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ABSTRACT

The Space Transportation System's capability of multiple flights and rapid
ground turnaround has provided new challenges in payload planning and
procassing. Spacelab flexibility in paytoad accommodations, coupled with
the very high projected Spacelab missions, provides a new dimension in
paytoad ground operations and software development.

This five-month study addressed the critical areas of Experiment Flight
Applications software development, Spacelab Test and Checkout concepts,
software integration concepts, and softwere tast and integration facility
requirements. The intent of the study was to bound requirements and

sizing of the total Spaceiab software development efforts to give Marshall
Space Flight Center the necessary information for Spacelab software develop-
ment planning.

The study on Spacelab Software Development and Integration concepts was
performed under the technical direction of Messrs. J. Turner and J. Christy,
Dats Systems Laboratory, Data Systems Development Division, and Soft-
ware Development Branch.
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STUDY SYNOPSIS 1

1.1 STUDY INTRODUCTION

The Spacelab will consist of integrated, reusable modules which will
be transported to and from orbit by the Space Shuttle. It will reside in
the Space Shuttle payload bay throughout its mission and will consist of a
pressurized module and pallet segments. The Spacelab will support experi-
ments for scientific and applications research and will have a life span
of ten years or fifty missions with mission duration extendable up to thirty
days.

The Spacelab will be a development of the multinational efforts of the
European Space Research Organization (ESRO), with technical support provided
by the National Aeronautics and Space Administration (NASA). The Spacelab
will be defined by ESRO, designed and built in Eurcpe, and then delivered to
the United States to be integrated with the experiments. The experiments
which will be carried into orbit in the Spacelab will be developed and built
by the universities and principal investigators from both the United States
and Europe. NASA will assume operational responsibility after accepted de-
livery of the first c(wo flight units from ESRO.

Because of the unique characteristics of Spacelab and the Space Shuttle
program, software will play a ma;>r role because of its flexibility and abi-

lity to be rapidly modified to meet changing requirements. All software sub-

systems which comprise the Spacelab software and provide for i.s operation
must be comprehensible to those who will use it as well as those who will
design and implement it. Comprehension must be easily attained by those who
would understand Spacelab's operation, use, and integration with the Space
Shuttle and by those coniucting acceptance tests, checkout, maintenance,
repair, and modification. Because of this widespread necessity for com-
prehansibility within the Spacelab project, it is essential that particular
emphasis be placed on planning and procedures.

This final report concludes the study of Spacelab Software Development
and Integrarion Concepts authorized by the National Aeronautics and Space
Administration, Marshall Space Flight Center, Contracts NAS8-30376 and
NAS8-30538. Contract NAS8-30538 was performed in the March through August
1974 time frame and was a continuation of an initial study effort. The
output of this contract consists of the following: Final Report, Spacelab
Software Management Plan (Appendix A); Spacelab Experiment Softwere Flow,
NASA presentation May 23, 1974 (Appendix B); Spacelab Software Test and
Integration Laboratory, NASA presentation May 23, 1974 (Appeadix C); and
Reference Data (Appendix D).

1.1.1 STUDY OBJECTIVES

The objective of this study effort was to provide NASA an insight into
the complexity and magnitude of the Spacelab software challenge. During the

study, IBM assessed the current Spacelab program concepts, anticipated flight

schedules, and ground operation plans. From this assessment, those areas

requiring immediate attention wer~ identified. The study data contained with-

1-1
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in this final report provides sufficient information for NASA's use in
subsequent Spacelab software activity.

The study was primarily directed toward identifying and solving pro-
blems related to the Experiment Flight Application and Test and Checkort
software executing in the Spacelab Onboard Command and Data Management
Subsystem (CDMS) computers and Electrical Ground Support Equipment (EGSE)
computer. Additionally, a cursory examination of the required mission
operation software was cunducted to provide a global understanding of
interrelationships of the Spacelab operation software eanvironment.

The study provides a conceptual base from which NASA can proceed
into the development phase of the Software Test and Integration Labora-
tory (STIL) and establishes guidelines for definition of standards which
will ensare that the "total™ Spacelab software is understood prior to
entering development. Proposed software concepts and guidelines have
been developed which will provide NASA with the necessary information
to effectively interface with ESRO. Additionally, they ensure effective
utilization of the software to be developed by ESRO for use during the
Spacelab operational phase.

1.1.2 S5TUDY PLAN

-

The study was divided into five disciplined tasks and each task broken
into study elements to provide a means of systematically addressing and doc-
umenting the results of the study. This approach also provided the necessary
NASA management visibility to redirect study efforts to keep abreast of the

¥ v

changing Spacelab environment during the study period.

As illustrated in Figure 1-1, the study effort was accomplished over
two contract periods and was originally begun in September 1973. Because
of the interrelationship among the tasks, they were worked in a parallel
manner; however, each resulted in individual outputs and is documented
separately in the final report. Due to the interest generated in the May

} ——r $orstotrng

[ ]

midterm presentation, extensive effort during the latter portion of the
study was directed toward bounding the STIL processing load so that NASA
can move confidently into a finsl STIL definition and development activity.

1.1.3 FINAL REPCRT SUMMARY

The final report format was designed to be informal in nature but gtruc-
tured to follow the study task efforts. 1t is difficult to effectively record
the full activities of a study contract which addresses conceptual ideas as
this one does; however, it is the intent to provide sufficient insight into
each task and element so that the reader can understand the raiionale uti-

. lized in deriving conclusions and concepts. Each element provides the theme,
L conclusions derived, and a discussion supporting the conclusions or defining
- the concept developed.

The following paragraphs briefly summarize the content of each section
of this report.

1-2
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Section 1

Section 1 establishes the overall study concept and summarizes the
major study conclusions, makes recommendatious for future effort, and
documents the general study baseline.

Section 2

The results of Task 2B - Definicion of Experiment Software Tavelop-
ment Concepts - is documented in Section 2. Task 2B proviles insight
into problems associated with the development, integr-~tion, and testirg
of Experiment Flight Applications software. The discussion provides a
development concept which circumvents anticipated problem areas and identi-
fies the requirements and impact on the STIL.

Section 3

Task 3B — Identification of Spacelab Test and Checkout Software
Concepts - is documented in Section 3. Task 3B addresses the require-
ments for Test and Checkout Software within the Spacelab integration
testing plan anc discusses the software concepts to be utilized in satis-
fying those requirewnents.

Section 4

Section 4 addresses Spacelab mission operation requirements and
identifies the interaction between the Spacelab onboard software and the
mission operations software. Functional inter:aces with the Payload
Operations Center and the Preprocessing Center sre identified.

Section 5

Task 5 ~ Softwarc Test and integration Requirements - addresses the
requirements of the STIL, establishes a preliminary developaent glan, and
provides an analysis of anticipated lcads on the STIL fcr both the first
two missions and the operational phase.

Appendix 4

The Spacelab Software Development and Integration Pla': has been
developed as a baseline for MSFC to proceed with the Spacelab software
develupment. This plan completes the documentation of Task 4 ~ Develop
the Spacelab Integration Concepts Plan.

Appendires B and C

Appendices 3 and C contain preseuntation material which was presented
to MSFC during the study activity.

Appendix D

Appendix D contains reference data utilized in the performance of
this study. This data consists of:

® List of References

® List of Acronyms
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1.2 MAJOR STUDY CONCLUSIONS

Although the conclusions established during the conduct of the study
are included within appropriate report sectiomns, the key conclusions which
are of primary importance to NASA have been summarized in Table 1.1 and are
discussed in the following paragraphs.

1.2.1 DEVELOPMENT/DELIVERY/MAINTENANCE CONCLUSIONS

CONCLUSION:

DISCUSSION:

CONCLUSION:

DISCUSSION:

CONCLUSION:

DISCUSSION:

DEVELOPMENT AND DELIVERY OF 416,520 INSTRUCTIONS FOR EXPERIMENT
FLIGHT APPLICATIONS SOFTWARE WILL BE REQUIRED IN 1981.

Based on the Space Shuttle traffic model assessment conducted
during the study, the maximum devecloprent activity will occur

in 1981. Within that year, development and delivery of Experi-
ment Flight Applications software for eight new flight sets and
10 reflight flight sets, requiring development of 416,520 instruc-
tions, must be accomplished. The capability to support the maxi-
mum development load eariy in the Spacelab program will require
that facilities and manpower requirements be addressed in a
systematic manner to ensure availability on the need-dates with
minimum phase-up time. This is significantly different from
previous NASA space programs which had phase-up time to develop
and test operational capabilities in a systematic manner.

TEST AND CHECKOUT SOFTNARE MAINTENANCE BY NASA WILL REQUIRE
SUPPORT OF 301,700 INSinUCTIONS/610 MODULES.

The Test and Checkout software seis, tc be developed by ESRO
and provided to NASA for establisiment of the maintenance base-
line, have been estimated to consist of approximately 301,700
inetructiors. These instructions will be organized into
approximately 610 program modules. To provide the capability
to support and maintain software systems of this magnitude,
trained manpower as well as development tools/facilities will
be required.

The NASA STIL must support the capabilities for test and check-
out software and maintenance.

SOPHISTICATED SOFTWARE MANAGEMENT TECHNIQUES WILL BE REQUIRED

In an enviromment in which up to 18 Experiment Applications
software packages can be simultaneously undergoing development,
strict software management control will be required. This soft-
ware management system must be terminal-oriented and provide the
capabilities of source maintenance, configuration management,
and automatic release. In addition to use in the management of
Experiment Flight Applications scftware, the same techniques
will be utilired for subsystem and EGSE software.
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Table 1.1. Summary of Study Conclusions

DEVELOPMENT/DELIVERY/MAINTENANCE

o Development and delivery of 416,520 instructions for Experiment Flight
Applications Software will be requi-ed in 1981.

o Test and Checkout Software maintenance by NASA will require support
of 301,700 instructions/610 modules.

o Sophisticated Software Management techniques will be required during
development and maintenance of software.

e The development concept for Experiment Flight Applications Software
must support five development options.

STiL RELATED

o A Software Test and Integration Laboratory (STIL) witl be required in
support of COMS and EGSE software development.

o The STIL must be operational prior to first quarter of 1978.

NASA'S ROLE IN CCMS/EGSE SOFTWARE

o NASA will be responsible for integration, verification, and delivery of
CDMS/EGSE software.
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i CONCLUSION: DEVELOPMENT CONCEPT FOR EXPERIMENT FLIGHT APFPLICATIONS SOFT-~
i WARE MUST SUPPORT FIVE MAJOR DEVELOPMENT OPTIONS.

DISCUSSION: The development concept established during the study for Experi-
ment Flight Applications software provided the capabilities to
support the following development options:

Option 1 - PI develops the package on the NASA STIL.

Option 2 - NASA/STIL team develops the package.

Option 3 - PI develops the package on a copy of the STIL.

Option 4 - PI develops the package on his STIL compatible
computer and NASA provides a CDMS simulator.

Option 5 -~ PI develops the package on his own computer and

NASA supplies a CDMS simulator.

1.2.2 STIL RELATED CONCLUSIONS

CONCLUSION: - <+ T¢ST AND TNTEGRATION LABORATORY (STIL) WILL BE
R "% EXPERIMENT FLIGHT APPLICATIONS SOFTWARE DEVELOPMENT
Y D CHAECKOUT SOFTWARE MAINTENANCE.
DISCUSSION: _. ‘< performed within the study established that a dedi-

Cav.. _c iity ror vse in CDMS and EGSE software development and
maintenance must be provided by NASA. The maximum load on this
facility was determined to be approximately 350 runs per day.
These runs will consist of realtime simulations, batch processing,
and supportive functions needed in providing the required software
development enviromment. It was also determined that the STIL
must contain a CDMS and must provide a realtime simulation capa-
bility. Modeling of the STIL load with a GPSS model established
that the optimum host computer must have a CPU capability of
aprroximately 3 Million Instructions Per Second (MIPS) and a
wmemory capacity of approximately 3 million bytes and must provide
the software development tools and services required for CDMS/
EGSE software development and maintenance. The supportive functions
such as software management and data base will also be provided by
the STIL.

CONCLUSION: THE STIL MUST BE OPERATIONAL PRIOR TO THE 1ST QUARTER OF 1978.

DISCUSSION: The ability to support the delivery of the Engineering Model (EM)
software in the first quarter of 1978 will require that the STIL
R be operational prior to that time., In order to meet this need-
date for operational utilization of the STIL, a preliminary
development plan was developed. This plan indicates that the
development phase for the STIL should tegin in early 1975.

1-7
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1.2.3 'ASA'S ROLE IN CDMS/EGSE SOFTWARE

COACIUS 1ON:

DISCUSSION:

NASA MUST BE RESPONSIBLE FOR INTEGRATION, VERIFICATION, AND
DELIVERY OF CDMS/EGSE SOFTWARE.

Because of the severe time constraints on Spaceliab integration
testing at all levels, it will be required that verification
testing of all software be accomplished prior to delivery. This
verification must ensure that hardware/software incompatibilities
are minimized, or the overall launch schedules can be impacted.
NASA wmust perform this verification under strict configuration
contrel at the STIL. As a result, each PI developing his appli-
cation package must adhere to strict interface standerds to
ensure that integration and verification will proceed in an
orderly manner.

In support of the integration function, the software design must
ensure separation of independent applications and must provide
an operating system to control execution of those application
packages.
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1.3 STUDY RECOMMENDATIONS

As a result of the analyses performed during this study, additional
areas of investigation have been identified for subsequent study. The
following paragraphs indicate the principal areas of future study and dis-
cuss briefly the type of study activity to be performed.

1.3.1 STIL DEFINITION

As established during the study, development of the STIL shuuld begin
during 1975. To accomplish this schedule, a detailed definition of the STIL
hardware and software shovld be performed prior to initiation of the devel-
opment activity. Sections 2, 3, and 5 of this report will provide the data
base required to proceed with the STIL definition phase. The results of this
study would define the host computer, the CDMS Interface Device (CID), and
required software in sufficient detail to allow procurement of the STIL hard-

ware and software.
1.3.2 SPACELAB SOFTWARE DOCUMENTATION TREE

During this study, it was determined that there exists a requirement
to develop an integrated software documentation tree for all Spacelab
related software. This tree should provide interrelationships and inter-
faces among the various software development areas (i.e., ESRO, Payload
Operations Center, Preprocessing Center, Shuttle Mission Operations Center,
STIL, etc.). Also included within this task should be a recomrended format
and level of content for each document.

1.3.3 PrRINCIPAL INVESTIGATORS SOFTWARE DESIGNER'S DOCUMENT

As described in Paragraph 2.6 of this document, a PI Software Degigner's
Document is the single sourc2 of data which defines the MASA services to the
experiment application programmer and/or STIL user and defines "'rules" which
must be followed in development of Experiment Flight Applications software.
This document must be a living document throughout the Spacelab life cycle
to meet the changing needs of the PI. Utilizing the concepts defined during
this study, the baseline document can be designed and an initial publication
produced. Examples of the contents of this document are:

Services Provided by CDMS

e Hardware interface rules between experiment and CDMS

e Software interface rules between Operating System and Applications
software

e CDMS hardware/software performance parameters

1-9
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Services Provided by STIL

e Software development tools
e Software test tools
o Procedures for using STIL

Software Management Requirements

e Software develcpment philosophies
e Software standards
e Configuration management procedures
1.3.4 DEFINE INTERFACE/INTERACTION BETWEEN SPACELAB SUPPORT FACILITIES

Data base interaction among the various Spacelab facilities will be
a major problem and concern. Proper emphasis must be placed on assuring
that the STIL data base is interrelated with other major data bases such
as mission planning, crew training, Payload Operations Center, etc. This
common sharing of uniform data is mandatory to a cost effective overall
sof tware development.

1.3.5 DEFINE SOFTWARE INTEGRATION PROCEDURES

The most cost effective methods of putting Spacelab software on-line
is to utiliz. existing software modules, packages, and sets (with minimum
modifications) to meet the requirements of Spacelab. ESRO will initially
develop major Spacelab software sets. The Apollo, Saturn, Skylab, and
Shuttle programs have developed a significant amount of software which
can be applied to the facilities which will be supporting Spacelab opera-
tional phases. An integration plan must be developed which will provide
procedures for an orderly integration and verification of available soft-

ware into the major Spacelab support facilities (STIL, Mission Operatioms,
Crew Training, CIS).

1.3.6 1INITIAL SPECIFICATION OF DATA REDUCTION SOFTWARE

Skylab has proven that massive amounts of data must be processed to
reap the full benefits of a scientific mission. The initial requirements
for NASA's Spacelab data reduction capability should be documented and
baselined as well as those requirements for detailed data analysis on NASA
sponsored experiments. Present concepts call for the PI to provide all data
analysis software; however, the majerity of projected PIs are also NASA

employees. This will require that NASA provide data analysis software for
its own PI.

1.3.7 DETAIL MISSION OPERATIONS AND CREW TRAINING SOFIWARE

These two important aspects of Spacelab software must be defined and
documented so that the impact of their requirements cn CDMS and STIL soft-
ware development schedules and requirements can be determined.

1-10
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1.4 STUDY BASELINE

A baseline understanding of the Spacelab operational and development
environments was established early in the study. This baseline was modi-
fied as the study progressed due to the publication of the Spacelab Ground
Operations Plan (Item 1, List of References), ERNO Proposal (Item 27, List
of Refercnces), ESRO MSFC July briefing, and continued analysis of the
software development concepts. The following paragraphs are representative
of the current baseline.

1.4,1 STUDY ASSUMPTIONS

Every study must establish a set of assumptions and limitatic:s to
guide the study effort to a successful conclusion with meaningful results.
The following list denotes the major assumptions made within this study.

e Prime study emphasis was placed on Experiment CDMS software
development and integration concepts and on establishment of
a set of baseline STIL requirements.

e ESRO will make available to NASA the following software to be
used in the STIL.

- CDMS and EGSE compilers/assemblers/linkage editors

-  Common CDMS Operating System

- Subsystem CDMS Flight Applications

- EGSE Opervating System

- EM, Flight Unit 1 (FUl) and FU2 Test and Checkout software

e NASA will be responsible for all Spacelab software following
acceptance of Flight Unit 2.

1.4.2 SPACELAB GROUND OPERATIONS AND FACILITIES

A major portion of the software concept analysis utilized the Spacelab
Ground Operations Plan and projected flight operations plans. This analysis
established the following baseline data:

e The Software Test and Integration Laboratory (STIL) - will provide §
the total computational capabilities for maintenance of all CDMS
and EGSE computer software. It will have the capability for sofc-
ware development activities including design, development, integra-
tion, and validation of Experiment CDMS Applications software.
Complete software management tools and data base will be maintained
at the STIL.

[T R
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e The Central Integration Site (CIS) ~ will be utilized to perform
final hardware/software integration and validation.

e The CIS EGSE (Core Segment/Subsystem Simulator) - will have suffi-
cient simulation facility to perform hardware/software integration
and validation of the Experiment CDMS Computer software.

o The Engineering Model - will be utilized as a CIS hardware/software
integration tool and for utilization in testing of major modifica-
tions of the subsystem CDMS software.

e The Spacelab Subsystem and Experiments - will be designed to be
test compatible in that software will be able to detect faults
and isolate to the LRU level.

e The Launch and Landing Site Facilities - will be users of the soft-
ware systems and will not be involved in CDMS and EGSE software
development process.

e The Payload Operations Center - will be utilized to provide ground
monitoring and ground PI interface to the CDMS.

e The Preprocessing Facility - will be utilized to perform data reduc-
tion on Spacelab data. The processing will consist of formatting
all data into a common compressed format. The PI will be respousible
for all data analysis.

1.4.3 SPACELAB CDMS HARDWARE CONFIGURATION

The CDMS hardware configuration was evolving during the study period,
and several configurations were utilized during the study; however, the
final configuration was the ESTEC baseline presented at the July MSFC brief-
ing. This baseline is represented in Figure 1-2, and the following are key
points relative to the configuration which influenced the study direction.

e CDMS computers are all identical with perhaps the baékup and
experiment computers having a larger cor2 memory.

e Experiment and subsystem software can be designed and tested
independently. Backup computer is powered off prior to utiliza-
tion. Upon power on, the backup computer software will be initialized
via the orbiter interface from either the orbiter computer, PSS station,
or POC.

® Mass memory is to be implemented as a read only device.

e EGSE computer interface will be similar to or perhaps the same as
the orbiter interface to the CDMS computers.

e EGSE computer is expected to be similar in design to the CDMS com-
puters.

1-12
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1.4.4 SPACELAB SOFTWARE CONFIGURATION

It is premature at this time to establish a fixed software archi-
tecture for the CDMS and EGSE software; however, its basic hierarchy and
interrelationship can be established. To avoid confusion due to termi-
nology, the software definition and structure utilized by ESTEC has been
incorporated within this report.

For the purposes of this study, the hierarchical relationships as
depicted in Figure 1-3 have been used. The relationships (from the lowest
identified element to the highest) can be summarized as follows:

e Module -~ is the lowest element of software to be under configu-
ration control. The module is considered to contain 100 HOL
program statements and is considered as a building block. The
module can be considered identical to a circuit board or chip in
hardware.

e Package - is a combination of modules into a logical unit to satis-
fy the requirements of a particular function. An example of a
package is those modules which mske up a flight applications
function. 1In hardware, this would be analogous to a subsystem.

® Set - is a combination of packages to satisfy the requirenments
of a payload. An example of a set would be the combination of
flight applications and operating systom packages to form the
software to execute in the experiment CDMS computer while in orbit.
In hardware, this would be referred to as a major subsystem. Sets
can be combined to form sets of sets as, in a2 hardware sense,
subsystems together rform systems.

As can be seen in Figure 1-3, the Mission Set is composed of the CDMS
Flight Set, the CDMS Ground Checkout Set, and the EGSE Ground Checkout Set.
Each CDMS Set, correspondingly, is composed of an Experiment CDMS and Sub-
system CDMS Set. The figure thus establishes the logical relationships among
modules, packages, sets, and sets of sets.
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TASK 2B: DEFINITION OF SPACELAB EXPERIMENT 2
SOFTWARE DEVELOPMENT CONCEPTS

This section of the Spaceluv Software Development and Integration Concepts
Final Report describes the analysis perfcrmed in establishing a recommended
development conce~t for Experiment Flight Applications (EFA) software and the
resulting develop .ent tools and facilities needed to support that concept.

2.1 TASK 2B: SUMMARY

The EFA software, to be developed in support of the Spacelab missions,
is a critical element in achieving the scientifZc objective of the program.
Because of the significant number of missions to be supported witl. a wide
variety of experiments on each mission, coupled with an extremel; ambitious
launch schedule, it is obvicus that a new software development ervironment
will exist. Previous NASA experience in space software developuwent has been
characterized by long lead time in development with a slowly evolving software
baseline developing as the program matures. Such a development environment
will not exist for Spacelab experiments because of the rapidly changing
mission objectives; there “ore, improved development concepts must be estab-
lished to meet the challenges of the Spacel:sb experiment software development

requiremeite.
2.1.1. TASK OBJECTIVE

The primary objective of the study task .as to define and recommend a
developmert concept for Experiment Flight Applications software. The Experi-
ment Flight Applications software is defined as the onboard software packages
which provide processing services for each unique experiment. In achieving
this objective, the primary consideratiors were definition of development
environment, establishment of develcpment concepts, and identification of
impact of development concept.

2.1.2 TASK CONCLUSICNS

Subtask conclusions are presentec wiin each subsequent subsection of this
document as appropriate. The followiw.g conclusions are those which IBM feels
are significant and are highlighted for the reader's convenience.

e The proposed development concept described in Paragraph 2.6 will
support all options of Experiment Flight Applications software
development.

e A Spacelab dedicated Software Test and Integration Laboratory (STIL)
is necessary to supporc the EFA development concept, traffic model,
and projected software development load.

e If additional STILs are required they should all be hardware/software
compatible.
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2.1.3 TASK 2B STUDY APPROACH

IBM's approach in accomplishing the Definition of Spacelab Experiment
Software Developament Concepts study task is illustrated in Figure 2-1. The
first phase (Identification of Development Requirements) addressed the Space-
lab environment and philosophy requirements. This provided the requirements
which must be supported by the flight applications software development con-
cepts. The second phase (Concepts Determination) identified the possible
options which could be utilized in satisfying the requirements, evaluated
those options, and yproposed the Experiment Flight Applications Development
concept. The third phase (Areas of iImpact of Concepts) established those
requirements on flight applications software, development tocis, and develop-
ment facilities which result from the development concepts.

The numbers appearing in the figure indicate the subsequent paragraphs

in which the detailed analysis is discussed. Within eack paragraph the con-
clusions, established by that specific analysis, are identified and discussed.
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2.2 TRAFFIC MODEL AND SCHEDULE ASSUMPTIONS ANALYSES

2.2.1 THEME

In establishing the development concept for Spacelab Experiment Flight
Applications (EFA) software, the operational comstraints, within which the
concept must be structured, must be fully understood. To achieve this
understanding, IBM evaluated the October 1973 Space Shuttle Traffic Model
(Item 24-List of References) and other appropriate Spacelab related studies.
Through this evaluation process, the EFA operational environment was

established.

2.2.2 CONCLUSIONS

The results of the analysis of the traffic model have established the
following conclusions:

e The peak development activity year for FFA software will be 1981.
This will require a rapid NASA buildup of software support capa-
bility in order to support the development burden.

e A maximum of 36 NASA EFA software packages will be undergoing
development in 1985.

e A maximm ot 31 EFA sets for Spacelab missions will occur in
1985 and 1986 (delivery required every 12 calendar dars).

e Experiment Flight Applications software sets will be classified
as either new or reflight with the development activity for
reflights varying depending on number of reflights per payload.
It should be noted tha: even though many experiments will refly,
they may fly with a different payload (experiment mix).

2.2.3 DIiSCUSSION

To determine the operational enviromment which must be supported by the
EFA software development concept, a detailed analysis of the Shuttle Sortie
Mission Model was performed. The purpose of this analysis was primarily to
determine peak software development activity periods and to determine the
delivery support requirements. These activity parameters are essential
inputs in determining the development concepts and the support facility
requirements for EFA software development.

The summary results of the Sortie Mission Model analysis are shown
in Table 2.1. Subsequent paragraphs will address the appropriate contents
of the table and will establish the rationale used in developing the detailed

data.
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2.2.3.1 Software Development Analysis

As illustrated in Table 2.1, each experiment is divided into new flights
and reflights. To determine the magnitude of the software development activity,
it was necessary to estimate the number of instructions to be generated for each

classification.

New Flight Analysis

For estimating new flight requirements the Spacelab Sortie Pavload Soft--
ware Sizing Analysis report (Item 26-List of References) was utilized. This
report considered a representative set of 13 Spacelab exper+tinents and developed
the number of instructions required to support major software functions of each.
The results of this analysis are summarized in Table 2.2 and indicate the

following:

o The average new flight application software package requires
8,000 instructions for monitor and control functions, 27,600
instructions for scientific data processing functions, and
20,000 instructions for the operating system.

o All flights require extensive computational support. (Note
that LS-04-~S has a dedicated processor.)

o The average payload contains nine sensors.
e One-half of the typical payloads requires computational support
of less than 200 KOPS. The remaining payloads require processing

which cannot be performed totally cn board with current state-of-
the-art computers.

e The memory requirements for EFA software can be supported by
state-of-the-art computers.

Reflight Analysis

As illustrated in Table 2.1, the number of reflights to be supported far
exceeds the number of new flights. For this reason, a detailed analysis was
performed to ensure that the reflight impact was properly evaluated.

Analysis of the behavior of flight software development for past Saturn
and Skylab flights indicated that a significant change activity continues after
initial development of a software system. This change activity is attributable

to the following factors:

e Improvement in software performance to better support
experiment/mission objectives.
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® Resolution of problem areas identified as a result of operational
utilization.

® New or improved experiment hardware to be supported.

The characterization of the Spacelab enhancement activity shown in Figure
2-2 is based on past experience on similar software development projects. As
may be seen, the first rr ight will characteristically require approximately
40% modification from the new EFA, the second 30%, the third 20%, and all sub-
sequent reflights approximately 10%.

Having established the characterization of software modification percent-
ages throughout its life cycle, this data was used with the number of reflights
in the Sortie Mission Model to establish the Spacelab reflight software impact.
Tne approach used was to:

® Determine the number of reflights for each experiment code.

e Proriate the percentage change according to the number of
the reflights.

@ Apply these percentages to the average new flight instruction
size (35,600) for each reflight.

® Total the resulting reflight development impact on a year .
basis.

The resulting totals, when combined with the new flight development activ-
ity, resuits in total development burden on a yearly basis. This data is
sumarized in the totals row of Table 2.1.

Knowing the total number of instructions to be developed is not sufficilent
input for establishing a development load factor. The number of software packages
and sets in process at one time must also be understood. To arrive at this
number, it was assumed the average application package wmanufacturing process would
require 6 months; this would include flight application package integration/
verification. As indicated in Table 2.1, there are nore flight application
packages than there are flight application sets. This results i1rom combining
the traffic model's payloads to generate flight configurations. As indicated,
the maximum number of packages undergoing development is 36 in 1985. These
packages are then combined intn sl flight application sets.

Development Analysis Summary

Combining the development requirements for both new flights and reflights
resulted in the total development burden to be supported on a yearly basis. As
may be seen in Figure 2-3, the peak activity year is 1981 with approximately
416,000 instructions to be developed. This indicates that the early peaking of
activity will necessitate full development capability early in the program.
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Figure 2-3. Instructions to be Developed/Year for Experiment Flight Application Packages

2-11

- O

LN



-

——— e - A 4

2.2.3.2 Software Delivery Analysis

The capability to generate deliverable Experiment Flight Applications
software sets with the necessary configuration management controls is an
important factor to be considered in the Experiment Flight Applications
development concept. The Sortie Mission Model was analyzed to determine
the delivery requirements to be supported.

The results of this analysis are summarized in Table 2.1 on a yearly
basis and are shown pictorially in Figure 2-4. As may be seen, the set
delivery profile lags considerably behind the development activity because
of the iucreasing number of reflights as tha2 Spacelab program matures. The
maximum number of deliveries reaches 31 in 1985 and 1986 and will require
that a delivery be accomplished every 12 calendar days (365 days/year/31

deliveries/year.
50 |-
40 |
30
Flight
Appli-
cation

Set
Deliveries 20

10 |-

Year

Figure 24, Spacelaly Expcimer: Flight Application Delivery Profile
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2.3 PI TO PI FLOW ASSESSMENT

2.3.1 THEME

Current Spacelab program plans call for each Principal Investigator
(PI) to be responsible for his experiment (herdware and software). The
PI involvement in experiment-associated software must be projected to
understand the Experiment Flight Applications (EFA) software develooment
environment. To define this involvement, the flow of the experiment from

definition to post-flight analysis was analyzed.

2.3.2 CONCLUSIONS

Analyses of the P1 to PI experiment flow have identified the follow-
ing factors which influence the EFA development concept:

e The PI will be responsible for generation of the experiment-
associated software requirements.,

To develop EFA software in house, the PI must be provided with a
CDMS Simulator or CDMS Hardware.

e NASA will be responsible for integration of the experiment hard-
ware and software.

The PI will be responsible for development of post-flight experi-
ment analysils software.

2.3.3 DESCRIPTION

The PI has been defined as taat individual cr organization technically
responsible for a Spacelab exper.ment. This responsibility includes all
phases of experiment development and utilization and encompasses both the
hardware and software required in all phases. The definition of the PI's
involvement in the software development process is essential in establishing
an experiment software development concept. Analyses of available NASA plans
and technlcal discussions with NASA study team counterparts have established

the following data.

2.3.3.1 Classes of Pls

A significant factor in the determination of the experiment suftware develop-
ment concept will be the capability of the PI to support a software development
activity. To establish an understanding of the range of support that must be
provided the PI, the following classes of PIs have been established.

e PIs who want NASA to develop their experiment software, Examples
are PIs who are NASA employees, Pls who have high interest in their
field but little desire to program, or PIs with relatively minor

software requirements.
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e PIs who want to develop their expeciiment software on the NASA STIL,
Examples are a PI from a college that has limited data processing
facilities or a NASA/PI trained in prograzming.

e PIs who will develop their own scftware in-house using NASA supplied
development facilities. Examples are non NASA PIs that are responsible
for many payloads.

2.3.3.2 PI to PI Flow

Through interface with MSFC counterparts, a conceptual definition of the
PI's involvement in experiment flow was estabtlished. The conceptual overall
flow is shown in Figure 2-5, and the envisioned PI's involvement in each
activity is defined in the following paragraphs,

Experiment Definition

The initial activity accocplished in the experiment flow is the
experiment definition. The PI will perform the definition activity and
will include bhardware and software requirements needed in support of the
experiment. The definition of the experiment will be closely coordinated
with NASA.

Experiment Selection

Upon completion of experiment definition, the PI will present the
experiment to a NASA selection board responsible for selection of Space-
lab experiments and allocation of experiments to particular Spac<labd
missions. The selection board will reviuw the experiment along with
alternative experiments and will provide the 'GO/NO-GO" decision for
inclusion of the experiment into the Spacelab Mission planning cycle.
Acceptance and allocation of an experiment will initiate development
of the hardware and software.

Experiment Build

The experiment build activity will include the development of both
hardware and software needed to achieve the experiment's scientific objec-
tives. The software required in this activity includes:

® Predelivery Experiment Test/Checkout Software (if required)

® Spacelab Ground Applicatlons Software (EGSE)

o Flight Applications Software
e Parload Mission Operations Software

e Post-Flight Data Reduction Software

@ Scientific Data Analysis Software

2-14
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Each of the sof:ware items will be undergoirg development in parallel
with the expe-iment hardware and will require substantial software expertise
on the part of the PI. The PI's participation in each of the areas
is summarized in Table 2.3.

Table 2.3. PI Participation in Experiment Software Development Tasks

EXPER!MENT SOFTWARE °1 PARTICIPATION

Predelivery Experiment Test/ Responsible for development (software is
Checkout totally experiment-dependent).

EGSE Generates requirements.

Experiment Flight Applications Generates requirements - has option on
(EFA) whether to develop.

Mission Operations Generates requirements.

Post Flight Data Reduction Generates requirements.

Responsible for development (software is

Scientific Data Analysi
1 ata Analysis totallv experiment-dependent)-

L

Spacelab Integration

Having completed the build process, the experiment will be integrated
into the Spacelab. Interface testing will be performed to ensure system
integrity. It should be noted that tais point in the flow will be tke
first testing of the experiment hardware, common flight hardware and
Experiment Flight Applications software as an entity. This integration/
validation process will be a NASA responsibility.

Orbiter Integration

The Spacelab, containing the experiment hardware and software, will
be integrated into the payload bay of the Space Shuttle Orbiter. Overall
Orbiter/Spacelab interface tests will be performed prior to launch.

Launch and llission Operations

During the on-orbit time of *he Spacelab mission, the EFA software will
cortrol and monitor the operations of the experiment hardware. At the same
time, mission operations software in the Payload Operations Center (POC) will
gather realtime experiment data, provide the PI with the capability to monitor
performance of his experiment, and provide PI/onboard system interaction capability.

wald Wi e MR el b
e e N T I

. »
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Post Flight Data Reduction

Prior to detailed analysis of experiment results, the data gathered
in reeltime and/or recorded onboard will be preprocessed by NASA. This
process tests quality of data, converts the data to calibrated engineer-
ing units, and formats it for final processing by the PI. Because of the
requirement to interface with the TDRSS and NASA ground network to perform
this process, NASA will provide facilitles and software to perform pre-
processing.

Experiment Data Analysis

The final step in the experiment flow will be the detailed analysis of
experiment results by the FI on his facilities. The software used in this
evaluation will be developed by the PI. Upon completion of detailed anmalysis,
results wiil be distributed to the scientific comm:nity and any necessary
requirements for reflight will be passed to NASA.

2.3.3.3 PI Requirements on Experiment Development Concepts

In aralyzing the total PI flow, the only PI activity which impucts the
development concepts is the EFA software development. Primary emphasis
must be placed on ensuring that options exist within EFA software develop=—
ment concepts to cover the widely varying software capabilities of the Pls.
The options shown in Figure 2-6 represent the full renge of PI involvement.
As can be seen, the options provide the capability for the PI to develop
the EFA software even thcugh NASA is responsible for integrating the soft-
ware into a payload flight configuration.
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2.4 PI/CDMS SOFTWARE INTERFACES

2.4.1 THEME

An analysis of the requirements for PI/CDMS software interfaces was
performed to establish the impact upon the EFA software development concepts.
This analysis determined requirements for real time PI interaction at three
major operatiounal sites, all of which affected the Spacelab Experiment Soft-
wvare Development Concepte (See Figure 2-7). Operational and programmatic
considerations require that the PI or his representative (onboard crew,
Payload Operation Center (POC) operator, and testing personnel) be provided
the capability to communicate with the ontoard experiment hardware for real-
time control and evaluation. This communication interface must provide
flexibility to meet the full range of nominal and contingency experiment
operating and test modes.

2.4.2 CONCLUSIONS

Significant conclusions reached relating to PI/CDMS Software Inter-
face are:

® Extensive and complex EFA Software will be required to support real-
time experiment/PI interaction

® Special-purpose PI/Engineer oriented interface language will be
required.

@ Crew/Operator training will be required for each experiment/
mission

® Experiment development concepts must provide for comprehensive
definitions, design certification, and verification of Experiment/

PI 1interactive capabilities

2.4.3 DISCUSSION

. apalvsis of the operational phases of experiment develcpment
identil{led tb :e major PI/CDMS software interface areas. These areas are
(1) the oaboard CDMS Operator's Station cr Payload Specialist Stationm,

(2) the Payload Operation Center Experiment (POC) Operators Console, and
(3) the Electrical Support Equipment Operators Console (EGSE). Space-

lab system design requires that the CDMS provide all control interface to
the EGSE and POC and that the EFA Software must share or perform all real-
time P1 interaction services during all experiment development phases.

2.4,3.1 Interactive Control Requirements

Analysis indicates that interactive control of the experiment must be
shared between the cnboard operator and the POC operator, during flight,
or the EGSE operator during integration checkout operations. Composite
PI/CDMS interface requirements are summarized as follows:
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e Fxperiment Manual Operational Control

Power control

Mode control switching

Pointing or target acquisition

Sample rate modification

Experiment time line modification

Experiment schedule period modification
Inhibit/Enable automatic sequence commands
Selection of experiment redundant configurations
Individual sensor control (align, focus, etc.)
Dynamic scientific data routing

e Experiment Data Display and Control Processing

Real time engineering unit display of critical parameters
Tutorial display of experiment normal processing
Selected displays of experiment data related to data collection

and storage
Experiment data quality parameters for realtime decision making

o Sensor Calibration/Checkout

st

PR SIS AR

L,

]

~ Individual sensor operatiomal checkout
- Individual sensor calibration

- Experiment pre-operation checkout

e Status/Performance Monitoring

Exception monitoring during automatic sequencing

Crew alert for abmormal conditions

Crew alert for significant experiment events

Limited individurl sensor trend analysis

Provide CDMS experiment processing load data analysis

To meet these interaction requirements, onboard CDMS hardware will
consist of:

e CRT display system providing for text and graphic data presentation

e Alpha-numeric keyboard providing for effective man/machine data entry

e Manual switches providing for hardline experiment control as well
ag CDMS function commands.

o Panel lights providing for CDMS and hardline crew discrete attention/

status indicators
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ral

o Orbiter/Spacelab telemetry downlink capability to include CDMS
Status as well as experiment data

e Orbiter/Spacelab telemetry command uplink capability to receive
command from POC or EGSE

2.4.,3.2 Interactive Software Requirements

To meet interactive requirements EFA, EGSE and POC software must sup-
port the utilization of the Spacelab interactive hardware in the most cost
effective manner. Due to limited control and display capability, software
must provide for multi-function capability on non-hardline displays and
switches. Interfaces must be standardized to prevent excessive crew/opera-
tor retraining between missions and to reduce possibility of manual errors.
Software must provide self protection to prevent invalid iuteractive coumands
from resulting in invalid or destructive actions by the CDMS. Last but not
least, is the reauirement that all displays be presented in such a manner
and format that the crew/operator will be able to quickly recognize condi-
tions presented and respond as required.

2.4.3.3 Interactive Language Requirements

During the analysis, it was established that a common interact*ve lang-
uage with a PI/Engineer oriented syntax and PI/Operator display format is
required to:

® Minimize input errors

e Minimize crew/operator training

® Reduce interface problems

o Maximize flexibility and utilization

o Enhance the cost effectiveness of operational experiment development

Whenever a hardware/software system is designed flexible enough to meet
the requirements of the Spacelab experiment/PI interaction, it must also
provide adequate assurance that the system will not faill as a result of
invalid operator input. Therefore, PI/CDMS software interface requirements

will significantly affect the development concepts in the areas of design
definition, design certification, verification and validation.
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2.5 EXPERLIENT CHECKOUT/VERIFICATION TECHNIQUES

2.5.1 THEME

The schedule for checkout and verification of the experiment hardware
and software is a wajor driver in the establishment of facility require-
ments and overall experiment flow. The stringent timeline condition
which will exist levies unique requirements on checkout/verification

techniques.

2.5.2 CONCLUSIONS

e Due to the restrictive time frame for hardware/software interface
validation and checkout, experiment hardware and software must
be thoroughly tested prior to payload integration.

o NASA must provide a facility for software verificatiom.

2.5.3 DISCUSSION

The Spacelab Ground QOperations Plan (Item 1, List of References)
established the overall flow which is depicted in Figure 2-8. As may
be seen in the figure, the process of checkout and verification is ini-
tiated with the experiment hardware tests; and upon successful completion
of these tests, the hardware/software validation and payload integration
activities are performed. These activities culminate in the integration
of the payload into the Spacelab and the Spacelab into the Shuttle.

2.5.3.1 Premission Timeline

The foliowing four pertinent premission time frames have been ex-
tracted from the Ground Overations Plan:

1. Paylnad integration function is allocated seven working days——
of which sixty-eight hours are allotted for interface validation
and checkout at the Central Integration Site (CIS).

2. TFlight Readiness Test is allocated 40 hours for final integrated
system tests at the launch site.

3. Spacelab/Shuttle Orbiter verification is allocated two hours for
interface verification.

4. Payload Final Services are allocated four hours.

From those time frames, it may be seen that the timeline at the
launch site will be so severe that any error could abort the mission.
Therefore, the payload must be fully verified before transporting to
the launch site. Figure 2-9 represents the timeline for CIS payload
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integration, and Figure 2-10 represents a projected expansion of the 68
hours allocated to Experiment/Experiment Element Interface Vaiidation
and Checkout.

As indicated In Figure 2-10, of the seven days allocated for pay-
load integration, only sixty-eight hours are allotted for interface
validation and checkout at the CIS. This 68-hour time frame will be a
sensitive factor in the total Spacelab flow and will be especially criti-
cal when the payload integration involves new flight coafigurations.

2.5.3.2 Hardware/Software Validation

Validation of experiment hardware and software may be separated and
considered as two separate functions: validation of reflights and vali-
dation of new flights. Reflights imply the hardware has flown success-
fully on previous missions. For the reflights, the 68 Lours of interface
validation and checkout at the CIS should be sufficient since careful
application of configuration control can minimize the probability of the
existence of incompatibilities.

Validation of up to nine new flights per year poses a potential
problem when each integration is constrained to only a 68-hour time span
within the aliotted seven day payload integration span. The 68 hour time-
line now becomes a critical factor in the total Spacelab flow since this
will be the first opportunity for validation of interfaces between Spacelab
hardware and software. It must be apparent that the solutior of any minor
incompatibility existing between the hardware/software !nterfaces may re-
quire much longer than the 68 hours allotted. This situstion has the poten-
tial cf totally disrupting the schedule of events for the subject payload,
and all other payloads within the operational flow, and is identified here
as a major problem to be addressed.

2.5.3.3 Software Testing Prior to CIS Delivery

A concept for the solution to the validation prcblem is that flight
application software be thoroughly verified prior to integration, and
strict configuration control be maintained to minimize incompatibilities
at integration. Onboard experiment application software packages must be
developed and verified in an environment that simulates the Spacelab as
closely as possible. This requires a copy of the CDMS and a facility that
simulates the Spacelab, the Orbiter, the Payload Operations Center and
the EGSE.

The checkout technique of providing facilities that provide high
fidelity simulation for software verification prior to integratiom, and
a facility for hardware/software integration has proved cuccessful in
the Saturn, Apollo, and Skylab programs. The Shuttle Software Development
Laboratory (SDL),currently being developed at Johnson Space Center, pro-
vides these necessary services for Shuttle onboard software development
efforts. High quality software with few integration and operational problems
has been the comstant product of this technique.
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2.5.3.4 Experi-ent Testing Prior to CIS Delivery

Current plans call for each experiment to be independently developed
by the PI. The experiment hardware will be fully checked out and vali-
dated on the PI's premises prior to delivery to the CIS. It is antici-
pated that all software activities required for experiment checkout prior
to CIS delivery will be the responsibility of the PI with NASA involvement
as necessary to ensure compatibility with mission integration requirements.
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2.6 DEVELOPMENT PHILOSOPHY DETERMINATION

2.6.1 THEME

Definition of an Experiment Flight Applications (EFA) development
philosophy, which satigfles the requirements established during analysis
of the Spacelab Traffic Model, PI to PI Flow, and Experiment Chec“out/
Verification Techniques, is required to provide unifcvm inputs to other
study tasks. The development philosophy selected is flexible in concept
but rigid in control in order to meet all Spacelab progirum objectives and
service all classes of PI involvement in FFA software developmeat.

2.6.2 CONCLUSIONS
The major conclusions of this section are:

e Experiment Flight Applications softweve must be devcloped in a
disciplined, controlled environment.

o Experiment Flight Applications software development concept charac-
teristics are compatible with state-of-the-art software development
conrepts.

e Proposed development process is compatible with all devel--ment
optiong established for EFA software.

2.6.3 DISCUSSION

In formulating the EFA software development philosophy, many things
must be consicdered and weighed against experience and knowm processes
which have proved effective. Figuse 2-11 graphically represents the major
_onsiderations used in developing the three identified products ~f this task:
Proposed Experiment Flight Applications Software Tharacteristics, Proposed
Experiment Flight Applications Software Development Process, and Froposed
Experiment Flight Applicati-ns Software Development Responsibilities. The
following peragraphs wil! first address the development philosophy consider-
ations relevant to the development concept for experiment applications
software and then will discuss the chavacteristics of the selected development

concept.

2.6.3.1 Development Phiio;oghz Considerations

The prime item of importance in establishment of the development philosophy
was a broad functional review of the Experiment Flight Applications Software
requirements. As may be seen in Table 2.4, there is a high probability that
major commonality will exist across the span oi application requirements. It
may be concluded from this that the basic philosophy must include a highly
modular structure to take advantage of this commonality.
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MAJOR SOFTWARE DEVELOPMENT
PHILOS.-"HY CONSIOERATIONS

» FLIGHT APPLICATION SOFTWARE
REQUIREMENTS

e RELIABILITY REQUHREMENTS

' ® DEVELOPMENT TIMELINE

o TEST/INTEGRATION FACILITIES

; e RELATIVE DEVE_OPMENT COSTS

STUDY
TEAM
WORKING
SESSIONS

Figure 2-11. " *velopment Philosophy Determinztion
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It has been determined that Reliability Requirements of Experiment
Flight Applications software vary between highly critical tc low, depend-
ing upon the function of the experiment and the opportunity for -eflight.
The development philosophy encompassed with full spectrum of quality re-
quiremeunts. It mus* be noted here that, although there are lower per-
formance parameters related to some experiment applications, there is an
extremely critical requirement that Experiment Flight Applications software,
if it fails, must fail safe,

The software Development Timeline and the Test/Integration Facilities
were of major importance in determining the basic philosophy. Figures 2-12,
2-13, and 2-14 are presentation material developed and presented to NASA
during the timeline analysis. Conclusions of timeline and facility analyses
which impact the development concept were:

e Flight sets will be integrated by NASA.

® Software and hardware would first meet at the Central Integration
Site,

® Timeline is critical from integration through launch.

e Software integration and verification must be performed prior to
hardware/software integration and validation.

® Software development options which must be supported by the
development concept are numerous.

e Many concurrent softwa e development activities must be supported.

The development constraints established from timeline and facility
analyses provide a new challenge to integrating, verifying, and validating
flight software in a very short period of time. The critical period of
time from integration to launch imposes a testing environment in which
sof tware/hardware integration/validation time is almost nonexistent. The
ph®'osophy to support this environment must provide quick, effective soft-
ware integration, verification and validation; and, in addition, must
provide the capabiiity of strict configuration control at the module, pack-
age, and set levels of Experiment Flight Applications software development.

During the analysis of PI involvement and the assessment of software
development sites other than the STIL, it was determined that development
tools could become a major cost driver of the Spacelab program. Table
2.5 represents the five software development options which were consid-
ered. When selecting the two most desirable options (Option 1: PI
develops on NASA STIL, and Option 2: NASA team develops software),
Relative Development Cost was the driving factor. Even though Options 1
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and 2 are the most cost effective, it is required that, in some cases, the
development philosophy provide the capability for the PI to develop Experiment
Flight Applications software offsite and integrate with STIL-developed software

to form flight configured software sets.

2.6.3.2 Experiment Flight Applications Software Characteristics

The analysis conducted within this task corfirmed that a standard execu-
tive approach to the Experiment Flight Applications software set construction,
customized to meet the unique environment of Spacelab, is the most cost effec-
tive and desirable method. Figure 2-15 proposes a structure which meets or
exceeds all identified requirements. Explicitly, this structure provides for
the key elements of independent experiment application software and common

operating systems.

Independent experiment application software package development is
characterized by low cost, responsive development keyed to the changing re-
quirements of the PI/experiment hardware on each Spacelab flight. The common
operating system, however, is characterized by stable non-changing software
elements which comprise the majority of the omboard critical software. Figure
2-16 summarizes the key points of the proposed structure. The structure is
fully compatible with and supports the proposed Experiment Flight Applicationms
Software Development Process and Develcopment Responsibilities.

2.6.3.3 Experiment Flight Applications Software Development Process

The proposed development process, which is represented in Figure 2-17,
meets all known requirements of the development philosophy and provides the
flexibility necessary to implement new requirements as they are identified.

A scenario of the key elements of the process is contained in the following
paragraphs. This scenario covers only the software flow and does not consider

the level or number of review points.

PI's Software Designer's Document

A key element of the total philosophy and development process is a com-
posite set of well defined and documented Experiment Flight Applicatiomns
Software Standards, Procedures, and Interface Definitions. These are estab-
lished within the PI's Software Designer's Document and are a total set of

"Rules" which must be followed in development of Experiment Flight Appli-ations

software. These "Rules'” must be used by non-STIL as well as STIL developers
to ensure a cost-effective compatible integration.

Experiment Definitlon

The experiment definition, requirements, and performance specificatiom
task is always the responsibility of the PI working with the scfrware devel-

oper, This definition includes critical timing, processing, onboard testing,
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independent Application Scftware Packages

High Modularity Environment

- Verification Level Variable on Criticalicy

Low Probability of Application/Applicatio Interference (Fail Safe)
Configuration Cortrol at a Package and Module Level
Pl Developed Software can Easily be Integrated at STIL

Common QOperating System

Cost Effective Subsystem/Experiment Computer Commonality
All Major Stabilized Eiements of Flight Configured Software Set

- Low Recurring Verification/Validation Requirements

Figure 2-16. Key Elements of Flight Application Software Characteristics
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and performance definition of the Experiment Flight Applications package.
detailed review of the definition is conducted to ensure that the CDMS can
meet the requirements being levied by the PI. Following agreement, the re-
quirements and performance specifications are baselined and the Experiment
Flight Applications software package design begins. As represented in
Figure 2-17, up to 36 application package developments can be in process
simultaneously.

Application Software Package Design

Using the baselined experiment definition, requirements, and per-
formance specifications and functioning within the established standards,
procedures, and interface definitions, the programming team begins the
application software package design. Using the full principles of com-
posite design concepts, the team breaks down the application into small
manageable modules. The team makes full utilization of already developed
modules in the module library and perhaps a package from the Flight Appli-
cation Package Library. Detailed requirements and performance specifica-
tions on each module are established by the programming team. A design
certification is performed on the application design to ensure that the
design will meet the performance specifications. This may involve gene-
ration of development models to ensure that the design concepts and module
structure will meet the requirements prior to committing to detailed
module design. Following the design certification, the development is
initiated with a top~down design implementation of the new application
modules and verification plans are begun.

New Module Detaiied Design

The development programmer performs a detailed design of the module
while the backup programmer begins development of the verification pro-
cedures. It should be noted that several modules can be in production at
one time for a package, using the top-down implementation process, and will
require time phasing to ensure that all will be completed when required.

A review is conducted following detailed design to assure that require-
ments are still being met or exceeded prior to committing the module to
code and test.

New Module Code and Test

The development programmer codes the module in a selected HOL or
machine language depending upon performance requiremcnts. HOL selection
would always receive positive consideration due to verification and com-
patibility considerations. Following the coding process, the module will
be tested by the programmer. The module is then released to the backup
programmer for verification.
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New Module Verification

The verification is accomplished on the module level tc ensure that the
module meets the requirements and performance specifications. Test cases
and environmental models will be developed to test the module in a realistic
system environment. These models are then placed under configuration control
and later used in package and set verification. Any anomalies result in the
program being returned to the code and test activity. After successful
verification, the module is put into the module library under strict con-
figuration control. The module is now ready for use in top-down testing and
module integration for package verification purposes.

Application Package Integration/Verification

When the last module developed i1s put into the module library, one final
application overall integration/verification test is performed to ensure that
the Experiment Flight Applications software package meets the requirements
and performance specifications of the PI. The software package is now fully
developed and verified as an Experiment Flight Applications package using high
fidelity simulators as the test tool. If an anomaly 1s detected, the failing
module is returned to the new module code and tesct or application software
package design activity as appropriate. After full acceptance, the package
is placed into the Experiment Flight Applications package library under con-
figuration control. The environment models are also plLaced in the library
with the same level of control for future use in set integration/verification.

Flight Application Set Integration/Verification

Following the final selection of hardwa-e for flight, the appropriate
Experiment Flight Applications packages and operating system packages are
linked together to form the experiment flight set. This integrated system
is verified to prove interfaces and performance as a flight system using
high fidelity system simulators. If an anomaly 1is detected, the set 1is
deleted or corrected depending on the existing timeline. The flight soft-
ware and simulators are now placed into the controlled Flight Set Library
from which delivery to the CIS is made.

Hardware/Software Validation

Within the CIS, the total system is exercised to ensure compatibility of
interface. Due to the previous verification on high fidelity simulators and
utilization of the stable common operating system, any anomalies detected in
this phase will nurmally be the result of hardware failures or improper
specification by the PI or differences between modal. and the flight hardware.
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2.6.3.4 Software Development Rasponsibilities

In all development processes. specific responsibilities must be defined
to ensure compatibility. Table 2.6 proposes nigh level responsibilities re-
lated to tasks identified in the proposed development pr.cess. These respon-
sihilities are related to the five options of softw.re development identified
earlier in the study. Depending on the development option, NASA/STIL respon-
sibilities and configuration control will be established at different points
in the development process. The following paragraphs will discuss the re-
lationships between the development opticna and the development concept.

Option 1 (PI Develops on NASA STIL)

Using this option the software development plan is as depicted in Figvre

2-17 with the Fi beiag fully responsible for EFA definition, requirements, and

performance specifications, application software package design, new module
design, and new module code and test activities.

The NASA STIL team will establish the EFA verification procedures and
will be responsible for dev.loping the required models to be use? in verifi-
cation of the modules and application packages. The PI will function as a
consultant in this activity. As each module is completed by the PI, it will

be verified by the STIL team and the PI prior to being placed into the module

library.

Following the development of the final module, the EFA package
will be generated from existing and new modules. The integraticn and veri-
fication of this package is jointly dome by the NASA/STIL team and PI
through the use of STIL developed environment simulators. The package w’ll
then be placed into the flight application package library.

Once entry is made into the module and package libraries, configuraticn
control is maintained by the NASA STIL team. The integration and verifica-
tion of the fiight set and the hardware/software validation cf the flight
set will be a NASA responsibility,

Option 2 (NASA Team Develops Experiment Software)

The PI is fully responsible for the EFA definition, requiremenis
and perforwance specifications as he is in all options. Following this
aefinition, the development responsibility is assumed by the NASA/STTL
team. The flow shown in Figure 2-17 is followed exuctly within this
option. The details of this option are discussed in Paragraph 2.6.3.3.

Option 3-5 (PI D :lons on Ouf-Site Facilities)

The off-site develcpment options willi allow the PI to »uild the soft-
ware package; however, the NASA S.IL team remains responsible for integra-
tion and verification of the flight set and hardware/software validation.
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Operating witnin these options, the PI is responsible for total develop-
ment of the EFA package. The integrated flight application package will
be verified by the NASA/STIL team to ensure that there are no interface
problems prior to placing it into the EFA packape librarv. fhe STIL team
will perform the necessarv package and set verificartion testing. Within
these options, no configuration control over the modules comprising the
application will be provided by the STIL. <Corfipuration :ontrel will
exist at the package level only.
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2.7 EXPERIMENT SOFTWARE REQUIREMENTS

2.7.1 THEME

As a result of the recommended development ccncept, the Experiment

Flight Applications (EFA) software must adhere to certain desien and develoo-
ment standards to ensure that development goals are achieved.

2.7.2 CONCLUSICNS

In support of .evelopment concepis, the following conclusions appli-
cable to the Experiment Flight Applications softwarz have been established.

The software design must ensure separation of operating
systems and application programs.

The operating system software must support an interface language
for PI interface and must protect the system from the user.

The application software will support experiment-unique software
requirements.

A standard high-order language will be used for EFA sofi-
ware implementation.

Adherence to development staandards will be required.

2.7.3 DISCUSSION

Within the development concepts, the Experiment Flight Applications
software must be organized and designed to ailow ease of modification,
rapid integration, and testability. The development concepts impact the
Experiment Flight Applications software in the following areas:

Design Requirements
Language Requirements
Operating System

Applications System

The requirements levied on these areas are discussed in the following
paragraphs.

2,7.3.1 Design Requirements

The recommended development concepts for the Experiment Flight Appli-
cations software will allow the PI to develop the experiment-dependent
software package, but the integratior/verification of the experiment
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software into a flight set will remain a NASA responsibility. This
separation ot responsibilities will require design of the Experi-

ment Flight Applications software such that the applications software
(developed for or by PI) is independent of the operating system. 1In
addition, the operating system/applications interfaces must remain stand-
ard across the Spacelab program to ensure that applications software can
be reused for subsequent missions without modifications. To satisfy

this capability, a modular design of the onboard software i. mandatory,
and rigid standards must be utiiized to ensure modularity. The design
approach is shown in Figure 2-18.

For system-build of the experiment software, the operating system
design must allow the software system architect to specify, through
tables, the characteristics of application subsystem to be supported for
the payload. The tvpes of characteristics to be provided include:

e Execution rates

e Execution times

e Priority of execution

e Size

e Location (main memory or mass memory)
® Module identification

e Input/output

Because of the varying configurstions of Spacelab subsystem nhardware,
the system architec’ must also be allowed to specify symbolic representa-
tion of physical parameters to obtain hardware/software compatibility.
This capability will allow automated reconfiguration of the physical en-
viromment without costly reprogramming and verification of Experiment
Flight Applications software. These parameters will include the following
types:

e Limits

o Measurement lists

e Physical addresses

e Test parameters

The man/machine interface capability required of the EFA software
concept will require that the design al’low the operating system to recon-
figure application subsystems in realtime through PI requests. This re-

quest can come from the onbecard consoles, from the Payload Operating
Center, or from the EGSE.
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Figure 2.18. Experiment Flight Application Design Approach
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2,7.3.2 Language Requirements

In support of the development .cncepts, the Experiment Flight Appli-
cations software language requiremenis can be divided into two types—-—
Control and Display, and Development lLanguages.

Control and Display Language

The man/machine interface requirements will require that the oper .-
ting system support a control and display language. Use of this languagc
will provide flexibility to the PI in monitoring and controiling his
experiment. Restrictions must be placed on the PI during on-orbit use
of the language since incorrect utilization could potentially cause loss
of an experiment.

Development Language

Because of the following advantages, a high order language will be
required for Experiment Flight Applications software development:

e Can be effectively used by PiIs who are not skilled programmers

e Ease of changes to software in short development cycle

e Increased programmer productivity to lessen manpower requirements

@ Ease of software verification

o Ease of software integration

e Standardization of development languages across all Pls

The use of a high order language for onboard software may have dis-
advantages in increased memory utilization and execution times; hcwever,
if sufficient computer capacity is provided, the advantages will exceed

the disadvantages.

2.7.3.3 Operating System Requirements

To support the development concepts (Section 2-6), the operating
system for the onboard software must be a standard package throughout
the Spacelab program. The operating system must provide the following
capabilities:

o Protect the system cperation from user error.

® Support control ana display language.

® Control of realtime operation of the application packages.

2-50

> -, M

’ men e
[R————y

]

[
§ m——

 (mepayy
Sanrar g




e e e e v ————— e o —

® Standardized in- :/output with external environment.
® Provide fault tolerant operatior.

2.7.3.4 Experiment Application Packages

The applications packages will include that software which is experi-
ment dependent. The applications packages will vary from mission to
mission as the payloads vary. Because of the various payloads to be
supported, the applications packages will contain independent modules
which suppoi® such requirements as:

® Tracking/pointing control

® Control and display support

o Data acquisition and distribution

e Control/mcnitor of experiment engineering data

e Experiment control

Because of the many PIs to be supported, the application software
development must adhere to development standards to ensure that the inte-
gration process can be rapidly and easily performed. Integration problems

must be avoided or software will become the gating item in meeting launch
schedules.
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2.8 DEVEIJUPMENT TOOLS REQUIREMENTS

2.8.1 THEME

In suppce~t of the recommended Experiment Flight Applications (EFA)
software develcpment concept, development tools and supporting facilities
are required in order to satisfy operational constraints.

2.8.2 CONCLUSIONS

A dedicated facility to be used for cnboard experiment software
development, test, and integretion is required. This facility, known as
the STIL, must provide state-of-the-art tools for use by programmers in
the software development process.

2.8.3 DISCUSSION

Software development will require both tools and facilities. The
requirements for both of these are discussed in the following paragraphs.

2.8.3.1 Development Tools

With the rapid turnaround requirements and the magnitude of software
development activity to be supjrorted, development tools must be provided
for the programmer to assist him in meeting the software development
requirements. The tools identified in this study consist of tl.e normal
tools provided by a host computer center and the tools which are Spaceladb
unique. These development tools are summarized in Table 2.7, and the use
of these tools within the development cycle is shown in Figure 2-19. The
unique tools are briefly discussed in the following paragraphs.

Environment Models

The environment model must sirulate the environment in which the onboard
experiment software must function. The following models are required:

e Spacelab subsystems

e Shuttle Orbiter interface

e Experiments

e Payload Operations Center intcrface

e EGSE Interface

These models are combined as required to form a realistic digital simulated

environment for all phases of Experiment Application Software Development.
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Table 2.7. Development Tools Required for Spacelab Onboard Software

SPACELAB ONBOARD SOFTWARE .
DEVELOPMENT TOOLS SPACELAB UNIQUE
Environment Models Yes
Development Models Yes
CDMS Interpretive Simulator Yes
Functional Simulator Yes
Experiment Application High-Order Yes
Language
Experiment Simulation Language Yes
Realtime interactive Toolc Yes
On-Line Interactive Tools No
Standard Assemblers/Compiters No
Standard Utilities No
Automated Configuration Management Yes
System
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VALIDATION

DEFINITION/DESIGN
(.
CODE/DEVELOPMENT TEST
VERIFICATION TEST
Environmental Models —]
- Functional Simulators _—

[ Development Models ——»
- {nterpretive Simulator -————-—-PJ

e

--—— Experiment Application High-Order Language ¥

et Experiment Simulation Langu >

-4——  Real-Time interactive Development Tools  —

pv ——————— Stan-lard Assemblers/Compilers ————»

i Standard Utilities —

On-Line Interactive Development Tools —

|-@————————— Automated Configuration Management System

Figure 2-19. Typical Software Development Cycle with Supporting Development Tools
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Development Models

Development models are written in a HOL and are mathematical representa-
tions of the application. The models are used for concept and requirement
testing during the software definition and design phase.

CDMS Interpretive Simulators

The CDMS Interpretive Simulator, which contains a 6-D simulation of the
Spacelab vehicle, is a digital model of the CDMS computing system which functions
at the computer instruction level. Interpretive simulation provides a detailed
logic test capability through a bit-by-bit simulation of the actual CDMS computer
code. Control and perturbation of discrete, interrupt, and sensor signals are
used to effect the desired logic checks. These detailed logic checks are essen-
tial in performing software verificationm.

Functional Simulator

The functional simulator simulates the execution of the Experiment Flight
Applications software in the language of the STIL host computer. When executed,
the functional simulator performs the same functions as the software being simu-
lated and allows testing of softvare concepts in near realtime.

Experiment Application High Order Language (HOL)

The basic requirements of high productivity, fast integration, and large
change activity dictates that a HOL be available for experiment asplication
software development. The HOL provided must execute on the host computer and be
capable of code generation for the experiment computer and host computer. The
compiler must have built-in error detection and be cooperative with the functional

simulator mode.

Experimert Simulation Language

Because of the diversity of the experiments to be supported, a language
must be provided which will allow rapid development of environment models.

Realtime Interactive Tools

Realtime interactive software development tools provide the environment to
meet the design and software development productivity requirements of Spacelab
experiment development timelines. The realtime tools provide a dedicated “hsnds-
on" enviroument to the software developer. Interactive tools should include the
ability to dump, trace, stop and single step on the HOL statement as well as on
the machire language instructions.

Automated Configuration Management System

An Automated Configuration Management System will be required which will
provide the deveiopment data base and supportive software to support multiple
software configurations.

Many experiments will be reflown; however, some of the applications will be
upgraded from flight to flight while others will remain stable, Availability
of 2 module library is required to simplify the problem of assembling and
integrating the software modules into the application package and Flight
Set required for a particular mission. The obvious advantage of a program
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library lies in the fact that software modules requiring no change can be
integrated in parallel with the assembly and test of those modules requiring
change.

The capability to automatically generate a release of the software
system for a given payload 1s required. This release procedure must pro-
duce source listings, object ccde, tapes and required documentation as
well as didentify all changes to software modules and create a history of
the software associated with each mission. The automatic release system
must generate reports identifying the baseline as well as changes made
and outstanding tasks, which may be incorporated on a priority basis,
waived or held for future flights. The Automatic System Build and Release
Procedure is functionally shown in Figure 2~20,

2.8.3.2 Development Facilities

In previous space programs the use of a dedicated computer has proven to
be an invaluable asset in the development of flight software. Within the Spacelab
environmeut of multiple software packages in parallel development paths and with
a lsrge number of programmers to be supported,a dedicated facility is a necessity.

In development of flight software for both the Saturn and Skylab programs,
an MSFC-provided facility was used. This facilicty was first utilized in develop-
ment of the AS-507 flight program for the Saturn Launch Vehicle. As may be seen
in Figure 2~21, the use of a dedicated facility improved the quality of program
to such a level that the number of simulated flfight hours needed for verification
was reduced by mcre than 50Z. In addition, the development cycle was reduced by
approximately 50Z.

To achieve the volume of output required of the Spacelab onboard experi-
ment software development concept (unique software for each mission) a
dedicated facllity will be required. The facility should consist of a large
scale host computer to provide the devel ~ment tools needed by the programmers
and should provide the capability to suppcrt realtime simulation utilizing the
actual CDMS. IBM's experience on both Saturn and Skylab clearly indicates the
need for testing of the operataional flight software in the actuul onboard
computers.

Total dependence on the use of interpretive computer simulation and func-
tional simulation tools is undesirable. As may be seen in Figure 2-22, the
interpretive simulation of a Spacelab CDMS computer of 500 KOPS capability
would have a run~time to flight-time of approximately 80 to 1. Within the
projected development cycle for Experiment Flight Applications software, use
of interpretive computer simulation for large numbers of test cases would
severely impact the resources of the STIL. The functional simulation cap-
ability, although it affords realtime or faster execution, does not execute
ir the CDMS computer language, and thus incroduces uncertainty regarding
che compatibility of the Flight Applications Software and the CDMS computer,
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To avoid the development cycle impact of the interpretive simulation and
the impact of compatibility uncertainty of the functionsl simulator, the cap~
ability to execute the Experiment Flight Applications software on the actual
CDMS must be provided. Due to the minimum testing time enviromment, the
simulation utillzing the CDMS must execute in realtime.

The CDMS simulation mode will require the development of a STIL host
computer/CDMS Interiace Device (CID). This device will provide the inter-
face logic to support an operational enviromment simulation in realtime,
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2.9 STIL REQUIREMENTS

2.9.1 THEME

Because of the significant software development activitr associated with
Experiment Flight Applications software during 1981, it is suticipated that
this activity will place the most demanding processing load on the STIL. This
section will address the STIL load resulting from Experiment Flight Applications
software developmeut and will provide load factors to be used for STIL modeling
analysis.

2.9 Z CONCLUSIONS

As a result of the analysis performed in this sectiom, the total daily
load placed on STIL by fligut application software development was determined
to be 250 runs/day.

2.9.3 DISCUSSION

To establish a technical ' ase for determining Spacelab flight application
software development requiriments on a development facility, studies were made
of the space programs in wldich IBM had significant responsibility. For this
base, the most recent space program, Skylab, was chosen because its flight
applicaticn software was devzloped and verified utilizing facilities and tools
very comparable to those projected for the STIL. In addition, the functioms
performed in Skylab flight sof:ware development (design, implementation, veri-
fication. delivery, etc.) were directly comparable to that anticipated for
flight applications software. The similarities of the two prcgrams are
summarized in Table 2.8.

The results of the traffic model in Paragraph 2.2 indicate that during
1981 the STIL must support peak flight applications software development for 8
new flights and 10 reflights. This support requirement iwposes a delivery of
a software set every 14 calendar days to support launch schedules. For sizing
studies, a development cycle of six months was chosen which corresponds closely
to Skylab which also averaged six months for development. Therefore, within a
development cycle period. 4 new flight packages and 5 reflight packages (a
total of 9) will br simultanecusly undergoing development activities during
1981.

Thz approach tak.i: to develop STIL processing loads varied according to
the sottware function. For example, the software management load was deter-
mined on a daily besis and then axtrapolated into requirements for the number
of packages in process. Softwsre implementation load was computed on a module
basis for compilations/assemblers/link edits and on a fiight package basis for
simulation test runs. The basis for software verification was test cases
executed per module withir the package. For ~oftware integration, the load
was based on the number of flight application packsges in an experiment flight
se<t,
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Table 7.8. Skylsh/Spacelab Program Similanities

COMPUTER FACILITY
SOFTWARE CAPABILITIES

3€9/75

SKYLAB
FPCF

SPACELASB
STIL

SIMILAR:TY

e MULTI-PROGRAMMING
o MULTI-TASKING

UTILITIES

USER AIDS

GRAPHICS

DATA REDUCTION
TERMINAL MGMT SYSTEM

e SIMULATORS

REAL TIME
FUNCTIONAL
INTERPRETIVE
DESIGN ANALYSIS

e FLIGHT COMPUTER ASSEMBLE/LINK
HIGH ORDER LANGUAGE

o SOFTWARE MANASEMENT

X X X X

XXX X X X X

X X X X X X X

X X X X X X X

X X X X X

ONBOARD SOFTWARE CAPABILITIES

SKYLAB

SPACELAB

SIMILARITY

o PO!NTING/CONTROL

e SENSOR MONITOR

o COMMAND & DISP'. AY

e EXPERIMENT MONITCE

e TELEMETRY

o OPERATING SYSTEM

o REDUNDANCY MANAGEMENT

X X X X X X X

X
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For software implementation and software verification, a factor was
needed to determine reflight package requirements based on mnew flight
package requirements. Analysis of the instructions to be developed in
1981 showed that approximately two-fifths of the instructions would be
for reflight packages. Therefore, the two~fifths factor was applied to
new flight data to estimate reflight package development requiremerts
oc STIL.

As was noted previously, the number of anticipated Spacelab program
modules was required to develop load factors. To estimate the number of
modules that will make vp a typical flight applications software package,
a factor must be applied to the number of assembler instructions. By
analyzing the current compiller outputs at the IBM computer center, a ratio
of 5:1 assembler imstructions to high order language statements was deter-
mined. Since 35,600 assembler instructions typify a flight package, the
5:1 factor yields 7,200 high order language statements. Applying the pre-
cepts of structured programming to flight application software development

regtricts the source statements to an average of 100 per module. This indi-

cates that the typical Spacelab flight application will require 72 modules.

The sumarization tables in tae f{ollouwing discussions will have col-
umnar headings of Package/Set, Cycle and Day. These descriptions identify
the anticipated requirements as follows:

e Package/Set - indicates the number of runs for a single new flight
or refl.ght.

e Cycle - indicates the aumber of runs for ull new flights or re-
flights during the 6-month period.

® vay - indicates the number of runs for all new flights or reflights
for a single day.

2.9.3.1 STIL Requirements for Experiment Flight Applications Software

The functions which must be performed in the STIL to gensrate quality
flight applicctions software within the development concept were deter-
mined to include:

e Software management

e Software impiementation

® Software verification

e Software integration
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Software Management

The STIL host computer will be utilized as a management tool to track
all development activity and to provide an automated method of generating
the necessary software delivery data. This type processing is mandatory
when considering the delivery of nine CDMS flight sets in a 6-month period.

To maintain configuration control over flight applications software
development, it has been assumed that one run per day is required to main-
tain the software development activity data base. On a weekly basis, reports
must be generated for tracking of problem reports and change activity for
all flight software modules and packages.

Past experience indicates that a2 minimum cof three package releases will
i be made for each application--two ; veliminary releases (for verification/
error correction, training, etc.), and the final release.

The summary of STIL load resulting from software management is shown
in Table 2.9.

Software Implementation

The following STIL capabilities will be utilized while developing
flight applications software:

e CDMS computer assembler/compilers/linkage editors

o Interpretive simulator

e Functional simulators

® Realtime simulators
e Design analrsis simulators
e Data reduction

For establishing the projected STIL utilization, the Phase II Skylab
implementation data was used because of its comparable development cycle
and the availability of accurate utilization figures.

Compiles/Assembles/Link Edits - To estimate compiles/assembles/
1 link edits per package, the Skylab base of 4.67 assembles/link
; edits per day over a 180-day period was used. This base yields
840 (4.67 x 180) total tuns. Since Space:ab analysis has shown
that approximately 72 moduies will be required versus 49 for the
Skylab program, an estimate of a 50% increace in the number of
assembles/compiies/1ink edits, or 1,260 runs, wa. established for
Spacelab.

o
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Table ® 9. Summary of Software Management L >ad on STIL

RUNS/DAY
NEW FLIGHTS REELIGHTS

| _SC =TWARE MANAGEMENT | PACKAGE | CYCLE | DAY | PACKAGE | CYCLE | DAY
Configuration Management 130 520 4 130 650 5
wt
Statistics 26 104 | 08 26 130 | 10 .
%
Automated Release 3 12 | 0.09 3 15 RV °

SUBTOTALS 159 636 | 49 159 795 | 6.1

OVERALL TOTAL/DAY = 11 RUNS
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Interpretive Simulator - An interpretive simulator was not used
extensively in the Skylab development because of run ratios of
processing time to flight time (80:1). To supply e load on STIL
for ICS utilization, an assumption of one run per day over the
6-month development cycle was made. This results in 130 runs
for new flight operation packages.

Functional Simulator - Sin.e Skylab was written in assembler
language, a functional simulator was not provided. However, the
realtime simulation mode was used approximately two-thirds of the
time in Skylab development for the low fidelity simulation charac-
teristics of a functional simulation., Reduction of Skylab realtime
r 1 (810) by the two-thirds factor yields an estimated 540 runs
for equivalent funcivional simulation on new flight packages.

Realtime Simulation - During Phase II Skylab prograw implementa-
tion, there were 270 realtime simulation runs requirad for package
testins Similarly, Spacelab flight applications software will
require approximately 270 realtime CDMS simulation runs for new
flight packages.

Design Analysis Simulation -~ There were 180 design analysis sim-
ulation runs made with this simulation tool during Phase II
Skylab implementation; thus, Spacelab will also require 180 runs
per package for new flight packages.

Data Reduction - For data reduction load factor determinmation, it
was assumed that 752 of the above simulations required data reduc-
tion runs r¢ provide complete data. For software implementation
the number of simulation runs was 1,120. Data reduction, ccmputed
as 757 of the composite simulation runs, yields a total of 840 rums
for each new flight package.

The total load on the STIL for program implementation 1s summarized in
Table 2.10. The run data for reflight loading is based on two-fifths of a
new flight application and, as can be seen, a total of 151 runs per day for
implementation will be required.

Sostware Verification

Verification activity is the bridge between specification and implemen-
tation. This activity polices the programmer's coded implementation and the
P1's performance specification. Based on previous NASA flight software
development exper:ence, in conjunction with the anticipated burden of nine
programs in various stages of development during 1981, the verification/
integration of Spacelab programs is anticipated to be the major user of
STIL —esovrces.
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Table 2.10. Summary of Software Implementation Requirements on STIL
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SOFTWARE NEW FLIGHT HT
IMPLEMENTATIONS PACKAGE { CYCLE PACKAGE | CYCLE | DAY
CDMS Computer Assem- 1260 5040 504 2520 19
bte/Compite/Link Edit
I- srpretive Simulation 130 520 652 260 2
Functional Simulation 540 2160 216 1080 9
CDMS Simuiation 270 1080 108 540 4
Design Analysis Simu- 180 720 72 360 3
lation
Data Reduction 840 3360 336 1680 13

SUBTOTALS 3220 12,880 1288 6440 50
TOTAL RUNS/DAY = 151
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The approach used to estimate verification requirements on STIL was
to determine the number of test runs per program module for Skylab anud
then, based on the number of modules in a Spacelab new flight application
package, extrapolate to generate the test case load.

Verification of flight applications software on the STIL will require
the foilowing capabilities:

® Interpretive computer simulation
® Realtime simulation
e Data reduction

Interpretive Computer Simulator (ICS)- Skylab utilized the ICS for
441 test cases. On a test/module basis, this resulted in nine tests
per module. Spacelab, with 72 modules/package, will, therefore,
require 648 test cases for verification on an ICS for new flights.
Applying the retest factor of two-fifths for reflight packages yields
259 test cases per reflight package.

Realtime Simulation - The CDMS vealtime simulation provides unique
verification aids for testing in a high fidelity simulated environ-
ment using actual flight computers. Realtime simulation test cases
for Skylab totaled 291 or 7 per module. Spacelab requirements,
based on 72 modules, yields 432 test cases for new flight packages
and 173 for reflights.

Data Reduction - As was done previously for implementation, it was
assumed that 75% of all simulations required data reduction pro-
cessing. For verification, there is a total of 1,080 simulaticns
required for a Spacelab new mission. Applying the 75Z data reduction
factor results in 810 data reduction runs for new flight packages.

Table 2.11 represents a summary of flight applications software verifi-
cation requirements on STIL. As can be seen, a total of 88 rumns per day
will be required for verification.

Software Integration

Integration of the flight application packages into CDMS flight sets
represents the final testing prior to delivery. For Spacelab, this activity
is similar to the Skylab activity performed at the MSFC Hybrid Simulation
Laboratory (HSL). The HSL provided the capability to exercise the onboard
computer software in a realtime hardware environment. Thus, the HSL pro-
vided a test bed for the onbcard software much like the actual ATM hardware.
In order to avert malfunction dowutime on the actual hardware, software
medels of the hardware were developed as a backup.
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Table 2.11. Summary of Software Verification on STIL

RUNS/DAY

>uFTWARE NEW FLIGHT REFLIGHT
VERIFICATION PACKAGE | CYCLE DAY | PACKAGE | CYCLE DAY
Interpretive Computer 648 2592 20 259 1295 10
Simulation
Realtime Simulation 432 1728 13 173 865 7
Data Reduction 810 3240 25 324 1620 13

SUBTOTALS 1890 7560 58 756 3789 30
TOTAL RUNS/DAY = 88
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Limited time is provided in the CIS for integration testing. This
places a burden on the final STIL integration testing to ensure correct
interfaces and thus allow minimum .Lardware/software integration testing
time at the CIS.

Anticipatory tc problems during system build and final test, it has
been assumed that two computer runs for each system build and final test
for each mission will be required. Table 2.12 represents the summary of
software integration load requirements on the STIL for new flight sets and
reflight sets.

2.9.3.2 Summary of STIL R~quirements

The total impact of flight applications software development on the
STIL is summarized in Tabie 2.13. Note that certzin tasks, such as auto-
mated release, are performed infrequently and resuit in only a fractiomal
impact per day. However, since the STIL model discussed in Section 5.4 is
based on daily load, the approach taken in this section was to carry frac-
tional loads if necessary. As can be seen, a daily load of 250 runs will
be required to support flight applications software development.

Table 2.12. Surmmary of Software Intagration Load on STIL

RUNS/DAY R
—_————— S
NEW FLIGHTS 1 REF LIGH? L
SOFTWARE INTEGRATION SET CYCLE | D~ ¢ SET CVCLe —-—I
'
Software Set Build 2 8 .06 2 10 G
Integrated Testing Set 2 8 .06 2 10 .08
SUBTOTALS 4 16 A2 4 20 .16
TOTAL RUNS/DAY = .28
2-72
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Table 2.13. & immary STIL Requirements from Flight Applicatior. Development

R e o et et B vy

———

RUNS/OA ¥
FLIGHT APPLICATION NE it v
FUNCTION PACRAGERST | “CYere T 5a7 15 E E 1 DAY
SOFTWARE
MANAGEMENT
® Configuration Mgmt 130 520 40 130 650 5
@ Statistics 26 104 0.8 26 130 1
e Automated Release 3 12 09 3 15 A2
SOFTWARE
{MPLEMENTATION
o CDMS Computer, 1260 5040 39 04 2520 19
Compile/Assemble/
Link
@ Interpretive Sim. 130 520 4 62 269 2
o Functional Sim. 540 2160 17 216 1080 9
e CDMS Simulator 270 1080 9 108 540 4
e Design Analysis Sim. 180 720 € 72 360 3
® Data Reduction 840 3360 26 336 1680 13
SOFTWARE
VERIFICATION
o ([nterpretive Sim. 648 2592 20 259 15 10
o CDMS Simulator 432 1728 13 173 865 7
® Data Reduction 810 2 .0 2€ 324 1620 13
SOFTWARE
INTEGRATION
® System Set Bu.d 2 8 06 2 10 08
® Software Set Inte- 2 8 06 2 10 086
gration Test
SUBTOTALS 5273 21,092 104.01 2207 11,044 86.3

TOTAL RUNS/DAY = 250
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IDENTIFY THE SPACELAB TEST AND CHECKOUT 3
SOFTWARE CONCEPTS '

3.1 TASK 38: SUMMARY

In support of the Spacelab Hardware Development and Operational phases,

Test and Checkout Software will pl-: a significant role in all levels of

testing.
program,
support

must emphasize commonality of software and hardware across many applications
of the Spacelab to reduce development costs while at the same time providing

This produces a significant impact on ths overall Spacelab
therefore, a systematic approach to providing the software to
test and checkout czpabilities must be developed. This approach

flexibility and growth potentfal to cover the Spacelab lifetime.

3.1.1 OBJECTIVES/STUDY APPROACH

The objectives of the Spacelab Test and Checkout software concept
analysis were to:

Identify Test and Checkout software requirements.

Define an overall Test and Checkout software concept for the
Spacelab Program.

Define NASA/ESRO responsibilities in relation to Test and Checkout
software.

Determine the impact of Test and Checkout software on the STIL.

The approach utilized in the Test and Checkout software concepts
analysis is shown in Figure 3-1. The analysis was conducted in five

phases:

Analysis of the Spacelab Test and Checkout flow to determine
Test and Checkout software requirements and NASA softwars support
requirements.

Development of the overall Spacelab Test and Checkout sof-ware
concepts.

Determination of Test and Checkout software d-sign considerations.
Identification of level of maintenance activity requirasd and the
software development tools and facilities needed to provide the
maintenance capability.

Determination of the STIL support requirements.

3-1
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The discussion of these analysis phases will be provided in paragraphs
indicated by the numbers in Figure 3-1.

3.1.2 TEST AND CHECKOUT SOFTWARE DEFINITION

Within this study, Test and Checkout software has been defined as
that software within the CDMS and EGSE computers required to support ground
checkout and within the CDMS computers to support on-orbit test and checkout.

Ground Checkout Software

The gro'nd checkout software set will consist of the EGSE ground
checkout set plus a CDMS ground checkout set. The EGSE ground checkout
set will include EGSE software needed to support all Spacelab ground
checkout between initial integration through refurbishment.

The CDMS ground checkout set will consist of Test and Checkout soft-
ware packages for both the experiment and subsystem computers. To ensure
overall Spacelab onboard system integrity, these packages will provide the
special testing software needed during Spacelab integration and pre-launch

testing.
On-0Orbit Test and Checkout Software

The On-Orbit Test and Checkout software will be comprised of all the
software associated with the subsystem computer and that portion of the
experiment computer which is dedicated to the test and checkout of the

experiments and the Experiment Data Management System.
3.1.3 LEVELS OF TEST AND CHECRKOUT SOFIWARE PARTICIPATION IN TESTING

Test and Checkout software is a major element of the hardware inte-
gration philosophy for Spacelab., It is anticipated that the Spacelabd
hardware will be test compatible with the software to provide maximum

onboard test and checkout capability and allow the software to direct
failures and isolate failed components to the Lowest Replaceable Unit (LRU).

To provide the test and checkout capability, software must be utilized at
all iantegration testing levels.

T:e present definition of Spacelab hardware integration requires
four distinct levels:

Level IV - Instrument Assembly Integration
Level III - Experiment/Experiment Module Integration
Level II - Support Module/Experiment Module/Pallet Integration

Level I - Spacelab/Shuttle Integration
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In support of integration Levels I, II, and III, the Test and Checkout
software must provide the varying capabilities necessary to perform the
required testing. Level IV integration is considered a responsibility of
the experiment PI during manufacture and is not considered a portion of
the Test and Checkout software concept.

In addition to supporting the above integration levels, the Test and
Checkout software must perform on-orbit testing of the Spacelab subsystem
and experiments. Implicit within the support requirement is the partici-
pation of the Shuttle Orbiter and Payload Operations Center.
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3.2 ANALYSIS OF SPACELAB TEST AND CHECKOUT FLOW

3.2.1 TEEME

In order to establish the Test and Chackout software concepts for
Spacelab, an understanding of the hardware development and integration
flow is required. This understanding results in the identification of
the varying levels of testing, facilities, and test equipment to be
utilized. Based ¢ the levels of testing, a set of Test and Checkout
software requireme its can be satablished.

3.2.2 CONCLUSIONS

Based on the analysis of the overall hardware testing requirements,
the following conclusions relative to Test and Checkout software and
facilities have been determined:

e Hardware integration testing will require CDMS and EGSE Test and
Checkout scoftware.

e For NASA to wmaintain the Test and Checkout software, the STIL
must provide development tools and testing capabilities.

o The STIL must be operational prior to delivery of the Engineering
Model in first quarter of 1978.

e ESPO must make available CDMS/EGSE support software and models to
STIL prior to shipment of the Engineering Model.

e ESRO will provide CDMS and EGSE computer software for the
Engineering Model and first two flight units.

3.2.3 DISCUSSION

The analysis of the Spacelab ground operations plan established three
distinct hardware development, integration, and testing phases. These
have becen defined in the following manner:

Engineering Model Phase contains the activities associated with NASA
participation in acceptance, testing, and installation of the Engineering

MOdel within NASA testing facilities.

Initial Phase contains those activities associated with NASA partici-
pation in the flow of the frst two flight units.

Operational Phase contains those activities required to support
hardware development, integration, and teeting aiter the first two flight

units.
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Each of the above phases will result in requirements being established
for the Test and Checkout software concept. For this reason, each of
the phases will be discussed in the following paragraphs. For the fiow
within each phase, the facilities utilized will be identified and the Test
and Checkout software requirements established.

3.2.3.1 Engineering Model Phase

Prior to delivery of the Spacelab flight unit hardware, ESRO will
deliver an Engineering Model (EM) of the Spacelab hardware to MSFC. The
purpose of the EM will be to facilitate integration site activation at MSFC
and KSC. Following site activation exercises, the model will be returned
to MSFC for use as an engineering test bed during the initial and opera-
tional phases.

The flow of the EM with associated facilities, deliverable and
utilization is shown in Figure 3-2. As may be seen, the EM is developed
by ESRO in Europe and provides the following hardware and softwares
deliverables related to Test and Checkout software:

® EGSE Computer

® Automatic Test Equipment (ATE)

e Simulators

o CDMS

® CDMS Flight Set

o EGSE Software

e CDMS Subsystem Ground Checkout Set

e CDMS Experiment Ground Checkout Set

Upor. receipt at MSFC, the ESRO EM software will be utilized for
activation of the MSFC Software Test and Integration Laboratory (STIL).
It has been assumed during this study the ESRO will make available the
support software for the CDMS and EGSE computers prior to delivery of the
EM. This early delivery will be required in order to ensure that the STIL
can be utilized for EM software integration and testing with a minimum
of problems.

The facilities to be activated through use of the EM are:

¢ Software Test and Integration Laboratory (STIT®

® Central Integration Site (CIS)

e Manned Spacecraft Operations Building (MSOB)
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At each facility, the Test and Checkout hardware and software will
serve the dual purposes of performing test and checkout of the EM and
the training of test personmel.

3.2.3.2 1Initial Phase

The initial phase of the flow includes those activities required in
support of the first two flight units. As was the case with the EM, ESRO
will devrelop both the hardware and software for the first two flight units
and will perform integration testing on the total Spacelab systems prior
to shipment to MSFC.

The flow of hardware and software during the initial phase is showm
in Figure 3-3. To support this flow, it will be required that all NASA
facilities be fully operational. It should be noted that upon return
from orbit, the hardware will be refurbished, as necessary, and placed
into storage for use on subsequent missions.

Although ESRO will develop all Test and Checkout software during this
phase, the STIL will be required to be fully operational. The ESRO-
provided scftware for the CDMS and EGSE will be installed on the STIL, and
all support functions provid~a by the STIL will be exercised. Within this
envrionment, the STIL must provide the following capabilities:

o Operational Support Software for CDMS and EGSE Computers
e Full Testing Capability for all CDMS and EGSE Software
e Software Management Tools for Configuration Control

e Capability to Generate CDMS Ground Checkout Sets, CDMS Flight
Sets, and EGSE Ground Checkout Sets

As a verification medium for the overall STIL capabiliities, the software
sets generated on the STIL will be compared to tlLie corresponding sets
generated by ESRO for the flight units. Upon completion of the initial
phase all STIL capabilities needed in support of Spacelab CDMS and EGSE
software development will have been verified for use in the operational
Spacelab environment.

3.2.3.3 Operational Phase

The operational phase will be utilized for all flight units subsequent
to the initial two units. Within this phase, NASA will maintain total
responsibility for the Spacelab hardware and software utilized in perform-
ing test and checkout and will perform all integration and testing. The
operational flow will differ from the initial flow in the following ways:

e Stacelab hardware and software, previously utilized, will exist
in storage rather than being delivered by ESRO.
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¢ Experiment Flight Applications software will be either developed
on the STIL or will be delivered to MSFC for testing and integra-
tion into CDMS flight sets.

o Experiment hardware will be developed by the PI and delivered to
MSFC for integration testing (Level III) at the CIS.

o NASA will maintain and update test and checkout software, as
required, through the capabilities of the STIL.

The flow to be utilized dwring the operatiocnal phase is shown in Figure
3-4, Within this study, the ussumption has been made that refurbishment
of the aupport section (repair by replacement of identical hardware) will
be accomplished at KSC; however, refurbishment (implementation of engi-
neering changes) of the support section will require that the support
gsection be returned to the CIS for modification and recertification,

3.2.3.4 Test and Checkout Flow Summary

A summary of the results of the test and checkout flow analysis is
shown in Table 3.1,
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3.3 TEST AND CHECKOUT SOFIWARE CONCEPTS

3.3.1 THEME

The Test and Checkout software concepts to : utilized for Spacelab
testing must support the planned lLardware flow and must provide the required
teating capabilities for all levels of integration of Spacelat hardware. To
establish the Tes“ and Checkout software concepts for Spacelab, the capa-
bilities of the hardware in support of testing is a key element.

3.3.2 CONCLUSIONS

The following conclusions have been established as a result of this
analysis:

e Provisions must exist within onboard CDMS hardware to allow
software testing.

e EGSE must include stimulus generators and special me.suring
devices to support detailed testing.

e A standard EGSE computer, with test conductor CRT control, will be
required for all levels of i-tegration testing.

o CDMS computer software must operate under control of ECSE software
to provide required testing capability.

e Simulators developed by ESRO will be required in achieving testing
objectives.

e Extensive man/machine interface capability will be required within
the EGSE.

3.3.3 DISCUSSINN

The development of Test and Checkout software concepts requires an
understanding of the software sets to be utilized as well as the method
of utilization to meet the Spacelab testing requirements. To achieve this
understanding, the follcwing paragraphs will discuss, first, the capabilities
of the CDM3 and EGSE ground checkout software sets and their application
to establishing the overall test and checkout concepts.

3.3.3.1 Ground Checkout Software Capability

As indicated in Figure 3-5, the ground checkout capability will be
provided through the CDMS and EGSE ground checkout sets required to support
the test and checkout requirements. The testing capabilities of these
sets will be discussed in the following paragraphs.
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CDMS Ground Checkout Set

The key elements in the performance of test and checkout of the
Spacelab onboard systems are the software, which resides in the CDMS
computers, and Built-In Test Equipment (BITE) within the hardware. The
BITE will provide the capability of maximizing the use of CDMS software
for hardware testing and will assist in achieving the goal of minimizing
ground test equipment during testing.

e Subsystem Ground Checkout Set - The subsystem ground checkout set
will provide the capability to perform test and checkout of the
subsystem data management system elements as well as perform test
and checkout of the subsystems.

For test and checkout of the subsystem data management system,
the test and checkout software will test the following elements

as indicated.

Subsystem Computer testing will be achieved through the
self-test software package resident within the computer.

Subsystem 1/0 testing will be achieved through I/0 parity
capability between the computer and the subsystem I/0 device.

Mass Memory testing will require the software to read a fixzed
memory load into the computer and perform checksums to ensure
correct operation.

CRT/Keyboard testing will require interaction with the onboard
crew to ensure the capability to recognize and respond to
inputs.

Data Bus/RAU's testing will require that the capability exists
to issue commands to the RAU and read back data received at

RAU.

The combination of the atove tests will provide the capability .o
ensure the operational status of the subsystem data management
system.

For test and checkout of the subsystem, the software will function
in a control and monitoring mode and will perform such functions as limit
testing, trend analysis, and discrete/analog input monitoring. Any
anomalies encountered will result in: (1) Display on Subsystem CRT;

(2) Telemetry of Associated Data; (3) Issuance of Caution and Warning
Indication.

e Experiment Ground Checkout Set - The experiment ground checkout

set will contain the software to perform test and checkout on the
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experiment data management system and will perform those experi-
ment interface tests not unique to the experiment hardware.

The test and checkout of the experiment data management system will
rvesult in tests analogous to those described previously for the subsystem
software. The experiment interface test software will be utilized for
diagnostic troubleshooting during integration testing.

EGSE Ground Checkout Set

To support the test and checkout of the Spacelab during its integration
phases, electrical ground support equipment (EGSE) will bde provided. This
EGSE will consist of the computer, peripherais, simulators and software
needed to support all levels of integration testing. The software will
be contained within the EGSE ground checkout set which will provide the
following capabilit’es: (1) Man/Machine Interface for Test Control and
Monitor; (2) EGSE/CDMS Testing Control; (3) Stimulus Generation; (4) Data
Recording/Data Reduction.

e Man/Machine Interface - The man/machine interface will be provided
through the CRT/Console associated with the EGSE. The test conductor
will be afforded the capability of selecting test options and con-
trolling the test via the console. The man/machine interface
capability will vary depending on the level of testing required.

For detailed testing of hardware, significant interaction will be
required; whereas, functional testing will require minimum
interaction.

The following are examples of the capabilities which should be
provided to the test conductor:

- Select test optiomns

- Specify test sequences

- Specify test parameters/limits

- Specify stimulus requirements

- Specify data recording requirements
- Start/stop/repeat of testing

- Display of selected parameters

- Monitor parameters continuously

3-16
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- Monitor parameters by exception
~ Issue stimuli

In addition to the selection of predefined test software, the test
conductor should be rrovided with & language to allow generation of
basic on-line programs.

The man/machine interface will provide the test conductor with the
ability to assess test status in a realtime environment and will
allow rapid identification and isolation of problems. Within the
extremely tight testing schedules currently planned (particularly
at the launch site), the man/machine interaction is a required
capability.

EGSE/CDMS Testing Control - The EGSE software will maintain active
control over the tests being conducted. To provide this capability,
the EGSE software will accept input from the test conductor, format
the commsnds, issue the commands to the CDMS software, verify response
to commands, and communjicate with the CDMS software, as required,
during the tests.

Stimulus Generation - To provide predictable input into the
Spacelab subsystems and experiments, the EGSE software will
control the stimcli. The ability to contisl the CDMS inputs
while analyzing CDMS software actions in response to the inputs
will provide zn overall closed loop syatem test capability.

Data Recording/Data Reduction - To support the integration testing
levels, the EGSE software will provide data recording/data reduction
capability. This capability will provide the mea2ns of performing
detailed analysis of test data as required either during a test or
in a post-test enviromment.

A functional representation of the EGSE capabilities in Spacelab
testing is illustrated in Figure 3-6.

3.3.3.2 On-Orbit Test and Checkout Capability

The on-orbit test and checkout capability will be provided through the
software existing within the CDMS flight set. As is shown in Figure 3-7,
this set is comprised of the experiment flight set and the subsystem flight

Experiment Flight Set

The experiment flight set will contain software to perform test and
checkout of the experiment data management system (similar to ground

3-17
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checkout capability) and will contain the software generated by the PI
to perform test and checkout of the experiment hardware. The test and
checkout software will be executed under control of the CDMS operating
system in conjunction with the normal on-orbit processing functions
required of the Experiment Flight Applications software.

Subsystem Flight Set

The subsystem flight set will contain the software required to perform
subsystem data management system test and checkout and to monitor the
performance of subsystems. Because the on-orbit subsystem software will
only monitor the subsystems, actions to be taken as a result of anomalies
will be under manual control or under remote control from ground or
orbiter,

3.3.3.3 Test and Checkout Software Utilization

The discussion in Paragraph 3.3.3.2 has identified the capabilities
of the ground test and checkout software and the on-orbit test and checkout
software. Within this section, the application of these capabilities to
satisfy the Spacelab testing requirements will be discussed.

Ground Operations Test and Checkout

Within the S,acelab ground operations plan, three levels of hardware
integration testing must be supported by the ground checkout software.
These levels of integration testing facilities required, and the associated
test and checkout software utilization are discussed in the following
paragraphs.

e Level III Integration Testing - Level III integration testing will
be performed at the Central Integration Site (CIS) and will comsist
of experiment/experiment module/pallet integration and testing and
support section post-refurbishment integration and testing. The
validation of the Experiment Flight Applications software will be
included within the Level III integration testing.

To perform experiment/experiment module/pallet integratiom, the
simulator of the Spacelab support section and the CDMS subsystem,

provided by ESRO, will be utilized. The EGSE will also include
stimulus generation equipment and measuring devices to record
signals not available on the telemetry stream.

The experiment computer will contain either the experiment flight

set for validation testing or the experiment ground checkout set
for hardware integration testing. The contents of experiment
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computer memory will be under control of the test conductor via the
EGSE console. The onboard mass memory unit will be utilized for
loading of the experiment computer with the required experiment

software set.

f The EGSE software will contrcl the testing sequence, communicate

: with the experiment computer software set, record data, provide

! stimulus, and display test status and resulte to the test conductor.
| Under control of the test conductor, the capability to test all
levels of integration from one experiment interface to total experi-
menu: interface complement will be provided.
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The total software involvement in Level III integration of the
experiment section is shown in Figure 3-8,

—ro——

For this study, the assumption has been made that modification

of the support section would require return to the CIS from

the launch site. As can be seen in Figure 3~9, Level III
integration of the support section will require use of ESRO
provided hardware simulations of the orbiter interface and experi-
ment segment/pallet. The orbiter interface simulator will allow
testing of all interfaces between the support section and the
orbiter; whereas, the experiment segment/pallet simulator will
provide stimulug to the experiment and subsystem data buses.

ST o
ot €0 3 N e s

The CDMS computer will contain either ground checkout or flight
sets loaded from the mass memory, and the EGSE software will
control test under direction of the test conductor. The test
will consist largely of an interface test of the support section
with the experiment segment/pallet simulator providing inmput to
the support section and the EGSE software recording outputs

of the orbiter interface simulator. The EGSE software will issue
commands to the CDMS goftware via the uplink and will require

responses via the telemetry system.

e Level 11 Integration Testing - Level II integration will consist
l of the integration nf the Spacelab experiment section/pallets with

the support section to create the total Spacelab system. This
integration will occur at KSC and will require an overall system

tes of the Spacelab.
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The CDMS computers will contain the ground checkout of flight sets,
as required, to support the integration testing. Ground checkout
sets will be ugsed only if detailed testing is required. The EGSE
will include stimulus generatore and special recording devices
along with the EGSE computer and associated software. As can _
be seen in Figure 3-10, the only simulator required will be the 3

orbiter interface adapter.
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Because of the time constraints on the Level Il integration testing,

the tests will be of a functional nature. The stimulus generators
will provide normal input data. Any significant problems will
require launch delays or cancellations, Failures of individual
experiment hardware may result in decision to launch with

degraded mission objectives or the substitution of a backup payload.

The EGSE software will control the test sequence under control of
the test conductor. Data reduction/analsyis will be restricted
to reduce the du.. volume and will only address overall Spacelab
operational parameters.

e Level I Integration - Testing the Level I integration will comsist of
the integration of the Spacelab with the Shuttle Orbiter. This testing

level will consist of tests controlled by the Space Shuttle Launch
Processing System (LPS) and will ensure compatibility between
Shuttle and Spacelab. The CDMS experiment and subsystem computers
will contain the flight sets. The Level I integration utilization
of software is shown in Figure 3-11. These tests will exerciae
the following interfaces:

- Caution and warning
- Telemetry downlink (low rate and high rate data)
- Command uplink

- PSS/Spacelab

Associated with *he Level I integration will be an overall communica-

tion link test with the Payload Operations Center. T..is test will
ensure compatibility of all elements associated with Spacelab
on-orbit operations.

3.3.3.4 On-0rbit Test and Checkout Utilization

On-orbit test and checkout will be performed by the experiment flight

applications and subsystem flight sets. The subsystem software will monitor

the operation of the subsystems, perform data management system tests on
a neriodic basis, and display the system status on the CRT. If anomalies
occur, the associated data will be displayed, transmitted to the ground
via the telemetry link, 2nd if appropriate, a backup caution and warning
will be issued.

The flight applications software will perform on~orbit monitoring
and control of experiment hardware. If anomalies occur, the software will
take action to by-pass the problem and/or notify crew/ground via display

or telemetry. The software will also periodically perform data management
system tests.

During on-orbit operations, the Payload Op-rations Center (POC) will
monitor the status of Spacelab through telemetry steam analysis and will
provide a display status. It has been assumed that the POC will not
normally command the CDMS software to perform additional tests; however,
through loading from the mass memory, such capability could be provided.
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3.4 TEST AND CHECKOUT SOFTWARE DESIGN CONSIDERATIONS

3.4.1 THEME

To cupport the wide range of Spacelab testing : >quirements, detalled
testing to highly functional testing, the Test and Checkout software design
philosophy must provide a maximum of flexibility while at the same time it
must utilize coumon software, whenever possible, to reduce costs.

3.4.2 CONCLUSION

The following design considerations have been eatablished during tlis
analv is:

® A commen operating system should exist in both CDMS computers.

e A modular design concept should be utilized which will allow
overlay of programs within the EGSE and CDMS computers.

@ The EGSE anu CDMS software designs must support man/machine
interface.

o A Test and Checkout Language (GOAL~type) will be required for
EGSE.

& An operating system should be provided for the EGSE,

e Data reduction/data analysis software within the EGSE should
provide flexible redefinition of input formats, conversions,
and output requirements.

3.4.3 DISCUSSION

The CDMS software and EGSE software will provide the capability to per-
form test and checkout functiomns. The following paragraphs will discuse the
design factors which should be considered during the development of test and

checkout software.

ECSE Test and Checkout Software

Tc support the overall Spacelab goal of minimizing the uac of EGSE
during the testing phases, the EGSE software should be designed to provide
the maximum possible testing flexibility. Thiaz would provide coverage uver
a wide range of testing requirements whilie maintaining a low change activity.
To provide this flexibiiity, certain considerations must be included within
the software design philosophy. These considerations are 1iscussed in the

following paragraphs.
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e Operating System - To support the many testing configurations and

corrasponding software configurations, an operating system should

be provided for the EGSE software. This operating system will
provide a man/machine interface with the test conductor and will
control the resulting software functions. A common operating system,
thus, will provide 3 relatively stable environment for the test
conductor throughc st the overall testing envizoarent.

Tne operating system will also provide a coumon interface medium for
all application packages, and thus reduce iuterface problems and
will enforce programming and standards on application programmers.

The EGSE operating system should provide the test conductor with
the zapabilty to zenerate test sequences, for support of test and
checkout, through his test console. A procedure-oriented high-
order language (such as GOAL) will provide this capabiliry and
nust be considered within the operating system design.

Application Packages -~ Because the ¢xperiment hardware will vary
from mission to mission, .: will be necessary to modify the EGSE
softuare 2 support rew hardware test requirements. The impact

of thi, modification should be mininized through design considera-
tions. To accommodate this environma2nt, the z2pplication packages
for the EGSE ground checkout set shovld be structured such that they
are indepeadent of each other and are executed under control of the
EGSE opevating system. This independence will allow the operating
system t> ov2rlav exisiing FGSF comprier memory with the appropriate
package requested by the test conductor. In addition, this structure
will allow separation of software applications such that software
which is most subject to change can be haadled in an individual
manner and combined with unch-nging software to create ground
checkout sets for the EGSE.

An additional consideration impactiig EGSE software design will be
the requi ed changes to measurement lists, test point definition,
stimulus generation requirements, sens-r calibration curves and
test limits acs the Spacelab hardware is modified. The software
design should provide the capability to allow these parameters

to be updated via tables, on a mission basis, and thus minimize
testing time requirements on EGSE software. This capability could
be expanded to build a parameter input tape for use at each testing
facility for ioading prior to a test. As a result, a standard EGSE
baseline ground checkout set could be utilized without redelivery
from mission to mission. Redelivery would be required only when
EGSE software problems were encountered or when additional require-
ments are generated for the EGSE software.
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The data reduction/data recording/data analysis software within the
EGSE should be designed to allow rapid reconfiguration of input
formate, conversion constants, and output formats through the use
of test conductor inputs from the test console. This flexibility
will allow continued utilization of the data reduction software
with winimum modification throughout the Spacelab program.

CDMS Test and Checkout Soltware

As was discussed p-eviously, the CDMS test and checkout software will
consist of ground checkout sets and flight sets. Because cc.mon computers
are utilized for both the ground checkout and on-orbit checrout functions,
commonaiity of software across both testing regimes would appear feasible.
To achieve this commonality, the design philosophy should attempt to
encompass the test and checkout requirements and flight applications
requirements whenever possible.

e CDMS Operating System - The operating system concept, discussed in
Section 2 of this report, for utilization in development of
Experiment Flight Applications software should be utilized for both
the experiment and subsystem computer ground checkout and flight
utilization. This common base will reduce development cost and
will cnsure common programming practices within both software
development activiites.

e Applications - The capability to perform overlays during both the
ground test and checkout operations and the on-orbit test and
checkout operations will necessitate a modular software structure
in which applications are independent of each other.

An additional comwmon element in both the experiment and subsystem
test and checkout software is the self-test operations assoclated
with the data management systems. Use of this common element will
reduce development cost and ensure that the CDMS test and checkout
is conducted identically within both systems.

A functional representation of one overall CDMS software design
approach is shown in Figure 3-12.
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3.5 TEST AND CHECKOUT SOFIWARE MAINTENANCE REQUIREMENTS

3.5.1 THEME

To provide an estimate of the activities NASA must perform in maintenance
of Test and Checkout software, an analsyis of the size of the software and the
anticipated change activity was performed. The associated software develop-
ment tools and facilities required in the maintenance activity were also

identified.

3.5.2 CONCLUSIONS

The following conclusions regarding Test and Checkout software main-
tenance have been established durins this study:

o NASA must maintain the personnel to support approximately 610
software modules associated with Test and Checkout software.

e Change activity of 2% to 52 per flight is anticipated for Test
and Checkout software.

o The NASA STIL will provide the facility for Test and Checkout soft-
ware maintenance.

¢ ESRO-developed support software packages will serve as the baseline
for STIL support software; however, NASA must develop support software

unique to the STIL environment.

e The major area of change within the Test and Checkout software will
be that portion of the EGSE software required to support ground
testing of the experiment flight applications software.

3.5.3 DISCUSSION

The Spacelab Test and Checkout software developed by ESRO for the
engineering model, flight unit 1. and flight unit 2, will provide the
maintenance baselines for NASA. To support and maintain these software
sets, NASA must have parsonnel familiar with the detailed operations of
the software and must have the necessary software development tools and
facilities for the maintenance function.

The following puragraphs will first address the magnitude of the Test
and Checkout software and its anticipated change activity and will then
addrees the required Jevelopment tools and facilities.

Test and Checkout Maintenance Analysis

To establish the magnitude of the Test and Checkout software to be
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maintained by NASA, a sizing analysis was performed. The results of this
analysis are shown in Table 3.2.

As can be seen in the table, the Test and Checxout 3cftware to be
maintained will coneist of 610 modules. The capability to support and
maintain such a iarge software base will require a significant number of
programmers. 4 #3dition, a significant data tase with software mana,>ext
tools will b. rejuired to maintain configuration control over all modules.

Analysis of previous experience on Test and Checkout software for both
Saturn and Skylab programs indicates that the change activity within a
maintenance environment will vary between 21 and 5X for each delivery.

Such a change activity for Spacelab Test and Checkout software would
require changing from 5700 to 14,250 ins:ructions per delivery. For
estimating the processing burden on maintenance facilities, it was assumed
that the maximum change activity of 52 would exist.

The most constantly changing element of the Test and Checkout software
will be the experiment interface portion of the EGSE ground checkout set.
Since the requirements on this software element are a direct function of
the experiment hardware, changes will be required for every flight which
has experiment hardware which differs from the previous mission. Because
of this ever-changing environment, the EGSE software will require redelivery
for every flight.

Because of the anticipated stability of the Spacelab subsystems hardware,
the CDMS Test and Checkout software should remain relatively stable through-
out the Spacelab lifetime. The only changes will result from subsystem
refurbishments, which modify the hardware to the extent that software must
be updated, and software enhancements to improve test and checkout capability.

Development Tools

The development tools utilized for Test and Checkout software mainte-
nance will consist of both ESRO-developed and NASA-developed tools. Each
tool required will be discussed in the folilowing paragraphs along with the
»wigin of the capability. Many of the tools are identical to those previously
discussed for Experiment Flight Applications software.

o Environmert Models - The environment models must simulate the
operating environment in which the Test and Checkout software must
perform. The fidelity of these models will vary depending on the
level of testing - low fidelity for functional level testing and
high fidelity for verification. Models of the following have been
identified for use in Test and Checkout software malntenance:

~ Spacelab vehicle

- Shuttle Orbiter interface
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Table 3.2. Size of Test and Checkout Software to be Maintained by NASA

TEST AND CHECKOUT SIZE HIGH ORDER NUMBER OF
SOFTWARE MAINTENANCE {(INSTRUCTIONS) STATEMENTS®] MODULES"*
COMS SOFTWARE MAINTE-
NANCE
— Subsystem Ground 55.1K 11K 110
Checkout Set
— Subsystem Flight Set 14.23K 28K 28
— Operating System 20.0K 40K 40
— Experiment Data Manage- 25K 5K 5
ment Checkout
— Experiment Ground 16.7K 3.34K 33
Checkout
EGSE SOFTWARE MAINTE-
NANCE
— Operating System 7.0K 1.4K 14
— EGSE Self Test 30.0K 6.0K 60
— Ground Checkout 26.2K 5.2K 52
~ Experiment Interface 5.0K 1.0K 10
SUPPORT SOFTWARE
MAINTENANCE
— Simulators 101.0K 20.2K 202
-~ Data Reduction 28.0K 5.6K 56
TOTALS 3C1.7K 61.0K 610

® High Order Language Statements determined by applying ratio of 5:1 to number of

instructions.

** Number of modules determined by assuming structured 100 HOL statements per

module.
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- Experiments

- Payload operations interface

-- EGSE interface

~ Spacelab subsystems
These environment models will be developed by NASA and will likely
be those models developed for utilization in development of Experi-

ment Flight Applications software (Section 2 of this report).

CDMS/EGSE Interpretive Computer Simulations (ICS) - The ICS for

both the CDMS and EGSE computers will be made available by ESRO.
If the CDMS and EGSE computers are identical, only one ICS will
be required; however, the present plans for test and checkout call
for different computers. The ICS will provide the capability to
perform detailed logic testing of both the CDMS and EGSE software
but use will be minimized because of the excessive computer time
required to perform testing.

CDMS/EGSE High Order Language (HOL) - The CDMS and EGSE Test and
Checkout software will be written in a HOL. Use of a HOL will be
supported through use of compilers/assemblers/linkage editors made
available to NASA by ESRO.

CDMS Functional Simulators ~ The functional simulator provides the
capability to simulate the HOL statements of the CDMS Test and
Checkout software in the language of a host computer. This
simulation will be developed by NASA.

CDMS Subsystem Simulation Language - To support testing of the
CDMS Test and Checkout software, a language w'll be provided to
allow rapid development of models. This langusge will be procured
or developed by NASA,

Automated Configuration Management - The automated configuration
management system must provide the capability to allow monitoring
and control over the software change activity and configuration
control over released software modules, packages, and sets. The
system - 111 be developed by NASA for its use in maintenance of
Test and Checkout software.
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Development Facilities

It has been assumed that the Test and Checkout software will share
development facilities with the Experiment Flight Applications software.
As a result, the Software Teat and Integration Laboratory (STIL) must have
sufficient capability to support the maintenance of Test and Checkout
software as well as supperting development of the Experiment Flight
Applications software.
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3.6 STIL REQUIREMENTS

3.6.1 THEME

The maintenance and support of Test and Checkout software has been
identified as a STIL responsibility; therefore, the utilization of computing
resources required to support this activity imposes an impact on the STIL
facility. This section assesses the impact of supporting software manage-
ment, maintenance, integration, verification, and delivery on the STIL.

3.6.2 CONCLUSIONS

Test and Checkout software maintenance and support will require 62
runs per day during operational phases.

3.6.3 DISCUSSION

It has been established that the STIL must provide the maintenance and
support for the ESRO-developed Test and Checkout software. This activity
will be performed utilizing the tools and software characteristics discussed
in Paragraph 3.5. The impact on the STIL created by the maintenance and
support requirements must be determined for use as input to the STIL modeling

task in Paragraph 5.4.

Since the Test and Checkout software must be maintained by NASA after
delivery from ESRO, support functions such as software management, software
maintenance and software integration must be provided.

Since there 1s experiment ground checkout software which is unique to

each application, the overall ground checkout software sets must be

developed 1n conjunction with the Experiment Flight Applications sets. The
development activity in 1981 was the basis for analysis of flight application
goftware development requirements; therefore, the same time period has
been used for analysis of Test and Checkout software maintenance. As a
result, nine test and checkout sets must be in process simultaneously

to accommodate the delivery of EGSE/CDMS sets.

These considerations have been used in developing the estimated Test
and Checkout software utilization of STIL. The following discussion is

based on the aforementioned assumptions and analysis.

3.6.3.1 STIL Requirements for Test and Checkout Software

In order for NASA to perform maintenance of Test and Checkout software,
the following required functions have been ldertified:

e Software management
e Software maintenance

e Software integration
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The discussions which follow will establish the load placed on STIL
by the above functions. In establishing the loads, the approach taken was
to determine the requirements of one package or set during a cycle. Once
this load had been established, the multiple package/set factor, which
represented the simultaneous activity during the cycle, was utilized to
generate a total load for the cycle. Since the STIL modeling exercise
required loads to be established on a daily basis, the total cycle loads
were then divided by :30 days (6 months, 5-day week).

Software Management

Software management must provide the capabilities of tracking all
change activity and generating software delivery data through the use of
automated methods. These automated methods must be provided by the host
facility. The requirements to process 9 EGSE/CDMS test and checkout sets
within a 6 month period indicate a severe need for software management
capabilities,

As with Experiment Flight Application software, there has been an
assumption made of one run per day to maintain the Test and Chackout
software data base. To remain responsive to Test and Checkout software
needs, reports of problems and change activity must be suppli-d weekly.

Experience has indicated that for programs which have stabilized, one
release/delivery should be sufficient. Therefore, for test and checkout,
only one final release has been indicated in the load requirements.

The summary of STIL load resulting from software management is shown
in Table 3.3,

Software Maintenance

The most resource consuming function related to support and maintenance
of Test and Checkout software will be software maintenance. Activities
relative to software maintenance are as follow: (1) Compiles/Assembles/
Link Edits, (2) Interpretive Simulation, (3) Functional Simulation, and
(4) Data Reduction.

In order to assess the impacts on STIL by test and checkout main-
tenance, the above activities will be analyzed individually.

Compiles/Assembles/Link Fdits - Even though ESRO will deliver

the Test and Checkout software to NASA, compiles/assembles/link
edits will still be needed to update the software. Historically
there has always been change activity with any ongoing programs,
and it is anticipated that Spacelab will be no different in that
respect. Using the bases established earlier of 610 modules,

5% change activity per package and assuming 9 compiles/assembles/
links per change, the following formula represents the anticipated
run load per package/set:
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Table 3.3. Summary of Test and Checkout Impact on STIL

NEW FLIGHT OR REFLIGHT RUNS PER
FUNCTION PACKAGE/SET CYCLE DAY
SOFTWARE MANAGEMENT
— Canfiguration Management 130 1170 9
and Statistics 26 234 1.8
— Automated Release R 9 |
SOFTWARE MAINTENANCE
— Compiles/Assembles/Links 274 2466 18
~ Interpretive Simulation 137 1233 9
— Functional Simulation 137 1233 9
— Data Reduction 205 1845 14
SOFTWARE INTEGRATION
—~ System Set Buiid 2 18 A4
—~ System Set Integrated Test 2 18 A4
TOTAL RUNS PER DAY =62
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(610 * 5%) * 9 Compiles/Assembles/Links = 274 Total Runs per
Package

The 274 total runs per package can be rounded to approximately two
runs per day per package. For all (9) test and checkout packages
in process at any time in the cycle, there will be approximately
18 runs per day.

¢ Interpretive and Functional Simulation ~ To assure the quality of
changes made to Test and Checkout software_ simulation runs will be
reqired. By the time NASA assumes total responsibility for the
Test and Checkout software, the changes should not eatail signifi-
cant logic revisions; therefore, the simulation activity has been
assumed to require no more than an average of one run for each
compile/assemble/link, This estimate yields a total of 18 simula-
tion runs/day for (9) packages/sets in progress at any time.

& Data Reduction - For data reduction utilization, an estimate of 75%
of the daily simulation load has been used. This estimate is based
on the composite interpretive and functional simulation loads.
Therefore, data reduction has been determined to required 14 runs
per day.

The summary of STIL load requirements from software maintenance is shown
in Table 3.3.

Software Integration

In order to ensure the integrity of each delivered Test and Checkout
software set, there must be an integrated test. Once a Test and Checkout
software set has beeu manufactured io the host facility, an integrated
test will then be performed. Since .IS schedules will be so restrictive,
the STIL will be required to support an extensive integrated test prior to
shipment to CIS.

For software integration, the assumption was made that 2 runs would
be required for system set build as well as system set integration. Table
3.3 reflects these requirements.

3.6.3.2 Summary of Test and Checkout Impact on STIL

Table 3.3 reflects the total load placed on STIL by Test and Checkout
software. The daily loads have been shown as fractional loadus; however, the
final total has been represented in rounded form.
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TASK4B: MISSION OPERATIONS 4

4.1 TASK 4B: SUMMARY

The operational environment to be supported by the mission operations
function of Spacelab is muck more severe than the environment of previous
scientific mi:sions. This severity is directly attributable to the follow-
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ing factors:

Each new mission may contain significantly different scientific

°
payloads requiring different mission operations support.
e Data rates, data preprocessing, and data storage procedures are
orders of magnitude greater than previous space pregrams.
® Active participation of PIs in realtime scientific experiment
monitor and control must be supporte?. )
e Rapid turnaround requirements on experiment data 1s required .
before nexc Spacelab mission on which same expariment will be -
flown. -
e Miscion planning for experiment operation must support 12-day

launch cycles of Spacelab.

These Spacelab considerations will necessitate new concepts for mission
operations. This report section will discuss the requirements which must
be satisfied by the mfssion operations concepts to be utilized for Spacelab. B
‘E.
4.1.1 OBJECTIVES/STUDY APPROACH 4
The objective of the mission operations study task was to identif. f
those mission operation functions which have impact on the capability ot ’3

the Spacelab to achieve its scientific objectives. The primary areas of
analysis were:

® Mission support system definition
e Data flow
e Mission planning system
z e PI participation in mission support
o STIL support requirements

The corclusions reached as a result of the above analyses establish a

mission operating concept for Spacelab.
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4.2 MIiSSION SYPPORT SYSTEM DEFINITION

4.2.1 THEME

The Spacelab CDMS, the Communicatior. Network, the Shuttle Orbiter,
the Payload Operations Center (POC), and the Preprocessing Facility are
the elements of the mission suppor system for Spacelab. The combination

of the capabilities of these elements satisfies the mission operating
support requirements.

4,2.2 CONCLUSIONS

The following conclusions have been reached regarding the mission
support system:

e NASA will provide a preprocessing facility for data reduction
pricer to dissemination to user.

e The Shuttle Orbiter will provide the communication link between
the ground ani Spacelab.

e The CDMS software will support the mission operations interface
to the experiments.

e Tracking and Data Relay Satellite System (TDRSS) will provide the
srimary downlink/uplink capability.

e The Payload Operations Center must provide a PI interface.
4.2.3 DISCUSSION

The interactions among the identified Spacelab elements provide the
mission operations concept for Spacelab.

Spacelab CDMS

The Spacelab CDMS will contain the Experiment Flight Applications
(EFA) software which provides the direct interface with the axperiment
hardware. Through this interface, control and mon_toring of experiment
vperation is provided. This software will provide the capability to
interface with a PI either from the ground via the uplink or from the
onboard experiment consoles. The software will be reconfigurable, under
control of the PI, to provide the flexibility to address and resolve
contingency situations. The EFA software will alsc provide the telemetry
data, via the downlink, necessary for ground monitoring and control of
exgeriments.
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Orbiter

The communications link between the Spacelab and the Space Trans-
portation System (STS) communications network will be provided by the
Orbiter. This is in keeping with Shuttle philosophy in support of pay-
loads. The exact hardware configuration of the onboard transmission
system is currently to be defined; however, several requirements to be
supplied by the system have been identified. Science data in telemetry
format must be transmitted intermittently at very high data rates; there-
fore, availability of TDRSS and the capability of maintaining an open
KU band single access channel have been assumed. The attitude control
and directional antenna pointing functions are assumed to be performed
by the Orbiter in accordance with the pre-defined mission plan.

Communications Network

A recent study perfecrmed by IBM under contract to MSFC (Contract No.
NAS8-14000) determined that the most cost effective approach for trans-
mitting data from the Spacelab to the ground was to use the TDRSS for
total RF return. TDRSS was found to be the only telemetry system planned
to be in operational status in the 1980-1990 time frame which will be
capable of addressing the problem of scientific data telemetry rates of
up to 50 MBPS.

Comminications from a ground station to the Payload Operatiomns
Center may be accomplished by lard lines grouped in increments of 1.344
MBPS to satisfy the mission/experiment specified data rate or by re-
transmission employing commercial communications satellites.

Payload Operations Center (POC)

The Payload Operations Center (POC) will be located at ome of the
NASA centers and will support a single or a group of similar scientific
disciplines. The POC will house the facilities, software, and personnel
required to support 1e onboard activities. The critical elements within
the POC are the mission operations computer system and associated soft-
ware. A representative Payload Operations Center configuration is shown
in Figure 4-1.

The POC software will consist of the following major elements:

e High-speed telemetry subsystem

® Mission control program

e Data evaluation

e Support processor

e Mission control executive

® Telecommunications processor
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The high~speed telemetry subsystem performs decummutation of tele-
metry data, determines the source of the deta and identifies the type
< i1ta being received for the personnel within the control rooam. The
.ecommutation process separates the data into predefined streams for
display or storage operations.

The mission control prop-am is responsible for performing a switching
function to establish the data path between the telemetry system and the
experimenter's console lccated within the POC. Data from the telemetry
system is sent directly to a support processor where it is prepared for
presentation on a graphics display davice at the appropriate console
within the control room.

The data evaluation software provides the PI with the capability of
deleting or retaining portions or all information within a data base for
more detailed evaluation and selective elimination in a non-realtime
environment.

The support processor provides the capability of supplying realtime
science data to remotely located consoles at user facilicies. Functions
performed at these remote locations could be identical with those that
can be performed at the consoles located at the POC within the limita-
tion of the speed of the communications link to the remote site.

The control of the Payload Operations Center (POC) compiex is per-
formed by the mission control executive (MCE) system residing in the
primary computer under supervision of a realtime operation system. In
addition to controlling the individual elements of the complex, the MCE
i: responsible for execution of a large variety of mission dependent
application software which performs such functions as: (1) monitor
Spacelab subsystems and payload health data, (Z) perform command vali-
dation and uplink, (3) maintain updated trajectory and ephemeris infor-
mation, (4) maintain a mission log, and (5) provide mission managcment
information rrom the mission support data base upon request.

Bece of the onboard checkout philosophy employed in Spacelab, the
requiremerts for re 1time monitoring of experiment operation will be less
than previous spa.. requirements. The POC software will monitor the
downline data for failure indications telemetered by the CDMS computer;
however, no detailed modeling of onboard systems or limit testing/trend
analysis will be required. As a result, no dedicated flight controllers
for Spacelab status monitoring will be required.

The telecommunications processor provides teleprocessing network
control, message queuing and routing for a networ. of low speed remote
terminals at other NASA centers and at selected user facilities. These
terminals will primarily be usad for obtaining mission status informa-
tion and are not criticzl to the operation of the POC.
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2reprocessing Center (PPC)

The Preprocessing Center should be co-located with the POC in order
to share a common data bank containing pay.oad generated scieutific data
and thus reduce the lines of communications which would be required by a
separately located preprocessing facility. NASA will provide the software

utilized in preprocessing.
The PPC software will perform certain processing on the downlink
data stream to provide output to the user in a form specified prior to

the mission. These processes include annotation, calibration, conver-
sion to engineering units, filtering, image processing, and quality

testing.

The user of a PPC will relieve the PI of the processing burden asso-
ciated with many of the Spacelab experiments and will allow FIs with
small-scale computer facilities to participate in the Spacelab program.
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4.3 DATA FLOW ANALYSIS

4.3.1 THEME

The flow of data from a sensor to the PI for evaluation of experi-
ment results is an important function of the mission operations concept
for Spacelab. The high data rates and volume of data impose requirements

on the mission operations concept.

4.3.2 CONCLUSIONS

e Preprocessing of data prior to turnover to the PI is a NASA
requirement.

® Rapid dissemination and evaluation of data from frequently flown
experiments is required for future mission planning.

e PI/crew interaction to reduce volume of data will be a goal.
4,3.3 DISCUSSION

Spacelab Data Rates/Volume

In defining the data flow for Spacelab, an examination of the types
of data and data rates was performed. The information was obtained from
previous studies performed by IBM and indicated that data rates of up to
50 MBPS should be expected. These data rates will result in data volumes
for some missions approaching 5.4 x 10j; bits. Skylab data rates, which
were considerably lower than Spacelab's data rates, created data volumes
which completely inundated the processing facilities allocated. Without
proper planning, the problem of data volume will be unmanageable on Space-
lab.

To avoid the problem of excessive vcolumes of data, a concept known
as "interaction" is currently being studied. This concept requires that
elther visual or computerized techniques be utilized to evaluate the
quality and/or the validity of data, and reject, from further processing,
that data not considered useful. Although still in a preliminary phase
of development, such an approach could be of great bemefit on the Space-
lab program.

Data Flow

The flow of the experiment data begins at the sensor and proceeds
through the elements of the mission operations system to the PI. This
flow is illustrated in Figure 4~2. The "interaction" activity previously
described will be accomplished at the Spacelab CDMS consoles, Payload
Operations Center, or Preprocessing Center. Thke output of the Prepro-
cessing Center will be in a format acceptab’~ to the user for further
processing on his computer facilities.
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4.4 MISSIF: PLANNING SYSTEM (MPS)

4.4.1 THEME

In an environment of rapid turnaround of Spacelab missions, the
Mission Planning System is a critical element in achieving the required

Spacelab mission objectives of:

N
R NI SRV

e 31 flights/year maximum

e l2-day turnaround between missions ‘g

o Maximum scientific data coverage :%

e Optimum utilization of omhoard crew i

3

4.4.2 CONCLUSIONS 2
The Spacelab Mission Planning System (MPS) must satisfy the following ‘g
requirements: "§
s

e Provide pre-mission planning of experiment utilization/crew éi
activity during mission. ¥

&

® Be iiicractive with the planner in building mission timelines. ‘§

e Allow inflight modification of timelines for contingency opera- :ﬁ

i tions,

4 .4.3 DISCUSSION

The primary purpose of the MPS is to provide an interactive tool
for assisting mission planning personnel in the (evelopment of viable
timelines and flight plans for Spacelab missions. 1iInput to the system
is a preliminarxy definition of the experiments which make up a payload
and the associated Spacelab configuration. Using the facilities pro-
vided by the MPS, the mission planner can assure the operational com-
patibility of the elements which must interact to achieve the goals of
the mission (for example, the experiments, the Spacelab and its sub-
systems, the orbiter, the communication network, and the ground support
| facilities). Output of the planning cycle is the predefined mission

plan which is maintained on-line at the Spacelab POC where it can be

modified and updated should contingency situations arise. A condensed

copy of the plan may also he maintained onboard in the form of briefing
' material within the Spacelab CDMS where it can be easily referenced by

P a5 Ao S 2 U

the crew. Capability exists for gemeratica of modiiied timelines in
the event the original plan must be adjusted. Modified plans may be
produced interactively using the MPS and lcaded into the POC and Space-

lab CDMS for implementation.

: The mission planning process is functionally shown in Figure 4-3.
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4,4.3.1 MPS Description

The MPS is envisioned as primarily an on-line, interactive software
system available to users at remotely located terminals. Access to the
system in a batch mode is provided for those planning activities which
do not require immediate response, such as the introduction of the pre-
liminary mission profile and the final verification of the total flight
plan. A possible architecture for the MPS is shown in Figure 4-4. The
software elements are the Executive, the Terminal Management Subsvstem
(TMS), the Display Formatter Subsystem (DFS), the Data Base Manageme.t
Subsystem (DBMS), and a set of math models capable of simulating the

Spacelab environment.

Overall control of MPS is centralized within the MPS Executive which
performs the scheduling and initiation of the various functional elements
which must be executed to verify a particular planning commarnd. The
executive rel:es on the planning language interpreter to generate a
series of events which defines the sequence of activation of each math
rodel and the input to be supplied based on parameters extracted from
the user command. Although ittle infrrmation is available at present
or :tue anticipated number of users duriag periods of peak activity, it
is not unreasonable to assume that th= -xecutive must be capable of
supporting over 00 active remote terminal users concurrently.

The Terminal Management Subsystem (TMS) is envisioned as a commer-
cially available teleprocessing package capable of interfacing with the
remote terminals over telecommunication lines and performing such basic
functions as message aditing, queueing, and routing. The Display For-
matter accepts MPS executive generated output messages from the TMS and
reformats the information contzined therein into a predefined display
format. Location of the display formatter remotely in intelligent ter-
minals offers the ~2dvantages of minimized line traffic and reduced load

on the central MPS CPU.

In the batch mode, the Terminal Managemenu Subsystem (TMS) is re-
placed by a Remote Job-Entry (RJE) capability which introduces input to
the MPS from a batch input device (card reader, tape, disk). The Dis-
play Formatter is replaced by a compiler-like subsystem capable of produc-
ing descriptive error and warning messages suitable for hard copy printout.

The Data Base !fanager is assumed to be a commercially avail-

able DBMS package which is compatible with the TMS selected. Lease or pur-
chase of such packages from a vendor not only reduces software development
costs, but allows programming resources to be concentrated on the primary
problem of developing the MPS unique software. If the decision is made

to develop the TMS and DBMS functions within NASA, it is recommended the
development be completed prior to development of the other MPS modules

in urder to provide a firm base for such development which will not change

dynamically.
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Figure 4-4. Baseline Mission Planning Systems Architecture
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The Data Base Manager provides the facility for on-line storage of
the massive amounts of data produced by the planning activity. Variable
length strings of data must be stored, expanded and otherwise manipulated
by the MPS in the process of refining a gross mission profile into an
integrated detail mission plan. Each user is provided the capability of
creating his own data base either by copying an existing portion of the
master or by entering data direct! into the system. The flexibility of
massaging these detail data bases in a responsible, interactive manner
must be provided as well as the facility of merging the resulting veri-

fied product back into the master mission data base.

The mathematical models are capable of stimulating the responses
generated by the various elements which make up the onboard enviromment.
Stimuli developed by the language interpreter are used to activate each
model in the proper sequence for incocporation into the mission plan.
Models exist for such Spacelab functions as power distribution, CDMS,
telemetry and others. Each model is capable of retaining an awareness
of its state as produced by previous stimuli from earlier commands and/or
interaction with interrelated models. Each model is constructed such that
should an event occur that caused the state being developed to extend be-
yond the bounds of the constraints of the Spacelab element being modeled,
an immediate notification of the error condition is made to the user. An
example of such an error condition might be the performance of two or more

operations concurrently whose additive e«ffects would overload the electrical

power system of the Spacelab. After notification, the plamner can adjus:
the sequence of activities in order to :nclude the required operation on

a non-interference basis.

4,4,3.2 MPS Utilization

As was discussed previously, the MPS is utilized in two distinct
mudes: (1) pre-mission planning in development of the detailed mission
timeline, and (2) contingency operation planning during the mission.

Premission Planning

In development of the detailed mission plan, detailed definition of
experiment operational charact._ stics and constraints will be included
in the math models described previously. A preliminary mission timeline
will be generated and placed into the data base. This preliminary time-
line will provide the planning base to be utilized in establishing the
detailed mission timeline. Working from the planning base, the mission
plamner will extract a section of time and refine it to a greater level
of detail. The more detailed version of that planning increment can then
be immediately verified by merging it into a copy of the master. During
the merging process, the MPS assures that all interface requirements are
met and, 1f not, notifies the planner who may then extract, alter, and

repeat the merge/verify process until all constraints imposed by the math

models have been satisfied.
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Contingency Operations

In the event of experiment failure during the Spacelab mission, the
MPS will provide the capability for timeline update to optimize the
scientific objectives of the remaining experiments of the payload. The
procedure utilized for contingency operations updating of the mission
plan is similar to that described for pre-mission planning and utilizes
the interactive terminal capability.
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4.5 PI PARTICIPATION IN MISSION OPERATIONS CONCEPT

4.5.1 THEME

To ensure that the scientific objectives of Spacelab missions are
achieved, the P1 must participate in the mission operations councept.

4.5.2 CONCLUSIONS

The PI's involvement in missiop operations must Include the follow-
ing:
® Generation of mission operations and preprocessing software
requirements in support of experiment.

@ Monitoring of experiment operation either omboard or inm the
POC during missioan.

e Detailed experiment definition and constraints for mission
pl. nning purposes.

e Experiment Flight Applications software definition.

4.5.3 DISCUSSION

The change in emphasis from operational considerations to scientific
data gathering/cvaluation, within the mission operations concept, 111
require that the PI participate in the mission operatioms and support
functions. This participation will primarily be in the areas of soft-
ware requirements and mission support.

4.5.3.1 Software Requirements

Although the PI will not parcicipate in wission operations software
development, he must define the software requirements needed foi his
extive participation through the POC. This definition will include the
correlation between uplirk and downlink data and his experiment, any
unique requirements of this experiment, and display support requiremeats.

In additior to POC software, the PI must provide mission planning
considerations to the Mission Planning System. Tnese considerations
will include such items as power-on/warmup timing, power-down timing,
pointing constrainis, lighting constraints, storage data capacity, and
the description of the CDhS Experiment Flight Applications software
related to his experiment,

The data preprocessing facility software must also be supplied with
requirements by the PI. These requirements will include data bases,
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fcrmat/paramerer correlation, unit conversion constants, and decommuta-
tion information. The output format and media of the data must also be
specified to be compatible with the PI's software and facility used for
detailed scientific dcta analysis.

4.5.3.2 Spacelab/PI Interface Concepts for Mission Support

For Pl involvement in mission support, four concepts will be utilized.
These are:

e Ground-based experiment control

e Onboard experiment control

e Automatic control

e Onboard experimenter coutrol with ground monitoring
These concepts are illustrated in Figures 4-5 and 4-6.

Ground-Based Experiment Control Concept

This concept will be utilized primarily for pallet-only Spacelab
missions. In tui~ concept, the PI will have responsibility for control
and monitoring of his experiment from a console in the POC. Communica-
tion becween the PI and the experiment will be provided via the downlink
and uplink capabilities. Software to support the PI's console must be
provided by the POC.

Onbcard Experiment Control

This concept will require that the PI or his representative be a
member of the Spacelab crew. In this concept, the PI communicates with
his experiment thrsugh the onboard consoles and the flight application-
softwar> of the CDMS.

Aucomatic Contrcl Concept

This concept will utiliz: the Fxperiment Flight Applications soft-
ware for control and monitoring of experiment operation. Utilization
will be limited to simple experiments requiring a minimum of support.

Onboard Experimenter Control with Ground Monitoring

This concept will provide a team approach for complicated experi-
menter's operation. This approach will require voice communication
between POC and onboard experimenter.

4~-18

r-lraunf-—-iq P AW —rT w_q S—

ham 3 ot [,

’.um. A
-t




D ! A A e L PR PTG e BT Wt e g s B
Jrmees T s s g TR Y YRS P NI e

2 %8 | suondp ‘sidsaucy uoddng uosmssiy 1o G- aunli4

YIALNIWINIAXI QHVOBNO — TOHLNOD INIWIHIIX3T HILNIWIYIIX3I QISY8 ONNOHD — TOHLNOD LNIWIHILXI

CELYELET]
Sunitan o 4300230 _ /
ONYWAOD ONVAWND |

_ 3I0VHOLS

SNOIAVD
INNANOD
LELed Todet 7]

s o - -

¥

4-19




ONIHOLINOW ANNOYD HLIM
NOILOVHILNI HILNIWIYIIXI CUVYOENO

= TOHLNOD LN3IWIYILXS

,Ad

3210A ETYERTT
ONY g AVISI0
WNITAN DnZ(g

OuWvOINDG

FOVHOLS

$NOILYD

.23330uI

110A GhY
»w1wmoa &

SWao

-,

oot

» B £ suondp ‘§1dsau0g uoddng uosssiy |4 9- ey

NOILNIAHILNI JILYHOLNY
= T0YLNOD LNIWIHILXT

///
//l
¥O0133138
WOSN3$ .
NGB T
SNOILYDINNHND 1394vs | Te—— .
viIOWO24w
ANPNYANI
SWQad
-
e

=) - r———

——-

Saswrrrod

4-20

-y

=y ST



et e ————————- ———— - —n ——

9
-
.

«gu-:w.; -

s

4.6 STTL SUPPORT REQUIREMENTS

In the course of this study, no definite requirements in support
of mission operations have been established for the STIL. It is felt
that mission operations software requirements will be fulfilled by the
mission operations personnel on their own computers within the POC.
However, should it occur that the POC computers and the STIL computers
are compatible and are located in the same facility, the mission opera-
tions basic functions of compiling and assembling could be performed

on the STIL equipment.
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TASK 5: SOFTWARE TEST AND INTEGRATION 6
REQUIREMENTS

5.1 TASK 5: SUMMARY

The requirement for a dedicated facility (STIL) to support the develop-

ment, ilntegration, and delivery of CDMS software was established during Defi-

nition of Spacelab Experiment Software Development Concepts as described in

Section 2.

in maintenance and support of CDMS and EGSE Test and Checkout software. To

satisfy the requirements levied by these previous study activities, a prelimi-
Although the definition is preliminary, it

will provide the basis for more detailed definitiom in future study activity.

nary STIL definition was performed.

5.1.1 CONCLUSIONS

As a result of analyses conducted during the software test and integra-
tion task (Task 5), the following conclusions have been established:

® A host computer complex with CPU capability of approximately three
MIPs and mem»ry capacity of three megabytes is required to handle
the processing load established in this study and to provide ade-

quate growth capability.

Select’."1 of the final STIL hardware configuration requires addi-
tional detailed analysis.

A sophisticated terminal controlled data base management system
will be required to support software management configuration and

software development concepts.

The STIL must provide for both realtime and batch processing ser-
vices to support development requirements.

5.1.2 OBJECTIVES/STUDY APPROACH

The objectives of the software test and integration task were to:
(1) establish a baseline understanding of the STIL requirements in the
areas of operational enviromment and development tools, (2) develop a
model uf the STIL for determining the domain of CPU and memory require-
ments of the host computer, {3) develop representative STIL configurations,

and (4) establish a preliminary STIL Develcpment Plan.,

In achieving these objectives, IBM established a systematic study
approach. This approach, with the interrelationships among the elements,

is shown in Figure 5-1.

It was further established in Test and Checkout Software concepts
(see Section 3) analysis that the STIL must provide capabilities to be utilized
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The systematic approach utilized in satisfying the overall task
objectives required that the study of five major areas be conducted.

These areas are:

STIL Requirements Summarization

STIL Operational Modes and Development Tool Definition
STIL Modeling Analysis

STIL Configuration Analysis

STIL Development Plan Analysis

The combined outputs of these studies resulted in satisfaction of study
objectives. Each of the areas are discussed in detail in subsequent

paragraphs.

In defining the requirements of the STIL, the followiug groundrules
were established to aid in bounding the study effort:

® A CDMS simulator will be resident in the STIL (includes all CDMS

hardware).

® The subsystem computer, the experiment computer, and the backup

computer and associated input/output of the CDMS will be common.

® There will be no communication among CDMS computers.
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5.2 STIL REQUIREMENTS SUMMARIZATION

5.2.1 THEME

The requirements the STIL must support for Experiment Flight Appli-
cation software, subsystem software, and the EGSE software were established
in the Experiment Software Development Concepts (Task 2B) and the Space-
lab Test and Checkout Software Concepts (Task 3B) studies. Prior to per-
forming the STIL definition, these requirements were compiled as input
drivers to the remaining tasks of the STIL analysis.

5.2.2 CONCLUSIONS
The summarization of requirements resulted in the following conclusions:

® A total of 350 runs/day must be supported by the STIL. Runs will
vary from maintenance type to full Spacelab on-orbit simulations.

® Experiment flight applications software development activities
will generate 70% of daily load on STIL.

® STIL must support realtime and batch processing environments.

e STIL must provide state-of-the-art software development tools
and supportive softwrce to mect the challenges of the Spacelab
software development environmert.

5.2.3 DISCUSSION

In defining the STIL, the requirements have been divided into two
classes-~each of which is critical in establishing the baseline STIL
definition. These classes are processing load (runs/day) requirements
to support development activity, and cperational enviromment/development
tool requirements.

5.2.3.1 Processing Load Requirements

The analysis performed during Task 2B indicated that the maximum
software development burden on the STIL would occur in 1981, During thkat
year, a projected total of 416,520 CDMS experiment applications instruc-
tions must be developed and will require a total of 250 runs/day on the
STIL. In addition, the processing requirements associated with maintenance
and support of the test and checkout software were determined, during Task
3B, to require 62 runs/day on the STIL.

The maximum processing load the STIL must support, as determined in
the study, is summarized on a runs/day basis in Table 5.1. The load “as
been distributed among the functional capabilities which must be provided
by the STIL. The activities included within the functional capabilities
are described below:
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Software Management - activities necessary to maintain source code,
configuration management, statistics, and software release dat: base.

Software Implementatiun - the use of development tools (e.g., com-
pilers/assemblers/link edits, data reduction, interpretive simulation,
functional simulation. and CDMS simulation) for designing, developing,
debugging, and testing of STIL-supported software.

Software Verification ~ the activities necessary to assure produ:t
integrity through the utilization of interpretive simulation, CDMS
simulation, and data reduction tools.

Software Integration - the tasks necessary to build flight software
packages and sets and perform overall testing through use of =uch
tools as CDMS simulation and data reduction.

Software Maintenance ~ the tasks necessary to maintain and wodify
Operacing Systems, Applications, and Test and Checkout software.

System Maintenance and Utilitjies - the activities which are considered
germane to computer center operations, such as save/restore activity,
software diagnostic of hardware, sorts, merges, tape copy, tape dump,
and STIL scheduling.

Model Maintenance - the tasks required to maintain and update the
environment models required for simulation capabilities.

As can be seen in Table 5.1, a daily load of 350 runs/day must be
supported by the STIL. Of the total, 70%Z of the runs are made in support
of experiment flight apnlications software development, thus making flight
applications software the principal STIL user.

5.2.3.2 Operational Modes/Development Tools Requirements

To support the development requirements established during Tasks 2B
and 3B of this study, the STIL must provide the operational capabilities
to allow effective utilization of STIL resources. The operational modes
established in order to provide all required capabilities and the develop-
ment tools utilized within each mode are summarized in Figure 5-2. As can
be seen, the operaticnal modes are:

Supportive Mode - provides development tools and capabilities required
to support CDMS and EGSE software managewment and to allow efficient
utilization of STIL host computer resources.

Realtime Mode - provides software development in an interactive
realistic environment. This is accomplished by executing the code
under development on the CDMS simulator and simulating the total
environment on the STIL host computer.
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Table 5.1. Processing Load Reguirements Summary

FUNCTION

RY

NS PER DAY

FLT. APPLICATION

TEST & CHECKOUT

HOST

SOFTWARE MANAGEMENT

Configuration Mqgmt/Statistics
Automated Release

SOFTWARE IMPLEMENTATION

CDMS Assemble/Compile/Link
- Interpretive Simulation
- Functional Simulatic~
CDMS Simulation
Design Analysis Simulation
Data Reduction

SOFTWARE VERIFiCATION
Interpretive Simulation
CDMS Simulation
Data Reduction

SOFTWARE INTEGRATION

System Build (Link)
System Test

SOFTWARE MAINTENANCE
- Compile/Assemble/Link
- Functional Simulation
Interpretive Simulation
Data Reduction
SYSTEM MAINTENANCE & UTILITIES
MODEL MAINTENANCE

Compile/Link

26
13

39

888

10

Bloe N o

SUBTOTALS

250

62

TOTAL RUNS/DAY

350
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Batch Processing Mode - provides normal computer c:nter data processing
environment.

e T gy

Of the above operational support modes, only the realtime mode is
different from a normal computer center operation. The rearltime simulation
requirements were established during Task 2B and require the capability
to execute flight applications software within an actual CDMS configura-
tion. This simulation must provide a high fidelity environment for veri-
fication of the experiment flight applications software prior to delivery.

A I

Realtime simulation provides the medium of development and testing
which allcws the development schedules to be achieved. As was determined
during Task 2B, the maximum number of flight sets to be delivered occurs
during 1985 when a total of 31 flights must be supported. To meet such
delivery schedules, realtime simulation must be provided. Use of inter-
pretive computer simulation, with a clocktime to realtime of 80 to 1, would
require testing time which could not be provided within the schedules.

2
i
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5.3 DEFINITION OF STIL OPERATIONAL MODES/DEVELOPMENT TOOQLS

5.5.1 THEME

In support of the design, development, integration, testing, mainte-
nance, and delivery of software for the experiment computer, subsystem
computer, and the EGSE computer, the S5TIL must function in three distinct
operational nodes and provide the development tools needeu in utilizat<on
of these modes.

5.3.2 CONCLUSION3
The following conclusions were established in the course of this stud:

e The STIL data base needed to support CDMS aad EGSE software develop-
ment will require approximately 1.3 billior bvtes of storage.

® The maintenance of STIL capabilities will require eight runs/day
on the host computer.

® The realtire simulation mode will require unique support functions
(realtime executive, user a:ds, online realtime interaction, ev:z.).

® An extremely sophisticated simalator will be required to suppor:
the realtime simulation capability with both CDMS computers
functioning simultaneou.ly.

® To support realrime simulation, an interface device will be required
between the host computer and the CDMS simulator.

5.3.3 DISCUSSION

As has been previously discussed, the STIL must support: (1) a realtime
mode, (2) batch processing, and (3) a supportive mode. Within each rode
development tools must be provided to support the STIL user in development
of CDMS and EGSE software. An additional STIL supportive function, the
STIL data base, must provide the data required in controlling and report-
ing the status of software development activities.

Within this study task, the overational modes and assoclated develop-
ment tools will be defined. In addition, the STIL data base and processing
load on the STIL to maintain STTL capabilities will be established. Figure
5-3 depicts the operational modes and the related development tools. The
foliowing paragraphs will address each mode individualiy and defire the
development tools as indicated in the figure.

5-11
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REALTIME MODE

e Realtime 'nteraction

o Realtuime Models

o CDMS Simulation

¢ On-Line Daia Reducuon

' o On-Line Uszr Aids

' e CID Diagnostics

BATCH MODE

e Compilers/Assembler/
Linkage Editors

® Spacelab ¥ 'gh-Order
Languages (HOL)
Support

e Models
e Functional Simulation

e Interpretive Simulation
(:CS)

o Data Reduction

® Uszar Aids

SUPPORTIVE MODE

o Operating System
o Software Managemcnt

e Source Data Manage-
ment

e Configuration
Management

@ Automatic Software
Release

e STIL Software
Scheduling

3TIL DATA BASE

Figure 5-3. Operational Modes and Software Development Tools
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5.3.3.1 Realtime Mode Discussion

The realtime mode of the STIL will provide the capability io test
the Spacelab subsystem and experiment computers' softwars in a realtime
environment. Within this mode, the CDMS will be utilized and will be
interfaced with the STIL host computer through a special host/CDMS Inter-
face Device (CID). The host computer will provide the simulation of the
environment needed to support the operation of the flight software. This
environment will include high fidelity models c¢f Spacelab subsystems and
experiments to ensure proper interface between flight software and Space-~
lab hardware prior to the actual hardware/software integration. The
functional diagram of the realtime testing configuration is shown in

Figure 5-4.

The support elements provided during the realtime testing mode are
shown in Figure 5-3 and are discussed in the following paragraphs.

Realtime Executive

Execution of realtime simulation necessitates that the operating
system of the STIL host computer have features not found in a normal com-
puter center operating system. As indicated in Figure 5-3, the realtime
executive is envisioned as an addendum to the host operating system while

retaining the capadiiities to support both batch and supportive modes when

excess CPU and memory is available during realtime testing.

1’%12*“;'.41;‘;_.4 YR

The analysis conducted during this study has defined the following -g
preliminary requirements which must be satisfied by the realtime executive: %
® Maintain task management control over host comfuter software 4
execution within specified time frame. ?i
A
® Monitor execution of Spacelab CDMS software. B
® Support realtime user aids and realtime interaction requirements. é%
M
® P--vide interfaces between host software and CDMS interface device *
for I/0 control. 3
é:
® Perform checkpoint and data gathering functionms. ﬁg
o
® Maintain statistics pertaining to host computer facilities utili- Ef
zation during realtime testing. :

® Provide realtime access metho?s for online storage utilizatiom. {
&

¢ Provide compatibility with normal host computer operaticun system v

to provide baich/supportive roles of STIL while executing real-

time simulations. §

® Support "hands-on' control language for user interface. :
5-13
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Realtime Interaction

During the execution of a realtime simulation within the STIL, real-
time interaction between the STIL user and the simulation must be provided.
. This interaction will be provided through use of a realtime terminal support
Z software package within the STIL. Tbe principal advantage gained through
realtime interaction is that the user can assess the performance of the
; simulation, make realtime decisions regarding the status of the test, and
; take corrective action in the event of problems. In short, the user hasg
the advantages of a "hands-on' development environment.

PR ST

-

A g,

The realtime interactive software will provide the following capabi-
lities to the user:

[

® TInjtialize simulation

® Select realtime user aids to be exercised during run.
® View selected parameters during run.

e Terminate/restart runs.

. e ——— - ——— e —- o o

Ubtzin oraphical representations, during run, for online realtime
analysis.

® Insert error conditions into models during realtime.

—. demrma

B fin s B R o '3‘!’;('&

® Control data recording/analysis.

An additional interactive capability must simulate the PI involvement
from the ground during *.e mission. The realtime interaction software
must provide display and command capabilities which would exist within the
Payload Operations Center (POC) to the PI. The STIL user thus will be
allowed to simulate the control and monitoring of experiments by the POC.

As can be seen from the above discussion, the realtime interaction
capability is an essential element in overall system test and verification
in that the STIL user is provided detailed visibility intc simulation acti-
vity and thus can fully evaluate the operation of the subsystem and/or
CDMS flight applications software in a realistic test enviromment.

Realtime Models

Digital models of the Spacelab eaviromment wi'' be critical to the
STIL's ability to support the realtime testing moae. Since the realtime
+§ testing mode provides the primary verification test bed for CDMS software

(Subsystem and Experiment), it 1is mandatory that the models used in the

simulation be high fidelity representations of the elements of the Spacelab.
The high fidelity requirement will anecessitate that, as the hardware con-
figurations change, the models utilized in realtime testing must alsn be
updated. This continuing development/maintenance activity will create a
load factor on the STIL resources throughout the Spacelab program.

5-1>
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; The realtime models will provide the building blocks needed in pro- i
viding a realtime simulation capability. The models will be combined o
through the use of STIL software to create the host simulation software

system. The models to be provided by the STIL for realtime testing must
include:

E ® Instrument pointing system model e
® Models for each experiment package
® EGSE model

® Shuttle Orbiter Interface Model (uplink/dowmlink/PSS)

heand

® Model of functions of subsystem computer software

¢ Model of functions of experiment computer software

s §

The above list is preliminary and can be updated as more specific
information is obtained regarding Spacelab subsystem and experiment
configuration and interface requirements.

The realtime models, being of a mathematical form, will be developed
and maintained utilizing a high-order language. A library of these
models will be maintained within the STIL data base for rapid accessi-
bility in configuring simulatcrs needed for each Spacelab payload.

COMS Simulation

The CDMS simulation capability will be provided through the host sim-
ulator software, the CDMS Interface Device (CID), and the actual CDMS com- -
puter assemblies containing the flight software undergoing test. --

Because the complete CDMS hardware will reside within the STIL, it has Ty
been assumed that the capability must exist to support realtime testing of
both the experiment Ilight applications software and the subsystem computer
software simultaneously. In addition, it has been assumed that the STIL -
nust support individual computer software testing while simulating the A
functions of the other computer. The capability to support t o simultaneous =
simulations will require a highly sophisticated host simulator and an equally
sophisticated CID. Although all models have beer assumed to be digital dur-
ing this analys. , the existence of the RAUs within the CDMS will provide the o
capakility to ae analog models of experiments and subsystem components to
‘ the STIL if required. -

r

Utilization of the onboard CRT/coansoles during realtime testing will

¥ require that th: console outputs be routed to the CDMS Interface Device and .
5 host computer software. This requirement will allow the simulator to moni- ﬂ
tor activity between the CRT/console and the CDMS software and to reconfigure -
1]
i
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the simulator tu reflect changes in the CDMS computer software. The CRT/
console capability will allow the software developer to modify memcry
locations, modify software flow, inhibit experiment interfaces, and other
activity directly affecting simulator operations. Failure to monitor CRT/
console CDMS software activity could cause failure of runs, generation of
! bad data, and could result in sigrificant rerun burden on the STIL. To
monitor the interface activity, the simulator must:

"-m-__w_“.__m
COm

I,

i ® Include an incerpreter of the onboard control and display language.

e Recognize function key input requiring modification of model exe-
cution.

] ® Correlate CDMS software modifications with simulator actionms.
® Perform necessary recoanfiguration of the simulator.

The capability to support individual testing of either the Flight
Applications software or the subsystem software will require that the host
simulator provide a model of the system elemerts not operational during the
test. This model will be a functional representation and will be utilized
primarily to provide the capability to perform testing of individual systems
in the event of hardware/software problems within the STIL. The individual
system testing capability is shown in Figure 5-5.

Since the flight CDMS contains three computers (subsystem, experiment,
and backup) and a mass memory for overlaying contents of computer memory,
the STIL realtime simulation mode must provide the capability to test the
utilization of the backup computer in both the subsystem and experiment
role. In addition, capability to test the onboard mass memory overlay
capability in a realtime enviromment must be provided. g

Online Data Reduction

RN,

In support of the realtime interaction capability, online data reduction
must be provided. The data thus provided will allow the STIL user to monitor

el 0

status of the test and make necessary decisions regarding validity of test-
ing. The data presented to the user must be restricted in order to maintain ¥
a realtime environment; therefore, the capability must exist to select the 4

desired parameters before initiating the test or to select new parameters
ducring the test.

AN

The online data reduction software must be designed to allow rapid
re-definition of data stream elements. As Spacelab mission payloads vary,
the telemetered data will differ and, therefore, the online data reduction
software must be reconfigurable, through realtime interaction capability é
prior to the test initiation, to ensure compatibility between data reduction '

sof tware and data stream.
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The output of the online data reduction will be either in engineering
units or raw data form and can be presented on either the display or the
printer. The user must have complete flexibility in output format and con-

tent to provide maximum productivity.

Online User Aids

To perform testing of flignt applications and subsystem software on
the STIL, the user must be provided with user aids to provide visibility
into CDMS software operations. [hes user aids provided within the realtime
testing mode require unique host computer software to interface with the
CDMS Interface Device for retrieval of test data.

The user aids identified for realtime testing support can be invoked
either through the display or through user setup cards prior to run. The
atility to modify or cancel selected user aids during realtime runs must

be provided.

User aids identified which must be provided by the STIL realtime
software system are:

e Memory load/verify/dump of CDMS computer under test

e Snaps on contents of spacific CDMS computer locations
e Instruction trace

® Single step of CDMS computer execution

e Checkpoint/restart

e Modification/patch of CDMS memory contents

e Start/stop of run on input parameter

These user aids will require that the CDMS Interface Device support the
access to CDMS computer control lines by the host software.

CID Diggpostics

In support of the realtime operational mode, the STIL user must have
the capability to ensure correct operation of the CID and the CDMS. To
provide this capability, diagnostic software will be provided to perform
CID testing.
of testing under control of the STIL user.
use of the CID Jiagnostics is shown in Figure 5-6.
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5.3.3.2 Batch Processing Mode

In addition to the realtime mode, the STIL must support a normal
~omputer center processing enviromment. Within this environment, the
1 7L user can submit computer jobs either remotely through terminals
or over-the-counter. Each job submitted is entered into the job stream
manager of the host computer operating system and executed as resources
needed to perform the job become available. Upon completion of the pro-
cessing jcb, output will be routed to the user.

Whereas the realtime simulation provides the primc .y software debug
and verification environment, the batch processing mode supports the pri-~
mary software design and development tools needed in maintaining and
developing software for EGSE, experiment flight applications, and sub-
system software.

The capabilities and development tools provided by the baich process-
ing mode will be discussed in the following paragraphs.

Compilers/Assemblers/Linkage Editors

To support the STIL user performing modeling, data reduction/analysis,
and simulation on the host computer, compilers/assemblers/linkage editors
for the host computer must be provided. These support software packages
must be provided with the host computer and will include such packages
zs Fortran, PL/I, macro assemblers, and linkage editors. No development
activity wi'll be required in utilizatior of these packages.

Spacelab High-Order Language (HOL) support

The CDMS software and EGSE software will be developed utilizing high-

order languages. Since these languages have not been selected, an assumption

has been made that unique high-order languages, not normally supported by a
host computer, will be required. It is expected that ESRO will make avail-
able the compilers to support these languages, and they will be compatible
with the STIL host computer.

Another class of high~order languages to be supported are procedure-
type languages used in development of models for use in simulation. The
compilers/interpreters to support these languages must be developed and
maintained within the STIL host computer software system.

In support of the functional simulation capability, the HOL compilers/
interpreters must provide the capability to insert programmer testing aids
within the source code at the statement level to allow the programmer to
utilize simulation debug aids. In addition, the compilers must provide
capability to translate application software statements into host computer

machine language for execution.
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3 the software undergoing test.

¥ . Functional Simulation

4 The functional simulation capability of ithe batch processing mode
will provide the user of the Spacelab HOL with the ability to execute the
CDMS software statements on the hosi computer in the language of the host
computer. This capability will require that the HOL compiler utilized in
development of CDMS software provide the option of generating object pro-

5-22
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In addition to compilers to support the CDMS and EGSE computers, an
assembler will be required to support writing software, which is either
time-critical or core-limited. It is anticipated that the STIL will uti-
lize the ESRO-developed CDMS/EGSE assemblers.

A linkage editor, included with both the compiler and assembler,
will also be provided by the STIL. This linkage editor will provide the
capability to combine CDMS and EGSE application modules into software
packages and sets for testing and delivery.

Although the STIL will attempt to utilize the ESRO-developed HOL
support tools, incompatibilities may exist between European host com-
puters and the STIL host computer which would make this utilization
difficult. Even if compatibility does exist, the STIL utilization require-
ments may require modificatious to ESRO-developed software. An area of
potential difference exists in software management techniques. It is
anticipated that the support packages will have capabilities to assist
in maintaining configuration management over CDMS and EGSE software with-
in the STIL. These capabilities may not be required within ESRO and so
may not be included within the supnort software.

Batch Models

Models of the Spacelab systems <2 operational environment will be
required in order to support the simulation capability provided within
the batch processing mode. These models will vary in level of fideliity
from those used to support realtime testing to those of a very functiomal
nature. The Spacelab environment model will include those elements pre-
viously discussed for realtime simulation and may very well be *he same
sof tware modules.

An additional model maintained and utilized in the batch processing
mode (known as the Design Analysis Simulator) must provide a mathematical
representation of the subsystem and experiment computer software and will
be utilized to predict software operational characteristics under varying
experiment loads. The model will be driven by functional level models
of subsystems or evperiment elements. The results of this modeling will
identify potentia. design and/or operational constraints early in the
development .ycle to allow software and/or experiment modification to be
accomplished wvithout schedule impact.

To assist in support of the stand-alone testing of application soft-
ware, test models must be developed. These models will supply a fixed
data input stream at a specific rate and format for driving the logi¢ of
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grams in either CDMS form or host computer form. In addition, to provide
debug aids, the compiler must insert linkages within the source code to
allow communication with the functional simulation control and diagnostic
sof tware included within the functional simulation package.

Because the functional simulation is performed in the language of the
host computer, it is anticipated that the simulation can be executed at a
rate greater than the actual Spacelab flight time. This execution rate has
significant advantages in that maximum utilization of the functional simu-
lation can reduce the burden on the realtime simulation capability for debug
purposes. This reduction of burden on the realtime simulation capability
will allow the CDMS to be dedicated more fully to verification of softwarec.

The functional simulation capability will allow the STIL user to per-
form testing on timing and logic flow within his software. Because the
simulation is executed within the batch processing mode, multiple users can

execute simvltaneously.

As ca: he seen in Figure 5-7, the functional simulator will consist of:

e Host computer version of CDMS software statements
® Spacelab functional environment models

e Functional simulation control/diagnostics software

Ti.e functional simulation control/diagnostic software must provide the
following capabilities:

e Simulator initialization based on user input
e Execution start and job termination

e Simulator timing

e Error traps (arithmetic errors)

e Intercept abnormal end of job conditionms

CDMS operating system traces (actions taken, scheduling of tasks,
etc.)

e Input/output control within simulation

e Output control for data recording

The Spacelab functional environment mcdels will be functional repre-
seatations of the hardware. This functional nature is required in order

to achieve execution rates exceeding realtime.
ulation will be utilized for debug purposes, the functional level of

modeling will be acceptable.
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Interpretive Computer Simulation (ICS)

The ICS utilized in the batch processing mode must provide the capa-
bility to execute actual CDMS software and EGSE software within the host
computer. To accomplist this capability, an interprete: must be provided
to decode each CDMS computer instruction and execute the host computer
instructions needed to duplicate exactly the results which wruld be obtained
in the CDMS/EGSE computer. The ICS must also provide the capability to
repeat al. test runs exactly i.. order to peiluim detailed timing and inter-
action testing among the CDMS roftware modules.

In addstion to the simulation of CDMS cowputer softwar execution,
the ICS will contain a detailed model of computer architecture and input/
output which will include registers, interrupt capability, timer-, and
clocks. This model allows the IC3 user access to contents of registers for
detailed analysis of software execution and will aiso allow the user to
insert failures during testing.

In support of Spacelab software development activity on the STIL, two
distinct ICS versions are required--CDMS computer, ané EGSE compucer. The
primarv utilization of the IC» for CDMS will be in detailed verification
test cases in which timing and interacticn are the primary comnsiderations.
Since bit-for-bit repeatability can be obtained from run to run, complex
problems can be .ecreated and repeated for detailed anzlysis. Because
minimum change is anticipated, the ICS for the EGSE software will provide
the orly testing capability supported on the STIL for EGSE software.

The ICS must include extensive user aids for ceontrolling the simulation
and obtaining output data. These user aids must include the following:

o Logic trace

e Block or reg.on trace

e Memory dump

¢ Time trace

e Memory correction or patchcs to CDMS/EGSE software
¢ Register snaps

e Stop/restart

e Cancellation of selected a.ds

A functional des:ription of the ICS 1s shown in Figure 5-8. As can
be see., the ICS will consist of the following elements:
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e ICS control program

e Interpreter

e CDMS/EGSE object program in "DMS/EGSE language
e Spacelat ~rodels

The ICS conirol program must pcovide the following capabilities
critical to the correct operation of the ICS:

e Simulator initialization

e Diagnostic input/output processing

e Input/output processing (0S interface)

¢ Timing control

e Restart processing/termination

e Contrcl over simulator elements

The interpreter must provide the capability to access the CDMS/EGSE
object code, decode and perform the operation,and ensure a bit-for-bit
represantatior of CDMS/EGSE computer result. The interpreter muyr: also
include tbe control of CDMS/EGSE intermal hardware logic to ensure rroper
flow within the CDMS/EGSE so“tware. It is worthy to note that, if the
EGSE and CDMS -~ pputers are of different types, difterent interpreters

will be requir-..

The software models of tine Spacelab and its environment must be of
high fidelity to support verification cvtilization.

Datz Reduction

Suc~essfi’ support of experiment computer software, subsystem computer
software, and EGSE computer softvares development activities will require a
maximum of sophistication and flexibility of data output. The data reduction
and analysis software must provide the STIL user with the tools needed to
retrieve, manipulate, reduce, format, and output the data obtained from the
sinulations.

Because the experiment flight applications software will continue to
change throughout the Spaceladb program, the design of the data reduction
software must allow for re-definition of input stream by users. This will
avoid constant modifica*ion of data reduct.ion software from mission to
mission.
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The data stream being processed by the data reduction software will
include that data gathered during ' ealtime simulation. Because of the
similarity of functions performed. the batch mode data reduction software
must provide the baseline for deve. pment of on-line data reduction soft-
ware.

As caa be seen in Figure 5-9, the data reductiou process can be sub-
divided into three major elemeuts--input, process, ard output. These
clements are briefly discussed in the following paragraphs.

The input phase must ccntain sufficient data to identify to the data
reduction software the data to be processed, how the data is to be mani-
pulated, and the output format of the data. These input requests can be
provided to the STIL via card or terminal input and must be easily under-
stood by the STIL user to provide the necessary flexibility. Typically,
this input must contain:

® Input data definition

e Sclected parameters to be prcces ssed
e Format of input data

® Conversion defirnition

® Output media and formzt

The input data processed by the data reduction software will be that
data collected during cimulation rumns on the STIL. Because of the different
environmwents under which simulatioms occur, the input to the data reduction
software may vary considerably in both format and volume. The data reduc-
tion software must provide for this difference through the user request

facilities.

The process function of the data reduction software will consist of
two major portions——control and data handling. The principii functions of
the cortrol portion will be to process input requests, to control the pro-
cessing performed on the input data, and to route the output to the requested
output media. The data handling portion must perform the iequired manipula-
tions, formatting, and conversions necessary to satisfy the user request.

The output function will comsist of the output media to which the
resulting data will be rou~ed. Withia the STIL, this m.Jia will be printers,
plotters, and magnetic tapa. If microfilm records are required, the magnetic
tape will be utilized for microfilm generationm.
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User Aids

To support the STIL user in development aand integration of CDMS
computer and EGSE computer software, user aids must be provided. The
user aids for batch mode will differ from thcse used in the realtiae
mode in that the host/CDMS hardware interface which must be supported
in realtime does not exist in the batch mode- Specialized verification

user aids will be required for automatically checking for proper use of
programring standards and utilization of system interfaces.

The user aids which must b= provided in the batch mode in support
of software simulation have been included in the discussion of the
simulation modes and will not be discussed in this section.

The principal user aid which must be provided to support batch users
will be that of remote terminal interface with the host cowmputer. For
those users located vemotely, the capabilities provided through terminals
must include:

e Source data base maintenance

e Submission of batch jobs

e Use of system utilities

The output of remote job submissions wiil be mailed to the user or
held for pickup, or trz.smitted to remote terminal printers.

5.3.3.3 Supportive Mcle

To function in an efficient manner within the high Jeveloprent activity
projected for the. CDMS and EGSE software, the STIL must provide supportive
resources to the STIL user. These supportive resources will consist of the
host computer operating system, to maximize the utilization of the host
computer resources, and software management tools to provide:

e Control over development ac:.ivities

e Visibility into development status

e STIL utilization planning

e Configuration manageuent of software

Operating System

As has been established in previous sections, the STIL must support
both realtime and batrh processing environmenis. Because of the projected
work volume to be accomplished on a daily basis, a multiprogramsing opera-
ting system will be required. The Opeirating System (0S) concept envisioned
for the STII is shown in Figure 5-12. The basic operating system indicated
within the figure has been assumed to be an operating system provided with
the host c.mputer.
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The Operating System must provide the following support services to
users on the STIL:

e Job scheduling

® Supervisor services

e Data management

e Teleprocessing

e System utilities

e Host assemblers

e Host _ompilers

e Host linkage editors

These « :rvices, with their descriptions, are summarized in Table 5.2.

The realtime support requirements will necessitate modifications to
the basic cperating system. These modifications are considered to be unique

to Spacelab and have been previously discussed in paragraph 5.3.3.1.

Software Management System

Because of the number of development activities underway simultaneously
on the STIL, a software management system will be essential in providing an
orderly flow. This software management system must utilize the STIL data
base contents to provide a continuous status of overall STiIL utilization and
provide the STIL user with the resources needed to: (1) maintain software
source statement files, (2) maintain configuration control over released
software modules, packages, and sets, and (3) provide the capability to
generate deliverable software sets under strict management controls. Pre-
vious experience on both the Saturn and Skylab programs indicates thac the
software management system should be a fully automated terminal-oriented
data base management system.

As can be teen in Figure 5-11, the STIL data base will provide the
means whereby software management can be achieved throughout the software
development cycle. Working storage is provided within the data base for use
by the development prograrmer during design, code, and debug activities and
for use by the responsible programmer in module verificaction. Upoa comple-
tion of module verification, the module will be placed under strict configu-
ration control and placed into the program library.
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Table 5.2. Operating System Services

OPERATING SYSTEM
REQUIRED FEATURES

DESCRIPTION

Job Scheduling Services

Supervisor Services

Cata Mai.agement Services

Teleprocessing Services

Utilities

Assembler

Compile-

Linkage Editor

Analyze input stream, allocate |/0 devices, schedule jobs
for execution, console operator communication interface.

Process interrupts, control CPU utilization, control memory
allocation, and /O supervision.

Provides basic 1/0 sccess methods, allocates data sets on
direct access devices, maintains a system catalog of data
sets.

Controls terminal poiling and addressing, receives ar.c
transmits messages and data between application and
terminal users, controls remote job entry.

Supports programs for the following:
TAPE DUMP/COPY/LABEL

DISK DUMP/COPY/CREATE/PESTORE
SYSTEM ERROR PROCESSING

A host machine assembler with extensive mac-o features,

A HOL compiler such as PL1, Fortran.

Combines program modu'ss into a loadable form for
execution on the host machine.
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The responsible programmer will utilize the modules within the pro-
grau library to construct software packages needed to support particular
Spacelab experiments. These packages are verified and then placed into
the program library under configuration control.

The packages are utilized to construct software sets in support of
Spacelab missions. The sets are verified prior to release to the CIS for
hardware/software validation. Upon completion of verification, the sets,
with associated documertation, are placed into thc program library under
configuration control., The sets will remain in the on-line data base for
60 days and then will be sent to archives; however, a catalog of the con-
tents of each set and the location of associated packages and modules will
be maintained within the on-line data base. This capability will allow
the reconstruction of a set for application to identical Spacelab missions.

The software management system also will provide the capability to
plan STIL resource utilization. This capability will be essential to
efficient use of the STIL in an environmeat in which up to 18 sets could
be undergoing developuent simultaneously.

The following paragraphs will discuss the software systems required
of the STIL in order to support the software management system require-
ments.,

The source data management system will provide the STIL user with
the capability to store and maintain source statements within partitioned
data sets of the STIL data base. The source data for cach version and
lev2l of a module will be assigned a unique identifier to allow updates
from either terminals or background batch update. Each source module
will have a directory entry which will uniquely identify the module by
date, version number, and revision level and will maintain a change his-
tory for the module. Within the software management system concept, ounly
the development programmer or responsible programmer will update source
statements during development and module verification. No modification
of source statements will be allowed within modules residing in the pro-
gram library or configuration data file.

The utilization of the source data management system is shown in
Figure 5-12.

The configuration management system will provide the capability to
riintain and track the composition and documentation of all released pro-
gram sets. In addition, the configuration management system will maintain
data files for tracking of problem reports and change requests written
against Spacelab CDMS and EGSE software. Included within the configuration
data file (CDF), utilized by the configuration management system software,
will be source, object, and documentation for all modules, simulators, and
other software utilized within the STIL in support of software development.
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The use nf the configuration management system is pictorially repre-
sented in Figure 5-13.

The automatic release system will be utilized to automatically build
software sets from the program iibrary of the STIL data base. Through
input from the program library specialict, the software packages, with
associated documentation, will be combined into sets for verification.
Upon completion of verification, the set will be released for validation
and will be entered into the configuration data file.

The use of the automatic release system is shown in Figure 5-14,

The STTL scheduling system must be capable of collecting all the
individual task requireuents, such as completion dates and STIL resources,
needed to complete the task. The system will utilize this data to produce
a STIL utilization schedule. This schedule will then be compared with the
actual STIL resources available and any incomrzribilities noted fur manage-~
ment attention. As tasks are in process, estimated or actual completion
dates and resource utilization requirements must be entered into the system.
These new data elements will be compared with existing data and any ci.rent
or future incompatibilities reported.

Schedule and resource information must be stored in a STIL schedule
data file which will be a part of the overall STIL data base. Schedule
changes, additions, deletions, completion dates and changes to resource
baselines must be entered via terminals. Status reports and revised sche-
dules can be either retrieved on-line via teruinals or obteined yia a bazk-
ground task run ir the batch mode.

The scheduling system is shown in Figure 5-15.

5.3.3.4 STIL Lata Base Definition

The STIL data base size will be the significant factor in shing
the capacity of on-line (disk) storage capacity which must be . Ay
provided. In addition, the requirement to maintain a backup capactility
for the data base will assist in determination of record keeping/mzgnetic
tape storage requirements in support of the STIL. To establish a preliw-
inary estimate of the physical size of the STIL data base, a summary of
data base elements has been accomplished. The sizes of these elements
were developed through analysis or were based on similar functions exist-
ing within Saturn and Skylab software development data bases. As can be
seen in the summary, Table 5.3, the data base size approaches 1.3 billion
bytes of data.

The following sizing assumptions relating to iable 5.3 were made in
establishing the STIL data base size:

1. Source statements, load modules, and listings will be retained
for all development support and host software dedicated to Space-
lab released systems.

5-37

Ry oy, i T

-0

ey



ey L C T imee - - -

. . . N
. P e - -
* ' t ' . ' - . . . . . ' M

. ' N . AT Ve e Se, Bure s T T m. e

we)sAs Juawabeueyy vonenbiyuog -3 ainbly

S1HOdad SNALVLS S51VLINIS

$3714 IONVHI ANV ONILHOdIY WITEOHd SNIVLANIVIN
SNLYLS NOLLYHNOIINOD 138 SNIVLNIVIN
NOILVYIN3IWNIOO0A TOHLNOD NOILLYHNODIINOD SNIVINIVIN

1S1NMY1334S LNIWIOVNVYIN NOLLYHNODIINOD

™
S N

214VNOLNY
04 1NdN1 .
[72]
[3a}
]
[V ]
|
_ —
!
! mOO.-(.-.(..O. ® 3714 viva
i 3714 JONVHO o NOILLVYHNOIANOD V.3ASAS
3714 LHO43Y WITE0Hd © av130vds | ANIWIOVNYW | o — $1H0d34
NOILVHNDIINOD SNLV.S
SLN3ILNOD
: E
i
i
i
\ |1
|
|
. -

& e e e r— ———— e e — . e — e e e e e e L L : R s




. -
B — ] - o L e e et et b ¢ = o e o o <o e e

RCS S S Y L R e

IV e G T T T T e A <

walsAs aseejey InewoInY “pi-g ainbiy

1S1IVIOAdS AHVHEIT WVHEOJd

di

S1HOJ3H HIHH3 o
GILHIASNI STHOLVI HLIM SONLLSIT ¢ / 3N 1L03r80

1
i
\ NG:LVINIWNOCN IINAON NOL. “LN3WNJ0Q .
! SONILSIT ®
| SIHOLVd ®
: NOLL asv3lay 3003 30HN0S *
_ ¥ 1N3WNO0Q ¥O4 1S3NDIY ‘SINILNOD
] asva i3
i { J
| 4 \
I
0 W3LSAS Advuan L
“ ELYEREL] P WVHO0ud
! SLNANI AHVHEIT WYHDOMd LILVYWNOLAY 8VI30VdS
, WoH S aamov
“ 34V S3SVI 1AM TYNH o

\.l > o
m ..._J
[} [
H
_ 3dvi OV @
i 3dVL H3dvd ® »
!
! SayvD e
! L il
i
i

3Sv3IT13H TYNIF HO ONILS3L
{ H04 $3 1INQOW AYOT A3 LLIVINHOS 3714 viva
i 3SV3" "H HOVD HOJ Jeiy
' SSVIOVA ONVY STINLSON 40 1SN -Mﬁ_ww@wm
_ *SLNILNOD
_
)
i
| -
]
i
! [ ¢
* oL
i
[

- ....614.. . Er% e B I T N ——By




g

In support of integration Levels I, II, and III, the Test and Checkout
software must provide the varying capabllities necessary to perform the
required testing. Level IV integration is considered a responsibility of
the experiment PI during manufacture and is not considered a portion of
the Test and Checkout software concept.

In addition to supporting the above integration levels, the Test and
Checkout software must perform on-orbit testing of the Spacelab subsystem
and experiments. Implicit within the support requirement is the partici-
pation of the Shuttle Orbiter and Payload Operations Center.
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Table 5.3. Preliminary STIL Data Baseline

HOL LOAD LINES
STATE. MODULE OF SIZING
, MENTS (BYTES) LISTING BASIS
DEVELOPMEMT ACTIVITY
i Exper.ment Flight Applications Software 7.2K 144 0K 216K Analysis
} Experiment Ground Support Software 3.8K 768K 14K ESRO
Subsystem Flight Software 2.8K 56.0K 8.4K ESRO
! Suosystem Ground Checkout Software 11.6K 220.0K 33.0K ESRO
i EGSE Ground Checkout Software 13.6K 2720K 408K ESRO
1
1
! SIMULATIONS
i Real Time Simulation 450K 900.0K 135.0K Saturn/Skylsb
ICS 43.3K 876.0K 132.0K Saturn/Skytab
Funcuional Simulation 27.2K 544 0K 81.6K Saturn/Skylab
Design Analysis 10.4K 208.0K 31.2K Saturn/Skyisb
Data Reduction 15.0K 300.0K 45.0K Saturn/Skylsb
SUBTOTALS 179.3K 3.596M 540 0K
18 PACKAGES TOTAL 3.23M 64.74M 9.72M
BYTES OF STORAGE 258.2M 64.74M 777.6M
STIL FACILITY SUPPORT
L]
i
; Operating System {Including Rea! Time) 300.0K 0OS 360 Version 21
H CDMS Con:puter Operating System 40K 80.0K 120K Analysts
I EGSE Overating System 4.0K 80.0K 120K Analysis
! Released Spacelab Sets {10} 384 OK 7.69M 1.152M
; HOST Compiter 480.0K Fortran and PL/!
1 HOST Macro-Assembler 80.0K 360 Assembler
! HOST Linkage Editor 122.0K 360 Linkage Editor
H COMS KOL Compiler 11.0K 220.0K 33.0K GOAL Compiler
! CDMS Assembler 10.0K 200.0K 300K Skylsb Onboard Assembler
R CDMZS Linkage Editor 14 5K 290.0K 435K Skylab Linkage Editor
SIMULATIONS FOR RELEASED
SPACELAB SOFTWARE (10}
; Real Tirne 9.0M
i ics 8.76M
: Functionsl 5.44M :
Design Analysis 2.08M o
SOFTWARE MANAGEMENT
Source Msintenance 1.5K 30.0K 45K 0S 360 ?
. Configuration Managem.ent 9.0K 180.0K 27.0K Saturn/Skylab %
R : Automatic Release 15.0K 300.0K 45.0K Saturn/Skyleh i
{ ; STIL Scheduling 10.0K 200.0K 30.0K Analysis )
i ’ SUBTOTALS 463.0K 35.5M 1.78M \
BYTES OF STORAGE 37.0M 355M  142.0M
OVERALL TOTAL (BYTES) 295.2M 100.0M 919.6M
OVERALL TOTAL — 1 315 BILLION BYTES STORAGE REQURED

e e
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5.3.3.5

A source statement will generate an average of five machine lan-
guage instructions upon compilation. Storage of each statement
will require 80 bytes (in compressed form).

Each machine language instruction will utilize four bytes of storage.

Each line of listing requires 80 bytes of storage (in compressed form).
Each source statement generates approximately three lines of listings.

A maximum of 18 sets undergoing development must be simultaneously
supported. For the preliminary sizing, it was assumed that all
elements listed under development support would be required for all
18 sets.

Those elements listed under host facility support will remain stable
throughout the development cycle.

A copy of the released software sets and supportive simulatlons will
be maintained within the on-line data base for 60 days after the
mission has been flown for post-mission support activity. This
rasults in 10 sets being retained within the data base at all times
(5 CDMS and 5 EGSE).

The source statements and listings of host-provided software and
r.leased simulators would not be maintained within the data base.

STIL Load Requirements

To maintain the software and hardware capabilities of the STIL, a series
of maintenance runs will be required on a daily busis. The areas of the
system requiring this daily activity with the corresponding runs per day
are summarized in Table 5.4. Also shown in the table are the reasons for
the runs.
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Table 5.4. STIL Load Reguirements

TYPE OF RUN REASONS RUNS/DAY
SYSTEM MAINTENANCE Saving of Critical System Data on 1
Magnetic Tape
Maintenance of Catalogs 1
Procedure/Job Library Maintenance 1
Debug of Suspected System Problems 1
Updates to Operating System 1
System Statistics Gathering 1
SOFTWARE MANAGE- Generation of Software Status Reports 1
MENT | {Changes, Problems, Testing)
STIL SOFTWARE Generation of Overall STIL Utilization 1
SCHEDULING Status
TOTAL 8
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5.4 STIL MODELING ANALYSIS

5.4.1 THEME

A General Purpose Simulativn System (GPSS) program was developed
to assist in bounding the CPU computational and memory requirements of
the STIL host computer complex. Inputs to the model were established
in the process of performing analyses of Fxperiment Flight Applicationms
software, Test and Checkout software, and STIL Supportive software.

5.4.2 CONCLUSIOMS

As a rasult of the STIL modeling analysis, the foilowing conclusions
have been estatlished:

e The preliminary STIL modeling has indicated that a CPU power
of 3 MIPS and a memory capacity of 3 million bytes will be
required of the host ccmputer complex and is the optimum
configuraticn from a job chroughput standpoint and future
growth potential.

e Detailed modeling of the STIL must be performed prior to
selection of the final computer configuration.

e The major burden on the STIL will be the realtime simulation
requirement because of its large memory requirements.

5.4.3 DISCUSSION

Within the Spacelab software test and integration task, the STIL
modeling anaiysis prcvided the means for compiling all STIL require-
ments, which the host computer must support, and developing the required
computer characteristics. The modelinrg analysis activity will be
discussed in the following manner:

e Model description

e Model input definition

e Model utilization

e Model results

5.4.3.1 Model Description

The STIL model was developed in the General Purpose Simulation
System (GPSS) language and provided the capability to simulate execu-
tion of both realtime and background processing tasks. The description
of the flow of tasks within the model is shown in Figure 5-16.
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Figure 5-16.

Preliminary STIL Configuration hodel Task Flow

5-46

B i

A




-——————— . -

P

As can be seen in the figure, tasks are categorized according to
task class and assigned attributes such as runs/day, time per run, and
memory requirements. The model utilized these attributes to simulate
the flow of tasks within the host computer. The model assumed an un-
limited input/output capability with standard 360/70 1/0 "wait" times.

Realtime Task Simulation

At flow block number 1, a decision is made for type of job. If a
realtime job, flow will proceed down the left side of tl.: figure, If
side of the flow figure. Only a single realtime job may be executed at
a time. If no realtime job is operating, a new realtime job will start
into execution at flow block number 2 immediately upon entering the model.
The realtime job will run on a high pricrity, cyclic basis on precise time
intervals to simulate a processing interface with the CDMS. The cycle
includes processing time and I/0 wait time. The wait time is represented
by flow block number 3. During this wait time, the CPU is available for

any of the other jobs in the model.

At the precise time for the start of the next realtime cycle, the
model simulates a priority interrupt which takes the CPU away from a
lower priority job and performs a realtime processing cycle. When the
realtime job again goes into the wait condition at flow block number 3,
the interrupted job continues from its point of interruption.

The realtime job continues cyclic execution until the specified

execution time of the job has been reached, at which time the job statis-
tics are tabulated and the job is removed from the model.

Background Task Simulation

No realtime jobs are processed by any of the background (batch/
support) schedulers. The background jobs are gated into a executing
state by the availability of memory and a scheduler. If these conditions
are satisfied, the job begins execution at flow block number 4. The back-
ground jobs also execute in cycles similar to the realtime job. Flow block
number 5 simulates the I/0 wait time required between CPU processing cycles

of the job.

Several background jobs may be in execution at the same time. The
number of jobs in execution at any given time is limited by the availa-
bility of memory and a job scheduler. The number of schedulers was a model
parameter and was adjusted to maximize memory utilization. The background
jobs must all share the CPU according to priorities and, in effect, share
the CPU resources left over from the realtime jobs. This sharing is accom-
plished by executing a cycle for a job under scheduler number 2 (not shown)
and so on for each scheduler that has an active job. A background job
continues cyclic processing until the specified CPU time of the task has
been reached. Statistics on the job are then tabulated and the job

removed from the model.
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5.4.3.2 Model Input Definition

In order to utilize the model, the tasks to be executed and the attri-
butes of the tasks were compiled from the STIL load factors established in
the Experiment Flight Applications software, Test and Checkout software,
and STIL Operational Analyses. The compilation of this total load is shown
in Tables 5.5 and 5.6. Table 5.5 indicates the frequency of task execution
with each task. The attributes of the tasks (core, cycle/job, CPU time,
run time) were (otained from analysis of realtime simulation data accu-
mulated during the Skylab program and from statistics gathered from a

typical large scale computer center for background processing, and are
found in Table 5.6.

5.4.3.3 Model Utilization

Having established the task frequencies and resource attributes for
the daily STIL load, a series of modeling cases were executed. The objec~-
tive of these cases was to optimize the CPU power and memory size combination
in order to effectively handle the daily STIL job load. A description of
each case and its results are detailed in the following paragraphs:

Case 1:

Description
Holding memory constant while varying CPU capability.

Discussion

The first case iteration consists of holding memory constant at 2
million bytes while the CPU power was varied from 1 MIPS (million instruc-
tions per second) to 5 MIPS. From these results one can conclude that
1 MIPS machine cannot handle the processing load. The 2 MIPS machine came
close, but memory size seemed to be one cf the limiting factors. The 3, 4
and 5 MIPS machines can handle the loads with jobs being processed, as they
are initiated, with little or no wait time.

Results

Any increase in computing power after the system has become I/0 bound
has little or not effect on system throughput (reference Figure 5-17) using
the job mix expected in the STIL.
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Table 5.5 STIL Job Frequencies

FREQUENCY

JOB TYPE RUNS/DAY PER 16-HOUR DAY
ASSEMBLY 7 137 + 10 Min.
COMPILE 59 16 + 5 Min.
LINK EDIT 8 120 + 10 Min.
UTILITIES & SYSTEM 8 120 + 20 Min.
MAINTENANCE
SIMULATIONS

e« Functionat

e ICS

o Data Analysis 77 12+ 10 Min.
REALTIME TASKS

e Interactive

o CDMS Hardware Sim

o Models

@ Data Reduction

o User Aids 3 30 + 10 Min.
DATA REDUCTION Nn i0+ 5 Min.
MODEL (EXPERIMENT) 22 45 1+ 10 Min.
MAINTENANCE
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Table 5.6. STIL Model Input Data Summary

core | cvcres (| [ TIME D trora]  ToTaL TOTAL
JOB TYPES ?E)QT ggg P o] '(IEPI\.: e eouh ithd
| | TIME FREQUENCY DAY
BOSER R g A
ASSEMBLIES 125 8 1 14 8 2 137+ 10 9
COMPILES 200 9 2 25 18 4 16+ 6 75
LINK EDITS 130 3 1 40 3 2 120+ 10 10
UTILITIES & 70 S 1 60 5 5 120+ 20 23
SYSTEM MAINTE- -
NANCE
SIMULATION 340 120 5 1 | 600 12 12+10 89
Functional
interpretive
Computer Sim
Design Analysis
REALTIME TASKS 1000 90 2 1 180 5 30+ 10 37
Interactive
CDMS H/W Sim.
Models
Data Reduction
User Aids
DATA REDUCTION 150 120 4 1 | 480 10 10+ 5 106
EXPERIMENT 40 1 1 1 1 2 Sec. 45+ 10 22
MODEL MAINTE-
NANCE
WRITER TASK (4) 60 Contin- 1 4 - - Continuous
uous
TOTAL RUNS/DAY 350

(1)
(2)
{3)
(4)

ITERATIONS OF EXECUTING CPU PROCESSING AND 1/0 WAITS.
REPRESENTATIVE JOBS WERE ANALYZED FOR CPU TO 1/0 RATIOS AND TIMES.
RATE AT WHICH THESE TYPE JOBS ENTER THE STIL.

SIMULATES ALL THE 1/0 OVERHEAD IN THE SYSTEM (PRINTERS, DISKS, ETC')
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RUN DESCRIPTION:
e MEMORY HELD CONSTANT AT 2 MILLION BYTES
1/0 CAPABILITIES HELD CONSTANT
REALTIME TASKS REQUIRE 1 MILLION BYTES OF MEMORY
VARIED CPU POWER FROM 1 TO 5 MIFS
JO8 LOAD HELD CONSTANT

CONCLUSION:

UPON ACHIEVING THE CPU CAPABILITY TO HANDLE THE
COMPUTATIONAL SURDEN, ADDITIOMNAL CPU CAPABILITY
DOES NOT INCREASE SYSTEM THROUGHPUT. RATHER
THAN INCREASING THROUGHPUT, THE AMOUNT OF WAIT
TIME 1S INCREASED.

_ 16 HOUR/DAY
——————————————————————— OBJECTIVE

12 -
9 -
6 .
3-

0- . - ! ! L

1 2 2 4 °

CPU POWER IN MIPS*

*MIPS - Million Instructions Per Second

Figure 5-17. Throughput as a Function of CPU Capability
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Case 2:

Description

Holding CPU constant while varying memory capability.

Discussion

The second case iteration consists of holding the CPU power at 1
MIPS and varying the core size from 1600K to 4000K. Even with the vary-
ing core size, the 1 MIPS machine coul: not handle the processing load
effectively.

Results

Inadequate CPU powers could not effectively handle the STIL job load
requirement even with increases in memory size (see Figure 5-18).

Case 3:

Description

Based on results of Cases 1 and 2, select more reasonable host com-
pute— characteristics for CPU and vary memory.

Discussion

The third case iteration consisted of holding the CPU power constant
at 2 MIPS and varying core size from 1600K to 4000K. The data gathered
from this exercise indicated that the 2 MIPS CPU with any combination
of memory size remained CPU bound and could not process the job load.

It was therefore concluded that when a given CPU power becomes CPU bound,
increases in memory size do not alleviate the problem.

Results
Inadequate CPU powers could not effectively handle the STIL job load

requirements even with increases in memory size (reference Figure 5-19).

Case 4:

Description

Select more powerful CPU capabilities and varying memory capability.
Discussion

The fourth case iteration consisted of holding the CPU power constant

at 3, 4, or 5 MIPS while varying the core size from 1600K to 4000K for each
CPU capability. All three CPU powers could handle the job load within the
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Hours/
Day

RUM DESCRIPTION:

45 -
42
39 -

33 -

27 -
24 -
21 -
18 -
15 -
12 -

6 -
3

CPU POWER HELD CONSTANT AT i MIPS

1/0 CAPABILITIES HELD CONSTANT

REALTIME TASKS REQUIRE 1 MIL1.ION BYTES OF MEMORY
VARIED CORE SIZE FROM 1600K to 4000 K.

JOB LOAD HELD CONSTANT

CONCLUSION:

INCREASING CORE SIZE AT 1 MIPS CPU POWER
HAS NO APPRECIABLE EFFECT ON THROUGHPUT

\\

16 Hr/Day
Objective

1600 2000 2500 3000 3500 4000

CORE SIZE IN K BYTES

Figure 5-18. Throughput as a Function of Core Memary for 1 MIPS CPU
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RUN DESCRIPTION

45

42 4

39

30 -
27 4
24 4
21
18
15 -
12
9.
6 -
3-

4

CPU POWER HELD CONSTANT AT 2 MIPS

1/0 CAPABILITIES HELD CONSTANT

REALTIME TASKS REQUIRE | MILLION BYTES OF MEMORY
VARIED CORE SIZE FROM 1600K TO 4000K

JOB LOAD HELD CONSTANT

CONCLUSION:

FOR 2 MIPS CPU, INCREASING MEMOPRY

CAPACITY HAS LITTLE EFFECT CN THROUGH” JT.

- e e . - —— - - ——— > —— e e m— =t e = e e —m e G S w—— - —— — —r w— — — ——

1600 2000 2500 3000

CORE SIZE INK BYTES

Figure 5-19. Marginal CPU Capability Relative to Memory Allocation
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time ohjective. After reachinz this point, ifuereased memery was of no
appreciable help. This condition of leveling off is due to the charac-
teristics of the input job stream, 1.e., jobs are initiated over the entire
16 hour period. The three CPU powers fared identically as far as process-
ing required to meet the time objective, but differed in CPU utilization.
The 3 MIPS model had a CPU utilization of 772, the 4 MIPS a utilization of
63%Z, and the 5 MIPS a utilization of only 54Z; thus leading to the conclu-
sion that the higher powered CPUs stay in a wait or idle state much of the
time when the system can handle the job load.

Results

With the ade,uate CPU oowers (3, 4, and 5 MIPS) while varying the mem-
ory size, there is a poirn‘ at which the system ceases to be effective and
further increases in memory size have no effect on system throughput (ref-
erence Figure 5-20).

Case 5:

Description

Determine growth potential for those combina.ions satisfying load
requirements.

Discussion

The fifth case iteration consisted of holding the CPU power constant
at 1, 2, 3, 4, and 5 MIPS respectively, varying core size from 1600K to
4000K per edach CPU power and placing a time constraint on each combination
to determine the growth potential, if any, for each combination. The base
time constraint was the job load required during a 16-hour day. For a 337
growth potential the same number of jobs required during the 16-hour day
must be processed in 12 hours. A 607 growth potential requires that the
same number of jobs required for a 16-hour day be processed in 10 hours.
A 100%Z growth potential requires that the 16-hour baseline load be processed
in 8 Lurs.

Results

A growth potential chart was devived from applying the same load re-
quirements for a 16-hour day and attempting to efficiently handle this load
in 8, 10, and 12 hours while varying the CPU and memory size requirements
(reference Figure 5-21). Based on a given growth factor, a combination of
a CPU and a memory size may be determined from this chart.
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Hours/
Day,

RUN DESCRIPTION:

o CPUPOWER HELD CONSTANT AT 3,4 AND 5 MIPS
o /O CAPABILITIES HELD CONSTANT
® REALTIME TASKS REQUIRE 1 MILLION BYTES OF MEMORY
o VARIED CORE SI1ZE FROM 1600K TO 4000K
e JOB LOAD HELD CONSTANT
CONCLUSION:
THESE 3 CPU POWERS WERE CAPABLE OF HANDLING
THE LOAD WITHIN THE TIME OBJECTIVE. HOWEVER,
BECAUSE OF THE JOB STREAM CHARACTERISTICS,
INCREASING CPU POWER HAD LITTLE EFFECT ON
THROUGHPUT. RATHER THAN INCREASING THROUGH-
PUT, WAIT TIME INCREASES.
CPU UTILIZATION:
IMIPS - 77%
4 MIPS — 63%
€ MIPS — 54%
45
42 |
39
36
33 |
30 -
27
24
21 ]
18 ﬂ 16 Hour/
— e e T T T e e e e . —— —— — — ——————— - — - Dey
15 - Objective
12 -
9-
6 -
3 K
0 i | i A i
1690 2000 2500 3000 3500

CORE SIZE IN K BYTES

Figure 5-20. Impact of Insufficient 1/0 Capability
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Memory Size (K Bytes)

GROWTH POTENTIAL

Q00 | ~—— e m e e e e R A P P F IS I ——— mm— — = = - — —
o~ Acceptable CPU
Memory Bounding
3000
100%
{8 Hr)
2000 ) - - e e e e e e L IS AN - - - — - - - — — -~

- 1600K BASE*

0% 16Hr. 33% %

1000 Base (12 Hr) (10 Hr)

-+

-3
(3]

1 2 3
CPU POWER IN MIPS

* MINIMUM MEMORY SIZE TO SUPPORT: 300K OPERATING SYSTEM
1000K REALTIME APPLICATIONS
300K BATCH JOBS

This chart shows an optirr.al CPU/Memory combination 10 be 3 3 MIPS CPU power and 2 miliion byte
memory with a growth potential of 60%.

Figure 5-21. Growth Computer Profiles
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Hours/Day to Perform Task

8%

N \

1600K 2000K 2500K 3000K 3500K 4000K
MEMORY SIZE IN K BYTES

Figure 5-22. Sensitivity Analysis
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Case 6:

Description

Determine the effects of reduced jot requirements for realtime appli-
cations ..d utility background task respectively.

Discussion

The sixtu case iteration consisted of performing a sensitivity analysis
on the model by first reducing the number of required utility background
tasks (assembles, compile;, link edits, etc.) by 50%, and then by reducing
the number of required realtime tasks by a factor cf 50Z.

The test baseline consisted of a CPU of 3 MIPS and memory varying from
1600K to 4000K. A reduction in number of utility background jobs had little
effect on increasing the throughput of the system. By decreasing the num-
ber of realtime applications, there was an appreciable increase in system

throughput.
Results

Reduction of utility background jobs resulted in a net reduction of
1.6%Z of the time required to process the STIL job load, while a reduction
of realtime jobs netted a reduction of 8% in STIL utilization. Reduction
of realtime simulation requirements can, therefore, cause significant
changes in STIL hardware requirements.

5.4.3.4 Model Result Summary

From the two charts shown in Figure 5-2?, an optimal CPU/memory

size combination was derived. This combinat.on was based on actual memory
used to perform the required task and the percentage of jobs having to wait
in a queue for execution. The CPU/memcry combination from the charts appears
to be 3 MIPS CPU power and 2500K memory size. But to effectively bound a
CPU/memory combiration, some room for growt™ must be considered. For this
modeling study, a growth factor of 607 was assumed; therefore, from Figure
5-21, the CPU/memory combiration that effectively handles the job load and
provides the 60% growth potential is a 3 MIPS CPU power and a 3 million byte

memory capacity.
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MEMORY USED (K BYTES)

1600
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%

MEMORY REQUIRED FOR JOB LOAD

OPTIMAL
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| REQUIRED WITH

GROWTH POTENTIAL}
1 MIPS
2 MIPS
3MIPS
4 MIPS
5 MIPS

EEEEEEEREEEE T R I

CPU/MEMORY COMBINATIONS

(MIPS/K BYTES)
*UNABLE TO PROCESS REQUIRED JOB LOAD

% OF JOBS WAITING FOR EXECUTION

\\\\

I

/

OPTIMAL

(MINIMUM NUMBER OF
JOBS HAVING YO WAIT
EXTENSIVE PERIODS
TO EXECUTE)

F

1600
= 2500

-

™M = N ™M
2 5 MIPS

$E2888 8888888 rovres

CPU/MEMORY COMBINATIONS

Figure 5-23. Selection of Optimal CPU Memory Size Combinations
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5.5 STIL CONFIGURATION ANALYSIS

5.5.1 THEME

The design of a STIL hardware configuration must be customized to
meet the requirements of the Spacelab program. Spacelab software devel-
opment differs from that of previous space programs in the frequency of
missions and variety of software-supported payloads. These and other
factors will require a software development facility which will be able
to process a large workload in a timely and cost effective manner.

The STIL modeling analysis provided the preliminary CPU and memory
requirements which the STIL must support. This section will apy .y the
modeling results with the projected workload estimates determined in
other tasks to establish preliminary functional designs of potential STIL
configurations.

5.5.2 CONCLUSIONS

Based on the analysis performed during this task, the following
conclusions have been reached:

e A representative STIL configuration will have the following
characteristics:

- Processor CPU capability of 2.6 - 3 MIPS
-~ Processor memory of 2.5 - 3 million bytes
~ 6 disk drives/8~10 magnetic tape drives

- 24 remote terminals

~ 1-2 realtime interactive terminals

- 4-5 printers

- 2 card reader/punch

- CID to support the host/CDMS interface

A Spacelab CDMS

? Many potential configurations exist--each with its own advantages/
disadvantages

e Future detailed configuration studies should be conducted to apply

upgraded STIL requirements to establish the most optimum configu-
ration from cost, growth potential, and capability standpoints.

5.5.3 DISCUSSION

The selection of a STIL configuration must include consideration of

Spacelab program requirements, many of which are still in a state of change.

The approach of the study has been to develop estimates of the STIL work-
load and bound the requirements of the more critical STIL elements. The
workload estimates have been based on currently available information
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including the Shuttle traffic model as well as previous experience in
aerospace software development. The critical STIL configuration ele-
ments were determined to be central processing (CPU), computing power,
and memory size. Peripheral devices such as disks, tapes, and printers
are less important elements due to the relative ease with which they can
be added to or removed from a STIL configuration.

Within any STIL configuration, CPU computational capability must
be considered the most critical element. A configuration design must
provide adequate growth potential to ensure utilization of the host com-
puter complex throughout the Spacelab program without a CPU change. To
provide fecr potential growth, two design options are available. The first
option is to design a configuration having multiple CPUs with capability
to add or substitute larger, more capable CPUs. The second option is to
design a configuration with a large single CPU with the capability to
later substitute a larger CPU.

5.5.3.1 Functional Configuration Anal,sis

Based on the STIL modeling results and the ST"L requirements estab-
lished in Tasks 2B, 3B, and 5 of the study, a functional STIL configura-
tion was defined. The representative functional configuration for STIL
is shown in Figure 5-24. As can be seen in the figure, the representative
configuration provides the following capabilities:

® Processor with 3 MIPS CPU and 2.5 million bytes of memory (6 disk units)

e Extensive remote terminal support capability (up to 24 terminals)
e Realtime interaction support capability (1-2 terminals)

e Input/output capability of 8-10 magnetic tapes, 4-5 printers,
and 2 card reader/punches

® A CID for host/CDMS interface

The CID provides the capability to perform reaitime simulations uti-
lizing the flight software sets within the CDMS computers. Because of the
CID's criticality to the STIL's support capability, it will be discussed
in more detail in the following paragraphs.

Computer Interface Device (CID)

The CID provides all the interface logic required to connect the
host computer to the CDMS data bus. Through this interface, the host
computer software will provide to the CDMS software all inputs and out-
puts as they would appear in actual flight.
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In order to perform this function, the CID must provide the follow-
ing operational interfaces:

e RAUs

- Analog
- Digital (discrete)

e Orbiter

- Telemetry
- Telecommand
- PSS (depending on availability of an actual PSS station)

e EGSE
e CDMS computer controls

These interfaces are shown in more detail in Figure 5-25, and are dis-
cussed in the following paragraphs.

The RAU simulation will be accomplished by connecting the data bus
to the CID and having the CID respond to data bus addressing and data
transfers as would an RAU. For CDMS RAU input, the host computer soft-
ware must furnish data computed by the subsystem and experiment models to
the CID. The CID must put this data on the bus in response to addressing
and function codes generated by the bus controllers. For CDMS RAU output,
the CID must accept data from the data bus according to address and function
codes and store the data for reference by the host computer software. The
host computer software must them route the data to the appropriate models
and test monitoring functions.

The Telemetry Interface will provide a data buf{ering capability tor
each of the CDMS computers. Logic within the CID must signal the host
computer software for periodic transfer of data from the buffer to host
computer memory for host software processing.

The Telecommand Interface must provide a capability whereby the host
computer can issue simulated uplink commands to the subsystem and experi-
ment computers through their respective bus controllers. These commands
will be generated by host software at the specification and direction of
the test conductor.

The 2SS Interface is optional depending on the requirements to sim~
ulate the Shuttle Orbiter PSS. A simulation would be possible by utilizing
a general purpose CRT console attached to the host computer. Display data
addressed to and from the PSS station could be routed through the CID with
data conversions performed as required by the host computer.
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The RAU Analog Input simulation will provide the capability to
attach actual analog hardware to the CID during a simulation. These ana-
log devices would replace the digital models provided by the host computer
software and would allow limited hardware/software integration testing
within the STIL,

The EGSE interface will be simulated to provide the capabili’y %o
fully integrate EGSE and CDMS software sets.

The CDMS Computer Controils must be manipulated by the host ccapucer
via the CID so that the CDMS computers can be initialized and controlled.
This control must be effected primarily through the Aerospace Ground Equip-
ment (AGE) control lines of the CDMS computers. Through use of these
contrcl lines, the host software can perform the following functions:

e Load and verify subsystem and experiment computer memories.
e Control the computers for start/sto, .

e Monitor computer registers for trace and compose stops.

e Dump computer memories for restart and print.

5.5.3.2 Candidate STIL Configuration Concepts

Four candidate STIL configuvration concepts have been csiapiished dur-
ing this task. They are shown in Figures 5-26 through 5-29, and each is
briefly discussed in the following paragraphs.

The configuraticn illustrated by Figure 5-26 depicts a centralized
processing capability within a single large scale computer. Both the
realtime and batch processing modes would be supported by this single pro-
cessor. This configuration has the advantage of no inter-CPU communication
or complex divisions of CPU responsibilities; however, growth capability
will be limited to the capabilities of the computer selectad.

As the Spacelab program matures, the contention for resources on the
STIL may increase to the point that the cingle processor may become marginal
in its ability to support requirements. This configuration would not be
adaptable to such an environment, and prorurement of a larger single pro-

cessor would be required to support the processing load. This could severely

impact schedulzss during the operational phase of Spacelab.

The configuration shown in Figure 5-27 features two processors with
one processor dedicated to support of realtime simulation and the other
dedicated primarily to batch and supportive functions. Communications
between the processors will be via channel~to-channel and/or common disk
storage. Such a configuration will result in use of smaller processors
because of the load sharing. An additi-nal feature of this configuration
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is the possibility of utilizing existing NASA processors to build the
STIL. The principal disadvantage is that this configuration is tailored
specifically to the Spacelab program and has little flexibility for adap-
tation to other future potential users.

The configuration shown in Figure 5-28 features a front-end processor
and a main processor. The front-end processor performs scheduling of tasks
for the main processor and controls STIL input/output functions. The main
processor performs the batch and realtime processing functions. Such a
configuration will allow a readily expandable computation base through the
addition of processors (shown in Figure 5-29). This flexibility has con-
siderable merit in that it provides the capability to consolidate computing
facilities for such functions as mission planning and .rew training into
one facility. The principal disadvantage of the configurations is increased
complexity of the software within the front-end processor.

Although the configuration concepts discussed above have been estab-
lished, many additional combinations exist which can satisfy the STIL
requirements. Prior to selection of the actual STIL configuration, a
detailed analysis should be performed to determine the configuration best
suited from growth, cost, available resources, and uctilization considera-

tions.
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5.6 STIL DEVELOPMENT PLAN ANALYSIS

5.6.1 THEME

To provide ar o.aerly, sysicmatic approach to STIL development, a
developmeat plan is an essential elemew.. Within this study task, a
preliminary development plan, based on projected overall Spacelab mile-
stones, nas been established.

5.9.2 CONCLUSIONS

Based on the develcpment plan analysis conducted within this “ask,
the STIL development plan must have the following characteristics:

e A definition task must be conducted to select the optimum
configuration of STIL hardware to satisfy the overall STIL

requirements.

e STIL software development for batch and supportive processing
modes should begin upon selection of the STIL host computer.

e NAC. will require computer services, with features compatitble
with selected host computers, for use in software development
prior to receipt of host computer hardware.

e Operational support of realtime mode will be contingent upon
the CID development plan, but batch and supportive modes must
be available to support engineering model software integration

and testing.
5.6.3 DISCUSSION

For establishing a STIL development plan, an analysis of the over-
all Spacelab Ground Operations Plan (Item 1, List of References) was con-
ducted to establish the "need dates' for the STIL. Based on this analysis,
the ST1L development activities were divided into two major phases. The
initial development phase (Phase I) included the definition and development
of software to support the batch and supportive STIL requirements. The second
phase (Phase II) included the development of the reaitime simulation capability.
The overall plan was keyed to STIL hardware milestones and to the need date
established by delivery of the Spacelab engineering model (EM) and support
software in 1978. The proposed overall STIL development plan is shown in

Figure 5-30.
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5.6.3.1 Phase 1 Development

Phase I development encompasses the definition and computer config-~
uration selection activity in which the actual host computer hardware is
determined. Upon selection of the hardware, the development of the STIL
scftware will be initiated. The software included in this phase will be
that used to support batch and supportive processing modes. The Phase I
development plan is shown in Figure 5-31.

5.6.3.2 Phase II Development

Phase 1I development will be initiated upon receipt of the host com-
puter and will be devoted largely to development of the realtime simulation
capability. The Phase I1 development will terminate upon delivery of the
engineering model in 1978. At this point, the STIL will be considered
operational. The Phase II1 development plan is shown in Figure 5-32.
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PREFACE

This document defines the snftware development concepts and the manage-
ment techniques to be used in the development and Integration of Spacelab
software. It describes the life cycle flow of the various components of
Spacelab software, the management plan to control that flow, and tools
required to support that flow. The scope of the plan includes the integra-
tion of ESRO developed software onto the NASA Software Test and Integration
Laboratory and the development of experiment flight application software by
and for the PI.

The plan was developed by the IBM Federal Systems Division, Huntsville,
Alabama under contract no. NAS8-30538 from the National Aeronautics and

Space Administration, Marshall Space Flight Center.
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INTRODUCTION 1

This document establishes a baseline Spa.elab Software Development
and Integration Plan. The plan provides a L. for NASA to use in planning
for the development of Spacelab Application oftware and for integrating the
software developed by PIs and ESRO into the Spacelab operational environment.
This plan defines concepts and techniques for providing software which will
be easily integrated and maintained by NASA.

1.1 SCOPE OF THE PLAN

This plan is intended to cover all Spacelab operational software but
is primarily directed toward computer software which will execute on the
Spacelab CDMS computers, EGSE computer, and STIL host computer.

1.2 PLAN STRUCTURE

The plan is structured to give the reader a quick understanding of
the basic concepts recommended for Spacelab software development and
integration. Concept and technique details and rationale can be found
in the bedy of this report and in the reference documencation. The follow-
ing paragraphs summarize remaining sections of the plan.

Section 2 - Spacelab Software Management C.oncepts documents the concept
of NASA assuming maintenance responsibility ard operational support of ESRO-
developed scftware and for minimizing develoyment costs of NASA-developed
sof tware.

Section 3 - Spacelab Software Life Cycle Flow provides a description of
the basic software development cycle, gives the Spacelab software schedule,
discusses the initial integration of ESRO software on the STIL, and describes
the operational software development cycle.

Section 4 - Experiment Flight Application Software Development Plan
describes the management of the options provided the PI for the development
of exper”r-nt support software. Management of these options is highlighted
because development of the Experiment Fiight Applications software will be
a continuing process during the Spacelab life cycle.

Section 5 - Software Development Standards and Techniques lists those
state-of-the-art development standards and techniques recommended for usage
br ESRO as well as NASA during software development.

Section 6 - Softvare Configuration Management describes the maunagement
concepts which are as important in software as in hardware development and
operation. The techniques presented in this section will provide sufficient
NASA control and visibility for Spacelab software.

Section 7 - Software Levelopment Support Tools describes the tocls that
are important in manufacturing and maintalning software. This section lists
the tools recommended for NASA utilization in the Spacelab program.

1-1

re— w ™ R Y . e e
Te s O wy & g T | W——




1 .
B A DTN ey L [ aaa o b i

1.3 SPACELAB SOFTWARE TERMINOLOGY

Software terminology within large scale software developments is similar
and usually varies only in the definition of o :rall system design and struc-
ture. Within the design of Spacelab, a basic hierarchical structure has been
established which will provide a method of describing software interrelation-
ships and interactions between the major CDMS and EGSE software.

For the purposes of this plan and future effective communications, the
software hierarchy presented in Figure 1-1 will be used. The relationships

(from the lowest identified element to the highest) can be summsrized as
follows:

Module is the lowest element of software to te under configuration con-
trol. The module is considered to contain approximately 100 HOL program
statements and ie a basic Spacelab building block. The module can be
considered analogous to a circuit board or chip in hardware.

Package is a combination of mo..les into a logical unit to satisfy the
requirements of a particular function. An example of a package is those
modules which make up a flight application function. In hardware, this
would be analogous to a major subassembly.

Set 18 a cowbination of packages to satisfy the requirements of a pay-
load. An example of set would be the ccmbination of flight applicstions
and operating system packages to form the software to execute in the
experiment CDMS computer while in orbit. In hardware, this would be
referred to as a major subsystem. Sets can be combincd to form sets of
sets as in a hardware sense subsystems together form systems.

As can be seen in Figure 1-1, the Mission Software Set is composed of

the CDMS Flight Set, the CDMS Ground Checkout Set, and the EGSE Ground Checkout

Set. Each CDMS set, correspondingly, is composed of an Experiment CDMS and
Subsystem CDMS Set. The figure thus establishes the logical relationships
among modules, packages, sets and sets of sets.

1.4 REFERENCE DOCUMENTATION

o IBM, Study on Spacelab Software Development and Integration Concepts
Final Report, IBM No. 74W-00223, August 15, 1974.

0 NASA, Spacelab Ground Operations Plan, 68M00032, March 28, 1974.

o TIBM, Program Management Plan for the Spacelab Software Development
and Integration, IBM No. 74W~C0105, April 4, 1974.

o TIBM, Spacelab Software Development and Integration Concepts Study
Report - Volume I and II, IBM No. 73W-00326, October 31, 1973.

o NASA-ESRO, Spacelab Programme Requirements Level I, Marchk 5, 1974.
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o NASA-ESRO, Spacelab System Requirements Level II, March 1, 1974.

o IBM, Spacelab Data Management Study, 1BM No. 73W-00314, Cctober 15, 1973.

o 1IBM, Spacelab Sortie Payload Sizing Analysis, Contract No. NAS8-14000,
IBM No. 74W-00059, DRL No. 1615, February 27, 1974.

o NASA, Space Shuttle Program Level II Program Definition and Require-
ments Volume XVIII, NASA-JSC-07700, Volumes IV, IX, and XVIII.

o ERNO, Proposal For the Spacelab Lesign and Development Contract to
ESRO/ESTEC RFP A0/600 Volume 1 - Technical Proposal, April 16, 1974.

o IBM, Space Shuttle Orbiter Avionics Software Management Plan, IBM
No. 73-85-0021, October 22, 1973.
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SPACELAB SOFTWARE MANAGEMENT CONCEPTS 2 .

Software management, like hardware management, results in a high quality
product on schedule and within cost. Software is controllable and can be man-
aged in much the same manner as hardware. Spacelab software management is
characterized by its massive size and by multiple organization involvement.
Lacking strong and positive management, loss of control will occur and soft-
ware integration will not be possible. Because Spacelab software integration
will occur late in the Spacelab program, problems encountered in the integraticn
process will result in schedule slips and cost impacts.

Through the proper application of software management concepts, Spaceladb
software objectives can be met with minimum cost and within schedule. To
chieve low cost software development, maximum utilization of existing faci-
lities, existing components, and proven development techniques must be employed.
The Spacelab software management concepts described herein are intended to pro-
vide the most cost effective approach to software development by standardizing
software building blocks, providing proper level of management control, maxi-
mizing use of existing software, and providing efficient centralized software

manufacturing services.

2.1 STANDARDIZED MODULAR SOFTWARE DEVELOPMENT

The modular software development concept is analogous to the development
and baselining of standardized circuit boards and then the use of these off-
the-shelf boards to develop major system configurations. Spacelab software
will be approached in the same manner, in that, common software modules will
be baselined and used in developing Spacelab software.

To achieve this objective, NASA will standardize facilities and require
that software developers (NASA and ESRO) utilize the standard modular software
development approach. This approach will provide software modules which may
be used in a cost effective manner across the Spacelab program.

To meet the objective of using software acrcss the Sracelab program, early
establishment of software development standards and procedures is required.
State-of-the-art standards for software design, implementation, verificationm,
and documentation will be imposed on all Spacelab software developers, resulting
in en inventory of well documented, standardized software modules which are

transferable across the Spacelab program.

2.2 SOFTWARE MANAGEMENT CONTROL

The management concept for software control provides flexibility during
the sofcware development process. Software developers will be required to
work within proven effective software development standards which will ensure
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modularity and the most cost effective integration of the software into the
Spacelab program. Once the software modules have been verified and certified,
management control is required to assure continued system compatibility

and the highest reliability.

2.3 NASA TNTEGRATION OF EXISTING SOFTWARE

ESRO will make available as part of the Spacelab, at a minimum, the
following major software building blocks:

o Common CDMS Operating System Package

o CDMS Ground Checkout Packages

o Subsystem Flight Application Packages

o EGSE Computer Operating System Packages

o EGSE Ground Checkout Packages

o Support Software Used in Development of Spacelab Software

o Models and Simulation Systems Used in Verifying Software.

This software will be baselined and installed on NASA development facilities
with little or no modifications and will be maintained by NASA throughout the
software life cycle. NASA has developed a significant amount of related soft-
ware for the Saturn, Apollo, Skylab, and Shuttle programs which will be utilized
as much as possible when activating a Software Test and Integration Laboratory
(STIL), Payload Operation Center (POC) and Preprocessing Facility (PPF). Existing

software availability should be a prime consideration when selecting the facility
hardware.

2.4 EXPERIMENT FLIGHT APPLICATION SOFTWARE DEVELOPMENT

The Experiment Flight Applications software, as well as the experiment hard-
ware will be undergoing continuous development through the Spacelab life cycle.
It 1s the intent of NASA to allow the Principal Investigator (PI) maximum flexi-
bility in developing the required software to operationally support his experiment.
Figure 2-1 illustrates the five development options available to the PI. Due to
the fact that several PIs and experiments may be involved in a single misseion,
NASA will be responsible for integration and verifying the Experiment Flight Set
on the STIL and then validating the set on the hardware at the Central Integraticn
Site (CIS) prior to shipment to the launch site. It is NASA's intent that the PI
be always fully responsible for any software required to test hardware prior to
hardware integration at the CIS.

2-2
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2.5 NASA PROVIDED SOFTWARE TEST AND INTEGRATION LABORATORY (STIL)

To provide the enviromment for the development of low cost Spacelab soft-
ware, NASA will provide a state-of-the-art software development and integration
laboratory. This facility will be designed to fully support those standards,

: techniques, and procedures which have proven to be most cost effective ir soft-
; ware development.
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SPACELAB SOFTWARE LIFECYCLEFLOW 3

Spacelab software life cycle flow represents the various work efforts and
interrelationships from the time tiat a software need is identified until that
need is fully satisfied. In general, the Spacelab software life cycle is the
same as that for any large software system. As in hardware system develop-
ment, software system development has a top level flow and various intermediate
level flows with all levels having the same basic functions. An «xample is
that the Spacelab has a PRR, PDR, CDR and Acceptance, and each subsys*em wir’ ‘n
the Spacelab has a similar cycle.

It is the intent of this section to describe the Spacelab software life
cycle flow as a basic cycle and then relate this cycle at the level of major
Spacelab software sets (i.e., Experiment Flight Application Set, Subsystem
Flight Set, CDMS Ground Checkout Set, EGSE Ground Checkout Set, Payload Opera-
tions Ceunter Sets, Preprocessing Facility Sets, and STIL Support Software Sets).
The logical time flcw of this software will be presented as well as its
operational flow throvgh thk2 Spacel:b facilities. The integration of the
ESRO developed software into the 3Soui..are Test and Integration Laboratory
(STIL) is included within this secti. .

3.1 BASIC SOFTJARE DEVELOPMENI LIFE CYCLE FLOW

The basic software life cycle flow consists of the three major phases of
definition, development and operation. As can be noted in Figure 3-1, these
phases are broken up into several subphases. As in hardware development flow,
the software flow activity results first in baseline requirements, then in
design and finally in the end item. This basic flow can be used at the
module, the package, or the set level of software manufacture.

3.1.1 DEFINITION PHASE

The definition phase is initiated through user identification of require-
ments of the software system to be developed., At first this is done at a high
system level, and functions and requirements are allocated to racilities hard-
ware and software. The level of detail increases as requirements are converted
into measurable and understandable terms such as performance criteria, display
formats, lcgical sequences, and algorithms to be solved. The definition phase
results in a firm requirements baseline at the PRR. This phase is normally
the responsibility of the system designer or PI at the package or set levels
or the software designer at the module level.

3.1.2 DEVELOPMENT PHASE
The software development phase counsists of the software design, code and

test, verification, and validation of the software. During the development
phase, checks and balances (Quality Control) are provided to ensure the software
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end item meets the needs of the user. These quality tests are called verification
and validation. The verification assures that the software designed, coded

and tested meets the specifications, and validation cssures the hardware/soft-
ware system meets the needs of the user. Emphasis on quality testing is varied
depending on the level of intecrration (module, package or set). There are two
major milestones in ...e development phase: CDR, where the design is baselined

and CARR, where the s ftware is put into operational status.

3.1.3 OPERATION PHA%Y

The software op:. 1. on pnase involves the use of the software following
CARR., The operation , e may identif; errv.- or shortcomings in the opera-
tional software which v: .l require maintenance activici.. to be performed.

This could result in a full life cycle or a portion of the life cycle depending
on the magnitnde of the required change.

3.2 SPACELAB SOFTWARE SCHEDULE

Overall software schedules aad planning can be derived from Figure 3-2.
As noted, major software definition activities are in process at the current
time (August 1974). Many of these activities actually began during Phase B
Spacelab studies. The operational milestones for NASA software are keyed to
the EM delivery and first Spacelab flight.

3.2.1 SOFTWARE 1EST AND INTEGRATION LABORATORY (STIL) SOFTWARE SCHEDULE

The STIL Operational date has been dictated by the delivery of the Space-
lab Engineering Model (EM). The STIL must be operational in a time period
to integrate the ESRO softwarc into the STIL and to provide NASA support personmel
with the training required to fully support ESRO developed software during
EM hardware integration into the CIS. Additional detail on STIL activation
can be fcund in Paragraph 3.3.

3.2.2 FPAYLOAD OPERATIONS CENTER SOFTWARE SCHEDULE

The Payload Operatior “enter software must be operational early enough
to train ground controllers prior to first flight of the Spacelab.

3.2.3 PREPROCESSING FACILITY SOFTWARE SCHEDULE
The Preprocessing Facility must be operational prior to the first Space-

lab flight. As can be seen in the schedule, this development effort follows
the other two initial efforts due to later operational date requirements.
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3.2.4 EXPERIMENT APPLICATIONS SOFIWARE SCHEDu.LES

Figure 3-2 indicates a relatively long definition phase for each experi-
ment application followed by a six month develonment phase. This type life
cycle will provide the capability to commit to software development phase after
requirements are firm. The development cycle for common experiment application
modules begins early to develop a library of building tlocks.

3.3 _STIL AND ESRO SOFTWARE INTEGRATION

It is imperative that NASA prepare for accepting the maintenance and opera-
tional responsibilities for Spacelab software. Facilities musuv be developed,
personnel training must be completed, test procedures must be developed, and
complete familiarity with the Spacelab software must be obtained prior to the
EM being received by NASA.

This section of the plan addresses the basic steps in activating the Software
Test and Tutegration Laboratory and preparing for acceptanc~ of software main-
tenance responsibilities. The STIL {s considered operational following the
installation and verification of the Engineering Mocdel software.

3.3.1 STIL ACTIVATION

STIL activation encompasses all activities associated with the definition,
development, installation, and verification of the facility. The ¢y milestones
in STIL activation are illustrsted in Figure 3-3. A brief summary of activities
leading to these milestones is contained in subsequent paragraphs. Details
may be obtzined from Section 5 of the Study on Spacelab Software Development
and Integration Concepts Final Technical Report, NAS2-30538, IBM No. 74W-00224.

0o Host Computer Availability

The first major milestone of STIL activation following the definition
and detajl design is the installation of the host computer complex. The
complex includes the computer and memory, peripheral input/output devices,
data base storage, graphics terminals, strip charts, plotters, and remote ter-
minals. The STIL facil::y will then support software system activation and
development.

o CDMS Delivery

Prior to the CDMS delivery from ESRO, the CDMS Interface Device (CID) must be
defined, designed, manufactured, unit tescted and interfaced wick the host computer.
Following CDMS delivery, the CDMS is integrated into the STIL, and development of
the realtime interactive software continues utilizino the CDMS.
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o STIL Operational Without the CDMS

Following the verification of the facility capability to support batch and
supportive modes of operation, the STIL will be available for data base installa-
tion, personnel traiuing, and the initial efforts associated with the receipt of
ESPO software.

o STIL Operational

Following the development of the capability to support the CDMS in a realtime
mode, the STIL is operational and is capablz of supporting development and/or main-
tenance of Spacelab software.

3.3.2 SPACELAB SOSTWARE TRAINING

STIL operation training begins when the STIL first becomes operational
without the CDMS. This includes the training for remote terminal operators
as well as sortware designers and programmers. The terminal operators begin
data base generaticn, STIL scheduling and configuration control prccedures as
soon as training is complete.

Additional training is provided to the software designers, Pl's, program-—
mers and verificaticn perscnnel on the operation of the realtime mode follcowing
the STIL operational milestone.

3.3.3 EGSE SUPPORT SOFTWARE INSTALLATION

This activity consists of installing the ESRO supplied EGSE support
sof tware packages on the STIL and the training of computer operators. The
EGSE support software includes the a2ssemblers, compilers, linkage editors,
interpretive computer simulators, and any environmmental simulators ESRO
has developed. Each package is verified to ensure that it correctly operates
in the STIL enviromment. Particular emphasis will be placed on assuring that
STIL configuration control procedures will function with the ESRO software.

3.3.4 EGSE GROUND CHECKOUT INSTALLATION

The EGSE computer software is installed into the STIL data base. The
software is verified using the suppcrt software discussed in Section 3.3.3.
This activity ensures the ability of the STIL to verify future EGSE soft-
ware activities and also trains support personnel to assume the operational
phase when the EGSE is delivered to the CIS.

3.3.5 CDMS SUPPORT SOFTWARE INSTALLATION

The CDMS support software installation is much like that of the EGSE
described in paragraph 3.3.3. The main difference is that there are many more
interfaces to test and verify due to the more sophisticated user interface
of the STIL realtime mode. Following the full verification of this software,
the STIL is fully operational.
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3.3.6 EM SOFTWARE INSTALLATION

The EM software installation cn STIL is completed prior to the EM arrival
at the CIS. This software includes the CDMS operating system as well as the
application programs to execute in the experiment, subsystem, and EGSE computers
for hardware integration. As previously discussed, this software is made avail-
able by ESRO. The software is installed and verified on the STIL to ensure com-~
patibility of test verificatijon procedures and to provide training. The EM
sof tware will then be validated at the CIS prior to being transported to KSC.

3.4 OPERATIONAL SOFTWARE DEVELOPMENT LIFE CYCLE FLOW

During the Spacelab operational period, the majority of the Spacelab
software will be baselined and utilized from flight to flight with little or
no modification. Software required to support the individual experiments and
unique payloads will be developed and/or modified throughout the Spacelab
operational life.

The changing requirements for Experiment Flight Application software will
in some cases result in minor modification or additions to the baselined soft-
ware sets of the Subsystem CDMS, STIL, EGSE, POC aand PPF. Figure 3-4 illustrates
the interrelationships between these software systems and the facilities utilized
during the definition, development and operation phases of the Spacelab opera-
tional software development flow.

3.4.1 DEFINITION PHASE

The PI, during his definitio. phase, defines the services required to
operationally support his experiment. As the requirements are defined, func-
tional allocations are made to the proper software systems. If the baseline
system cannot support the requirement, change activity is initiated. This
logical flow is represented by the dotted lines in Figure 3-4.

The figure represents the situation where several independent definition
phaser -rill be in progress at the same tiue as illustrated by vefine Experimer.t
No. 1 and Define Experiment No. N blocks. Analysis cf the Shuttle Mission
Model shows that there may be in excess of 50 definition phases in process at
one time. Conceptually, each will progress independently into the development
phase.

3.4.2 DEVELOPMENT PHASE

The normal development phase for each independent application proceeds
in the development flow identified in Figure 3-4. Following the design,
code and test, and verification, the software is baselined at the package
level waiting for final flight assignment and CIS hardware integration.

Just prior tu CIS hardware integration, the selected packages are

combined into their proper sets. These sets are then verified into STIL to
ensure interface and full compatibility prior to release to the CIS.
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Set wvalidation occurs at the Cl> during the experiment hardware integra-
tion and hardware/software integration te tiig. The hardware and software
are now operationally ready to suppourt the mi<sion.

3.4.3 OPERATICNS PHASE

The Operations Phase includes the Spacelab/Payload Integration, the
Shuttle/Spacelab Integration, the flight, and Post Mission activities.

Spacelab/Payload Integratfon is the assembly of the Spacelab sections
and integration of the payload with the sections. The final integrated
systems tests are performed using the CDMS Ground Checkout Set and the EGSE
Ground Checkout Set. Interface checks with the experiments are performed
as required by the Experiment Flight Applications in the CDMS Flight Set.

Following the Spacelab/Payload Integration, the Spacelab is installed
in the Shuttle. The CDMS Flight Set is used to perform interface checks
during lazunch readiness verification. These tests are designed to detect
damage that may have occurred during the move and installation.

During flight operations, the Subsystem Flight Set monitors the Spacelab
while the Experiment Flight Set monitors and controls the experiments. Both
may communicate with the Payload Operations Center packages via the orbiter.

After landing, the CDMS Flight Sets and the EGSE Ground Checkout Set
are required for the post mission data dump and refurbishment at the Launch
Site. Scientific Data Reduction packages operating at the Preprocessing
Facility format the data for dissemination to the PI.

During the operational phase, NASA software will be required to provide
realtime support to isolate and correct reported anomalies and/or develop
workaround procedures. If this reaitime activity results in detecting a
condition which must be corrected, it will be scheduled for correction in
a later baseline.
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EXPERIMENT FLIGHT APPLICATIONS SOFTWARE DEVELOPMENT PLAN 4

The NASA intent is to provide the PI with complete flexibility in devel-
oping the software required to operationally support his experiment. NASA will
not be involved in any software required in support of experiment hardware de-
velopment prior to the experiment being integrated at the CIS or in supporting
post flight data analysis requirements.

NASA will be responsible for the mission software of all experiments inte-
grated at the CIS. This concept 1s represented in Figure 2-1 along with the
basic five development options provided to the PI. The options provided to the
PI for Experiment Flight Application package development are:

Option 1 - PI develops the package on the NASA STIL
Option 2 - NASA/STIL team develops the package

Option 3 - PI develops the package on a copy of the STIL
Option 4 - PI develops the package on his STIL compatible

computer and NASA provides a CDMS Simulator

Option 5 - FI develops the package on his own computer and NASA
supplies a CDMS Simulator

Optiori: 3-5 are considered as PI software development offsite and will be
utilized for development of pre-~CIS integration, experiment definition, and
data analysls software developments.

Due to the interrelationships between the PI options and the NASA respon-
sibilities, a preliminary structure for control and responsibility must be

established. The remainder of this section of the plan will address recommer -:d

controls and responsibilities for Experiment Flight Applications software.

4.1 EXPERIMENT APPLICATION SOFTWARE CONTROL

Past NASA experience indicates that it is desirable to have a Software
Review Board (SRB) to interface between the formal NASA Change Control Boards
(CCB), the user, and software developers. The SRB responsibilities are to
coordinate all activities of Spacelab software to ensure compatibility in
performance and schedule. The members of the board are both technical and
managerial which provides quick resolutions and decision making. The SRB acts
on the direction of the CCB. Only major problems must be forwarded to the
CCB, such as major schedule and cost problems. Figure 4-1 represents the SRB
as the hub of all Spacelab software activities. Representation data and con-
trol flow is depicted on the chart,
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The PI will provide a Pl's Software Designer's Document (SDD) at the
time his experiment is selected to be flown. The SDD will define the com-~
plete software development environment including the services NASA will provide.

The PI, regardless of option selected, will be responsible for defining
the operational software requirements and services he needs from NASA. Follow-
ing approval of the CCB, the Pl's main interface will be with the SRB on &

technical level.

4.2 EXPERIMENT APPLICATION SOFTWARE RESPONSIBILITIES AND INTEGRATIONS

The responsibility split between the PI and NASA/STIL team is defined in
Table 4.1 and varies depending upon the option selected by the PI and CCB.

It should be noted, when the PI develops software on the STIL, he has the
option of entering .he configuration control at the module or package level.
Should the PI select to develop software at his site, he must enter the con-
figuration control cycle at the package level for NASA/STIL integration and
verification. The NASA/STIL team will always become responsible for the
configuration control and verification once the software element is placed

into the library.
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SOFTWARE DEVELOPMENT STANDARDS AND TECHNIQUES 6

NASA will establish, document, and impose upon all Spacelab software
developers a sel of effective development standards. It is extremely impor-
tant that these standards be developed very early to ensure compatiblity and
commonality. Spacelab scitware will be developed by several different groups
in Europe as well as in the U.S.; therefore, it is imperative that the same
standards be applied across all development activities to ensure that the re-
sulting software is integratable and usable during the Spacelab ope.ational
phases. Recommended software development standards and techniques are docu-
mented in the Spacelab Software Development and Integration Concepts Study
Report, Volume 1, IBM No. 73W-00326, October 31, 1973. A summary of these
follow.,

5.1 SOFTWARE DEFINITION AND DESIGN PHASE

The standards, conventions, and practices established for software
definition and design phase are the most critical. This is true because they
establish the modularity that make the final product easy to code, test, veri-
fy and integrate. The following are recommended standards:

o Insist on performance related specifications

o Utilize composite design techniques

o Design for HOL use

o Prove design with development moaels

o Use standard documentation fourmats

o Use verified modules without modification.

5.2 SOFTWARE IMPLEMENTATION PHASE

Software implementation is the coding and testing of the software. This
activity will be done by a number of programmers at various skill levels.

Once the software is coded and tested, it will be maintained by still different

programmers. Therefore, it is important for low life-cycle cost that standard
procedures and techniques be applied. The following are recommended:

o Develop software top-~down

o Use HOL where possible

0 Make structured coding techniques mandatory
o Make full use of program libraries

o Perform testing using high fidelity simulators

5-1
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o Maintain documentation in listings
o Standardize use of labels
o Enforce coding restrictions.

5.3 VERIFICATION/VALIDATION PHASE

Software verification/validation costs have been high on past space
programs. Within time and cost restrictions, uew and improved methods of
software verification must be developed to meet Spacelab schedule and cost
objectives. The following are recommended baselines:

o Perform verification top~down

o Use cause and effect analysis concepts

o Use automated tools to enforce standards

o Develop verification data analysis programs.

5.4 DOCUMENTATION STANDARDS

Many forms of :locumentation standards can and will be imposed on the
software developer. These standards can become significant cost drivers.
Spacelab musi generate documentation that is required and not what is desired.
Every effort must be made to increase cffectivity and reduce cost. The follow-
ing should be considered:

o Minimize and centralize software documentation

o Structure documentation

o Include documentation in the online data base with same configuration

controls as software.
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SOFTWARE CONFIGURATION MANAGEMENT 6

Software configuration management is much like hardware configuration
management. The goal of configuration management is the formal control of
a product from design to delivery to ensure the delivered end item meets
requirements. For hardware, this control begins during design and continues
through the development and buildup of parts, subassemblies, assemblies, sub-
system and systems until a deliverable end item is produced. Configuration
control continues during the production phase to track and control design
changes.

An analogous cycle exists for software. C(onfiguration control is estab-
lished at the module level during the design phase and continues as the
modules proceed through code and test, verification and validation. Configu-
ration control continues through the buildup of modules into packages and
packages into sets. The sets are then deliverable end items of the software
development process. Following delivery, the maintenance of the delivered
software set is analogous to the production phase for hardware. Configuration
control 1s required to track and control design changes to modules to ensure
that subsequen* delivered software sets function in a reliable manner.

The NASA Spacelab Program Office will employ a configuration management
system for the formal control of Spacelab software development, integratiom,
and maintenance activities thro zi. the use of three procedural concepts:
configuration control, configuration identification, and configuration
accounting.

6.1 CONFIGURATION CONTROL

The configuration control for the Spacelab program is the systematic
control of the software development after establishment of a formal baseline.

Configuration control ensures that no changes are made to an approved
baseline without a formal review and assessment of the proposed change by an
appropriate Configuration Control Board (CCB). This assures that the Spacelab
sof tware modules remain unchanged until either errors in design are discovered
or until a change is required which will modify the modules operating charac-
teristics. In either event baseline requirements, design, and baseline end
items are the norm against which configuration is controlled. Control is
effected by tracking ¢f a software identification number throughout a change
cycle with evaluation and approval by the CCB.

6.1.1 SPACELAB SOFTWARE CONFIGURATION CONTROL BOAKD (CCB)

A CCB will be established to handle and process all software activity.
Represented on the board will te technical and/or management reprerentatives
from the various areas effected by a proposed action. The board will be re-
sponsible for coordinating and scheduling all Spacelab software activities.
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6.1.2 SPACELAB SOFIWARE PROCESSING CONTROL FLOW

The control of software is affected by formal review of major milestones
in the software development process. These reviews enhance ithe total software
development and vrovide the software development management vigibility., The
following formal reviews of software development is recommended:

o Preliminary Requirements Review

A review held by the CCB to verify that initial requirements are compati-
ble with Spacelab capabilities. The PRR will ensure sufficient resources are
available to proceed with the design.

o Critical Design Review

This review is conducted to verify that software has been designed in
accordance with the requirements initially evaluated and agreed upon in the
PRR and that software standards are being followed.

o Customer Acceptance Readiness Review

This review establishes that all program requirements have been developed
in accordance with design specifications and programming standards. It is the
culmination of the verification process and the software is baselined.

6.2 CONFIGURATION IDENTIFICATION

The various elements of software must be marked and identified in a posi-~
tive manner with a _ua.iguraction identification number that is analogous to
a hardware part an. serial number. The configuration identification number
is applied to each software module, which is the lowest configured element of
Spacelab software. The configuration identificatiun number is unique for each
module in the STIL data base and when a modif.cation is made to the data base,

the configuration identification number is automatically revised. Thus, positive

identification is maintained at all times on wrdules in the STIL data base.

Elements of software which must be identified and tracked are symbolic

source code, compiled machine code, program listings, and program specifications
for each module. Additionally, packages and set are positively identified. Sim-

ulation models are identified with the module, package, or set as appropriate.

6.3 CONFIGURATION ACCOUNTING

Configuratiown accounting i1s the element of configuration management that
provides the essential records and the reporting of precise configuratioa
status, The primary objectives of configuration accouating are as follows:

o To maintain current and accurate configuration baselines and
end item data
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o To maintain correlation and interface data among the various hardware,
software, and support elements of tho system

o To maintain current and accurate records ¢ the status of changes
completed and in process.

In order to maintain, store and correlate these items, MSFC must prepare
and update change documentation and keep the data base of configured modules,
packages and sets. The accounting and reporting function must be automated
and terminal driven to maintain the status of the massive amount of wcelab
software.
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SOFTWARE DEVELOPMENT SUPPORT TOOLS 7

The proper tools and test equipment are as important to software manufac-
turing as to hardware manufacturing. A state-of-the-~art software development
facility will be required to meet the Spacelab software development objectives.
This facility will require a hosc computer with an attached CDMS and extensive
support scrftware. The following data is a summarization of the data contained
in Section 5 of the Study on Spacelab Software Development and Integration
Concepts Final Report, Contract NAS8-30538, IBM No. 74W-00224.

7.1 STIL SUPPORT SOFIWARE REQUIREMENTS

The following software manufacturing and test tcols are required to be
STIL resident:

o Realtime Interactive Tools

Realtime intcractive software development tools provide the environment
to meet the design and software aevelopment productivity requirements of Space-
lab experiment developme 't timelines. The realtime tools provide a dedicated
"hands-cn" environment te the software developer. Interactive tools should
incluce the ability to dump, trace, stop, and single step the CDMS computer
on the HOL statement as well as on machine language instruction level. This
control is provided to the developer at an interactive graphics terminal which

provides the ability for him to quickly maks decisions and ernable maximum pro-
ductivity.

o On-Line Interactive User Aids

On-line interactive user aids provides the tools necessary for the
developer to make full use of the Host Computer batch prccessing services
from remote locations. The ability to remotely sutmit corrections and
review the STIL data base provides maximum efficie: . y.

o Envirconment Models

The eavironment models simulate the environment in which the CDMS
and FG3T computer software must fiaction. The models will simulate various
portions of the environment as required to test a particular software module,
package or set. The currently identified models are Spacelab subsystems,
Experiments interface, Shuttle Orbiter interface, Payload Operations Center
interface, and EGSE interface.

o Development Models

Development models are written in an HOL and are mathematical representa-
tions of the software to Le developed. The models are used for concept and
rejuirement testing during the software definition and design phase.

7-1
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o CDMS ana ECST Interpretive Simulators

A bit-for-bit interpretive computer simulator is required tc provide com-
plete repeatability for detalled software verification and problem resolution.

The simulator will be used to verify detail timing and hardware/software
interaction.

o Functional Simulator

The functional simulator simulates the execution of the Experiment Flight

Application software in the language of the STIL HOST computer. When executed,

the functional simulator performs the same functions as the software being
simulated and allows testing of software concepts in near realtime.

o Experiment Application High Order Language (HOL) Compiler

The basic requirements of high productivity, fast integration, and large
change activity dictates that a HOL be used for experiment application
software development. The HOL provided must execute on the HOST computer and
be capable of code generation for the Experiment Computer and FOST computer.
The compiler must have built in error detection and be compatible with the
functional simulator.

o Experiment Simulation Language Compiler

Because of the diversity of the experiments to be supported, a language
must be provided which will allow rapid development of environment models.
This will be a table driven language to rapidly develop environment models
of various experiments.

o CDMS Support Scftware

This is basic software for developing CDMS software. The support software

packages are an assembler, a compiler, and a linkage editor.

o EGSE Support Software

An assembler, a compiler, and a linkage editor will be required for the EGSE.
If the EGSE cumputer is identical to the COMS computer, only one suppert package

will be required.

o On-line Source Data Management

The source data for every version and level of each module must be
maintained as a unique member name in a partitioned cdata set. Updates to
these modules must be either from terminal online or background batch update.
In either method of data management each source module must have a directory
entry which will uniquely identify the module by date, time, version, and
revision number of the la-t change made to the source record.
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o Automated Configuration Management System

An Automated Configuration Management System will be required which will
provide the development data base and supportive software to support multiple
scftware configurations

Many experiments will be reflown; however, some of the applications will
e upgraded frcm flight to flight while others will remain stable. Avail-
ability of a module librar: 1is required to 3 aplify the problem of assembling
and integrating the software modules into the application package and Flight
Set required for a particular mission. The obvious advantage of a program
library lieg in the fact that software modules requiring no change can be
integrated ir parallel with the assembly and test of those modules requiring
change.

o Automated Release System

The capability to autcomatical.y generate a release of the software system
for a given payload is required. This release procedure must prcduce source
listings, object ccde, tapes and required documentation as well as identify
all changes to software modules and create a history of the software associated
with each mission. The automatic release system will generate reports identify-
ing the baseline as well as all listings, load modules, and other elements which make
up the delivery package. This system will significantly reduce clerical tasks for
each delivery.

o Automatic STIL Scheduling System

An automatic scheduling system must be provided which will be capable of
collecting all the individual milestone and STTL resources needed to complete
the task. The system must utilize this data to produce a STIL utilization
schedule and forecast scheduling conflicts.

o Host Computer Operating System and Support Software

The Host computer will require a multi-tasking operating system with
terminal management and realtime executive control programs. A full range
of Host support software must be provided including HOL's and JCL.

7.2 STIL HARDWARE. REOUJREMENTS

The STIL hardware requirements include the folloving:
o Host computer complex and peripherial devices
o Data base storage

o Graphic terminals
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o Remote terminals

o Strip charts
o Plotters

o CDMS hardware
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73W~00368, December 21, 1973

NASA, Space Shuttle Program - Configuration Management Requirements, Level
II Program Definition and Requirements Volume IV, JSC-07700, March 6, 1974
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17.

18.

19l

20.

21.

22'

23.

24.

25.

26.

27,

NASA, Space Shuttle Program -~ Information Management Requirements, Level 11
Program Definition and Requirements Volume IV, JSC 077500, March 6, 1974
NASA, Space Shuttle Program - Shuttle llaster Verification Plan, Computer

Systems and Software Verification Plan Volume IX, JSC~-07700-MVP-09,
April 1973

NASA, Space Shuttle Program -~ Computer Systems and Software Requirements

Level II Program Definition and Requirements Volume XVIII, JSC-~07700,
February, 1972

NASA, Space Shuttle Program ~ Computer Systems and Software Requirements
Level II Program Defimition and Requirements XVIII, Program Allocation

of Computational Functions, JSC - 07700, April 1973

NASA, Space Shuttle Program - Computer Systems and Software Requirements

Level II Program Definition and Requirements Volume XVIII, Software
Management and Ctontrol, JSC-07700, April 1973

NASA, Space Shuttle Program - Computer Systems and Software Requirements
Level II Program Definition and Requirements Volume XVIII, Software
Development Standards, JSC-07700, April 1973

ESRO/CERS, Spacelab Request for Proposal A0/600 for the Design and
Development Contract (Phase C/D), Appendix 1.1 System Requirements

MSFC, The October 1973 Space Shuttle Traffic Model, TMX-64751, Rev. 2,
January 1974,

NASA/ESRO, Joint NASA/ESRO Spacelab Payload Computer and Displa
Requirements as Approved by JURE, 14/15 May 1974.

IBM, "Spacelab Sortie Payload Sizing Analysis," IBM, Contract No.
NAS8-14000, IBM No. 74W-00059, DRL No. 1615, 27 February 1974.

ERNO Proposal for the Spacelab Design and Developmant Contract to
ESRO/ESTEC, RFP A0/600, Volume I, Technical Proposal, April 16, 1974.
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LIST OF ACRONYMS

ATE
BITE
CDF
CDR
CDMS
CID
CIS
CPU
CRT
EFA
EGSE
EM
F.SRO
ESTEC
GPSS
1Cs
1/0
LRU
MBPS
MCE
MIPS
MSFC

NASA

Automatic Test Equipment

Built~In Test Equipment
Configuration Data File

Critical Design Review

Command and Data Management System
Computer Interface Device

Central Integration Site

Central Processing Unit

Cathode Ray Tube

Experiment Flight Applications
Electrical Ground Support Equipment
Engineering Model

European Space Research Organization
European Space Research & Technology Center
General Purpose System Simulator
Interpretive Computer Simulator
Input/Output

Lowest Replaceable Unit

Million Bits per Second

Mission Control Executive

Million Instructions per Second
Marshall Space Flight Center

National Aeronautics and Space Administration



PI

POC

PPC

RAU

RF

STIL

STS

TDRSS

Principal Investigator

Payload Operations Center

Preprocess’ng Center

Remote Acquisition Unit

Radio Frequency

Software Test and Integration Laboratory
Space Transportation System

Telecommand

Tracking and Data Relay Satellite Station
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