote data 
entry operator, while significantly reducing the communications 
and overhead costs attendant to online operations. However, 
even with the significantly reduced costs of electronic logic, an 
intelligent terminal is still a very expensive device. In addition, 
the software costs, both at the terminal and at the computer 
center, may equal and more commonly exceed the software cost 
of the online approach. 
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We submit that with proper definition of the problem some 
percentage, perhaps a large percentage, of these remote data 
entry applications can be adequately served with a much simpler 
and much lower cost approach to a data entry system. Such an 
approach not only allows the sophisticated data entry system user 
to achieve a significant cost reduction but it also (probably more 
importantly) opens up the world of remote data entry to those 
many organizations and applications for whom remote data entry 
was apparently foreclosed by reason of cost. 

Let us first examine the key characteristics of the data entry 
requirement of a remote location. One fairly common character­
istic is the need to enter many different types of transactions. 
Typically no one of these transactions is handled with any signifi­
cant frequency, and the total daily volume of data prepared at the 
remote location is typically in the 10,000 to 20,000 character 
range. Another common and very important characteristic is that 
the urgency requirement of these transactions varies widely, 
ranging from minutes in some cases to weeks. 

Urgency has a way of falling into categories which are directly 
associated with functional operations. For example, operations 
where a customer is waiting, or where an employee is waiting and 
cannot proceed, generally have urgencies in the one-minute range 
(i.e. plus or minus a factor of 3; 20 seconds to three minutes). 
Operations in which an employee is waiting but can perform 
other functions tend to be in the one-hour range. Operations 
which start operations elsewhere (orders, reports, etc.) tend to be 
in the one-day urgency range (over';';ght to two days). A large 
percentage of the data entered at the typical remote terminal 
location tends to be in that next day urgency category. This 
obviously does not apply to those remote locations which are 
primarily customer response locations, such as phone bureaus or 
reservation desks. 

Given an application situation with these characteristics (and 
we submit that there are many such situations in actual practice), 
a relatively unsophisticated and low-cost terminal is an accept­
able and in fact correct system solution. The problem of input 
errors solved with such complexity in other situations is more 
than adequately controlled by the operator's inherent familiarity 
with the source information and a capability to sight-verify the 
input documents. 

Since the data is prepared and stored in an omine mode, trans­
mission speed can be chosen independently from the data prepa­
ration speed, depending on the communications network, and the 
remote computer center can be economically arranged for speeds 
anywhere between 10 and 120 characters per second. 

An example of a low-cost remote data entry system is that 
operated by a manufacturing firm for its sales offices. Teleproc­
essing is the basic method for providing these services. At each 
sales office there is a Teletype Model 33 ASR equipped with a 
magnetic cassette unit. The terminal is used as a keypunch device 
in the data preparation mode. It is then used as a remote con­
trolled data transmission terminal for the data collection function 
and is also used as a remote report printer by the central com­
puter. 

In the data preparation mode, individual format paper tape 
loops are prepared for each type of transaction prepared at the 
sales office. These include sales orders, amendments, sales sum­
maries and accounting data, such as expense reports. For each 
type of transaction the operator places the applicable format tape 
loop in the tape reader, and using a foot switch steps the tape 
from one data field to the next, printing a prompting message and 
filling in blank data fields from the keyboard as she progresses, 
The resultant data is recorded in the magnetic tape cassette. 

At the end of the day the tape cassette is placed in the auto­
matic answer mode and is polled from the central computer at 
night, and the entire day's transactions are collected. After pro­
cessing each office's daily transactions, the computer places an­
other call to that sales office and delivers a copy of the processed 
sales order, various summary reports and an edit error report. 
The edit error report is a listing of the transaction number and 
the cause of error of each of the errored input transactions. The 
following morning the operator prints out the various reports, 
corrects the errored transactions, and resubmits these with the 
new transactions that evening. 

The equipment cost at each sales office is about $150 per 
month for the Model 33 ASR, the magnetic tape cassette unit, 
and a 1200 baud data set. The average daily volume of 10,000 
characters per sales office is transmitted in about two minutes, 
using the company's regular W A TS lines. The data collection 
system at the computer centers is a minicomputer-based data 
collector and spooler obtained on a turnkey basis from a system 
supplier for a cost in the $2,000 per month range. The resulting 
system produces 360-compatible magnetic tape which is physi­
cally transferred between the data collection system and the com­
pany's batch data processing system. The data collection system 
required no changes in the company's basic data processing soft­
ware. 

This kind of a "plain vanilla" approach to remote data entry 
has enabled at least one company to implement a data communi­
cation system quickly, economically, and effectively. 
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RESEARCH PROSPECTS 

IN PROGRAMMABLE ASSEMBLY SYSTEMS 
by DANIEL E. WHITNEY 

Massachusetts Institute of Technology 
Cambridge, MA 

INTRODUCTION 

In most industrialized nations, the large volume manufacture 
of discrete parts has been highly automated. Accurate machin­
ing, molding and forming allows parts to be interchangeable and 
thus to be assembled by relatively unskilled people. There now 
exists a wide variety of special-purpose machines, some extremely 
large, complex and expensive, for parts manufacture. These parts 
are assembled by people into substantially identical products. 
Assembly-line jobs can be quite boring, however, since the sub­
stance of the job may repeat every ten to fifteen seconds. The 
resulting discontent plus high labor cost is exerting pressure to 
automate the assembly process. Other pressures to automate 
come from the Occuptional Safety and Health Act, and from 
efforts to improve product quality and uniformity. 

It might seem natural to build special-purpose machines for 
assembly similar to those currently in use for materials process­
ing and, indeed, a few such machines have been built. (One 
machine reportedly assembles and tests 2400 automobile ciga­
rette lighters per hour.) Several facts argue against taking this 
route, however: 

(1) From a financial point of view; fixed automation machinery 
is typically very expensive and its rigidity makes market 
forecasting errors quite serious. Product design changes are 
almost impossible to make. To pay for itself the machine 
must make many millions of items. 

(2) From a marketing point of view, there is a trend away from 
identical products and toward products which are special­
ized (on short lead time, naturally) for individual customers. 
While some basic parts will be common to all versions of a 
product, many others will be different. This leads to what is 
called the model mix problem. 

(3) From a production point of view, the model mix problem 
has two main consequences. First, production volumes for 
each version of the product are relatively small and cannot 
be economically batched because the incoming order stream 
is random. People are adaptable to a random job stream, but 
only to a limited extent. Thus the second consequence is that 
assembly mistakes occur when the wrong part is installed. 

(4) From a personnel point of view, it should be recognized that 
while people are assembling things they are also performing 
vital inspection operations, seeing that the parts have been 
made properly, and that previous assembly steps have been 
carried out correctly. 

This all means that both manual assembly and fixed automated 
approaches have limited ability to cope with emerging produc­
tion problems. The remainder of this paper classifies and brit:l1y 
describes current research efforts addressed to these problems. 
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RESEARCH APPROACHES 

It is generally assumed that future flexible assembly machines 
will consist of one or more mechanical arms with general purpose 
hands or tool grabbers, all controlled by a computer. Initially 
individual machines could be installed in existing assembly lines, 
but as time goes on it is likely that the assembly line concept will 
be modified, perhaps resulting in a cluster or star arrangement 
in which parts are fed from several directions rather than one. 

Current automated assembly systems are imitations of large­
volume automated machining systems and thus share their rigid­
ity. From a control point of view, they operate on the basis of 
open-loop positional control. This is true even of current indus­
trial robots, which only recently have incorporated the ability to 
read micro switches and branch to different parts of their pro­
grammed motion sequences. This does not, however, permit 
them to modify those motion sequences. Open-loop control also 
requires liberal use of expensive jigs and fixtures. 

Most assembly research approaches are based on closed-loop 
organization, in which computers are vital components. A basic 
assumption in closed-loop control is that sensory information in 
various modes is being monitored more or less continuously, with 
the intent of modifying the fine structure of the motion, rather 
than simply switching programs at isolated times. 

Fine-structure modifiability and the presence of computers as 
components also allow gross-structure modifiability in the sense 
that the machine can be reprogrammed to perform a different 
assembly task. Better, a machine loaded with &everal such pro­
grams can switch on short notice from one product to another. 

Within the basic premises of reprogrammability and closed­
loop control, several research threads seem to be emerging. One 
is traditional artificial intelligence robotics, with its emphasis on 
visual systems and scene analysis. Much of this work was origi­
nally directed toward interaction with unfamiliar and unstruc­
tured environments, such as the surface of Mars. The scene 
analysis skills developed seem most applicable to the inspection 
phase of assembly. They would also be applicable to gross posi­
tioning if it is assumed that parts would be fed to a machine in 
random orientations. This is not a likely occurrence, however. Up 
to now the artificial intelligence laboratories have relied primar­
ily on general-purpose digital computation for sensory analysis 
and robot arm control. The MIT and Stanford Groups are typical 
of this general approach. 

A growing trend, requiring more expertise in hardware and 
less in software, is to identify in detail the various sensory and 
control activities needed for closed-loop programmable assembly 
and to specify which could be realized in hardware or special 
parallel computing elements, and which are best left to general­
purpose serial computers. The functions deemed necessary de­
pend heavily on the assumption as to the machine's environment. 

One can assume that parts are fed in only roughly the correct 
orientation and that the machine itself must orient them the last 
few degrees. If so, then either the machine's hand must have the 
dexterity and sensory capacity to do this (aided by cooperative 
features applied to the parts for just this purpose), or else the 
assembly process must be itself aided at crucial points by chutes. 
jigs, channels, clever use of gravity, and so on. 

Either of these approaches could be costly and could bar easy 
changeover of the machine to a different product. Neither ap­
proach, however, would have too much use for vision, which is 
not of much value during the process of fitting parts together. 

Realization that much information is available in the form of 
forces and moments during the actual process of fitting together 
has led to another approach, that of depending primarily on force 
feedback to perform assembly. This approach, depending on the 
parts being grasped in correct orientation within a very few de­
grees, determines by means of contact information whatever 
small reorientations are needed to effect assembly. Small manu­
facturing differences can be accommodated as well. Since the 
machine modifies the fine structure of its motions in response to 
felt forces, it will not jam if presented with grossly malshaped 
jJal ,,,. '-'. _ ._ r _., . 'b~""o' -.n\oaches include the 
Stanford Research Laboratory, Japanese UTlu 'I:$ity and industry 
groups, and at least one industrial concern in ~ US. 

The work at Stanford Research Institute) has (. \centrated on 
logical feedback of discrete events like touch contact. ~his is most 
useful in rendezvous between a machine's hand and c. object to 
be grasped. This has resulted in development of seve \1 small 
touch sensor devices and a computer control language fo. ~":luild­
ing branching routines based on sensor returns. 

The joint MIT Mechanical Engineering-Draper Laborat 'v 
work2 has emphasized continuous analog signals arising fro. 
contact between one grasped object and another. Touch sensors 
are of little use for this because the object does not move relative 
to the hand during contact unless it has been poorly grasped. The 
interesting information consists of continuous forces and torques 
and may be used to guide parts together, even when tolerances 
are so close that prepositioning is impractical and vision cannot 
detect the small motions necessary. Much of the motion modifi­
cation logic can be realized in hardware, making possible the high 
bandwidth that will no doubt be necessary if such machines are 
to operate at high speed. 

Future developments will likely see a combination of the touch 
sensor approach and the force sensing approach. Vision is more 
likely to be useful in inspection, but less in assembly itself. Issues 
remaining to be resolved include the economics of providing 
special jigs for each product compared with providing general 
sensors capable of guiding the parts together. A similar trade 
must be made between sensors (or computers) and product de­
sign modifications to ease assembly. Finally, the economics of 
using flexible automation must be studied in detail. The major 
issues are the cost of labor and the cost of capital. The value of 
such a machine must be figured on its reliability and the uniform­
ity of its product, plus the value of its flexibility as reflected in 
lower in-process and finished inventories and quicker response to 
customer orders. 
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FACTORY AUTOMATION AND DATA COLLECfION 
by DAVID A. ENTREKIN 

Entrekin Computers; A Division of Cutler-Hammer, Inc. 
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Computer controls have been used in certain process industries 
for some time. Now computers are being used to control piece­
part production machines and automation systems. Employed as 
reporters and/or analyzers of a machine's operations, they give 
managers current data for immediate study. 

Automatic machines require a carefully planned sequence of 
actions to integrate the movement of parts, action of clamps, and 
adv-ance-of tools. Tiihlbliioris areincTlidea-tOprevenfslfCliThlngs 
as a tool advancing unless a part is in place and clamped. An 
automatic control system must be capable of registering each 
action and supplying signals to initiate the next action or event. 

Because certain actions could cause great demage if they occur 
out of sequence or without other conditions of readiness, the 
controls automatically interrelate machine events which have 
occurred and those which are to occur. Stoppages or alternative 
actions will intercede if something does not happen as planned. 

MACHINE CONTROL 

When the .computer controls, the primary data outputs are 
mostly decisions resulting in machine actions, such as starting 
motors, energizing valves, or the mcwement of parts. Compared 
to a data processing computei, Ir.d.chine control computers and 
related equipment are smaller i:l size and fewer in number. They 
have a small processor th",~ needs few peripherals except the 
automatic machine itself This is typically a Teletype terminal 
with tape reader/writt>., to enter programs and changes into the 
computer, and sim;JJe reports such as production efficiency re­
ports and diagnostic messages to be printed out. 

An auxiliary memory unit is required for either system, but 
size, capacity, and cost are very different. Data processing instal­
lations usually have several large magnetic tape drives and disk 
drive units for keeping data ready for high-speed, random access. 
In contrast, just one disk drive with far less capacity will serve 
most machine control needs. Typically, one disk unit (usually 
integrated with the computer in its main housing), will be suffi­
cient to store inactive programs, working information, and per­
manent activity records such as pieces produced. This disk unit 
is usually integrated with the computer in its main housing. 

OPTIONAL DEVICES 

Optionai devices such as cathode ray tube displays or graphic 
plotters may be used as auxiliary output. Peripheral hardware is 
not emphasized in machine control because the machine sensors 
serve as primary data inputs, and the primary outputs are valves, 
motors, and similar components. 

ENVIRONMENT 

Environment adaptation is another major requirement for a 
machine control computer. lt must reside on a shop floor and 
tolerate any environment condition that workmen themselves do. 
lt must adapt to shop electrical conditions, such as AC current 
subject to unpredictable transient surges. Such "noise" must not 
be-ffiiStikeriTor- maCfiine slgnars-.l1sn6u1CroiHpuTsignals ast1t)--­

volts AC - directly usable by motor starters and solenoid valves. 
Otherwise amplifiers or transformers are required, with atten­
dant costs and problem susceptibility. 

INTERFACE 

Machine control computers work through an interface that 
links the computer to the machine, and must communicate via 
standard devices. Their signals and operating modes are far out 
of phase and character with operating characteristics of a high­
speed computer. Bridging this gap requires an interpreter or 
interface, to receive and logically interrelate signals from the 
machine's many sensing devices. Interface circuits "save" the 
electrical logic results until the computer is ready to act. Then 
the computei output is converted by the interface circuits into 
appropriate electrical instructions for the production machine's 
motors and valves - and the reporting Teletype. The interface 
hardware is "hard-wired", and functions almost as a part of the 
computer, which has 100% control of it. In recent designs, inter­
face hardware is all solid state; power differences are taken care 
of; electrical noise is prevented from being misinterpreted as data 
codes by a constantly-performed data validation routine. 

SOFTWARE 

Software, in addition to programs for ordinary machine action, 
must also provide for conditional reactions when something does 
not happen exactiy as it should or when supposed to. Machine 
programs should be easily changeable, as complex automation 
systems can be improved or made more efficient with experience. 

Poor software causes the computer to go through time-con­
suming and unnecessary steps. More importantly, software 
should anticipate all contingencies and provide appropriate ad­
justments or adaptive reactions. Otherwise, machine shutdown 
may be the software's only available answei to occurrence of a 
nonstandard condition. 

A machine control computer is real-time-oriented. lt must 
note conditions, make calculations, and feed back responses all 
within a few microseconds of when a condition occurs. 
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The software to support these control functions has been de­
skilled to exactly duplicate relay design logic, which means that 
(from an engineering standpoint) tpday's existing control engi­
neers can be instantly converted to applying this new technology. 

STANDARD PROGRAMS 

A set of machine control parameters and conventions applica­
ble to virtually all automation arrangements can be established. 
A "library" of subroutines to embody these parameters and con­
ventions allows them to be handled by most computers. The 
result is a program highly efficient in use of machine time and 
memory; individual programs can be developed quickly and eas­
ily changed. Perhaps the most important thing is how easily the 
user's people can gain the facility to handle their own program 
changes without an in-depth knowledge of computers (in this 
concept, the master file of subroutines is contained on a tape and 
given to the user along with his systems). 

MACHINE MONITORING 

While some functions will require the computer to perform 
complex calculations, the operator will not even be concerned or 
aware of this. Only simple outputs will result, and ease the opera­
tor's job rather than duplicate it. When the computer is applied 
to an automatic machine it may function as a monitor of this 
entire scheme of operations, or it may both monitor and control. 
In either case, the general system concept remains unchanged. As 
a monitor alone, the computer records and analyzes the machine 
actions. It makes exceptional diagnostic reports on machine trou­
bles and silently records management data. 

When the operation of the machine varies from that defined 
as normal (as determined by the machine design parameters), the 
control system sends an indication to the data collector, which 
will perform a diagnostic report indicating the station number, 
function involved, and device number, if applicable. This pro­
vides an immediate indication of the location and device that is 
causing the abnormal condition. 

DIAGNOSTIC REPORTS 

In developing a monitoring system there is a variable quantity 
of information that can be made available - information which 
can improve downtime, reduce inventory, improve product flow 
and scheduling. Improved downtime alone can provide large cost 
reductions and justify the system installation. 

When trouble occurs, the computer can check all sensing in­
puts to pinpoint the problem area for the operator. In many cases 
it can summon help from its memory of pre-established service 
routines to find advice about the problem. Since all machine 
actions can be constantly timed and compared to standards, the 
causes of efficiency loss can be spotted immediately. 

Diagnostic and Machine Log Reports, created while the ma­
chines are running, are primarily used for trouble-shooting. 

When machine operation varies from that defined as normal, 
the computer will print a diagnostic message indicating station 
number, function involved, and device number. This printout will 
be done as soon as the malfunction occurs. 

Diagnostic reports can reduce downtime by pinpointing the 
specific areas of failure. Four different diagnostics for each input 
provide the information needed to reduce downtime and indicate 
possible machine failure. They determine if a specific limit 
switch, pushbutton, temperature switch, or pressure switch has 
not released, not tripped, shows a ground, or is out of its allowa­
ble time standard. These four messages basically cover all the 
possible trouble conditions. The first two, not released or not 
tripped, pinpoint the immediate cause of a machine being inoper­
ative. Time diagnostics indicate machine degeneration, and po­
tential downtime conditions can be detected before they occur. 

CYCLE TIMING 

Since timing is such an inherent part of computer operation, 
it is very simple to establish in a computer control program a 
cycle time base for all process control. 

Our proprietary systems concept of cycle monitoring means 
that each motion will be monitored in each of its movement 
planes in every cycle of the control. 

An example: A single cylinder slide has two motions, forward 
and back. We would establish a time standard for the forward 
motion, for example, say, 'six (6) seconds, and a time standard for 
the return motion, of say, eight tenths (0.8) seconds. Now, during 
the running operation, suppose the forward slide took 5.9 seconds 
in its forward motion. Since this does not represent a slow-up, we 
would accept this as being within the normal time standard. 
Suppose, however, on the next time cycle this device took 6.2 
seconds? We would then record in our data base memory that an 
overtime occurred of a two tenths (0.2) second duration. The 
number of occurrences and the amount of overtime would be 
accumulated for recording in a shift log or for reporting on a 
discrete data request log initiated when an operator might request 
it later. We have found through experience that about 40 to 50% 
of preventive maintenance procedures can be initiated from this 
log. 

Examples of malfunctions that could show up in a timing log 
would be: Improper lubrication, dull tooling, improper set-up, 
variations in air or hydraulic pressure, malfunctioning hydraulic 
or air valves, slipping motor belts, etc. 

Typical diagnostics are: 

Limit Switches - Limit switches not tripped 
- Limit switches not released 
- Limit switches overtime 

Machine Functions - Under cycle time 
- Over cycle time 
- Downtime & occurrences 
- Machine in auto time 
- Load & unload efficiences 

Motor Starters - Overloads tripped 
- Motor starter not picked up 



A Diagnostic Summary Report will list all diagnostics in de­
scending order of occurrence. Therefore, those malfunctions or 
abnormal conditions that happen the most will be listed first. 

All system dia~nostics are typed out when they occur. This 
information is summarized at the end of each shift, or period 
specified, or on demand. It includes the number of cycles of the 
machine, the number of parts run and the total accumulated data 
printed on the Teletype during the period. 

BROKEN TOOL DETECTION 

We can easily use the cycle timing count of the computer to 
give an accumulating count of the cycles to which a tool has been 
subjected - and therefore an indication of its dullness. We'll do 
evell better. By adding some ne\\, and unique, low-cost transduc-
ers . ~-o~-bei~-developed,- ii--is-reasonableto-predlct-ihaTfaulty-
tool detection will be available in one to two years. 

The tool sensors envisioned will detect dull tools from their 
continuing operational behavior. 

TOOL MAINTENANCE RECORDS 

The computer, inherently able to record and condense data, 
can also be programmed to develop tool maintenance records in 
direct proportion to the data that the plants have available or are 
willing to make available. For example, take a transfer line that 
could enter a tool record, by tool number, each time the tool is 
introduced into the machine. The computer would tally the 
amount of cycles the tool encountered before it was replaced. 

Suppose, then, the tool numbers are maintained through the 
resharpening process and then input to the computer by the tool 
changer the next time he changes the tool. Obviously a complete 
history can be maintained on an individual tool, the amount of 
cycles obtained, how many times it has been resharpened, an 
amount of cycles obtained during each machine cycle of the tool. 
A history on a tool breakage can also be collected for analysis. 

TOTAL COMPUTER MANUFACTURING SYSTEM 

In the past individual systems were purchased for use by differ­
ent organizations within the same company. This resulted in 
redundancy, unlinked file structures, nonstandard documenta­
tion, impaired communication links, and often a waste of corpo­
rate resources. Recent computer developments have expanded 
the concept of total data and total data analysis, exposing the 
previously unappreciated usefulness of large amounts of highly­
detailed data. A piecemeal approach is no longer valid; "control" 
embraces the whole operation of a business. Accordingly, a truly 
integrated control system must be planned that reaches all levels 
of the management hierarchy. A plant wide computer controi, 
monitoring, and data-handling system offers centralized schedul­
ing; control of product flow and production flow; a tool mainte­
nance program; machine control; system monitoring and control; 
diagnostic reporting; and data concentration. 
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THE INFORMATION CENTER COMPUTER 

The Information Center Computer is a general purpose, dedi­
cated timeshared computer that includes a central processor, a 
memory, and a variety of peripheral equipment. The central 
processor governs all peripheral in-out equipment, sequences the 
program, and performs all arithmetic, logical and data handling 
operations. The processor is connected to one or more memory 
units by a memory bus and to the peripheral equipment by an 
in-out bus. 

The functions achieved by this computer are: 

1. Scheduling: 

One function of any system is to aid management in deter­
mining what sequence work should follow. Any number of 
occurrences can--·-affeci ·-ciiirent·work··scheaures~- Effective 
scheduling can be achieved if managers receive current data 
on the use of materials, machines, and labor. This type of 
system would aid management in the decision process, result­
ing in improved forecasting and material procurement. Ad­
vantages would be less inventory, less backlog, increased 
efficiency, and naturally a higher return on investments. 

2. Product Flow Control: 

Inventory control, warehousing, material handling, prod­
uct assembly, and shipping are important factors in any man­
ufacturing process. They represent a significant contribution 
or detriment to both the company's profit and costs. 

3. Production Flow Control: 

Tighter control of production is possible then the com­
pany's desired outputs and constraints are expressed in a total 
system approach. Remember that production control is also 
quality control. When a total production control system is 
operating within the company's established standards, the 
percentage of bad parts will be reduced because defective 
material and faulty machines can be identified almost imme­
diately. 

Product liability is becoming a more important aspect of 
the manufacturing process. The two basic legal theories re­
garding liability for defective products are those of negligence 
and breach of warranty. The manufacturer can be liable for 
both the expressed and implied warranty. A greater sociai 
consciousness on the part of our society and the Federal 
Government's growing interest in consumer protection em­
phasizes the need for centralization and total recall of pro­
duction data. A complete record can be kept on each product 
as it flows through the plant, including all processing with 
such entries as date, time, weight, etc. From this it is possible 
to reconstruct a full history of the conditions under which 
each item was processed. This could be used for quality analy­
sis and process study. If parts were subject to recall, these 
records would simplify the tracing and permit effective mea­
sures to be incorporated into the processing of future parts. 
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4. Parts Records: 

It is possible to develop a complete history on a part 
throughout its life in the manufacturing system, and save this 
history on tape or disk files for various kinds of retrospective 
study. Three projects involving parts history accumulation 
are presently underway at Entrekin Computers. One, which 
exemplifies the idea, breaks down like this: As raw parts enter 
the plant they are assigned a lot number. These lot numbers 
are entered into a computer system on a first-in, first-out 
basis. These lot numbers are tracked throughout the entire 
plant and condensed into final, serial-numbered units of 
shipped commodities. In one instance, the numbered com­
modity has 118 part lots associated with it. Each lot contains 
the following history: 

• Which machines process the lot 
• The amount of rejected parts per lot 
• The average gaging tolerance 
• The amount of repaired parts classified into what was 

repaired 
• The quality control backup 
• The average total machine efficiency during the process­

ing of the lot (with relationship to the calendar base for 
processing) 

If at a future time the customer experiences a product 
breakdown, the serial number of the assembled product can 
be used in tracing the faulty part back to its respective casting 
lot number. This means that a part call-back of finished 
assemblies can be limited to the specific lot of castings which 
has included the fatigued part. This makes for a much better 
supplier-customer relationship and simplifies deficient part 
callback. In some cases it will be an economical answer to 
complying with new Federal safety regulations. 

5. Production Control: 

The computer, again due to the broad data base it accumu­
lates, can be advantageously applied to a plant production 
control work. It can evaluate one machine against another, 
give a better picture of the interrelationship between several 
machines, and pinpoint areas for system improvement. It can 
analyze the inventory requirement of raw materials and de­
tennine the amount of process inventory needed for each 
grouping of machines. 

One analytical assistance it can provide - one particularly 
popular with production control people - is the separation of 
machine efficiency from part-handling efficiency, for a better 
evaluation of the process line. 

For example, one system we developed, in analyzing ma­
chine efficiency, considers only the time it takes to process a 
part from the moment it enters the load station until the part 
is deposited at the unload station. Time used in loading is 
considered separately; thus a report will show the exact 
amount of time lost by machine due to no parts on the load, 
or parts that remain on the unload list. 

Our corporation has been amazed by the types of data that 
production control has requested from our system data base 
for use in improving their overall production engineering. 
What we consider a relatively insignificant piece of data often 
proves to be key information when used by the production 
engineer, thinking in terms of his total systems configuration. 
We've seen a line speeded up significantly just because such 
data pinpointed a small system malfunction. 

This is exemplified by an automatic system for feeding 
parts to a transfer line on a random basis. It was set up to scan 
the parts coming into the system on a time basis. As soon as 
the computer detects the time base of the incoming parts 
spreading out, it notifies the production foreman. He immedi­
ately takes steps to get the feeder machines back up to pro­
duction capacity before the transfer line begins to starve for 
parts. 

INTEGRATED SYSTEM 

Logically it would be wise to blend all of the plant manufactur­
ing systems into one integrated system. This system, employing 
one large realtime computer, would control a number of dedi­
cated computer systems. Essentially this would be a computer­
directed supervisory control system. 

Each dedicated computer system would be a system capable of 
running independent of the master information center. These 
may be satellites with direct control of the machines, and/or data 
concentrators. 

DATA CONCENTRATORS 

The satellite system is designed for a control and monitoring 
mode of operation. In a Data Concentrator System this is not 
necessarily the case. A Data Concentrator approach differs from 
that of a satellite system. The Data Concentrator utilizes two 
modes of operation during the monitoring of a system. For dis­
cussion here we will call them MODE-1 and MODE-2. 

MODE-J - is a high-priority operation where the program 
monitors certain vital inputs at all times. These inputs will 
indicate completion of a machine cycle, production of a part, 
emergency stop, and machine down. With this mode of 
operation a constant monitor is kept on all inputs which 
produce vital data. 

MODE-2 - is the sequence monitor mode. In this mode of 
operation the computer actually monitors the entire sequen­
tial operation of an entire machine. The reason is to detect 
and collect data which is not available in the first or second 
mode of operation. In this third mode the computer collects 
all the information of MODE-I, detects machine parame­
ters, and times every motion of the machine to detect over­
time conditions. The computer then interpolates this data 
and passes it in a meaningful form back to the data collection 
center. 



METHOD OF COLLECTING INFORMATION 

The Information Center is a total timesharing system. Each 
Data Concentrator passes information back to the Information 
Center during intervals determined by the Information Center. 

The collection of information is under program control of the 
Information Center. This allows the Information Center to bid 
for information and to determine when a particular machine 
should enter into the MODE-2 operation. The Data Concentra­
tor will actually maintain the control sequence program, but the 
Information Center will initiate the program to maintain a 
"bench-mark" for data collection and assembly. 

In the MODE-l operation there are a limited number of inputs 
which provide the vital information required for system status 
and conditions of operation. These inputs will enable the Data 
Coocen-tI:atm:---t-G----det~-iLthe -machine--is-~--1he parts pro~ 
duced, the cycle time, machine efficiency, and cycles of opera­
tion. If the machine is down, the Data Concentrator will enter 
into the MODE-2 operation, check all inputs from the machine 
and identify the actual cause of the problem. 

INTERCONNECTION 

The Data Concentrators are located out in the plant, inter­
locked by data link to the In~rmation Center. This system is 
modular in design and can be field-expandable to add control 
function or material handling facilities at a later date. If an 
individual Data Concentrator becomes completely filled, others 
can be easily added and integrated into the overall system. The 
Data Concentrators run completely unattended, whereas the In­
formation Center, located in a central control room, would have 
an operator to route the diagnostic data and monitor the overall 
system. 

The Data Concentrator has two modes of operation: critical 
and noncritical. Critical inputs are monitored continuously. 
Noncritical inputs are monitored periodically and when there is 
a malfunction in the system. Critical are such operations as part­
counting inputs and back limit switch monitoring. 

Each Data Concentrator timeshares its operation among the 
machines it monitors. The Information Center monitors a com­
plete machine cycle in its turn. For example, if the computer is 
monitoring ten (10) machines and each have a 10-second cycle, 
the Information Center will monitor each machine once every 
one hundred (100) seconds. However, during normal operation 
and part counting, other critical inputs are still being monitored. 

If a machine goes down, immediate service is rendered to that 
machine. The computer will examine its final state and determine 
the malfunction. The computer will print out a standard diagnos­
tic as to the cause of the problem. The computer will detect all 
inputs for "released" or "not released" conditions. Overtime con­
ditions and grounds are checked periodically. These will be im­
plemented into the total figures in order to present compatibie 
statistics in the Summary Reports. 

The Information Center computer enables data collection on 
a timesharing basis and therefore more valuable use of computer 
time. 
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TREND MONITORING 

The system has capability to detect apparent operation trends, 
either deterioration or improvement. This is done at the end of 
the week through a special report, an analysis of the daily logs. 
For example, daily failure of a limit switch will indicate a trend 
toward total breakdown. Othei trends could be a daily inCiease 
in downtime, or an increase in overtime conditions and their 
duration, or the improvement of each of these conditions. 

These programs can be run on demand at any time. This 
provides management with a more effective tool in implementing 
fast reactions to trouble situations and preventing them. 

Trend programs also aid in evaluating corrective action to be 
taken, by-reporting on improvement or lack thereof, and in pro­
viding figures for cost analysis and determining whether the 
correcti ve-action-\vaslnaeed-prOfiiaDre~ 

SYSTEM RESPONSIBILITY 

Management should expect to obtain expert assistance from 
the supplier in selecting the hardware for the system. The user 
must have trained personnel to handle the system, but part of the 
maintenance responsibility should be in the hands of the system 
supplier. The scope and quality of the services provided in the 
package paid for by the user are obviously important. They 
should include system engineering, system maintenance, docu­
mentation, application assistance, and educational services. 

SYSTEM DOLLAR RETURN 

From early studies and past experience, computer systems 
have a 24 to 48-month payoff. A conservative 36-month payoff 
from date of start-up could be selected. A dollar value can be 
placed on the increased reliability of the system and the ease of 
repair - a direct reflection on downtime and loss of production. 
Complexity, changeability, and systems backup can have values 
affixed after actual evaluation. There is no real rule of thumb. 
Many aspects must be considered; complexity, plant physical 
layout, variance in equipment, cost, and system balance. 

You cannot arbitrarily put a computer on each station or each 
transfer line or for each plant. In the machine tool industry, 
machines originally worked as small, single-purpose, single-head 
machines. This progressed into more complex machines and 
transfer lines. Ultimately entire plant production was done on 
one large transfer machine. This is not practical, nor is it practi­
cal to use a large number of single-purpose, single-tool machine. 
The answer lies somewhere in between. 

The question of what equipment to use is hard to answer with 
a simple set of guidelines or a meaningful formula. The total 
system can be justified by increased production, improved qual­
ity, scrap reduction, improved manageriai control, or higher 
overall efficiency developed in the total process. Ability to log 
production records may reduce warranty expenses. Actually, 
these should be expected when a total plantwide computer con­
trol and monitoring system is employed. 
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CAM - TODAY AND TOMORROW 
by JAMES S. LAMB 

IBM Corporation 
White Plains. NY 

INTRODUCTION ' 

Two of my associates published a brief paper] highlighting 
significant Production Automation literature. It covered more 
technology than American industry has implemented. More has 
been written on Computer-Aided Manufacturing (CAM) than 
anyone can read, and the field is still largely unstructured. 

Therefore this paper is undertaken humbly, less to contribute 
more literature than to encourage successful management direc­
tion of early CAM projects. It is addressed to the industrial 
executive more than to the data processing professional - but the 
latter must play the key support role for CAM success. 

There is a subtle but recognized growing need for a new type 
of professional engineer, as a "Computer-Aided Manufacturing 
Systems Engineer". When these people grow in experience and 
stature, and college curricula evolve to enhance the discipline, 
manufacturing industries will be able to make quantum jumps in 
productivity. quality, and job satisfaction. 

This paper defines the sector of the manufacturing company 
involving CAM, and the environment in that sector. It then looks 
at data processing functions of today which could be applied to 
production realities, and proposes four steps an executive can 
take to establish (under control) a CAM action plan today, rather 
than waiting for tomorrow. 
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DEFINING THE CAM-RELATED SECTOR 
OF A MANUFACTURING COMPANY 

Figure 1 describes four major sectors as: 

• General Management and Administrative (including Mar­
keting, Personnel, Finance: and Data Processing functions); 

• Development Engineering (where product requirements are 
converted to producible specifications for production and/or 
suppliers); 

• Production Planning (often called production control) where 
master production schedules and sales forecasts are con­
verted to net requirements against on-hand and on-order in­
ventories, and the necessary new orders are placed on plants 
or suppliers and tracked to completion; and 

• Production Engineering and Production Operations - the 
CAM sector - where manufacturing, industrial, quality and 
facilities engineering functions continually attempt to help 
the production operations staff operate the plant as a op­
timum macro system to comply with the plant manager's key 
measurements. These include logistical and cost targets, a 
"good place to work", federal and state regulations, market 
demands for quality, and service at a competitve price. 

The CAM sector can also be defined further from an information 
flow perspective as shown in Figure 2. 

The Accept function, for example, can happen with an "in­
basket" and "quill pen" system, or can be largely digitized, as in 
the case of some leading edge systems such as CADAM,2 where 
engineering drawings are given to production engineers in the 
form of magnetic media. 

So it can be with each function in Figure 2. The translation of 
accepted data into production language and the Generation of 
"instructions" to operate processes, for example, can be entirely 
manual (as they often are today in "routing files"), or done with 
considerable computer help and provided as digitized input from 
successful Design Automation approaches. 3 

Communication to the operational work station on the shop 
floor can be by traditional internal company mail (envelope) or 
"electronic mail" (teleprocessing). Operation ofa process can be 
fully manual, where the operator reads or has previously learned 
the operation to be performed, but we're all aware of increasing 
mechanization over the past 10 years where, e.g., transfer lines 
and automatic welders require only occasional manual interven­
tion for set-up and maintenance. And now we see small punched-
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tape-driven computers or controllers doing more and more 
control of tedious, hazardous, or high-precision operations. 

Today, of course, most of these tapes do not get to the mini­
computer or controller by electronic mail, but rather by "en­
velope" or traditional methods. In fact, these early forms of 
digitized instructions are often stored in a traditional tool crib 
drawer rather than in an information handling machine, and the 
source code documentation, in annotated penmanship, is usually 
stored in another traditional file cabinet in the production engi­
neering office. 

The high cost associated with this type of data management 
has not yet been measured by industry, and in fact is so much "a 
way of doing business" that one would be hard pressed to justify 
converting many of these data sets to computer file management 
today, because he would find it hard to quantify the traditionai 
costs displaced. 

The Monitor and Analyze functions have been addressed in 
closed-loop control of operations for several years, but until now 
they have not been implemented very often with human decision­
makers in the loop. The batch mode today is what most industrial 
data processing centers are planning for, but are not yet ready to 
meet, the quasi-reai time decisionmaking needs of knowiedge 
workers (managers, expeditors, etc.) inside the CAM sector. In 
fact, most DP centers are still batch and volume output oriented 
to primarily service decisionmakers in other sectors such as cost 
accounting, and production and inventory control. 
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The Decide function in the CAM sector is an "online" func­
tion, and people in the sector have devised ingenious nonauto­
mated systems to get at approximate facts quickly when critical 
decisions must be made. These ingenious systems are, of course, 
imperfect (e.g., red cards for hot jobs, yellow sheets for shortage 
lists each morning, and key points in the work flow to manually 
count and inspect throughput), but in 1973 they are all we have 
in many industrial plants where new high-performance tooling is 
commonplace (or sought within budget limits). 

IN-PLANT PROBLEMS 
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• MEET COST/DELIVERY 
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• SAFETY, POLLUTION, SECURITY 

• LABOR SKILLS DECREASING 

• LACK AUTOMATION APPROACH 

Figure 3 In-Plant Problems 

ENVIRONMENT 

Figure 3 identifies five older traditional problems and five 
problems with new meaning in the 70's which confront CAM 
sector management. We'll discuss the five newer problems. First, 
the examples of quality demands in the auto industry are widely 
known, and yield problems in semiconductor production demand 
vastly increased process and handling control. 

Second, productivity is gradually being understood in the 
U.S.A. to be more than cheering on our machinists and assembly 
workers to achieve greater output; we know it somehow relates 
to the leverage a professional craftsman (or unskilled but willing 
worker) can gain through his efficient but meaningful interaction 
with increased capital tooling (e.g., crane operator). Output per 
man-hour is the classical economist's definition of productivity, 
but we have a long way to go in developing better measurement 
tools than that. If, for example, a tool operates with no direct 
man-hours and yields 4000 pieces yearly, is it a drag on year-to­
year national productivity goals of over 3% increase? So the 
economist's measure may work at the plant or national level, but 
not always at the "work station" level. Lacking these measure­
ments (even though some fine work has been done by MAPI4 and 
others), neither the worker nor ihe iooiing engineer is sure how 
to justify a case for increased capital outlays to tool up for large 
productivity gains. 

The worker isn't sure he will be better off when retrained for 
his new job, and the engineer can't prove (he can "predict" to 
justify) his tooling will yield the expected benefits until he actu­
ally tools up, retrains the worker, and operates for a year or so. 

Third, safety and environmental legislation and energy costs, 
plus industrial security, provide a suite of problems which are 
consuming increasing professional staff time and capital budgets. 
They're topical enough to assume the reader's awareness without 
more discussion. 
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While the three previous problems are working against CAM 
sector people, a fourth problem arises: those who comprise much 
of the work force are changing in skill mix. Most will agree that 
today's 18-30-year-old group is more populous, articulate, liter­
ate, and outspoken than at any time in our history. They also, 
however, are not enrolling as apprentice machinists, etc., as their 
grandfather may have done. The labor force is growing, but the 
old skills must be built into the equipment more and more. 

One might conclude that a full-scale automation effort would 
be a logical plant strategy to address the four preceding problems. 
Apparently many firms plan to do this, 5 but it brings on a fifth 
problem. Most firms are reticent about large automation efforts 
because of uncertainty that real results match expected benefits. 
This lack of widespread computer-based automation experience 
is somewhat like the shortage of traditional computer systems 
people a decade ago. 

The horns of the dilemma are either too fast an automation 
approach with poor results, or too slow a move to use today's 
available technology to solve key problems while competitors do. 
The basic need for professional CAM skills underlies this 
dilemma; as we begin to understand this need and fill it, we'll 
bridge the horns - the central theme of the rest of this paper. 

DA T A PROCESSING FUNCTIONS IN THE CAM SECTOR 

Figure 4 shows a three-part logical systems framework for a 
CAM system. It suggests a "host" or sharing role ror functions 
such as filing and access services (consider the digital data stored 
in the tool cribs on punched tape and the related hand-noted 
source code "upstairs"). It identifies the relationship of "com­
puter terminal" functions for knowledge workers like quality 
engineers. It addresses data processing functions on the "plant 
floor" where minicomputers, controllers, transmission cables, 
sensors, consoles and data entry devices are employed. 
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Figure 5 shows an example of a typical (and topical) applica­
tion, Direct Numerical Control, in this logical systems frame­
work. Any application of data processing to the CAM sector 
should provide for necessary functions in each of the three areas. 

HOST SYSTEM FUNCTIONS 

• NC COMPILE CL FILE 

• POST PROCESS 
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Figure 5. Exampk of !,;C/ONC Appli~ati()n Functions Within Log:i~al Sysl<:m 

Framework 

Consider the complexity of planning a plantwide system using 
the matrix in Figure 6. Six application zones interact with each 
other across the three logical systems areas. Further, one must 
address the functional requirements in the information flow dis­
cussed in Figure 2. There is no clear way to achieve the potential 
benefits across a plant without a strong central CAM plan 
managed by professionals. 

SIX APPLICATION ZONES 

1. PLANT COMMUNICATIONS 
e.g. LOGISTICAL STATUS 

2. MACHINE MONITOR 
e.g. STAMPING LINES 

3. MACHINE CONTROL 
e.g. INJECTION MOLDERS 

4. MECHANICAL TEST 
e.g. COMBUSTION ENGINES 

5. ELEC/ELECTRONIC TEST 
e.g. RESISTORS, CARDS 

6. FACILITIES/POLLUTION 
MONITOR 
e.g. ELEC. POWER DEMAND 

TOTALS 

PLANT 
PROD'N HOST FLOOR 
ENGRG SYSTEM OPERATIONS TOTAL 

10-25% 

10·25% 

10·25% 

10-25% 

10·25% 

10·25% 

+- 40·60% ---+ 40·60% 100"10 

Figure 6. <\ rca' of Potential Fkndit in C.A. \1 



I prefer to call such a plan a "roadmap". It should directly 
attack key projected problems in the sector (year by year) while 
gradually building an orderly interactive data base. Figure 7 
shows a DP manager's view of such a roadmap (simplified) from 
the top down. A CAM systems engineer's view might show much 
more tooling detail from bottom-up perspective with little except 
functional emphasis on the inside of the System/370 Information 
Management System at the top. 
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Terminals 

APG, 
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Figure 7. Gel1aalized Example - Cl1~tomer Sy~telll Framework or "Roadlllap" 

Such a plan requires more functional CAM skill than even 
many above-average plants have inhouse today. Many are going 
to outside suppliers for help. It is doubtful that the full job in all 
plants can be done by outside contractors, and I am personally 
convinced that our real jumps in productivity, quality and job 
satisfaction will only come when inhouse teams are developed 
and experienced. 

This is the job for professional manufacturing engineers to step 
up to. They will have to learn enough computer skill and physical 
interface skill to augment their tooling and costing know-how. 
Hard as this is, it would be more costly to have computer profes­
sionals try to learn the tooling business in the short range. Nei­
ther one, however, will succeed without the other, because the 
expanding world of data processing technology will never be fully 
mastered by the automation engineer, \vhose o\vn gro\~/ing field 
will keep him busy enough. There will have to be interdiscipli­
nary CAM teams until the jobs are well understood, translated 
into university curricula, and sold to sophomores who will join 
the new branch of our technocracy in the 1980s and 90s. 
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CONCLUSION 

Four steps are recommended today to Production Sector Man­
agement to begin the long journey toward the large and comple­
mentary gains in productivity that CAM will provide: 

• Establish rapport between your production engineering man­
agement, data processing management, and your data pro­
cessing supplier. 

• Have statl' work done for your approval to provide a projected 
environment for your plant several years ahead. (IBM plants, 
for example, update annually a 2-year and 7-year plan, in­
cluding a projection of the environment to help focus on 
tommorow's problems today). Identify the prioritized top 
problems, and articulate planned courses of action to mini­
mize problem impacts. State some expected benefits and ac­
ceptable pay bac k s--and-ret-t:tms-.-frem---C-AM---effflr-t-s- -fa-b-asis--fef.. 
roadmap planning and project justification). 

II Establish a professional CAM team (maybe 2 to 3 people 
initially) under your top tooling manager. Don't call them a 
committee, but rather give them an operational mission. Get 
them started developing a roadmap, but don't expect them 
and the DP manager to have all the answers before 6 to 12 
months. In parallel, for experience, let them start one or two 
CAM projects which address some top priority problems; 
expect satisfactory results in 9 to 18 months and expect your 
data processing supplier to do his share to support your CAM 
te~m. Make sure they address software, interfacing, mainte­
nance and justification standards. 

• Manage! Assure yourself periodically that (1) the rapport is 
growing, (2) you translate promptly your changing priorities 
and expectations to your CAM team and "roadmap", (3) 
your CAM unit is on schedule and growing in the necessary 
professional skills and experience, and (4) your single "CAM 
roadmap" or plan can be implemented from the top down by 
your DP manager, and built from the bottom up by your 
M.E. manager. But be sure that each funded project moves 
along the "road map" so that "all your parts will fit together" 
to give you the leverage or synergy you expect. 
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CONTROLLING THE RESOURCES 
OF A N/C FABRICATION DEPARTMENT: 

THE GAP BETWEEN COMPUTER SYSTEMS AND REALITY 
by CLINT T. HAYS, JR. 

Douglas Aircraft Company 
Torrance, CA 

Being a Fabrication Manager otTers some peculiar opportuni­
ties to study the language of manufacturing. I contact shop super­
vision and workers on their level, and interface with executive 
management for interpretation. From short expressive sentences, 
dotted with 4-letter words, to eloquent nonreceptive dissertations 
on noncompliance to schedule, I live my life. Then, with Part 
Programmers who talk about APT, ASP, Arlem, Post Pro­
cessors, computer priorities, R.J.E. units, main frame failures, 
high level languages, etc. I become disorientated. Then, finally, 
the computer specialist, who can do anything, but who has not, 
within a given time, completed one item. Suddenly, computer 
people frighten me. 

In manufacturing we find some definite desires and goals that 
are translated into a specific terminology. A quality product, on 
schedule, below cost. are terms that basically explaih a fabrica­
tion managers job. 

The first item we can give up as a "trade ofr' is below cost. 
By the way, that is also the only item that we can give up in a 
fabrication oriented world, but not forever. The need for quality 
in aircraft should be obvious to all of us who flew to this meeting. 
Quality is then a constant item for control, but is a technical 
problem not necessarily people-oriented. 

To be "on schedule" is really where people like me spend most 
of their time. It is an unforgivable sin in aircraft to miss an 
assembly start date for a fabrication detail. The tools we use to 
be on schedule vary from notes on matchbook covers to compli­
cated computer printouts with voluminous information that is 
generally one week old. The matchbook cover notes are specific 
data on the hottest job in the factory, gathered by subordinate 
personnel, checked personally by a fabrication supervisor, then 
suspected as being 50% in error by the Fabrication Manager. If 
it's hot enough, the Manager will put "hands on" the job himself. 
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The computer data is generated by edge-punched fabrication 
orders or other automated systems and printed out on a batch 
basis on regular intervals. This interval can be one day or one 
week. In any event, most Fabrication Managers do not have 
real-time reporting of order location or job process. Most cer­
tainly they do not have an accurate exception to schedule alert 
through a computer system. So, Fabrication Managers spend 
most of their time with people-generated, handwritten exception 
to schedule reports requiring decisions for optional methods to 
guarantee schedule compliance. 

At the Torrance facility of McDonnell Douglas we have solved 
part of the problems in the Numerical Control section with a 
manual Numerical Control Management Center that utilizes the 
best configured computers in the world. These are Fabrication 
Foreman computers, model 1924. These computers can furnish 
--9ptioos,~-potential-p-roblems-amLsolutiOIl~nd---an 
undying desire to satisfy the user. They are easy to program, 
subject to very little maintenance, inexpensive, and generally easy 
to justify. Their main faults are nonrapid retrieval of data, the 
common cold, and the inability to communicate without using 
4-1etter words. 

Our system records, in near-real-time, the status of 70 N/C 
machine tools. Status here means operational status, up or down, 
machine hours negative to a schedule, machine hours ahead of 
schedule, individual job compliance to an operational machine 
schedule and to an end item completion schedule, and a queue 
of jobs preloaded or next in line for operational schedule. Also 
included are constraint items, priority items, and completion 
dates for elimination of constraints. 

Our communication links to the Management Control Center 
are 18 telephones, located on the shop floor, to one receiver at 
the Management Center, an Electrowriter connected with service 
organizations and a broadcast system to the machine shop floor. 
Very simple, effective, and adaptable to immediate change. 

We would like to automate this system. A computer (intelli­
gent, of course), placed in a position to alert personnel to an 
exception to schedule, to demand response to a constraint, to 
store historical data, and to tell me upon demand (in a sentence 
or paragraph) what my problems or options might be, would be 
ideal. 

I think that a computer might do this for me. However, the 
people who seem to control computers in this world always want 
the prerogative of saying what data I should receive, and when. 
Without knowledge of my basic responsibilities or goals, com­
puter people always have a system that would satisfy me - IF 
i would learn to read and respond to computer outputs. i am not 
a scientist, I am not a mathematician, I give orders in shop-level 
language. I understand the American language. I wish to receive 
data in a quickly understood medium so that translation to shop­
level instruction can be made. 

Most computer-oriented people do not understand the rigors 
of a firm schedule or my responsibilities. Generally, I do not 
understand or communicate well with computer people. 

To apply computer technology to a factory environment 
within the foreseeable future, I believe that computers will need 
to be shop programmable, and subject to the schedule compliance 
problems of to days and tomorrows nitty-gritty Fabrication Man­
agers. 

I believe in computers. They are the life line for my Numerical 
Control machines. They could be the answer to my sleepless 
nights. Let's put Computer Aided Manufacturing on a new pri­
ority for fabrication. Past Due, Forecast Shortage, Assembly Jig 
Down, Aircraft on Ground, and now for Computers, 

HELP! 

GLOSSARY OF MANUFACTURING TERMS 

Assembly Start Date: The date in a manufacturing process when 
all components must be in a stockroom ready for assembly. 

Constraint Item: A fabrication detail which cannot be com­
pleted on schedule because of a supporting function constraint. 

End Item Completion Schedule: The date when a fabrication 
department must complete a fabrication detail. 

EY(ception to Schedule: A fabrication detail process which is 
negative to a completion schedule. 

Fabrication Detail: A manufactured part fabricated to meet 
Engineering design specification. 

Fabrication Order: A set of specifications which detail the fabri­
cation process and tools to be used in manufacturing a fabrication 
detail. 

Operational Machine Schedule: A machine operation by ma­
chine operation schedule designed to meet an end item require­
ment. 

Priority Item: Those fabrication detail processes which have 
violated the end item completion dates and require identification 
for management action. An exception to schedule. 

Schedule Compliance: Not an exception to schedule. 
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METRICATION AND SYSTEMS DESIGN 
by JOSEPH L. POKORNEY 

Innovative Management Systems 
Northbrook, IL 

THE UNITED STATES METRIC TRANSITION 

In 1790 the United States first considered and rejected a deci­
mal measurement system. Thomas Jefferson presented a decimal 
system developed around a new "foot" based on a pendulum of 
such length that a swing from one end of its arc to the other and 
back would take two seconds. Subsequently, John Quincy Adams 
conducted an extensive study of the metric system and presented 
an eloquent discussion supporting its adoption in 1821. In 1866 
Congress legalized the use of the metric measurements on an 
optional basis. 

The U.S. signed the treaty of the Metre in 1889 even though 
we were not using the metric system. Four years later, by admin­
istrative order, the new International Metric Standards were de­
clared to be the nation's "Fundamental Standards", and the foot, 
pound, etc., were defined as precise percentages of the metre, 
kilogram, etc. Thus the U.S. became officially metric but not 
practically metric. Various legislative proposals were made in 
later years, but none could muster enough support to ensure 
passage. During this time most of the world's nations moved to 
accept the metric system, until at the present time the U.S. and 
a handful of small African and Asian nations represent a non met­
ric island in a metric world. 

The preceding events led Congress to pass the Metric Study 
Act in 1968 August, directing the Secretary of Commerce to 
arrange for a broad inquiry and evaluation of metrication in 
America. In his report to Congress on 1971 July 29 entitled, A 
Metric America - A Decision Whose Time Has Come, J the 
Secretary of Commerce recommended that: 

• The United States change to the International Metric System 
deliberately and carefully. 

• This be done through a coordinated national program. 
• The Congress assign the responsibility for guiding the 

change, and anticipating the kinds of special problems de­
scribed in the report, to a central coordinating body respon­
sive to all sectors of our society. 

• Within this guiding framework, detailed plans and timetables 
be worked out by these sectors themselves. 

• Early priority be given to educating every American school­
child and the public at large to think in metric terms. 

• Immediate steps be taken by Congress to foster U. S. partici­
pation in international standards activities. 

• In order to encourage efficiency and minimize the overall 
costs to society, the general rule should be that any change­
over costs should "lie where they fall". 

• The Congress, after deciding on a plan for the nation, should 
establish a target date ten years ahead, by which time the U.S. 
will have become predominantly, though not exclusively, 
metric. 

• There be a firm Government commitment to this goal. 

The administration introduced a resolution (H.J. Res. 1092) on 
1972 March 6, to the House of Representatives that would estab­
lish a 21-member National Metric Conversion Board to oversee 
the lO-year U.S. conversion program. On August 18 the Senate 
passed an earlier version of this Bill. 

While the passage of this legislation will do much to accelerate 
the U.S. transition, in practice many metric units are already in 
common use in the U.S. We have purchased 35 millimetre film, 
50 millimetre lenses, 100 millimetre cigarettes, and milligrams or 
millilitres of pharmaceuticals for years. Metric segments of the 
U.S. economy at present include pharmaceuticals, antifriction 
bearings, skis, photography, Olympic sports, NASA, and even 
automobile parts. 

THE ADVANTAGES OF SI (SYSTEM INTERNATIONAL) 

For the past 180 years the advantages and disadvantages of the 
metric measurement system have been bitterly debated in the 
United States. While many of the arguments against were based 
on emotional conservatism, there is no denial that conversion will 
cost the American public in both dollars and inconvenience. 
However, the cost of continuing to be a foot/pound island in the 
midst of a metric world is much greater. 



Virtually every major industrial country and every trading 
partner of the United States is using a common metric measure­
ment language. The current nonmetric islands in addition to the 
U.S. are: 

Barbados 
Burma 
Gambia 
Ghana 

Jamaica 
Liberia 
Muscat and Oman 
Nauru 

Sierra Leone 
Southern Yeman 
Tonga 
Trinidad 

The modernized metric system has many benefits, but they can 
generally be summarized into four major points: 

• SI is a unique measurement system in that each quantity has 
_ Qnh~_QD~_ unit as_~Q~l'!!~ci\\!ithHL~..:,J~J!gth : rpet~(!;_~c:t_~s -
kilogram; power - watt. This advantage is shown in Table I. 

• SI is an absolute system which is independent of gravity and 
can be easily replicated anyplace. Most of the base units are 
defined in terms of absolute physical phenomena. 

• SI is a coherent system; the product or quotient of two unit 
quantities produces a unit quantity. For example, a mass of 
1 kilogram accelerated a distance of 1 metre per second pro­
duces a force of 1 newton (1 newton = 1 kg - 1 m/s2). A 
coherent measurement system is not hampered by the many 
conversion factors intrinsic to the United States customary 
measurement system. 

• SI is a simplified system because of the decimal structure and 
coherence. The use of fractions is reduced considerably in 
performing common calculations. The steps required for 
most common calculations are simpler, quicker and less er­
ror-prone. 

Quantity 51 Unit US. Customary Units 

Length metre inch, foot, yard, rod, mile 
Mass kilogram ounce, pound, ton 
Temperature kelvin fahrenheit 
Force newton dyne, ounce, pound, poundal 
Energy joule foot pounds, British Thermal 

Units, calorie 
Power watt horsepower, tons (cooling) 
Pressure pascal pounds per square inch 

inches of H20 or mercury, bar 

Table I. Uniqueness of Metric Units 

METRICATION AND DATA PROCESSING 

Unfortunately, the National Bureau of Standards Metric Study 
totally overlooked the impact of metrication on data processing. 
While the major equipment manufacturers participated in the 
study, they chose to address only manufacturing problems while 
ignoring the systems and software implications. Thus the chal­
lenge of metrication goes unrecognized within the data process­
ing industry at the moment. However, as we examine the impact 
of metrication it will become obvious that if we consider ourselves 
data processing professionals, then the challenge must be met 
immediately. 
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The transition to the modern metric measurement system will 
impact data processing systems in the following areas: the defini­
tion of data field sizes, numeric precision or accuracy, conversion 
of historical data, and the logic of mathematical calculations. 

Data Field Sizes 

Each metric unit is intrinsically more or less precise than the 
cusiomary unit thai ii replaces. Thus centimetres are much more 
precise than inches, kilometres are more precise than miles, but 
metres are much less precise than feet, and kilograms are much 
less precise than pounds. This difference in accuracy dictates that 
metric units require more or less digits than do customary units 
to represent the same range of values. In an overly simple exam­
ple, to represent 0 to 99 miles requires only two digits, while the 
~q~~-~l~;t-~~~·ge(~-~~t-ric u-~itsr of 0- to-T59-I<11Omet-res requires·--

a data field of three digits. Only 62 miles, i.e., 99 kilometres, can 
be represented by two digits. Similarly, the representation of mass 
in kilograms will require fewer digits than pounds for various 
ranges of values. Thus 100 to 218 pounds requires three digits, 
while the metric equivalent of 45 to 99 kilograms uses only two. 
Obviously, as we begin to process metric measurement data, the 
selection of appropriate field sizes will become quite significant. 

Accuracy 

The inherent difference in precision also has a major impact on 
numeric accuracy. If using data in cubic inches (in3) accurate to 
one decimal place or.± 0.05 inches; the same one decimal place 
in cubic centimetres (cm3) would provide ± 0.05 cm, or ± 0.-
00305 inches, much more accurate than needed. However, if I am 
using data in pounds accurate to one decimal place .± 0.05 lb., 
then the equivalent one decimal place in metric kilograms pro­
vides accuracy to ± 0.05 kg or 0.110 lbs., which may not be 
adequate. The net effect of this difference in precision of each 
measurement system will be increased system sensitivity to field 
sizes, both to the right and left of the decimal point. 

Historical Data 

Systems that use measurement-sensitive data for forecasting, 
statistical analysis, or other analysis will be faced with a major 
discontinuity in data. It will be difficult to compare the last 5 
years' automobile performance data in gallons/mile with next 
year's data in litres/kilometre. Cost-accounting systems will sud­
denly generate unit costs per kilogram or cubic metre, while all 
the previous data is in cost per pound or cubic yard. 

Mathematical Calculations 

The typical calculations that any data processing system per­
form are affected by the inherent change in units and also by the 
elimination of many customary conversion factors. Because the 
SI system is coherent, most of the traditional conversion factors 
are no longer needed. For example, if we are solving the following 
ruel consumption problem, the customary and metric calcula­
tions would be quite different. 



M96 National Computer Conference, 1973 

Example A - Using Customary Units 

A generator supplies 300 KW at 84% efficiency. What 
horsepower is required to drive it? If its driving engine effi­
ciency is 30% and its fuel has a caloric value of 18,000 
BTU/pound, what is its fuel consumption in pounds/hour? 

Power to generator 

Horsepower required 

Power input at 30% 

Heat content of fuel 

Fuel consumption 

300 357 kW 
M 

357 x 103 
480 hp 

746 

480 1600 hp 
T 

1600 x 550 BTU/s 
778 

1600 x 550 lb/s 
778 x 18000 

1600 x 550 x 3600 lb/hr 
778 x 18000 

2271b/hr 

Conversion Factors Used 

1 hp 
1 BTU 
1 hour 

746 watts 
778 Ft-Ib 
3600 seconds 

550 Ft-Ib/s 

Example B - Using SI Units 

A generator supplies 300 KW at an 84% efficiency. What 
power is required to drive it? If its driving engine is 30% 
efficient and its fuel has a calorific value of 42 mega joules/­
kilogram, what is its fuel consumption in kilograms/hour? 

Power to generator 
(= Power required) 

Power input at 30% 

Heat content of fuel 

Fuel consumption 

300 
14' 

357 
.3 

357 kW 

1190 kW 

1190 kl/s (as 1 W = 1 l/s) 

1190 x 103 x 3600 
--==42"x 106 

102 kg/hr 

Due to SI coherency, only the 3600 s/hour constant was needed. 
Conversion to metric units will impact all systems that perform 
routine calculations using customary measurement units. Com­
puter-assisted design packages and other engineering/scientific 
data systems will be impacted most severely. 

THE METRIC IMPACT 

The degree of impact from metric conversion will vary depend­
ing upon the nature of the particular data processing system. 
Some systems will not be affected at all, or in such minor ways 
that they can readily accommodate the change. Other systems 
will have to be converted to accept and process both metric and 
customary data. It can be expected that some systems will be so 
difficult to convert that it will be more cost-effective to discard 
them and design replacements. 

The types of decisions facing data processing analysts can be 
shown by looking at a simple problem: 

An inventory system records data on gasoline consumption 
for various vehicles by processing transactions and main­
taining totals. Some of the data is as follows: 

Type Data Picture Range in Gallons 

Transactions 99V9 0- 99.9 + .05 
Monthly total 99999V o - 99,999 ± 50* 
Yearly total 999999V 0- 999,999 ± 500* 

To process this data in metric units, the effect of processing litres 
must be examined. 1 litre = 0.2642 gallons or, conversely, 1 
gallon = 3.785 litres. If the transactions are changed to record 
litres, the existing data fields limit the range of value as follows: 

Data Picture Range in Litres Range in Gallons 

99V9 0- 99.9 t .05 0- 26 ± .013 
99999V o - 99999 j: 50* o - 26,420 ± 13* 

999999V o - 999999 -t 50* o - 264,200 o± 13* 

In effect, the range of values that can be processed has been 
limited to approximately 114 of the previous range. To improve 
this situation, the transaction data picture could be changed by 
adding a digit or by using the three digits more effectively in this 
way: 

Alternative A 

Data Picture 

999V9 
999999V 

9999999V 

Alternative B 

Data Picture 

999 
999,999 

9,999,999 

Range in Litres Range in Gallons 

0- 999.9 ± .05 0 - 264 ± .013 
o - 999999 ± 50* 0 - 264.200 _± 13* 
o - 9,999,999 ± 500* 0 - 2,642,000 ± 130* 

Range in Litres Range in Gallons 

0- 999 ± .5 0- 264 ± .13 
o - 999999 ± 500* 0 - 264,200 ± 130* 
o - 9999999 ± 5000* 0 - 2,642,000 t 1300* 

* Accuracy is limited by input data accuracy. 



However, the decision of which method to use is a tradeoff 
availability of storage, actual range of the data, and the desired 
accuracy. The second alternative provides much less accuracy 
with no increase in digits, while the first alternative provides 
much improved and possibly unneeded accuracy at the cost of 
one more digit. This analysis must be performed for each mea­
surement-sensitive data item, although in the example the 
monthly and annual totals were modified by adding a digit for 
simplicity. 

Since the metric transition will progress in an orderly fashion 
over approximately 10 years, most systems will have to process 
both customary and metric units during the overlapping years. 
Typically, an inventory system or bill of materials processor 
would be required to handle both customary and metric-sized 
items. The result is a possible 10% to 30% increase in inventories 
gr materials processed by suc4~em~~ A _~J~i!~r ~~q!!ir~!!l~p.t 
for dual capabilities will exist in the generation of reports and in 
performing design calculations. 

Clearly, the United States metric transition presents a unique 
challenge to the data processing industry, in that it will impact 
the total industry, the impact will proceed in an orderly fashion, 
and we are aware of it. Thus we can and must act to meet it. The 
long lead time for systems conversion and redesign, combined 
with the rapid acceleration of the metric transition, dictate that 
the true data processing professional take action now to meet the 
metrication challenge. 

MEETING THE METRIC CHALLENGE 

To minimize the impact of metrication on an organization's 
data processing system, the data processing manager must lead 
the way to a structured solution. He obviously will have an uphill 
battle since many people are either not aware, not interested, or 
nonbelievers as far as metric conversion is concerned. While 
major countries have converted to the metric system recently 
(i.e., Great Britain and Japan), none have been so dependent 
upon computers as is the United States, and thus we have no 
reservoir of experience from which to draw. In analyzing the 
metric challenge, the following major tasks become evident. 

Metric A wareness Program 

The data processing manager should initiate a metric aware­
ness program at the top level of the organization. This program 
could include informal talks, seminars or workshops as appropri­
ate. Essentially, everyone must be made to understand the inevi­
tability of metrication and the degree to which it will or will not 
impact their operations. 

Impact Analysis 

An impact analysis of every data processing system application 
in operation or being designed should be conducted. This analysis 
should determine the degree to which the system's input, process­
ing or output is dependent upon measurement-sensitive data. The 
result of the impact analysis should be a classification of all 
systems 
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systems in terms of the degree of impact from metrication. In 
conducting this analysis the life cycle of each system must be 
considered, since the decision to convert or redesign a system 
should be based on the total costlbenefit of each system decision. 
The expected life of a particular system will have a significant 
effect on the costlbenefit analysis. 

Metric Conversion Plan 

Each data processing manager should develop a metric conver­
sion plan. The plan should show the time phasing of the metric 
capability for each system. Specific resources required for the 
change should be identified. All system users should be involved 
in developing this plan since they will bear the brunt of any 
metric transition problems. 

Metric Design Efforts 

All new systems being designed should reflect the results of the 
impact analysis study. All measurement-sensitive systems should 
be designed with dual capabilities, i.e., both customary units and 
metric units. The mathematical processing should be clearly sep­
arated from all logical operations to facilitate the eventual con­
version to metric units. Obviously, field sizes should be selected 
with eventual conversion to metric as a primary factor. 

THE METRIC OPPORTUNITY 

While the U. S. metric transition is a challenge, it is also an 
opportunity for the data processing industry to demonstrate its 
professionalism by acting to reduce the effect of an inevitable 
change. Hopefully we can stop debating the relative worth of new 
hardware or software technology, stop engaging in the self criti­
cism of the past few years, and have the foresight to anticipate 
a major change that will affect many of our users. If not, the EDP 
profession will again stand accused of not meeting the true needs 
of users. If each data processing manager would only analyze the 
impact of metrication on his organization, it would be possible 
at some future retrospective and historical meeting to point 
proudly at how easily we converted to processing centimetres 
instead of inches, litres instead of quarts, kilograms instead of 
pounds, and degrees kelvin instead of fahrenheit. 
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