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A USER CONTROLLED TEST DATA COMPUTING SYSTEM

A. J. FINK
Computing and Analysis
Boeing Aerospace Group

Seattle, Washington

Summary    Test data systems have not yet fully capitalized on the use of digital
computers for the handling of test and test related data. Advancements in computing
technology will make it possible to improve total efficiency of test information systems
by coupling data sources to data users through remote terminals connected directly to
large timesharing computing systems. The concepts which can be applied to effecting
this coupling are described.

Introduction    Data analysis can be defined as the process of extracting and deriving
performance information from data recorded during a test, data taken in support of a test,
and test article design data. For the past ten years, digital computers have played a
continuously increasing role in the data analysis processes. Today, virtually all test data
reduction and analysis systems rely heavily on digital computers. This paper outlines a
plan for capitalizing further on the power of computers in the reduction and analysis of
telemetry data by integrating the total data handling system on a third generation
computer.

The overriding objective of a test data computing system must be to give the data user
the tools he needs to perform his analysis at minimum cost and in minimum time.
Implicit in this single objective are the following sub-objectives.

• Minimizing the time between test conduct and completion of each data analysis
process.

• Minimizing the use of humans for repetitive routine clerical processes which can be
automated.

• Minimizing time required for the preparation of new data reduction and analysis
computer programs.

• Maximizing flexibility in the order and format of information displays. Limiting the
output of hard copy to that which is actually needed for permanent records.

• Simplifying the interfaces between the data analysts, the data analysis computing
system, and the test data and test support data sources.



The inadequacies of present computing systems have prevented us from fully realizing
these objectives. The use of computers in test data analysis has been limited by the long
lead time required to prepare new computer programs, the time required to assemble
control data for these programs, and by the geographic separation of the data sources, the
computer, and the computer user. Further limitations have been imposed by our failure to
use computers fully for the record-keeping functions associated with test data. Because
of these problems, we often lose sight of the fact that the data computing process actually
consists of a number of queries to the computing system, with human judgment and
manual, clerical, and arithmetic processes applied to the results of each query for the
preparation of the next query.

The various queries for the reduction and analysis of data from a typical missile test-
flight may take the form of the operation of fifteen or more separate but related computer
programs. Largely because of the manual processes required between using each
program, the elapsed time for the operation of all programs may be a week or more. This
is true despite the fact that total computer time used may be only a few hours.
Furthermore, because of the queuing problem associated with each access to the
computer, the data user often requests more data than he actually uses in order to ensure
that what he needs is contained in what he gets.

The advances in computing technology which are coincident with the development of
third generation computers will make it possible to revolutionize the test data computing
processes.

• Cheap, random access storage will make it economical to store in files in computer
memory all of the data related to a test. New file maintenance software will make it
easy to manipulate these files.

• Extremely high instruction speeds on time-sharing computing systems will make it
possible to operate several computer programs simultaneously.

• The development of conversational languages for computer users and the use of
remote terminals will make it possible to couple the man to the computer, directly.

These advances will provide us with the ability to develop test data computing systems
which closely couple the data users, the data sources, and the computer programs used to
process test data. The result of this coupling can be an integrated computing system
which encompasses the total test data handling problem. Future test data handling
systems will have the characteristics summarized below.



Characteristics of Future Test Data Computing Systems

• All data related to the test program will be assembled in mass storage files as it is
originated and control data for the data computing process as will be derived
automatically from these files.

• Data from the various tests being analyzed will be transferred to mass random access
storage where it will reside until all analyses are complete.

• Data analysis will take place at user consoles, with the user conversing with the
computing system; asking for volatile displays of raw or calculated variables;
passing judgments on the results; asking for further displays; and finally making
hard-copy of that data to be included in his final reports.

• Most requests for data analysis computations will be relatively short. The volume of
printed and plotted hard-copy will be small.

• Computer programmers will be out of the data analysis loop; their role will be to
prepare and maintain a system which makes the above characteristics possible.

Requirements of Future Test Data Computing Systems

Most of the requirements for a system with the above characteristics have been defined
by Boeing and many of them have been implemented on the Sperry Rand Univac 1108
computer on a pilot Test Data Analysis Computing system called TEDAC.

The current version of TEDAC is an experimental, but useful system. It is coded almost
entirely in FORTRAN IV, and consists of the following system programs:

• Input/Output program which retrieves data from data tapes, prepared in TEDAC
format, or writes TEDAC output on tapes, also in TEDAC format.

• Input/Output Handler which issues operator instructions for mounting and
dismounting tapes and opens and closes files for the Input/Output program.

• Print program which produces time-history lists of TEDAC output. Plot program
which uses a generalized plotting system to produce time-history plots of TEDAC
output.

• Program Generator which analyzes requests for data, stated in English, and generates
a FORTRAN program which, when compiled and executed, will process data as
directed by the request.

• Monitor which provides control between computer runs and between TEDAC and
TEDAC-related programs (such as raw data editing, the process of assessing data
quality and converting the data to TEDAC format).

The above system of programs is augmented by files which are manually prepared and
maintained on a computer tape. The files contain the support data and the computer
programs (procedures) which have been developed.



TEDAC concepts can be summarized as follows:

• Any variable which an engineer needs to compute and display can be defined in
terms of the source data (test data and constants and tables) and the arithmetic and
data handling operations that need to be performed on the source data in order to
display the data.

• The rules for defining variables can be simple, straight-forward, and easily learned,
variables can therefore be defined by people with a knowledge of the problem, as
opposed to those with knowledge of computers.

• Definitions of all variables, their input data, and the computer programs required to
compute the variables can reside in computer memory at processing time.

• The computer can be instructed to build and execute a computer program,
automatically, in response to a request for any variable which has been defined.

Figure 1, Test Data Analysis Tree, will help illustrate the above concepts. In the figure,
A, B, C, and D represent raw telemetry data converted to computer input format and
present on one or more data files; A’, B’, C’, and D’ represent the results of scaling and
calibrating these raw data values by applying a transfer function using a suitable
arithmetic process; and ", $, and ( represent variables which are the results of various
calculations on the scaled and calibrated variables.

In using TEDAC, each variable on the figure is defined in terms of the test data, the
arithmetic to be performed, and the constants and tables to be used. These definitions are
placed in computer files along with the arithmetic programs, the test data and the
required constants and tables. At processing time, the user can ask for any or all of the
variables which he has defined and the program generator builds a program to satisfy his
request. Notice that if the analyst is interested in y only, he asks for y only. Implicit in his
request for y is the requirement for computing, but not displaying, all of the other
variables shown on the tree.

In building a TEDAC program, the program generator looks up the definition of each
variable requested and each subordinate variable, much like searching the tree-like
structure of Figure I. The generator extracts and organizes the constants and tables, and
input/output, arithmetic, and display procedures required. It then computes storage for,
and controls to, the procedures, and builds a computer program tailored to the data
request. Requests are stated in English, and are in the following forms:

LIST A, B, C, (10., 20.); PLOT ALPHA, GAMMA, (5., 25.1);
SAVE A’, B’ C’ (3-1, 4.5, 7., 8.)

in which each pair of numbers in brackets are the initial and final test times of intervals
over which the data are to be processed.



Because each program is built from prefiled information, an important element of
TEDAC Is a file maintenance system. Though file maintenance is currently almost
entirely a manual operation it can be nearly completely automated on a time-sharing
computing system. The files provide storage for the following information.

• Constants and Tables (CONTAB File) which include instrumentation configurations,
instrumentation calibrations, and other constants and tables required in test data
reduction and analysis. Constants and tables may originate in many sources. When
TEDAC is fully implemented they may be stored in computer memory by the
originating organizations as they are originated.

• Procedures (PROC File) which include all of the software modules, called
procedures, which have been prepared for retrieving data from input files, storing
data on output files, listing or plotting data, and performing arithmetic. In a given
data reduction and analysis computer program the same procedure may be used many
times. New procedures are developed by computer programmers as new
requirements become known. The rules for preparing procedures are standardized
making them freely interchangeable. Standardization makes them easy to program,
once the standards are learned. Each procedure can be checked out independent of
the rest of TEDAC.

• Procedure Descriptions (PRODES File) which include two forms of procedure
descriptions: one, for the data analyst, which describes, in narrative or arithmetic
formula form, each of the computation procedures which have been prepared for the
analysts use; a second, for program generator use, which describes how to compute
and assign internal storage for each procedure required to satisfy an analysts request.
When a programmer prepares a procedure he also prepares the procedure
descriptions.

• Variable Definitions (VARDEF File) which include all of the information required
for retrieving, computing, displaying, or filing for future reference, each of the
variables, whether raw or computed, which has been defined as a requirement for the
analysis of data to be collected during the test. Variable definitions are currently
being prepared by programmers. Eventually we expect them to be prepared by the
data analysts. The form and content of variable definitions are similar to that of the
instrumentation configuration reports,Figure 1; variable definitions will be described
more fully later.

• Active files (ACTFIL File) which contain the identification and description of all of
the test data files which are currently required for the tests being analyzed. Active
files are currently updated manually just before process time. Eventually, the
ACTFIL file will be maintained automatically as files are created by the various data
sources.

In order to illustrate how TEDAC files can be developed and applied to an actual test
program, let us examine in detail the more significant contents of these files for a purely



hypothetical test case. For this sample case, only four measurements are required: an
outside air temperature, a cabin temperature, an outside air pressure, and a cabin air
pressure. In addition, there are a high and a low reference channel and a time channel.
The measurements are recorded on an 8 bit PCM system with both a basic and a
subcommutator.

For this instrumentation system, instrumentation engineering has published a report
similar to the one shown in Figure 2. The major difference between this figure and a
typical instrumentation configuration report is in the number of measurements rather
than in the form or content. Each measurement has been assigned a name, description,
range, units, accuracy, transducer, and basic or subcommutator channel. One can see that
the information in this table is essential to the computer processing of test data. For
example: from the basic and subcommutator channel assignments, one can derive the
order in which the measurements would occur on the input tape; from the transducer
number, one can determine which calibration tables to apply to each measurement; from
the range and accuracy specified, one can determine appropriate annotation and scaling
for displaying results.

To use TEDAC for processing data from this sample instrumentation system one has on
file the procedure descriptions and the procedures for retrieving data from the input tape,
saving data on an output tape, listing and plotting data, and scaling and calibrating and
performing other standard arithmetic calculations. The CONTAB file contains the
transducer calibrations and any other constants and tables which are expected to be
required, and the ACTFIL names and describes the input file. In addition, variable
definitions have been prepared for at least the input variables and the results of scaling
and calibrating them.

Figure 3 illustrates the form of the CONTAB and the VARDEF files with which the
analyst in this case is most concerned. Notice that the transducer calibrations in the
CONTAB file can be easily related to the transducer number listed on the
instrumentation configuration report; and that the variable definitions in the VARDEF
file have information similar to that contained in or implied by that same report. To
illustrate. for input variables, TYP (integer or floating point); BITS (number of binary
digits per data word); RES(resolution); UNT (units); and FIL (file on which found) are
normally all the same for a given test and a given instrumentation system. The SPF
(samples per frame), the single item not implied by the instrumentation system, can be
derived f rom the sampling rate.

For scaled and calibrated variables, the Range (RAN) and Units (UNT) are identical to
those listed on the configuration report, and Resolution (RES) can be derived from range
and accuracy. However, for these and other computed variables, we do not specify a file
on which found (unless they are in fact, on a file). Instead we tell how to compute them.



This is the reason for the statement which begins with “CAL” in each variable definition
for computed variables. The sense of the statement, CAL/IF (A-OAT) SCALEC (TIME,
OUTSIDE-TEMP, A-OAT, REF-LOW, REF-HIGH, XDCR-1 (2.4)) is this: compute
outside temperature when the raw data variable, A-OAT, changes its value; use the
arithmetic procedure called SCALEC, found in the procedures file; inputs to the
procedure are TIME, A-OAT, the HIGH and LOW references, and calibrations for
XDCR-1; call the result OUTSIDE-TEMP and disregard it unless it differs from the last
value calculated by at least 2.4 degrees (2 percent of the range specified on the
configuration report, Figure 1.)

Now let us suppose that the analyst for this test decides that he wants to compute not
only the results of scaling and calibrating, but also the difference between outside
temperature and cabin temperature. Since the files already contain procedures for the
common arithmetic processes, they will probably contain one which will satisfy the
requirement. The analyst examines the files and finds a procedure called SBTRCT which
will do the job. He can now define a new variable, called DIFF-TEMP as follows: DIFF-
TEMP, RAN/(-45., 85.), RES/.1, UNT/DEG-F, CAL/IF(OUTSIDE-TEMP)
SBTRCT(TIME, DIFF-TEMP, CABIN-TEMP, OUTSIDE-TEMP, (2.6)). When he
updates the VARDEF file with this variable definition he will have the ability to request
and have computed this newly defined variable.

I have just illustrated how three levels of variables, raw, scaled and calibrated, and
performing arithmetic on the results of scaling and calibrating, are defined for TEDAC;
each variable in terms of either an input file, or in terms of other variables, constants and
tables, and arithmetic procedures. It is obvious that for large test programs with complex
instrumentation systems the f1les would be much more complicated. The calculations are
normally more complex, there are more levels of calculations, and there are many more
calculations at each level. However, the structure of the system remains the same, and we
have found the techniques just described to be practical even though not yet fully
automated.

The ability to provide complete flexibility in the order and format of displays, to use the
same arithmetic procedures for many functions, and to give almost immediate response
to new analysis requirements have proven extremely valuable. Our studies and
experience indicate that using TEDAC in its present stage of development can reduce
programming costs by a factor of as much as 10 to 1, can shorten time between test
conduct and completion of the analysis process from weeks to days and most important,
can give the data analyst more nearly exactly what he needs to perform his analysis.



Proposal for a User Controlled System

One way in which a system which meets the previously stated objectives for test data
computing can be developed is to adapt the TEDAC principles which I have just
described to third generation computers, supplementing these principles with the file
maintenance techniques which are being applied to management information systems.
The remainder of this paper proposes such a system.

In the proposed system, a master file forms the data base for all support data, all
programs, all processed data retained, and all data in process. The originating
organization is the controller of all data in the master file data base originating in that
organization; no other organization can alter portions of the data base for which another
organization was responsible. An organization using data, which it does not originate, is
required to transfer data from the base file before he alters it; base file remains unaltered.
Changes to data base generate a log of transactions and affected organizations are
notified of the changes, automatically. All data sources certify periodically that source
data shared with other organizations are up to date. Certification notification is
transmitted to affected organizations automatically.

The system provides for data storage and file ordering. A user need not know where data
he accesses are stored. Each user has the ability to create a report in any desired format
from any data file In the data base.

Data is assembled in the data base as it becomes available so that the system is
completely “educated” at processing time. Data analysts, using a TEDAC-like language,
perform their analyses on-line to the computer. Data analysts have the ability to save data
in any form, raw, intermediate, or final, and have options of volatile, micro-film, or 8 1/2
X 11 or strip chart hard-copy. Analysts are also able to define new variables to be
computed, to generate new programs, and to modify old programs. The computing
system leaves a trail of all data analysis calculations, and all program modifications. This
trail is prepared by the software system automatically.

Implementing the system requires the cooperation of all organizations which are either
sources or users of test or test related data. Each organization has access to the portions
of the data base which it requires through a remote terminal connected to a large central
computer. Terminals are equipped with all or some subset of the following: volatile
display cathode ray tubes, with hard-copy cameras, light pens, and function keys; line
printers; high speed plotters, card reader/punches; paper tape reader/punches; magnetic
tape units; and data acquisition and conversion equipment. Each terminal is designed to
meet the needs of the using organization. The high-speed and time-sharing feature of the
computer makes it appear to each terminal as if it were in complete control of the
computer processing.



A single organization such as system engineering serves as a focal point for coordinating
the implementation of the proposed computing system. In this capacity they provide
liaison service between the various test data organizations, assuring that the requirements
of each organization are satisfied, that the various parts of the system are compatible
with one another, and that implementation schedules are met. In addition, the focal point
organization is responsible for initiating and maintaining the master measurements list as
described below.

Very early in the development of a product, requirements for a test program become
evident; and, as each new test requirement becomes known, the requi rements for the
sum-total of all measurements to be made in the test program become available. Through
negotiation and arbitration between system engineering, and test engineering,
instrumentation, and other engineering organizations, an alpha-numeric naming system
for the test measurements is agreed to and a master measurements list begins to take
form. These lists are usually very similar to the instrumentation configuration report
shown in Figure 2, except that they include all measurements for all tests and are
prepared before transducer and channel assignments are made. In present data systems,
the master measurements lists are often kept on IBM cards. In the proposed computing
system they are kept in the data base where they are available to other organizations and
can be updated as the need arises through the use of remote consoles.

The planning and scheduling each test goes on concurrently with the development of the
master measurements list. In the proposed system one of the uses which test planners
make of the remote console is the maintenance of the instrumentation requirements list
for each test. These lists are a subset of, and can be derived from, the master
measurements lists as the objectives of each test become known. Their derivation is
effected by extracting data from the master measurements list residing in the data base.

Test planners would also find other uses for the computer such as maintaining test
scheduling and test status reports.

In the proposed system the design, installation, and checkout of an instrumentation
system which meets the requirements of the test program and also served by the central
computer. The master measurements list and instrumentation requirements lists for each
test contain the basic requirements for all of the instrumentation engineer’s design and
installation tasks. Use of remote consoles makes the up-to-date information about
instrumentation design and installation requirements, kept in the data base, available to
instrumentation engineers at all times.

Other instrumentation functions which are served by the computer are the rapid
assessment of the quality of transducer calibrations, the computation of final transfer
function curves, and the updating of the constants and tables file with this information.



The maintenance of transducer and other instrumentation component inventories, and the
derivation of final instrumentation configuration reports for each system instrumented is
also possible. As previously noted, these final instrumentation configuration reports and
the associated instrumentation calibration data are essential to the test data computing
processes. They are used by data analysts in making variable definitions for the
VARDEF file.

The primary purpose of the test data system is to provide information for test data
analysts. These analysts embrace virtually all technical disciplines required in product
development, including: structures, propulsion, flight, biomedical, etc. Each technical
discipline is interested in some subset of the total number of measurements taken during
a test. Traditionally each specifies one or more computer programs to satisfy its unique
requirements for analysis data. These programs are often designed independently of the
total system. It is not unusual to see computer output manually transcribed to keypunch
forms, keypunched, and then submitted to the computer for operation of one of these
analysis programs. In the proposed system these manual transcriptions are unnecessary,
since it is possible for each of these groups to build its own programs almost
automatically.

Each technical discipline can maintain its own files of variable definitions and constants
and tables. (Procedures and procedure descriptions are shared by all of the technical
disciplines, since they are normally used for computing many different output variables.)
When an arithmetic procedure is not available in the procedures file in the data base, the
using organization specifies that a new procedure be written, checked out and placed in
that file. These specifications are entered into a special file of procedures to be written
where they are available to programmers assigned to test data computing.

As soon as new procedures are checked out they become part of the data base. They are
then available for general use in test data reduction and analysis. Each technical
discipline can define new variables in terms of any arithmetic procedure in the data base.

When a test is complete and test data have been formatted for computer entry and placed
in computer auxiliary storage, each analyst can begin his analysis process. He can sit at
his console and ask for any variable whose definition is in the VARDEF file available to
him. Since he can examine only a small portion of data at a time, most of his requests are
for relatively few variables over very short test-time intervals. Though many programs
are generated and executed, each is small when compared to the kind of programs we
operate today. Small programs, the ready accessability of source data on drums or discs,
rather than on tape, and the extremely high instruction speeds of modern computers
makes it possible for the computer to respond to each request in a matter of seconds.



Most of the data the analyst looks at need not be published. Some of it might be saved in
display format for future reference; some of it might be discarded. The use of volatile
displays with hard-copy cameras, controlled by function keys, and the availability of
mass storage give the analyst the option to publish, save in display format, or discard as
required.

Experience in test data reduction computer programming has shown that data analysts
almost never anticipate in advance all of the features which they ultimately want the
programs they specify to have. Consequently computer programs are undergoing
continual change. With the system this paper proposes changes are made by the analyst
on the spot, most of them by simply defining new variables in terms of existing
arithmetic procedures. In short, data analysts using the proposed system can be afforded
complete freedom and control of the computer in performing analysis calculations. The
computer becomes as convenient to use as the slide rule now kept in the analysts desk.

In the proposed test data computing system, data acquisition and conversion laboratories
are also coupled directly to the central facility. The laboratories still serve their
traditional roles of providing quick look data, converting data to computer format,
monitoring tests in progress, and recording data from tests in progress.

However, coupling of these laboratories to the computer provides several advantages:
direct access to instrumentation configuration data simplifies laboratory set-up for
decommutation for quick look. Access to calibration data increases ability to monitor the
laboratory processes and provides information required to annotate or prepare overlays
for quick look strip charts or cathode ray tube displays. The ability to transmit computer
formatted data directly to computer memory shortens flow time between test data
acquisition and computer processing.

Though the subject is beyond the scope of this paper, eventually both data acquisition
and conversion laboratories can be integrated with the central Computing facility to the
extent that much of the manual work of laboratory set-up is automated and under direct
control of the computer as directed by data analysts from remote consoles.

Conclusion

The present TEDAC system goes a long way toward achieving the objectives of test data
analysis computing, but additional research and development needs to be directed toward
the following:

• Improving and generalizing techniques of assessing data quality and retrieving data
from the multiplicity of test data formats currently generated by test instrumentation
systems.



• Improving methods of smoothing and time correlating input data.
• Improving techniques for dynamic data analyses, such as power spectral density.
• Improving file maintenance systems for indexing, storage and retrieval of all. forms

of test and test related data. Improving display techniques.
• Developiig and implementing more techniques for data compression and data

summary.
• Implementing a TEDAC-like computing system on a third generation computer

which incorporate results of the above.

Once these have been accomplished, the programmer’s role will be to maintain the
computing systems, convert them to succeeding generations of computers, and to modify
them as required to meet the needs of new telemetry methods. Eventually test data
reduction proqrammers can receive the bulk of their programming instructions frorn the
computer itself. These instruct i ons can be initiated by the test data analysts and will,
take the form of specifications for new arithmetic procedures. As the Drocedures library
becomes completed, this role will diminish. The tes t data computing system can then be
operated almost wholly by the engineers involved in the test program, with programmers
serving only as technical consultants.

The concepts which I have described in this paper are consistent with todays trends in
computing. I believe that they can be economically justified for large test programs with
complex instrumentation systems. They can be implemented on third generation
computers by capitalizing on the work that has been done in the development of TEDAC
and work which is being done on file maintenance systems for management information.
Once implemented they will be useful for both large arid small test programs which have
access to large-scale modern computers. To implement such systems requires close
cooperation between instrumentation engineers and the organizations they serve, but
once implemented the instrumentation engineers ta5k will be simplified and the
instrumentation systems he develops will be more useful.



Figure 1 - Test Data Analysis Tree for TEDAC

Figure 2 - Sample Instrumentation Configuration Report For
A Hypothetical Instrumentation System



Figure 3 - Typical Constants and Tables and Variable Definitions for TEDAC


