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Chapter 1

Introduction

This document presents the design proccdure employed in
the generaticn of the ONWARD (ON Line Wave Analysis
Reduction and Display) system and its associated software
components. First the software task 1is defined. Some
current software engineering methods are then explcred to
determine their applicability. Next, a functional analysis
and design is gperfcrmed to yield the final software
configuration standards. Techniques are pressnted for the
organization and access of real-time experimental data using
modern database methods. Finally, scme counclusicns are
drawn on the utility of the methods presented in the general
real-time data reduction case.

This thesis forms the first part of a two part document
and is concerned primarily with pre-coding engineering
aspects of the system. The companicn dccument (1), ccntains
a detailed description of the operation of the code, and
will be referred to frequently in the remainder cf this
paper.
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Chapter 2

Experiment Definition and

Acquisition System Characteristics

2,1 Experiment Description
2.1.1 General

Since January 1972, the Electrical Engineering
Department at Virginia Polytechnic Institute and State
University has been involved in experiments investigating
the depolarizing effects of precipitation at millimeter
wavelengths, This work has progressed through various
phases, until now a rather complex three frequency system is
in operation, wusing the CTS and COMSTAR comnunications
satellites and an earth terminal lccated on-campus. The
experiment task wmay be put most siwmply as an attempt to
correlate variations in comnunication channel performance
with various precipitation events . Single event studies as
well as overall statistical performance are required results
from the experiment. The entire experiment 1is under the
control of a PDP 11/10 minicorputer and 1is completely
automated. The remainder of this chapter 1is intended tc

describe the experiment so that 1its data processing



requirements and ccenstraints can be accurately
characterized. For this reason, considerable detail will ke
omitted in area which are nct relevant to the data
processing problen. The interested reader is referred to
the large body of publications which ccver this experiment
in depth (7,8,9,10,11,12,13,14,15,16) .

The on-campus earth terminal hcuses three conplete
receiving systems, operating at 11.7, 19 and 28 GHz,
Although these systems are specially tailored to the
experiment, they are 1in many resgpects quite similar tc the
satellite earth terminals in wuse around the world. Each
receiving system produces outputs which may be classified as
signal parameters and status parameters. Both are-monitored
in an asynchronous fashion by the ccmputer. A grcup of
neterological instruments is employed to measure current
weather conditions, These include an electrornic
thermometer, wind speed sensor, wind direction sensor, a
system of tipping bucket rain gauges, and a 15 GHz weather
radar. These are also mcnitored by the computer,

The data processing systen alse performs certain
control functions over the experirent hardware. The artenna
for the 11.7 GHz is mounted c¢n a digitally ccntrolled
pedestal which receives periodic pointing commands frcm the
computer. The true position of the pedestal is reflected

back to the computer over a seperate hardware channel, so



that the computer <can judge th2 integrity of pedestal
operation. The operational state of the weather radar is
also wunder computer control, which generally ccmmands it
into operation cnly during weather events. Finally, the
computer has the capability of testing the rain gauge
network in crder to detect failures in the telephone lines
which connects the rain gauge network tc the conputer.
2.1.2 Acquisition System Hardware and Software

The primary element of the on-site computer system is a
PDP 11/10 central processing unit. Attached to the CPU, via
the Digital Equipment Corpcration (DEC) UNIBUS system, are
an BKO5 moving-head rigid disk drive, a C760 dual cassectte
drive and a Digi-Data nine track, 800 BPI tape systen.
Additionally, there are three lcw speed terminals attached
for system comwmunication and a thirty two bit parallel
interface for communication with external experinment
hardware, The thirty two bit interface 1is connected
directly to a device kngcwn as the experiment contrcller.
Th2 contrcller provides a central interface point between
all other exp=2riment hardware and the data processing
systemn, It is <capable c¢f performing analeg-to-digital
conversions, interrupt, timing and identification functions.
It is constructed entirely of standard TTL logic and was
design=2d and contructed locally. The computer emfploys the

controller hardware to execute all acquisition and ccrtrol



functions,

The software associated with the computer consists cf
DEC supplied systen software and 1locally developed
applications software. The system scftware consists of a
resident monitor and a group «c¢f device handlers which
collectively supply high level I/C suprort and a structured
file system. The version of the wmonitor being used is
capable of supporting a single ongoing task in a high level
language, but an interrupt structure of considerable
complexity can be supported at the assembly language level.
Tha applicaticn software is written in FORTRAN and assembly
language. A FORTIRAN preprocessor known as MORTRAN was also
used to lend some structuring to the more complicated
modules. This scftware periorms all acquisition and control
functions and additionally handles ccmmunication to the
three system terminals., For more infermaticn on the DEC
software compcnents see (17,18,19).,
2.1.3 Functional Analysis of the Acquisition Task
2.1.3.1 Basic Operation

It is wus2ful at the outset tc neglect all device and
format considerations associated with data collection and
to examine this functicn frcm a purely logical viewpoint.
In this context some useful definitions may be made. FEvery
logically complete unit cf inforwation acquired through amny

sequence of events shall be referred to as a data record.



Each data record consists of four pieces of information.
These are the Julian date, the time (using a Coordinated
Universal Clock), a binary code indicating the source of the
record, and a binary code indicating a data value. Th2
binary code which reflects the source of the data record is
raferred to as the ‘'what number®. The only additional
informaticn required to determine entirely the epoch of a
data record is the year, and this is embedded in the data
flow as a special record inserted at appropriate tinmes,
Beyond the special year record, the data records may be
subdivided into three types. These will be called ‘*data
points?!, 'status points', and 'rain gauge points', A data
point is a record associated with the acquisiticn of an
analog value from some piece of experiment hardwvare. Under
normal conditions, these constitute the bulk of the data
flow., A binary code reflecting th2 analog value is embedded
in records of this tyge. A status point is a record
associated with a change in scwme aspect of experiment
operation which is can be described as being in one of two
states, true or false, In this case, that portion c¢f the
data record that would ctherwise contain a binary equivalent
of some analog value is used tc contain this true/false
indication. A rain gauge point is a record that indicates a
signal was received <from one of the tipping bucket rain

gauges. The field used by the previous two types of pcints



for either data cr status is always zero in this case. The
rain gauges consist simply of a measuring bucket and a
switch mechanism. When the bucket fills with rain water, it
tips and activates the switch mechanism momentarily. TLe
computer then constructs and stcres a rain gauge pcint,
These points supply two types of infermation. The total
nunber of trips can be transformed into a total rain
accumulation, The time interval bhetween +trips can be
converted tc a rate of rain fall,

The hardware/software mechanism by which the
aforementioned data records are accumulated consist cf twc
basic categories. The status and data points are the result
of sampling, and the rain guage pcints are the -result cf
direct interrupts. The sampling of status and data pcints
in controlled by contrcller hardware, which provides a
firnware selectable range of sarpling intervals. UWhen a
sampling interval expires, the eligible what number |is
flagged and the conputer is interrupted. This causes the
point to be transferred into the computer. The software
then applys significance criteria to the point and either
saves it as meaningful cr discards it. A slightly different
procedure is used by the rain gauges., When a gauge trips,
the contrcller immediately interrupts the computer , which

records the trip. Trips may cccur at any time.



2.1.3.2 Special Considerations

In certain cases, special prccessing must be applied to
the data flow to ensure its correct interpretation., These
situations are the cases c¢f program startup and program stcp
in the on-site computer systen, Two special what numbers
have been assigned for the purpose of recognizing these
events. Whenever a start or stop indication is encourtered
in the data flow, all data pocints become undefin=d4 and all
status points become false, In the program stop case, this
situation persists at least until the next program s+art
record. Data points then beccme defined as they are
encountered in the data <flow. Status ©points are altecred
from their false state by a similar mechanism., In addition
to controlling this undefined state, the progranm 'start and
stop records perform the additicnal function of embedding
the current year in the data flow. This infcrmaticn is
contained in what would normélly be a data or status field
in both records.
2.7.3.3 Data Storage and Transfer

Data records are accumulated by th=2 cn-site computer as
a direct access file on the rigid disk unit. This tyre cf
storage greatly facilitates report generation and editing.
When the disk file approaches capacity, its contents are
copied to the nine track tape. This tape is then carried to
the wuniversity computing center whers it is copied &by

special software onto the two duplicate dJdatabase volunes.
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The data are now available for the reduction task.



Chapter 3

Data Processing Requirements

and Considerations

3.1 General Prccessing Goals

At the outset of the project, the ultimate aim of the
data reduction system was seen as the producticn of sorme
time history fplcts. Howevar, it soon became clear that the
end desires for data reduction wculd change as our
familiarity with the data increased. The goals of the data
reduction system were thus fcrmulated as follows. First and
foremost, it was desired to make the writitg of a reducticn
application (i.e. a type of analysis) as easy as possible.
Second, it was desired to make the intzrnal structurc of the
reduction application entirely independent of the structure
of the experiment data, Third, it was deemed important that
a standard be established tc enforce a consistent
interpretation of the tape among experim=snts, Finally, the
decision was made to try for an cptimum in executicnm
performance consistent with a reasonable develogrent
interval. The following paragraphs will detail these

points.,

11
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From the preceeding descriptions, it 1is clear that the
execution of anything but the most straightforward type cf
analysis will be a prcblem cf some difficulty. This prcblen
is made more formidable by the requirement of efficient
operation. The difficulties are grimarly the result of the
asynchronous monitoring cf data scurces and the computations
required to obtain a rain rate from tipping bucket Train
gauge data. The asynchronous monitoring would force all
analysis routines to ‘keep running values of all parameters
of interest (some of which may nct even be accesssible at a
given point on the tape). Additionally, ail system status
points relevant to validating the data wculd have to be
maintained., The computation of the rain rvate fromnm tipping
bucket rain gauges eliminates the possibility of prccessing
the tape data in a single pass. To compute the rain rate at
a given instant, the prececeding and subsequent rain gauge
trips must be located. The time lapse between these trirs
can then be transforrned into rain rate, An easily used
access technique for the experiment data, should thus
insulate the analysis programmer from these difficulties.

The second goal ¢f program/data independence was felt
to insure the project against a large amount of reccding, in
the event of a subtle acquisition or processing systen
change. If all reduction tasks access the data through an

interface of fixed design, the reduction tasks become immuna
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to changes beyond this point. The interface must be defined
generally enough that any conceivable type of analysis would
be possible., It is easy to visuvalize how a small change at
the acgquisition system could have disabling eifects c¢n all
analysis software not constructed in this manner. This tyge
of database technique is widely covered in the literature
(20) .

Since it was expected to have several experimenters
analyzing data in diverse ways, the potential for
inconsistent interpretaticn of the data between grougs is
clear. It was deened necessary that either an
administrative standard be generated fcr software processing
of the tape (and hope that it would be obeyed) : cr fcrce
compliance by elimirating all types of calibrative,
validitating, and rain rate processing from the reduction
tasks., This would nec-ssitate some sort cf pre processing.
The possibility of publishing internally inconsistent data
would hopefully be avoided by one of these plans.

The goal of efficient execution is one that is pursued
as an end in its self by many programmers, but unfortunately
(or perhaps fortunately) this was not the motivation in the
current situaticn. The sheer volume of the data which this
completely automated and extremely treliable acquisiticn
system was capable of assimilating surpassed all

expectations. Under the proper circumstarces , the data
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collection rate may rise as high as twenty points per
second., As a result, it was decided to make every effort to
produce code which contained no wasteful constructions. It
was felt that every reasonable effort that could be made in
this effort, short of hand optimization of object code,
would buy additicnal rrccessing pcwer in the end.
3.2 Specific Processing Gcals

In addition to the gen=ral goals presented in the
previous section, sone specific capabilities were
established, Due to the very large vclume of data and th=
need to process it it in a ncn time sequential ménner, some
method of selectively examining the raw realtime data was
felt necessary. Also since most of the data would have to
have some sort cf human screening before detailed reduction
could begin, an interactive apprcach to this functicn was
dictated, This was seen as a potential application for
interactive graphics. Finally, since many members of the
project staff wculd potentially be interested in a given
analysis, the ability to produce multiple copies was
desired. This would help reduce the secretarial effort
associated with analysis.
3.3 Factors Imposed by the Processing Environment

It is certainly a fair assessment *o state that the
University Computing Center at VPI&SU cffers the scientific

programmer considerable processing Tfowver. The hardware
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configuration consists of two System 370 model 158 central
processing wunits, equipped with a total of nine w@illicn
bytes of core storage and complete arithemetric hardware,
eleven 3350 disk drives, two 3330 disk drives, five 3420
tape units, a 3705 communication processor and various
terminals, printers and card equipment.

Certain logical aspects of this system orgyanizaticn are
important. This hardware supports two systems, one being an
MVS (Multiple Virtual System) batch system, and 'the cther
being a VH/370 (Victual Macine Facility/370) multiple
virtual machine system. The VM system is utilized primarily
as a time sharing service through the facilities of CHMS.
The wvirtual machine facility is alsc capable of running
virtually any 370 type sottware concurrent with its normal
function. This is frequently wused for operating systen
testing. The user has at his disposal, effectively, the
capability of a dedicated 370 CPU aund can load and run any
operating system software available toc him (2).

3.3.1 Executing Applications in the Batch Environment

From the preceeding description, one might conclude
that the facilities available to the wuser are quite
extensive, in terms of processing power and direct access
storage. Unfortunately, while the feormer 1is true, the
latter is not. The 370,158 is definitely in the class of

high performance mainframes, although new technology pushes
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it ever farther dcwn the list. It is equipped with a large
main store which is argumented by the virtual nmemory
hardware of the model 158, Thus it can handle very large
programs, if +the programmer is willing to trade off
execution speed. The direct access space situaticn is
another matter. Although the ccst of disk allocaticn is
quite low, the amount of space that wmay be obtained ¢ty a
given user is limited by an administrative alqorithm. My
experience has been that a large user may not find the spacs
required. TFortunately the tape pclicy 1is quite liberal. A
usar may rent computer center tapes to be retained 1in the
center's library, or he may check his own tapes into and out
of the conter. Jobs tequiring wultiple tape yclume
mountings are permitted. The tape drivss are all nine track
and read all ccmmon densities and formats.
3.3.2 Executing Ap»hlications in the CMS Environment

As previously nenticned, the default operating systen
provided to VM/370 users is CtiS. CMS is somewhat unique in
that it provides single user support in a large wvirtual
machine. It 1is assentially a ccnvarsatioral system which
permits the user to manipulate the resources of his virtual
machine conveniantly. In order to execute the conventional
IBM O0S language processors in a CMS environment, CHMS
simulates to the extent necessary an 0S environment. Most

of the data management macro instructions are provided
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(LOAD, LINK, XCTL, GETNAIN, FREEMAIN, etc.,) as are mcst cf
the I/0 access methods (BSAM, ¢SA¥, BPAM, and BDAM are
directly supported). VSAM is also supported to some extent,
but is sufficiently difficult to use that its pcpularity is
low. The Indexed Se=quential Access dMethod and multitasking
are not suppcrted. The interface to the batch systenm is
somewhat tenuous., Data may pass into the batch system conly
via submitted card image job streans. Data may pass ocu*t cf
the batch system into VM/370 +thrcugh =2ither the V¥ spocling
mechanism or by access tc 0S disks. The 0S disk access is
restrictive in ~he following aspects. Only certain volumes
may be accesse] and only read access is permitted. Only
dafasets written with BSAM, QSAM, or BPAM may be . read and
experience indicates +that this intzrface also suffers fron
comparatively ypcor performance. These restricticns are
discussed more fully in the IBM dccumentation (2).

The above capabilities allow almost any type of lcgical
process to be performed on CMS. The hardware is simulated
in the most minute detail (although there are a few
exceptions), even to the extent of simulated communication
lines and virtual channel to channel adapters. The garg
between sinulaticn and reality is, however, an important
consideration. Any virtual hardware machine = must, in
itself, execute more clowly than an actual hardware machine.

The claim has been nade by 1IBNM, however, that a systenm
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composed of multiple virtual machines will have throughput
exceeding the single hardware machine (2). Unfortunately
this is not a possibility in this application. 1In all
fairness, it must be stated that many of the VM functicns
are simulated by hardware and as a result perform well (2).
There is an additional level of simulation occuring,
however, in the application of the CS 1language processors
that must be considered. This is the simulation of the 0S
environment. Twc types of simulation are provided. First,
all I/0 performed by the 0S rprogram 1is handled ¢ty a
simulated access method. #When an O0S I/0 macro is executed,
a CHMS module perfecrms the actual I/0. Second, <certain
required supervisor calls must be simulated to handle the
supported data management macro instructions. This is also
handled by a Ci4S module. Neither of these points is cn the
surface of any cencern to the user, in fact these
simulations could in £fact pericrm better than their OS
counterparts. Thers is, however, an important point to te
considered in the execution cf I/0. CMS performs all
physical I/0 in 800 byte blocks, regardless of specified
blocksize or record format. As a result, reading what was
programmed as a 6000 byte physical block, will actually require eight
I/0 operations. The problem is particularly aggrevated by a random

access operation, where much of the data in a given block will be
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unused. Further information 1is available in the 1IBM
reference manuals (2,21).
3.3.3 Summary

The previously mentioned facts impose certain
restricticns and considerations on the final software systen
design. Since tapes may only be accessed on the batch side
of the system, th2 first stage of processing must logically
occur here, Once the data are moved tc an apprecpriate disk
(in whatever format), it will be accessible to both tatch
and interactive applications. The liaited availability of
disk space dictates that organizaticn of the disk data file
organization be as ccmpact as possible. Since the tyfpe cf
dataset organizations readable from the V#/370 side of the
system are limited, an organization must be <chosen to
provide both batch and interactive compatability. The
simulated nature of the 0S access methcds on CMS results in
an additional difficulty. There exsists no blocksize which
affords maximum performance (minimum physical I/0) cn hoth
sides of the system, A blocksize cf 800 bytes rprovides
maximum performance on CMS, while a blocksize of roughly
6000 bytes provides best results on the batch system (60G0
gives the best blocking factor for both 3330 and 3350 disk
drives) . I felt that «ccnstructing the file for tLest
operation on tne mwmore conventiopal batch sSystem was the

preferable choice, since nore lengthy statistical
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computations would ©probably be performed on the Latch

machine.



Chapter 4

Software Design Methodology

4.1 The State c¢f the Art

The body of 1literature dealing with software
engineering has grown in recent years at a rapid rate and
its emergence as an important technical pursuit is a virtual
centainty (26). As in any new discipline, the foundations
must pass thrcugh a formative, if not <controversial rhase.
I feel fairly confid=snt that the following  two
generalizations will cause 1little dispute. First R
successful software engineering is the application of cone
methodology tc scftware system design in order ot obtain th»
maximum result for minimum cost, and second , structured
programming is one such methodolcgy. Structured programming
is usally defin=d as consisting of a mangement aspect (chicf
programmers, prcgramming teams, librarian, etc.) and a
coding aspect (modularity, structure, functional design,
interface design, etc.). Since the majocr portion of systems
design and implementation was concentrated in a single
person, no situations were provided for the aprlicaticn cf

the management aspect (excert rperhaps in the area o¢f the

21
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author's personal affairs). A consideosrable amount of the
structured code approach has been applied. The application
of these principles will be discussed in the follcwing
section.
4,2 Segmentation of the Task and Detailed Design
4,2.1 Overall System Asgects

One of the most wuseful techniques provided by the
structured programming approach is the reduction of the
major task into logically complete and manageable functicns.
In additicn to being logically complete and manageable, th=2
final group cf functions should be non-redundant and a
concise expression of the basic 1logical operations that
support the cverall task.

From the prec=zeding goals and considerations, (Charpter
3), th2 first level of structure can be formulated. This is
shown in Figure 4.1. This 4diaqram reflects all the tasic
requirements for the reduction system., The preprccessing
scheme wculd permi: the salection cf a portion of the
experiment database (thus conserving precious c¢n-line disk
space) and also perform all remaining calibraticn arnd rain
rate computations. This fixes the interpretation of the
tape, concaentrates the 1logic of interpretation in a single
place, and greatly eases the processing burden of the
reduction tasks., The output of preprocessing wculd then be

made available to the reduction task through scme sort of
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logically fixed interface. This would provide the desired
program data independence,
4,2,2 Preprocessing
4,2.2,1 Basic Program Organization

To further refine the functicans indicated in Figure
4,1, the preprocessing scheme was attacked first. This
design stage is detailed in Figure i.2. It is interesting
to note, however, that the fixed interface tetween
preprocessing and reduction permits the twc primary phases
to be considered individaully. This flexibility cculd
potentially allow programming teans td proceed
asynchronously on these two aspects in strucured programrming
management fashion. In keeping with the goal of minimum
processing cost, the prerrccessing scheme was specified to
hava the ability of selective what number retrieval. This
would prevent prccessing of undesired parameters. In a
similar vein, any data printed by the preprocessor was tc be
selectively controllable. In the face of these twce
requirements, a general execution cption facility was
specified to accomodate the aforementicuned input Aand cther
as yet unkncwn control options. In order that the @most
utility be obtained from a given praprocessing run,
preprocessor outpt should be available to the largest number
of reduction tasks. This was satisfied by specifying the

output of the preprocessor as residing in a permanert on-
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line disk datas=t, accessible to all users of the systenm.
Tentative processing phasss of operation wers assigned to
the preprocessor at this point, based on knowledge of the
logical processes required. A number of iterations were
performed on the allccation of work between phases. The
divisions shown in figure 4.2 are the final result.
4.2.2.2 Preprocaessor LCata Flow

As menticned previously, the essential requirement of
this preprocessing phase is to prcvided a compactly
organized, easily utilized and efficiently prcduced
interpretation of the tape datanase. Toward this end, the
following specification was estatlished for the <fcrmat cf
the preprocessor output, or process file, as- it‘ will
henceforth be termed. The process file shall ccnsist
(logically) of a grour cf time sequenced records, accessible
in any ord:r, each of which 1is a «ccmplete reflecticr cr
snapshot of the experiment at a given time. Th=
Ycompleteness' ¢f this reflection will, of course, be
tempered by any selective options activated in <the
preprocessor, The timing of the snapshots will b=
determined by changas in experiment data. When a parameter
changes (data or status) a new snapshot (or record) is
created. PFigure 4.3 demonstrates this concept.

On the surface, the job appears relatively

straightforward. The contents of the tape must be used to
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- A file of data containing the tire history of the experiment
over the specified generation time and subject to the specified
generatfon options. Each record s referred to by number (1 through
the last record), and contains the values of all experimental parameters

at the time represented by the record.

(Starting Time Specified by User)

1 {CATE] [Tlﬁil [YEAR] [WHATC] [DATA VALUES] [STATUS VALUES]

N
{Ending Time Specified by User)

- The user accesses the filc by calling the common access rouAtine.
GETDAT, specifying the Record Muber and the What Mumber for the quantity

desired.
PASSED

CALL GETDAT (I,IWHT,IWHTC,DNTA,ITiNE,ICATE,IYEAR,IERR)
RETURNED

Figure 4.3. Snapshot Data File Concept
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produce a sequence of updated records over some specified
time interval, subject to the specified options. This is,
in essence, what the rreprocessor does. However, the
details of implementation, when coupled with a requirement
for efficient execution, presented some interesting
difficulties. It was viewed as an absclute necessity tc
avoid making mnore than a single pass over the tape, since
its contents would probably become very extensive, This
inability to preview the data before actual processing,
caused tvwo immediate problems., First, since it is unknown
which what numbers might be enccuntered i a given run ,
sone means of dynamically accomodating them was nacessary.
Second, since the rain gauges trips cannot be processzd in a
single pass, these must be directed to some form of
auxiliary storige, The first difficulty was overcome by
dynamically allccating record storage as required and in
effect expanding +th2 records as processing proceeded. The
second problem was solved by writing the rain gauge trips to
an auxiliary direct access file, for later processing.

The ability to accomcdate the input data strean
dynamically posed one final difficulty. The resulting
contents of the process file would be entirely dependernt on
the data that was actually encountered. Hence, the
reduction side of the system must be provided with a

mechanism for correct interpretation of the file. The final
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design solved this problem by borrowing two technigues used
in database systems fcr some time: (a) an organizaticnal or
header record and (b) , a common access routine (CAR). This
technique is illustrated in Figure 4,.,4. The organizaticnal
record contains ccmplete information on the contents of the
data records, On first access to the process file, the
header is read by the common access routine into permanent
storage and is then used to ccnstruct pointers into the
data records so that the data 1is prcgperly accessed. All
physical I/0 occurs in 6000 byte Dblocked which are
dynamically segmented into the appropriate logical record
size. The blocksize of 6000 was chosen to give the most
efficient utilization of space on both the IBM 3330 and 3350
disk drive units. This design permansntly and completely
solved all access and program/data independence fprollems.
b,2.2.3 Preprocessor Interhal Ccnstruction

The final d=cision to be made prior to the actual
coding was the selection of source language. The complexity
of the Jjob dictated that a higher level language be used.
Unfortunately, some c¢f the preprocesscer tfuncticns required
features not directly available in nmnost higher level
langauges., These fratures wers principally dyramic stcrage
allocation, manipulation cf data at the bit level, character
handling facilities, and enhanced file system sufpfport.

Essentially two courses were possible. The preprocessor
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f T T T ]

r == —T I I e v e 1

: : L l y

ALL BLOCKS €000 BYTES I% LEXGTH

BLOCK 1 CO/TENTS

[HEACER] [DATA RECORD] [DATA RECORD)

KEADER:

[IR=C] (L] [0] [S) [2 3YTE W4AT KOS.] [1 BYTE WHAT NO0S. ]

DATA RECORD:
[0ATA] (TIKE] [YEAR] [WMATC) [DATA VALUES] [STATUS YALUES)

Remaining

blocks consist purely of data records as above.

Figure 4.4. Organizational Header Technique

REMAINING
BLOCKS

OSORG=DA
RECFM=F
BLKSIZE=6000
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could be coded primarily in COBOL or FORTRAN and thez
additional capabilities required provided by a litrary cf
ass2mbly language subroutines. An alternative was to code
the program entirely in PL/I. The 1latter opticn was
selected for two reasons, First, it would allow the entire
program to be cod2d 1in a high level language effecting a
considerable time savings. Second, the syntax of PL/I was
felt to permit the straight forward application of some
structured programming techniques.

The program was built and tested in a top down, phase
by phase mannzar,. It consists «c¢f one large main prcgran
(ILPGENR) and three auxiliary routines (INPTC1, INPRGID,
IMPCOM) ., The auxiliary routines provide scme  straight
forward but frequently required functions, such as time
conversion, page header generation and message priunting,
The individual phases of TILPGENR were sufficiently sinmple
that informal pseudo-code (22) analysis was sufficient to
plan the «coding. ILPGENR is essentially a non-mocdular
program, Yyet it adheres to a very basic structuring
principle. Each phase possesses a single input, a single
output, and a simple lcgical function. This non-modular
structure additionally permits some eccnomy 1in stcrage
requirements. No attempt was made to rigorcusly avoid 'GO
TO' type ctransfers, although they were avoided in a great

many cases.
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4.2.2.4 Performance

The final versicn of the fpreprccessor has performed
very well. It represents a generalized solution to a écmmcn
real-time processing problem, and as such its rasic
structure is useable 1in a wide variety of situations. Tke
actual cost of processing is roughly $00.008 per tape data
record. This does not include on-line and off-line stcrage
charges, This high level of performance is attributed to
repeated refinements of the phases. A considerable amcunt
of this was done by examining the compiler output and
reorganizing poorly inmplemented code at the source level.
4.2.3 The Preprocessing/Analysis Interface

As mentioned previously, this interface consists of two
elements, an on-line disk file and a ccmmon access routine.
Only the common access routine will be covered heres as the
nature of the on line file has been discussed in 4.2.2.2.

The objective here was to provide a software interface
to the output of the preprocesscr., This interface shoulad
appear logically constant, irrespective of the actual
generation characteristics of the process file, and shculd
be useable in all anticipated analysis modes. It wculd also
be desirable for the interface to function as efficiently as
possible. These goals were satisfied by a carefully ccded
FORTRAN routine, known as IMFGDT., This module manages all

process file accesses. This rcutine «car be wutilizad frem
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another FORTRAN program, an assembly language prcgram, cr
PL/I routines compiled by the optimizing compiler (24).
When IMFGDT is first called, an initialization sequence is
performed to cbtain the header record frcm the process file
and build a table of internal pointers, These pointers are
subsequently used to decompcse the process file data blccks.
This entire process 1is completely transparent to +the user,
who can access th2 routine through a fixed calling seguence,

The implementation of this database technique has keen
an ungualified success., In additicn to freeing the
reduction programmers from cumbersome file wanipulations,
the routine has proved to be very eificient. One reascn for
this, is the dynamic allccation of reccrds within a blcck.
which precludes the presence of unused data space. Blccking
factors between 90 and 150 are routinely achieved.
4.,2.4 The Data Excepticn Control Systanm

As the experim=nt progressed, 1t became clear that
there were many situations in which the acquisiticn systen
would accept invalid data. These cas=2s were invariably the

result of a loss of experiment integrity due to some

condition of which the computer was unaware. The nced for
some means of integrating human Jjudgement into the
experiment database was clear. Since the preprocessirg and

common access routine approach had been so successful in

handling the primary data stream, a parallel approach was
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taken in this case. However, instead of processing data,
this parallel system would process exceptions to the data.
The system was named the Data Exception Control Systen
(DECS) .

The similarity between DECS and the data handling
system is so strong, that little need be said here about its
design philosophy. The system is covered in detail in the
documentation (1). A few words about its integration into
the rest cf the fprocessing picture in crder.

The realization that some aknormal event has occurred
must first take place. It may be apparent from an erroneous
dial reading, or from a dato summary provided Ly the
aquisiion system, This realization wmay even b= delayed
until the interactive reduction of the datea. 1In any event,
the bad data has been incorporated in the normal experiment
data flow, and the jcb of locéting it and removing it may be
formidable, Instead of attempting to excise this data
(which constitutes a miniscule percentage of total stcrage),
the BDECS system provides for the creation of a fparallel
'data-exception base?. This file, which is maintained on
duplicate tape volumes, is a time sequential history of all
known irregular conditions. As part of this histcry,
information is present giving the affected channel, a brief
textual explanation, and disposition information. The

disposition information rermits the observer of the
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irregularity to instruct the reduction software on how the
situation is to be handled. The DECS utility program
(ILPDECS) handles the nmraintenance of this tape, and all
other files asscciated with the DECS systen. Before this
exception data may be used by a reduction task, ILPLCECS
processes it 1into a dynamically blocked, database type
organization and stores it ip an ¢n iine disk dataset. This
dataset in turn may be read by a special access routine,
which presents a fixed logical inteface and handles all file
manipulations. An analysis task may then use the
informaticn returned by the access routine +to validate
process file data.

There are s¢veral important advantages to this type cf
mechanized exception systen, First, as mentioned, it
eliminates the need to edit a very large sequential data
file and update it on multiple volunes. Second, exceptions
can be added at any time, without interfering with the
normal data flow. PFinally, the DECS exception tape, when
combined with the experiment database, provides a complete,
and accurate, reccrd of experiment activity.

4,2.5 Reduction Tasks

The final rphase of the data handling procedure,
consists essentially of using the process file to prcduce
various disglays and 1listings. As previously mentioned,

certain immediate goals for this part of the system had bkeen
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established. These were the capability to generate time
history fplots for all experiment fpatvameters, and tha
capability tc prcduce these plots in hard copy or in an
interactive graphics mode. These two specifications prcvide
a convenient starting rpoint for the segmentation of the
entire reduction task.

Figure 4.5 diagrams the starting pcint for this part cf
the software design. This figure 1is essentially a detailed
expansion of Figure 4.1 from the fixed 1interface downward.
All established design features are indicated. Three areas
remain in which the design 1is inconmplete. They are the
design of the reduction tasks themselves, +the desigr cf
support code for the tasks, and the design of a wuser
interface.

The design of the reductior tasks and the task support
code is actually a single prccedur2. the method wus=d is a
top dovwn 'exploding' tyre of design. Since the actual
scientific analysis will be perform=d4 by this portion of the
code,it was felt desirable to make this code as
understandable tec the user conmmunity as possible, Tcward
this end, a completely mcdular scheme is followed, with nc
more than a single lcgical function per module. The mcdules
initially specified for support reflected the needs of the
currently kncwn tasks., These support needs were deterrmined

by an informal pseudo-code expression of the known reduction
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Process DECS
File File

Design Open
(User Interface)

Known Future
Interactive Interactive
Reduction Tasks Reduction Tasks

Process File Common Access

)

DECS File Common Access

Graphics Support Package

Design Open
(Task Support)

Graphics

Terminal

—

AY 4 A4

Figure 4.5. Reduction Task Expansion
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tasks. A typical comparative pseudo-code analysis of a rain
rate versus time plct and statistical plot is presented in

Figure 4,6,
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TYPICAL PSEUDO CODE ANALYSIS

Rainrate vs. Time %4 _Time Exceedance Attenuation
1) Check Passed Parameters; 1) Check Passed Parameters;
2) Locate Range of P.F.; 2) Locate Range of P.F.;
Locate First Record; Locate First Record;
Locate Last Record; Locate Last Record;
End; End;
3) Locate Data Extremes; | 3) Locate Data Extremes;
Initialize Locations; Initialize Locations;
Scan File; Scan File;
éave Extremes; Save Extremes;
End; End;

4) Draw Axes and Plot I.D.; 4) Draw Axes and Plot I.F.;
5) Plot Data; 5) Perform Statisticai Comp. ;
Scan File; Initialize Bins;

Scale Data; : Scan File;
Plot; Bin Data;
End; End;

End; 6) Plot Data;

Scan Bins;

Scale Bin Contents;
Plot;

End;

End;

Figure 4.6. Typical Pseudo Code Analysis



40

There 1is clearly a high degree of ccmmon functicn
betvween these twc analysis tasks., In fact this is the case
for all the ONWARD analyses. Based on this type cf
comparison the following support code functions were
initially defined. They are a generalized time computaticn
routine (functicn A), a search routine (function B), a axis
computing routine function C) and an ID plotting routira
(function D). There support modules were then subjected tc
analysis themselves, and in some cases further divisicns
were made. At the completion of this design step, the
identity and function of every wmodule in the system (frco
the reduction tasks downward) are known, In additicr tc
breaking the prcblem down into easily coded units, this
procedure also automatically defines the data and ccntrel
interface between the modules (25).

At this point it was necesary to begin codinag of the
reduction tasks, so that badly needed report data could te
obtained. FCRTRAN was selected as source language since it
was familiar to project personnel, The support rodules were
coded first and tested individuaily. Although this is
contrary to the desirble tcp down coding procedure, it was
felt +that the interface design of the system was clear
enough to prevent conflicts as the system was built wug.
Coding then prcceeded ccncurrently on the analysis modules

(only three were required at the time) and a module to
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control the selection of and parameters input to the desired
analysis, This control module, or FORTRAN control prcgranm
as it later was tc be called, accepted a card image strean
of sequential ccmmands. Each command consisted c¢f a
numerical c¢ode (control code) and usually a numerical
parameter. The <control ccdes performed three possible
functions., These were the setting of some numerical
parameter, the setting c¢f some execution option, or the
ipitiation of the analysis. The required command streams
were set up in files for debugging purrposes. The desired
Plots were obtainaed with a total of two months development
effort from reduction system conception.

Admittedly, the method estaklished for interaction
between the ccntrol program and the user was scmewhat crude
and inefficient. However, it was simple and quite general,
and provided a tasis for easy interface to the eventual
interactive extension.

4,2.6 The Interactive Interface

The final enhancement that was planned for ONWARLD was
the implementation of a true interactive mode of operation.
It was hoped this wculd permit the rapid review of large
amounts of experiment data at an interactive gragphics
device. The grarhics routine [fprovided by the  ccmputirg
center were already arranged to suport the 1local graphics

devices. The only task that remainded was to design ard
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code an interctive front end for the system and complete the
details of interface. The primary goal of any interactive
computing system is, of course, ease of use. This desirable
feature is the result of two things. First, the ccnmand
lanquage should be easy to use, Second, the interactive
software should be able to recover from operator errors.
The course taken to meet these gcals is the subject of the
following sections.
4,2.6.1 Defining the Command Language

The designer of a command language for a specific
application environment has a considerably simpler job than
the designer of such a language for, =say, a general time
sharing systen, In the specific application -case the
language can ©ne structured to fit the task, In fact,
obyious logical similarity between tie task and the larnguage
will aid in its correct us=. The auihor has had exposure tc
a number of cormand language envircrmaents over the past few
years and thus ths language pres2ntec here embodies the best
features of many sources. My intenticn here was to produce
a language sufficiently powerful for the task, yet free of
syntactic complexities, and clearly tailored to the logical
function of the task.

The precise syntax of the CNWARD command larguage is
treated in detail in the adjunct document (1). This

definiition will not be repeated here. A few words are
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appropriate about the development process for the langquage,

Command lanquages are perhaps the most common mode cf
man/machine communication. Job control 1languages, tire
sharing languages and some application languages fall intc
this category. Without beccming immersed in the rigor cf
formal languages, twc particular types of constructicn can
be informally identified in ccmmand languages. These are
parameter specificaticn by position ard parameter
specification by keyword. Usually a comrand lanquage
ntilizes some ccmbinaticn of the two. 0S5/360 Job Ccntrcl
Language is a particularly well known example. The telative
merits of thesz two t/pes of ccnstruction may be summarized
as fcllows. A pur-:ly positicnal ccmmand language is
somewhat difficult to use but is very easy to syntax check,
since all parameters must appear in precise pesitions., A
purely keyword command 1lanquage is easy to wuse, though
somewhat wordy, and is fairly easy to check for syntax . A
mixture of the two usually gives concise expression, but is
syntactically corplicated and difficult tc check for syntax
. Those having experience with JCL error diagnosis on
0S/360 will confirm this.

In view of these consideration, the ONWARD ccmmrand
language is Frimarily keyword criented. Positicnal
parameters are used to a very 1limited extent. A tyrical

ONWARD command line has the fcllowing format.
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BASIC-COMMAND KEYWORD (PARAMETER) KEYWORD (PARAMETER)

The basic ccmmand defines the basic function of the
command line. It is a positional p:rameter and must afprear
as the first word of every command line. The keywords and
their parameters are used tc assign values cor set opticns.
The keywords and their parameters may appear in any order.
Keywords which accept multiple parameters are permitted and
the parameters may appear in any crder. All command and
keyword strings may be akbreviated to any extent, prcvided
that the first letter is correct and the remaining
characters are unique.
4,2.6.2 Inmplenmentation Considerations

In the interpretaticn of any ccmmand language, +*he
first step is to dissect the ccmmand 1lin2 1into its logical
comnponents, These comporents nust then be examined for a
correct syntactic relaticnship. If an error is found, it
must either be <corrected by +the wuser or the command is
abocrted. Pinally, the informaticn cbtained from the ccmmand
line is used to manipulate the application in the specifid
manner.

The design c¢f software tc accomplish the above nmust
consider several pcints, First, the application is
completely character oriented. Second, an interface to the

PORTRAN software must be available., Finally, the ability to
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handle a diverse range cof error ccnditicns would b2 helpful.
These capabilities may be obtained thrcugh three different
routes. The entire system could be coded in assembly
language, but the development time would be excessive. A
great deal of the code could be written in FORTRAN, and
assembly language routines used for the special functins.
The most attractive alterpative was, once again, PL/I, which
would allow all coding to occur in a high 1level language,
The latter course was selected.

There is one final ©pcint to be considered in the
interactive design. Even if a command lire is syntactically
correct, it may nct contain encugh 1information to
successfully execute the specified function. A soluticn to
this is certainly of no gr=at difficulty, but the methcd of
implementaticn «can reatly affect the flexibility of the
resulting software. If the required cparameter checking
information is placed in the application code (the interface
module to be o2oxact), then this software becomes a
functionally complete package and can be utilized in a stand
alone fashion if desired.
4.2.6.3 The FORTRAN Interface Mcdule

As discussad in Section 4.2.5.1 a driver module tc
manipulate the analysis routine under the control of a card
image input stream was written, The initial intent of this

routine was simply as an interim measure to allov some radly
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needed analyses to be completed. The ccocncept cf
communicating with the FORTRAN software on a command plus
parameter basis was, however, attractive as a final design
characteristic for the following reasons. First, the need
for a large common external storage area between the
interactive modules and the FORTRAN modules was eliminated.
This is especially undesiratle in a PL/I-FORTRAN
environment, since these languages each access storage in
different manners. Second, the interface can be perfcrmed
through a set of simply defined entry points, using scalar
parameters whose interpretation in both languages |is
identical. Finally, the extension of this type of interface
to batch use wculd be a trivial task. Only a single
additional module to read input from cards and direct it
through the apprcpriate entry point would be necessary.
Based on these considerations, the interface mcdule, or
FORTRAN control program (IXWF099) was coded. The tempcrary
driver routine was used as a lasis. Tables were added to
provide appropriate data interpretation, parameter checking
and control transfers. Alsc performed here are all
initialization required by the FORTRAN code. This was
arranged as executable code for tvo reasons. First, it
permits the start up environment to be reestablishad at any
time, and second, it allows a <c¢lear arrangement of the

tables. A detailed description of this module's operaticn
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is given in Reference 1,
4.2.6.4 The Int=ractive Modules

At this stage of the design, the command language and
the interface to the application are well defined. The
purpose of the interactive software is to close the
connection between the two. The source language has been
established as PL/I. The design and ccding of the software
can now proceed,

Six specific responsibilities hava besn identifi=d with
the interactive software, They are inputing a 1line,
scanning and parsing it, checking 1its syntax, attempting
error correction, checking fcr required parameters and
manipulating the application. Of these , the scanning cf
the command line was a—-tacked first, It was desired that a
general routine be deselcped for this purpose. This was
satisfied by a short P.L/I routine (IL{ECSP) which is cafpable
of extracting the significant elemen‘s from a command line
of the defined fcrmat (see 4,2.6.,1). TIHPCSP is capable of
recognizing keywords and +their abhreviations, and also
provides automatic numeric conversion of eligible fields.
It is random access in cperaticn and can retrieve elements
from the command line 1in any order. The remaining
interactive tasks were concentrated in another nmodule
(ILPPTG). This module runs as the main program when CNWAERD

is used 1in interactive mode. The details of the code are
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Chapter 5

Conclusions

This paper has presented the design aspects of a
conprehensive data reduction system for millimeter wave
experiments. The system has been entirely operational for
approximately one year at this writing and has proven its
utility in both interactive and batch operation. The
application of modern datakase techniques to this task has
resulted in a basic system configuration suitable for a wide
variety of real-time data reduction situations. The value
of the structured progranmming approach has alsoc been
demonstrated in the irnplerentation of this moderately
complex system by a single programmer.

In retrospect , the nwmethod of appiying calibration
curves to the experiment data 1is a potential area for
improvement. A preferable procedure might be the
establishment of a database of calibation curves which cculd
be wupdated at will. This databasc would include all
required calibations and cculd be applied to the data at
preprocessing time. This would prevent the permanent

application of -erroneous calibration curves and provide an
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historical trace of system calibration changes.
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AN INTERACTIVE DATA REDUCTION SYSTEM
POR REAL-TINE MILLIMETER WAVE EXPERIMENTS
by
Steve R. Kauffman
(Abstract)

The nature of data acguisiticn in a realtime millimeter
wave experiment 1is discussed. Gcals for a data reducticn
Systen are presented and ths available processirg
environment analyzed. fome currently popular software
design methodologies are then reviewed and selectively

applied to a complete syst:m design based on modern datatase

methods.
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