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Foreword

The attached material represents the working papers from the
OAST Space Theme Workshop hel:l at the Langley Research Center,
April 26-30, 1976, and contains a quick-look analysis of the
proceedings. The material is unedited and intended for further

use by the participants of the workshop and the planning elements of
NASA concerned with space mission research and technology. It
should be understood that the data do not represent official plans
or positions but are part of the process of evolving such plans and
positions.

Nearly 100 of the Agency's top technologists and scientists joined
with another 35 theme specialists to produce this working document -
a document that provides a technical foundation, including research
and technology base candidates, for each of the six space themes.

The material in this report is considered essential to the development
of Center initiatives in support of these themes. Copies of the report
will be made available to the Center Management Board and the
individuals at the Centers responsible for the FY'78 program planning
cycle. The timing of this planning activity has caused us to distribute
this document in this unedited form. Thus, it possibly contains errors,
hopefully, more of a typographical rather than a technological nature.
Nonetheless, the information contained is of a high professional level,
reflecting the efforts of the workshop participants and will be invaluable
to the planning and successful execution of the Agency's near- and far-
term .dvanced technology program.

Stanley R. Sadin
OAST Space Theme Workshop
Chairman
NASA Headquarters
Study, Analysis, & Planning Office
Office of Aeronautics and
Space Technology




VOLUME IIT - IV A

SOFTWARE WORKING GROUP (E-4)

Initiation of a specific technology planning effort for software (computer
programs) occurred at the workshop; that is the subject of this report. In
the process of examining the technology needs of the themes and the soft-
ware discipline, three key areas have been identified:

1.

The need to develop an adequate software technology base: There
are only a few efforts currently underway, and many are needed.
Particular areas where concentration is needed include

o Software commonality and evolutionary capability

0 Increased system integrity and autonamy

o Improved communications among the program users, the program
developers, and the programs themselves.

The need for a quantum improvement in software development methods.
Emphasis is needed on

0 Replacing magic with methed
o Using people for ideas, and machines to perform routine work.

The need for increasing the awareness of software by all concerned.

o Software should receive equal consideration with hardware in
an increasingly system-oriented approach

o Software presents many opportunities for enlightened manage-
ment.

Five major thrusts have been identified within the software area - Contribu-
tions to major goals are shown in Figures 1 and 2. These are

1.

Data and >ystems Management. Improvements in this area also will
contribute to raising the quality of service received by the ulti-
mate user of the processed information.

Software technology for autonamous systems.

The technology and methods for improving the software development
process.

Advances related to svstems of software elements including their
architecture, attributes as systems, and interfaces with users and
with other systems.



5. Applications of software, including both the basic algorithms used
in a number of applications and the software specific to a particular
theme or discipline area.

Specific technology initiatives are addressed in the Appendix.

A number of additional observations have emerged from the working group's
considerations, some oV which are included below.

o Increased awareness of software, and of the reed to treat it as a
key element of each system using it, i1s of critical importance. The
technical areas using software, and management in general, are in
particular need of such increased awareness.

0 The identification, direction, and accomplishment of an effective
software technology program is of great importance to all major
NASA programs.

o A sharp and continued increase in effective communications and
exchange of ideas within the NASA software community, and with
hardware activities that interact with software, should be achieved
(The software working group transactions demonstrated both the need
for, and the value of, such interaction.)

o Software is an integral, critical part of each theme, and of many
disciplines. Each of these areas needs to consider the hardware
and software aspects of its work concurrently, from a system
oriented viewpoint. Each of these areas also needs to develop
the software specific to its particular needs, to ensure that its
system requirements are met.

0 A vigorous software discipline orieated activity should exist to
complement the work in temes and disciplines by developing generic
types of software capabilities and software development methods.
These products form the technical resources that the themes and
disciplines can draw from for their particular development.

o The net result of the above two ideas is that the software disci-
pline area should concentrate on the basic methods and generic
types of software capabilities, while the themes and other disci-
pline areas should develop applications software specific to their
needs.

o Another important task of the software discipline area is to make
the basic software capabilities and methods easily available to the
mainstream of software development activity. A backlog of currently
available items already exists in this category.

[T - IV A-2



o An important area of concern for the software discipline area is

the development of effective methods for assessing the impact of
new technology and capabilities on software development and use.
Measurements of cost and of utility to the ultimate user are of

particular importance, both to selective technology for use, and
to directing further techinlogy development.

Computational hardware has a significant impact upon the accompany-
ing software in each information-processing application. The main-
stream of computational hardware development, including particularly
integrated-circuit components, appears to be driven by the non-
government, mass-volume users. This will result in the availabi’ity
of low-cost, highly reliable components. However, these componerts
may have characteristics that seriously constrain software in space
systems. NASA will need to exercise foresight, ingenuity and effort
to minimize the effect of this situation upon space systems.

The available hardware should be exploited to the fullest extent
practicable. A vigorous program of computing device technology
should complement NASA's software technology. This will help to
promote the concept of software - first information processing
design, and to ensure that hardware with the necessary characteris-
tics is available.

The directions in which expected hardware trends will drive the
software technology should be assessed, to provide a basis for
identifying opportunities or needs for contributing to or influenc-
ing hardware developments.

Software Technology Related to Theme Needs

The following paragraphs address each theme need and the important software
technology areas which it impacts.

Y.

Multipurpose Space Power Platform
The major impact of space power on software will be in the areas of
a) Mission planning and scheduling to incorporate effective use
to the platform and its generated power for the use of its
customers (analogous to the earth power distribution systems)

b) Implementation and access of the large data base necessary to
support effective mission planning noted above

c¢) Development of teleoperators and robots including their

multiple utilization to support construction and maintenance
of the facility

IIT - IV A-3



d) Development to maintain system integrity (failure detection,
fault isolation, preventive maintenance, etc.) and system
security while maintaining efficient operation.

Space Industrialization

The Space Industrialization Theme will require initiatives in the
areas of Planning and Scheduling Tools and Multi-dimensional Data
Management, for plant control and management; Teleoperator Support
Software and Autonomous Systems with Artificial Intelligence, for
factory construction, materials processing and product fabrication.
Other need areas which provide important support for this theme are
Software for Systems Integrity and Operations Languages, to assure
reliable, effective, and economical plant operation.

Search for Extraterrestrial Intelligence (SET I)
The major impacts of SET I on software are:

a) new technology on adaptive, human-assisted patteri recognition
to enable the effective separation review information.

b) the requirements for new technology in data management areas
of multi-dimensional data storage and high speed buffering

c) need for evolutionary software technology where new compu-
tational tasks will be required over a long life-cycle
without major system perturbations.

In addition, the working group felt that the SET I theme needs to
examine more thoroughly its software requirements, begin to assess
the impact of software on the overall program and to identify the
theme-oriented software needs and areas in which software technology
can make an important impact.

Exploration of Solar System/Software Technology

The three key software technology thrusts identified as essential
for the exploration of soiar systems theme are those software tool
and technique developments related to: (1) achieving increased
levels of autonomous operation of the flight systems; (2) improving
the methods for verification ana validation of complex software
systems; and (3) reducing the dependence on intensive human partici-
pation in uplinn command and control of long duration missions.
These software developments are expected to result in reducing both
the development and operations costs of solar exploration missions
a? well as permitting the actual accomplishment of the missions
planned.

IIT - IV A-4



For autonomous systems the software tools and architecture develop-
ments will provide the capabilities for developing applications soft-
ware that can synthesize plans, perform decision analysis and alter-
nate strategy selecion, interpret and analyze sensor data, and provide
fault-tolerant operation of the complete system. Prototype develop-
ment and a demonstration is planned by FY 82 with continued improve-
ments in capabilities development which are expected to meet the
technology cut-off date for the exploration facility.

The automated software verification and validation tools are
essential to increasing the confidence level in the reliability of
large-scale software systems without requiring unrealistic resources
to achieve acceptable confidence levels. By the end of FY 81 these
tools should be sufficiently developed to permit application to
mission software systems, both ground and flight.

The software tools for mission planning and scheduling functions

for uplink command and control will include development of problem
oriented languages which will provide a highly adaptive and inter-
active capability. Operational tools should be available by FY 81.

Global Service Systems

The Global Service Systems theme has broad software technology
needs; alone among the themes, its needs touch each of the 19
identified task areas. The principal thrusts include needs for
multi-dimensional Data Storage and Retrieval Techniques to handle
the massive amounts of data which this theme would generate;
Operations Languages, for user-oriented interfaces for systems
control; Software for Systems Integrity, to assure reliable systems
ocperation in the race of hardware faults, data errors and control by
inexpert users; Pattern Recognition and Algorithm Development, to
extract information from data, eventually at the source; Intelligent
Executive Programs, which would be able to generate detailed goals
to achieve mission objectives. Global Service Systems should
develop new initiatives in each of the above areas.

Advanced STS

The Advanced Space Transportation System Theme has basic technology
need areas in Mission Planning and Scheduling Tools and Operations
Languages, to attack operations (recurring) costs; Software for
Systems Integrity and Intelligent Executive Programs, to increase
systems autonomy; and improved simulation for advanced systems
integration and checkout concepts. This theme should generate its
own theme-unique initiatives in these areas.

11T - IV A-5
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ENVIRONMENT IN THE LABOR \TORY
& MODEL "ESTED !N AIRCRAFT ENVIRONMENT

7 WMODEL TESTED IN SPACE ENVIRONMENT

5 COMPONENT OR BREADBOARD TESTED iw RELEVANT

MATHEMATICAL MODEL
4 PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED

2 THEORY FORMULATED TO DESCRIBE PHENOMENA
3 THEORY TESTED BY PHYSICAL EXPERIMENT OR

1 BASIC PHENOMENA OBSERVED AND REPORTED

LEVEL
OF STATE
OF ART

rlPACE TECHNOLOGY NEED FORM NO. | W
FARRAOE &

1. TITLE Multidimensiona) Data Storage and Retrievalno 7,8,11,10,9,1/E~4
Techniques T IEME /W.G. / TASK

~— DATE__4 /.28, 76

. [
: OEE""WVF“ efficient mea s cf storing and retrieving high volumes of

daty and maintaining file security for multidimensionai Jdata.

3. NEED ANALYSIS

a) LEVEL Now (4], wiLL BE LEVEL [4] UNDER EXISTING PLANS.

b) REQUIRED ADVANCEMENT ~ SHOULD BE TECHNOLOGY READY
AT LEVEL [5) FOR OPERATIONAL SYSTEM USE BY [pare. 1980 ]

¢) RISK IN ACHIEVING ADVANCEMENT:
HIGH (]  mepium (] Low [X]

d) CRITICALITY TO THE ACCOMPLISHMENTS:  ENABLING [X] OR
ENHANCING: HIGH[] meowum [0 wow [J

e) TASKS NEEDED: STUDY [{] ANALYSIS [{] RESEARCH [{]
GRDTEST ] AIRCRAFTTEST [[]  SPACE FLIGHT TEST [

OTHER (Specify) D (Check one or morf_l

f) R&T BASE CANDIDATE Yes 2

4 COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR
USE OF THIS TECHNOLOGY High speed random access mass storage devices.

5. SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO
ACCOMPLISH NEED

multidimensional data representation.

Methodologies to insure data file integrity and security within a multi-

Develop techniques for oryanizing/managing gi;_tgi_bg;ggjm_u_l-timode data
at both logical and physical level,




P .

SPACE TECHNOLOGY NEED FORM NO. |

PAGE 2 OF

TITLE Multi-dimensional Data Storage and Retrieval NO.2-8-11-10~-9~1/Ez

~ THEME /W.G. / TASK
lcchngﬂucs

- - DATE 4 /28/ 76

6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED
Determine characteristics of data representations of multi-dimensional

objects/scenes |
Design data base organizations to accommodate multi-dimensional data
files

Exercise these files utilizing storage and retrieval techniques

7. ALTERNATI'VE APPROACHEZ/OPTIONS

8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER)

9. TECHNOLOGY SCHEDULES
FY
SCHEDULE ITEM |76 (77]78|79|80 81| B82]83]84]85|66]87|86]89]90]91]92] 93] 94]95

TASK ITEM
Data characterdstilcs dends

File structureq 1

_Storage/retrieyal | = -

.- 4+ - 4 - - - -4 -_— R it =

]
1
|
!
T
/|
|
|

Demonstration | | = 1 —

MANPOWER (M-Y) 1
INHOUSE ___ il =
CONTRACT IO FER

FUNDING (108 $)
INHOUSE

\__CONTRACT LA3E3Lshii>]=




ENVIRONMENT iN THE LABOR ATORY
6 MODEL TESTED '~ AIRCRAFT ENVIRONMENT

] MODEL TESTED IN SPACE ENVIRONMENT

5 COMPONENT OR BREADBOARD TESTED & RELEVANT

1 BASIC PHENOMENA OBSEAVED AND REPORTED
2 THEORY FORMULATED TO DESCRIBE PHENOMERLA

3 THEORY TESTED BY PHYSICAL EXPERIMENT OR

MATHEMATICAL MODEL
4 PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED

LEVEL
OF STATE
OF ART

r
SPACE TECHNOLOGY NEED FORM NO. | W

PAGE1OF ___2 ___
M
TITLE High Volu © Data Buffering Techniques No. 9,11,10,1/E-4/2

1.
THEME /W.G. / TASK

% . - OATE. S PR J8 .

2 B'BFYde sof tware procedures for acceptance/processing of high volune
data utflizing buffering techniques

3. NEED ANALYSIS
a) LEVEL Now [3], wiLw BE LEVEL (3] UNDER EXISTING PLANS.
b} REQUIRED ADVANCEMENT ~ SHOULD BE TECHNOLOGY READY
AT LEVEL [5] FOR OPERATIONAL SYSTEM USE BY
¢) RISK IN ACHIEVING ADVANCEMENT:
HIGH []J meoium K]  tow []
d CRITICALITY TO THE ACCOMPLISHMENTS: ENABLING [_] OR
ENHANCING: HIGH[X] meoium [ wow [
¢) TASKS NEEDED: STUDY [X] ANALYSIS [X] RESEARCH [X]
GRD TEST (X] AIRCRAFTTEST [[]  SPACE FLIGHT TEST [ ]
OTHER (Specify) (] {Check one or more)

f) R&T BASE CANDIDATE Yes

4 COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR
USE OF THIS TECHNOLOGY High speed random access mass storage devices,

multiprocessor architecture, i

5 SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO

ACCOMPL.ISH NEED
Develop software techniques for da ta acceptance utilizing advanced

buffering techmques.

Determine methods nf high volume d.ml manipulat'lon to accompHsh high

speed data processing requirenents

Hierarchical storage systems,
Virtual storage management.




o w

SPACE TECHNOLOGY NEED FORM NO. |
PAGE 2 OF _2
TITLE Wigh Volume Data Buffering Techniques NO.4-10-11-1/E-4/2 |

THEME /W.G./ TASK

- DATE_4__/23/326
6. REGOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED

Research current software techniques utilized for data buffering

Determine specific needs or requirements for improved software data
buffering techniques

Develop methods/techniques to accomplish buffering of high volume data
rates

7. ALTERNATIVE APPROACHES/OPTIONS

B. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER)

S TECHNL.UGY SCHEDULES

FY
SCHEDULE ITEM 16 (77178179180 81|62|83)84|85]|66]|67|B8]89|90]91]92]93]94]95
TASK ITEM
Research = j
Tech. Inventc_'#y P 1 : s e B ek S
Defu of Potentigl ot _ T ‘1
ﬂppl,ic‘l?io’]sﬁ,‘,4 —— . - L*"* -4+ — -
Regmts Generatior | -
——————— e ——— e & & 4. TN T GRS - - -+ -+ 4+ 4+ - .
Dev. Meth § Tec1 ——
—— — ——————— e ”f - = b — } 4+ — 11
Test & Demo -
Al ER A RAT BB L RR S X .
Documentation -
MANPOWER (M-Y) T
INHOUSE ___ 212]12]1 R ELE
CONTRACT 3141413
FUNDING (10° §)
INHOUSE ,03],09.13, 02
\_ CONTRACT ISERT T
Total $—3|.2 .3].41.29 Runout=s1.2 M




ENVIRONMENT IN THE LABOR \TORY
6 MODEL TESTED !N AiRCRAFT ENVIRONMENT

S COMPONENT OR BREADBOARD TESTED IN RELEVANT
7 WODEL TESTED '~ SPACE ENVIRONMENT

3 THEORY TESTED BY PHYSICAL EXPERIMENT OR

MATHEMATICAL MODEL
4 PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED

1 BASIC PHENOMENA OBSERVED AND REFORTED

I THEORY FORMULATED TO DESCRIBE PHENOMENA

LEVEL
OF STATE
OF ART

SPACE TECHNOLOGY NEED FORM NO. |

PAGE 1 OF
1. TITLE Teleoperator support S/W Technology for NO.7.R.11,12/E-4/3
Materials Handling and Larqe Construction THEME /W.G. / TASK

pATE__4 /28,76

Develop S/W techn which wi rovide the effh.ient time,
: O&l cnv anentat oni operat?ooiyuse of te{eog (

erator _systems in th LT
const c fon of sg:ce structures (power station,manned stations, etc.) and

3. NEED ANALYSIS
o LEVEL NOW [, wiLL B LEVEL [¥] UNDER EXISTING PLANS.

b) REQUIRED ADVANCEMENT ~ SHOULD BE TECHNOLOGY READY
AT LEVEL [7] FOR OPERATIONAL SYSTEM USE BY [paTe: 1986
¢) RISK IN ACHIEVING ADVANCEMENT:

HIGH ]  mepium [X]  Low []

) CRITICALITY TO THE ACCOMPLISHMENTS:  ENABLING [_] OR
ENMANCING: HIGH (]  wmeoium [ ow [

e) TASKS NEEDED: STUDY [}] ANALYSIS [(] RESEARCH [(]
GRD TEST [X] AIRCRAFTTEST [J]  SPACE FLIGHT TEST [X]

OTHER (Specify) D {Check one or more)
f) R&T BASE CAI'DIDATE No

4 COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR
USE OF THIS TECHNOLOGY Development of new teleoperator hardware systems

and sensors (digital) to allow required mobility and flexibility in

space,

5. SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO

ACCOMPLISH NEED
The sof tware technology areas required are;

1. Interface technelogy - man/cmputer/machine or system,

2, New V/HOL or 0L Ianguages designed for effective fmplementatwn (minimig

canputer size, veight, response time requirenents). and to maximize

T e, T
3. Generalize-S/W-rentrol pregran for multiple, coordinated; simultaneous
__teleoperators. = SRR e




[ X
SPACE TECHNOLOGY NEED FORM NO. |
PAGE 20F _2

TITLE NO.7,8.11,12/E-4/3

leleoperator Support S/W Technology for
THEME / W.G. / TASK]

Materials Handling and 'arge Construction
DATE 4 / 28/ 76

6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED
Survey and study existing technology. Define new concepts required and

provide basic supporting research needed to support concepts. Develop
tools and processes and implement the concept, Test breadboard version

both in the ground environment and space environment

7. ALTERNAT'VE APPROACHESIOPT'ONS _P_I‘U\'idt‘ ll"lllo‘_l typo H)'ﬁtl"']s to

fulfill the objectives in Part 2.

8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER)
These are current activities that include basic ground

operations which are hazardoug, but nothing is planned ir the

area of major space construction

9. TECHNOLOGY SCHEDULES
FY
SCHEDULE ITEM Y76 (77]78|79]80]81]|82]83]84|85|86|87|88]89]90]91]92]93]94]95

TASK ITEM

Survey I 4
Concept Study = i J
Define Conceptd —

Dev., Tools &
Process Concept

Implement f .
cround Tests -
Modi fy { - .

b 4 -

-Spacc Tests § Tdi

MANPOWER (M-Y)

INHOUSE _ . Ra- __2 ol 21414)3) 58 3 - 5 : X2
CONTRACT 4lel s »lalal 6
FUNDING (108 §)
INHOUSE 2].5.5K2}.21}.2 -k -k
\__ CONTRACT 2 l3Lalo ke Lslsls 3




ENVIRONMENT IN THE LABORATORY
6 MODEL TESTED IN AIRCRAFT CNVIRONMENT

S COMPONENT OR BAEADBOARD TESTED !N RELEVANT
7 MODEL TESTED IN SPACE ENY IRONMENT

MATHEMATICAL MODEL
4 PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED

2. THEORY FORMULATED TO DESCRIBE PHENOMENA
1 THEORY TESTED BY PHYSICAL EXPERIMENT OR

1 BASIC PHENOMENA OBSERVED AND REPORTED

LEVEL
OF STATE

OF ART

rSPACE TECHNOLOGY MNEED FORM NO. |
PAGE 1 OF

1. TITLE Mission Planning and Scheduling Tools and NO.12-7-8-10-11/E-4/4

- PATRE . /2R 2.

5 oe,feche
0 develop concepts for Mission Planning and Scheduling techniques and

S/W tools compatible with the rapid/complex requirements of advanced

space missions.

3. NEED ANALYSIS
a) LEVEL NOw [2], wiLL BE LEVEL [3] UNDER EXISTING PLANS.

b) REQUIRED ADVANCEMENT —~ SHOULD BE TECHNOLOGY READY
AT LEVEL [a FOR OPERATIONAL SYSTEM USE BY |§ATE' 1981

c) RISK IN ACHIEVING ADVANCEMENT:

HIGH (]  mepium [X]  Low []

d) CRITICALITY TO THE ACCOMPLISHMENTS:  ENABLING [ ] OR
ENHANCING: HIGH ]  meoium (] row [

e) TASKS NEEDED: STUDY [x] ANALYSIS [] RESEARCH [
GRD TEST [X] AIRCRAFT TEST []  SPACE FLIGHT TEST [

OTHER (Specify) D (Check one or more)

f) R&T BASE CANDIDATE Probably not

4 COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR
USE OF THIS TECHNOLOGY Advanced algorithum implementation (faster

solutions) and improved interactive techniques.

5. SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO
ACCOMPLISH NEED

Develop the S/W tools capable of planning and scheduling the

resources and operations associated with advanced space missipns,
Also development and apply in problem oriented languages for
_programming (modifying) the S/W system, develop and apply
interactive techniques related to operating the system. More
specifically, as one part of the task, develop a flexible
S/W system to be used in the man vs _n!_ac_hi_ne trgde_—off studies

for performing mission planning functions.




SPACE TECHNOLOGY NEED FORM NO. | W
PAGE 20F _ 2

TITLE NO 12-7-8-10-11/E~-4

THEME /W.G. / TASK

Mission Planning and Scheduling Tools and

___Techniques

- DATE 4 /28/ 76

6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED
Determine inventory mission planning and scheduling requirements
for Advanced STS. Develop generic requircments for an initial

§/W tool (bench proaram) and use tool to assist in defining
technique and tool needs fo_r__pperations of Advanced STS.

Perform similar tasks for other types of mission planning and
scheduling software applications

7. ALTERNATIVE APPROACHES/OPTIONS (4) Much larger mission planning and
_scheduling force (5-10 time larger than now), (b) Much lower flight rate.

8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER)
_In-house effort related to a Shuttle STS tool (which will probably not be

_at the technological level required for Adv STS), S R0y

9. TECHNOLOGY SCHEDULES
FY
SCHEDULE ITEM |76 (77]|78|79|80|81|82|83]84|85]|86]|67|88]89]90]91]92]93]94]95

TASK ITEM
Opr. Concepts | - =+ : ; ~

Generic Regmts e e U5
System Concepts .
S - - 8 - - 1 " i
Bench Prog. B ) 5 ""[_ — N ) W -
Tech/Analysis

Recom. for Ops | _ | =

- - - 3 - 3 1+ - -+ ——¥ -4 -4 & —
Tools & Tech ; . E wilnd dosa
bbb il il A+£TL s {Todls F-.]r.d:lm.(un.t :

MANPOWER (M-Y)
INHOUSE __ 21212 11
CONTRACT 2l 4] 3
FUNDING (106 $)
INHOUSE _ .03.03.0
\_ CONTRACT 24 2

3
.21.30.24 Runout=>.75 M




ENVIRONMENT IN THE LABORATORY
6 MODEL TESTED IN AIRCRAFT ENVIRONMENT

S COMPONENT OR BREADBOARD TESTED IN RELEVANT
7. MODEL TESTED IN SPACE ENVIRONMENT

MATHEMATICAL MODEL
4 PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED

2. THEQORY FORMULATED TO DESCRIBE PHENCMENA
1 THEQORY TESTED BY PHYSICAL EXPERIMENT OR

1. BASIC PHENDMENA OBSERVED AND REPORTED

LEVEL
OF STATE
OF ART

FSPACE TECHNOLOGY NEED FORM NO. |

PAGE10OF_2
1. TITLE Autonomous Systems with NO. 10-7-8-9-12-11-1/E-4/4%

THEME /W.G. / TASK

___Artificial Intelligence

- DATE L _ /28, 76

2. OBJECTIV
B'!’o Jeveﬁop the software architecture required for the implementation

of autoncmous systems (e.g. robotics). -

3. NEED ANALYSIS
a) LEVEL NOW [Z], wiLL BE LEVEL [3) UNDER EXISTING PLANS.
b) REQUIRED ADVANCEMENT — SHOULD BE TECHNOLOGY READY
AT LEVEL [5] FOR OPERATIONAL SYSTEM USE BY [0ATr 1990 ]
¢) RISK IN ACHIEVING ADVANCEMENT:
HIGH [X] ™meoum ] wow ]
d)CRITICALITY TO THE ACCOMPLISHMENTS: ENABLING [N OR
ENHANCING: HIGH[]  meoium ] row [
e) TASKS NEEDED: STUDY [X] ANALYSIS [X] RESEARCH [X]
GRD TEST X] AIRCRAFT TEST [[]  SPACE FLIGHT TEST ]
OTHER (Specify) E] Computer simulation {Check one or more)

f) R&T BASE CANDIDATE Yes

4 COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR
USE OF THIS TECHNOLOGY Development of large (~10’ word) associative

memories and large scale array processing.

5. SPECIFY TECHNO. OGY ADVANCEMENT REQUIRED TO

ACCOMPLISH NEEL
Develop software techniques and architecture capable of providing:

e Natural language understanding

Plan synthesis

@
e Decision analysis and alternate strategy selection
e Interpretation and analysis of data from imaging, tactile, thermal

etc, sensors

» Fault-tolerant system operation




f )

SPACE TECHNOLOGY NEED FORM NO. |
PAGE 20F _ 2
F

TITLE  Autonomous Systems with Artificial Intelligence NO, 10-7-8-9-12-_.‘;1-145-4/5
R et e o) o THEME /W.G. / TASK

—  DATE 4 /2876

6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED
Select a"a,i,la,blﬁ natural language and basﬁiicﬂa‘ligorirttlms for

evaluation and criteria definition. Develop and proqressively
improve language. Develop initially basic algorithm and
progressively improve, Develop increasingly more complex
algorithms and integrate into complete system capability

7. ALTERNATIVE APPROACHES/OPTIONS  yNone defined.

8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER)
_Robotics Research Program RTOP & et
_Artificial Retina (New Initiative). Pattern Recognition (New Initiative

i SR B TR S T e T e e e e s STU S

" 0. TECHNOLOGY SCHEDULES
FY
scHEDULE ITEM |76 [77]78]79]s0] 81]82]83] 84]ss [ 86|87 ] s8] es]s0] 51 92 93] 9495

TASK ITEM
_A_ng!yzg Lang_.

Criteria for Lagg.
Algorithm & Lang.
Proto Demo

—

Incr. Capabilitjes

MANPOWER (M-Y)
INHOUSE ___
CONTRACT 418189 |94

FUNDING (106 §)
INHOUSE
\ CONTRACT L3l elel.slsl.3L 3. 1. 1.5




ENVIRONMENT IN THE LABORATORY
& MODEL TESTED !N AIRCRAFT ENVIRONMENT

] WMODEL TESTED 'N SPALE ENVIRONMENT

S COMPONENT OR BREADBOARD TESTED IN RELEVANT

MATHEMATICAL MODEL
4 PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED

1. THEORY FORMULATED TO DESCRIBE PHENOMENA
3 THEORY TESTED BY PHYSICAL EXPERIMENT DR

1. BASIC PHENOMENA DBSEAVED AND REPORTED

LEVEL
OF STATE
OF ART

SPACE TECHNOLOGY NEED FORM NO. |
PAGE 10F .28 .o

1.TITLE S/W Languages and Technology for Pattemn — NO.9:l1-10-1/E-4/6
_Recognition THEME /W.G. / TASK

A e . DATE_ 4,28, 76

2. OBJECTIVE
evelop theory and implementations for semantic perception and inter-

_pretation of patterns and objects in multi-dimensional dimensional

_feature space

3. NEED ANALYSIS

a) LEVEL Now [1], wiLL BE LEVEL (] UNDER EXISTING PLANS.

b) REQUIRED ADVANCEMENT ~ SHOULD "E TECHNOLOGY READY
AT LEVEL [5] FOR OPERATIONAL SYSTEM USE BY [paTe 1984

¢) RISK IN ACHIEVING ADVANCEMENT:
HIGH ] ™Meoium []  tow []

d)CRITICALITY TO THE ACCOMPLISHMENTS:  ENABLING [X] OR
ENHANCING: HIGH[]  meoium [J  row [

e) TASKS NEEDED: STUDY 5] ANALYSIS ] RESEARCH [
GRD TEST [x] AIRCRAFTTEST [X]  SPACE FLIGHT TEST [ ]
OTHER (Specify) [ (Check one or more)

f) R&T BASE CANDIDATE  Yes

4 COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR
USE OF THIS TECHNOLOGY Imaging sensors and systems, parallel/associa-

tive processors, holographic/optical transform,

5 SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO
ACCOMPLISH NEED
_Languages and data structures

_Semantic models of scenes

Adaptive learning algorithms

Pattern classifiers

Picture grammars SR s

Edge, shape and texture recognizers =
Associative processing SR —




a8 )

SPACE TECHNOLOGY NEED FORM NO. |
PAGE 2 OF _2
e Pattem Recognition and Computer Vision .  NO. 11, 9, 10/E-4/6

THEME /W.G. / TASK

—_— DATE 4 28/ 76

6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED
Software structure assumes availability of associative /array processing
hardware, Emphasis placed initially on developing basic algorithms which
extract simple features. These primitives will be basis for development

of capability to analyze increasingly complex images, Plan includes soligi-
ting support from universities.

8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER)
Robotics Research Program

_Artificial Retina System (New Initiative)

9. TECHNOLOGY SCHEDULES
FY
SCHEDULE ITEM |76 |77|78|79|80|81|82|83]84|85|86|87]|88]39)90]91]92] 93] 54]95

TASK ITEM

Basic algorithg * Bl ! Bl
~Evaluation _* S -
_I’rotutype Demo - . 4 s ol B T 39 =2 55
Complex ulgoriihn[L__ w ! aAn 7*_)4 l a i G ]
Selection of s

henjes v
- - —3 4 - -—-4} B S— A — W Nea—N
Development of |sy{ten | ; X8 k- ) |

m— 54—

MANPOWER (M-Y)

INHOUSE ___ 214141 4)4)4)2 4l =Ty
CONTRACT abtalala alalalol 1.1,

FUNDING (108 §)
INHOUSE a).2).5).3)3}3

k CONTRACT “4 c1.51.6 L6 "ﬁ




ENVIRONMENT IN THE LABOR A\TORY
& MODEL TESTED IN AIRCRAFT ENVIRONMENT

1 WMOOEL TESTED IN SPACE ENVIRONMENT

5 COMPONENT OR BREADSOARD TESTED IN RELEVANT

MATHEMATICAL MODEL
& PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED

2 THEORY FORMULATED TO DESCRIBE PHENOMENA

1 BASIC PHENOMENA DBSERVED AND REPURTED
3 THECRY TESTED BY PHYSICAL EXPERIMENT DR

LEVEL
OF STATE
OF ART

i )

{ SPACE TECHNOLOGY NEED FORM NO. |
PAGE10OF _2
V. TITLE _Automated Programming N A2-11-10-1/E-4/ 7

THEME /W.G. ITASK

DATE_4_ /.28/.16

2. OBJECTIVE
_Provide problem-statement languages and processors for direct transe

_formation from problem statement; to programs e ——

3. NEED ANALYSIS

a) LEVEL NOw [2), wiLL BE LEVEL [2] UNDER EXISTING PLANS.

b) REQUIRED ADVANCEMENT - SHOULD BE TECHNOLOGY READY
AT LEVEL (5] FOR OPERATIONAL SYSTEM USE BY [pATE.

¢) RISK IN ACHIEVING ADVANCEMENT:
HIGH [X] Meoium [  ow []

@) CRITICALITY TO THE ACCOMPLISHMENTS: ENABLING [ ] OR
ENHANCING: HIGH[]  Mmeoium ]  row [

e) TASKS NEEDED: STUDY Y] ANALYSIS [i] RESEARCH [X)
GROTEST (] AIRCRAFT TEST [[]  SPACE FLIGHT TEST [

OTHER (Specify) D (Check one or more)

f) R&T BASE CANDIDATE  Yes

4 COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR
USE OF THIS TECHNOLOGY _ Artificial intelligence, data and control
abst ractions

5 SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO
ACCOMPLISH NEED
~Semantic understanding models

Problem-oriented languages
Design and development of tmnslator(a)

Ambiguity and redundancy

.



SPACE TECHNOLOGY NEED FORM NO. |

PAGE 2 OF

TITLE  Automated P rogramming

NO,12-11-10-1/E-4/7
THEME /W.G. / TASK

6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED
Develop semantic models for computation structures,

Develop problem-oriented specification languages for promising candidate
classes of problems (e,g., BNF for string processing programs).
Develop heuristics and associated processors for autotranslators into

implementation source languages,

DATE 4 /28 / i

N
*‘

—

7. ALTERNATIVE APPROACHES/OPTIONS

8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER)

9. TECHNOLOGY SCHEDULES

FY
SCHEDULE ITEM 76 | 77]178|79|80) 81| B2|B3|84]|85)86]|687|88]89]90]91]92]93|94]95
TASK ITEM
Models
POLs e i m— = S e rwm e oo
: 53 —-------------&:
Processors : :
= - —v = - —
} ~4 = —] 4 — 1
MANPOWER (M-Y) Z
INHOUSE __ 11210 >
CONTRACT 4lalala
FUNDING (106 §) A1) >
INHOUSE
\__CONTRACT 3.31.31.3 2




ENVIRDNMENT IN THE LABODR ATORY
& WODEL TESTEC N AIRCRAFT cNVIRONBENT

7 WMODEL TESTED IN SPACE ENVIRONWENT

S COMPONENT O BREADBOARD TESTED oW RELEVANT

7 THEORY FOAMULATED TC DESCRIEE PHENOMENA

3 THEORY TESTED BY PHYSICAL EXPERIMENT CR

i BASIC PHENOMENA OBSERVED AND REPORTED

LEVEL
OF STATE
OF ART

i R

MATHEMAT'CAL MODEL
4 PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED

GPACE TECHNCLOGY NEED FORM NO. |

PAGEI1OF._ 2

L.TITLE System Security Software Technology..... NO r':mEME IWG. /T

R s Ay S e B Lyl ki S50 ———— OATE. S 138 78

2 OBJECTIVE
Develop software technology which will provide the capability to secure

computer controlled space systems e s e -

3. NEED ANALYSIS

) LEVEL Now (4], witL BE LEVEL [§] UNDER EXISTING PLANS.

b) REQUIRED ADVANCEMENT - SHOULD BE TECHNOLOGY READY
AT LEVEL [5] FOR OPERATIONAL SYSTEM USE BY [DATE 1990

¢) RISK IN ACHIEVING ADVANCEMENT:
HIGH []  meoium ]  Low [X]

dICRITICALITY TO THE ACCOMPLISHMENTS:  ENABLING [X] OR
ENHANCING: HIGH[  ™meoium [J ow [

e) TASKS NEEDED. STUDY (3] ANALYSIS [J] REseARrcH [
GRD TEST [X] AIRCRAFTTEST [}  SPACE FLIGHT TEST [ ]
CTHER (Specif@) D (Check one or more)

f) R&T BASE CANDIDATE Yes

4 COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR
USE OF THIS TECHNOLOGY  Security interfacing systems and controls

5 SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO

ACCOMPLISH NEED
The software technology areas required to achieve the objectives are:

1. Development of softwnrc and hnrdwdre urch To prov;de secunty and

~ limit access to lar;e systems opcrations, S/I'l
2. Development 'af a oporation systems security language 1mplcment

eft‘ective security codes .

Adapt the principles of source operatmg systems to preclude the un-

authorized use of space system.




=

\
SPACE TECHNOLOGY NEED FORM NO |
PAGE 20F _ 2
_ﬁ ﬂ
TITLE system Security Software Technology NO.Z=ll:l/k.

THEME / W.G. / TASK

R o , B BieAol DATE 4 /28 /76
6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED
Survey existing vechnology,

Define/identify specific areas of new research
and architecture, and large system operational security S/W.

Develop new
concepts where required,

Provide tools and processes required to duvelop

concepts into new S/W technology. JImplement new S/W and test on the ground,

7. ALTERNATIVE APPROACHES/OPTIONS

_Limited operation of large space
facility, maximum surveilance and manual security required

8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER)
None for Space (large facilities) environment

9. TECHNOLOGY SCHEDULES

FY
SCHEDULE ITEM 76 (77]78]79|80| B1) 82| 83| 84]85]|86]687]|B6])89|50]91]92) 93] 54]95
TASK ITEM
Research Survey - |
Define new reséarch = i
i technology

]
Research new ¢ ncjpt e B ] s

Provide tools § p

ocdss

Develop new tegh.

Implement -

Grd, tool & Mods _ . r

MANPOWER (M.Y) |

INHOUSE _ 2lalajajajalal]z q
CONTRACT alalslalslalals
FUNDING (106 §)
INHOUSE | | .32 |.2]).2].1 firide ol Rl el
\. CONTRACT ok 1NN 41.41.41.2




ENVIRDNMENT IN THE LABORATORY

6§ WODEL TESTED /N AIRCRAFT ENVIRONMENT
7 WMODEL TESTED N SPACE ENVIRONMENT

5 COMPONENT OR BREADBOARD TESTED IN RELEVANT

MATHEMATICAL MODEL
¢ PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED

1 BASIC PHENOMENA OBSERVED AND REPORTED
2 THEORY FORMULATED TO DESCRIBE PHENOMENA
3 THEORY TESTED BY PHYSICAL EXPERIMENT OR

LEVEL
OF STATE
OF ART

r'AC! TECHNOLOGY NEFD FORM NO. |
PAGE 1 OF _3

1. TITLE Software for Systems Integrity.Safety .  NO.12=11-8-10-7-9-1/E-4
Diagnostic Reliability, Fault Tolerance and THEME /W.G. / TASK
Redundancy DATE _4_ /.28/ 26

2. OBJECTIVE
JTechnelogy to format program and test software architecture and procedure

Lo maintain system integrity in the face of failure or data errar. .

3. NEED ANALYSIS
a) LEVEL Now [3], wiLe BE LEVEL (3] UNDER EXISTING PLANS.
b) REQUIRED ADVANCEMENT ~ SHOULD BE TECHNOLOGY READY
AT LEVEL [5] FOR OPERATIONAL SYSTEM USE BY [paTe. 82 |
¢) RISK IN ACHIEVING ADVANCEMENT:
HIGH []  meoium [x]  ow []
d) CRITICALITY TO THE ACCOMPLISHMENTS:  ENABLING [] OR
ENHANCING:  HIGH[X]  meoium [J row [
e) TASKS NEEDED: STUDY [y] ANALYSIS [{] RESEARCH []
GRDTEST [J AIRCRAFT TEST (§]  SPACE FLIGHT TEST [x]
OTHER (Specify) D {Check one or more)

f) R&T BASE CANDIDATE YES

4 COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR
USE OF THIS TECHNOLOGY _Smart sensors (parts), distributed computer

implementation theory and practice.

5 SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO
ACCOMPLISH NEED
_(a) Develop system architecture, format and program concepts (language
_procedural software) to incorporate the ~.ult tolerance and redundancy
inherent in the spacecraft design into fault isolation and detection )

procedures, (b) Develop failure decision and adaptive learning _t_hp_gtz__
_and program implementation to establish or se aboard failure lcv_cl_s )
consistent with information environment and system status, (L) Develop

executive logic technology to perform intelligent selection of spacegrafﬂ

operation and mission selection based upon status and success prob.xhlli-

ties, (d) Develop procedure to effectwcly assess the reli.:bihty trade-

off inherent in various implementation strategies and (e) D_eygl_qp
e theory for the quantitative measure of software redundancy, fault and J

(cont'd on page 3



r d

SPACE TECHNOLOGY NEED FORM NO. |
PAGE 2 OF é
TITLE  Software for system Integrity NOJ2-11-8-10-7-9-1/E4/;

L= I P — THEME / W.G. / TASK

—————  DATE__4/28/ 26
6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED
Petermine software capabilities needed to insure that total system integrity

can be maintained. Implement and verify the methods/algorithms required
to provide integrity capability.
Demonstrate, analyze, and appropriately modify the software capabiiities.

7. ALTERNATIVE APPROACHES/OPTIONS

8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER)
Related activity in Shuttle and aircraft techiology program,

9. TECHNOLOGY SCHEDULES
FY
SCHEDULE ITEM |76 {77{78]79|80] 81{82|83| 8485|8667 |88]89]90] 91}52] 93] 94]95

TASK ITEM

Determine
_Capabi lities
Methods/
Algorithms

E R - - + 4+ -4 — ¢ 3 R R 4+ ¥ B s = S

Demons traton

MANPOWER (M-Y)

INHOUSE __ LN RIR =% 4
CONTRACT 46 | 6] 2

FUNDING (108 §)
INHOUSE

\__CONTRACT .3]1.4,.4]1.3




rSPN:E TECHNOLOGY NEED FORM NO. |
PAGE 3 OF _3 ___ _

St B ) Ao A G e -
-

T TITLE Software for Systems Integrity-Safety
__Diagnostic Reliability, Fault Tolerance and

0. 12:1128210:7292) fE=d/9
THEME /W.G. / TASK

{ ) CONTINUATION (11 Neeced)

5
Elock No,
data_error tolerance and their application to effective total system

integrity principlec.




ENVIRONMENT IN THE LABORATORY
5 WODEL TESTED N AIRCRAFT ENVIRONMENT

] WMODEL TESTED IN SPACE ENVIRONMENT

5 COMPONENT OR BREADBOAN. TESTED IN RELEVANT

MATHEMATICAL MODEL
4 PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED

1. BASIC PHENOMENA OBSERVED AND REPORTED
& THEORY FORMULATED TO DESCRIBE PHENOMENA
3 THECRAY TESTED BY PHYSICAL EXPERIMENT OR

LEVEL
OF STATE
OF ART

s
SPACE TECHNOLOGY NEED FORM NO. |
PAGE 1 OF

1. TITLE Evolutionary Software NO. ll:.&ﬂ:l:.lﬂ:.ll._llﬁ:;#
THEME /W.G. / TASK

DATE_4_ /.28, 76

2. OBJECT
F Jevelop advanced concepts which will provide for evolutionary
_software within expanding computer Architectures— =

3. NEED ANALYSIS

a) LEVEL NOw [2], wiLL BE LEVEL [4) UNDER EXISTING PLANS.

b) REQUIRED ADVANCEMENT — SHOULD BE TECHNOLOGY READY
AT LEVEL [5) FOR OPERATIONAL SYSTEM USE BY [DATE. 1983 |

¢) RISK IN ACHIEVING ADVANCEMENT:
HIGH []  Meoium []  Low []

) CRITICALITY TO THE ACCOMPLISHMENTS:  ENABLING [X] OR
ENHANCING: HIGH [  meoium (] row [

e) TASKS NEEDED: STUDY [x] ANALYSIS [f] RESEARCH [
GRD TEST [X]  AIRCRAFTTEST (]  SPACE FLIGHT TEST [

OTHER (Specify) D (Check one or more)

f) R&T BASE CANDIDATE Yes

4 COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR
USE OF THIS TECHNOLOGY _ Advanced computer Architecture

5 SPECIFY TECHNCLOGY ADVANCEMENT REQUIRED TO

ACCOMPLISH NEED
Provide methods for desxgn/development of advanced operating systems to

perform h‘lthll‘l an expdndmg computer Architecture such as distributed

computer syatems

Determnc opcmtmg aystems/appligatmns software fum,tmns which could

Dcvelop techmqucs for 1mp1cment1ng/test1ng thehe featurcs Hardware/

Software Architecture trades.




r
SPACE TECHNOLOGY NEED FORM NO. | w

PAGE 2 OF &
TITLE  Evolutionary Software

NO11-9-8-7-10-1/E-4/10}
THEME / W.G. / TASK

et L) — DATE 4 / 28/ 76

6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED
Review current operating system and application software functions to

identify areas where potential growth capabilities could be incorporated.
Determine methods/techniques for implementing/testing these growth
capabilities.

‘Perform hardwa r_e/ $0f f_i;a re arfh_i Ee.é t_ ure “tra_ld_e's—fd_r: dézem_ i '-'I- 1_ ﬁg—;f?f c 1-e;!'tm‘ =

configuration for growth potential.

7. ALTERNATIVE APPROACHES/OPTIONS

8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER)

9. TECHNOLOGY SCHEDULES
EY
SCHEDULE ITEM |76 |77|78|79|80| 81|82 83)B4|85|86|87|88)|89)|90]91]92]93]94]95

TASK ITEM

el ’, - = e Sl 2 e R =1 ==

Review Functions

Methods/Techniquep | | P=t=t—t—T1—1—
H/W-S/W Trades el = o4
Demonstration

il

MANPOWER (M-Y)
INHOUSE 4 Tt
CONTRACT 33|54 (4

FUNDING (106 §)
INHOUSE
\ CONTRACT 212131313 |

\




ENVIRONMENT IN THE LABOR \TORY
& WMODEL TESTED !N AIRCRAFT INVIRONMENT

5 COMPONENT OR BREADBOARD TESTED IN RELEVANT
7 MODEL TESTED IN SPACE ENVIRONWENT

MATHEMATICAL MODEL
4 PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED

1 BASIC PHENOMENA OBSERVED AND REPORTED
2 THEORY FORMULATED TO DESCRISE PHENOMENA
1 THEORY TESTED BY PHYSICAL EXPERIMENT OR

LEVEL
OF STATE
OF ART

rSI’A(:E TECHNOLOGY NEED FORM NO. | W

PAGE 1 OF z_ . &

1. TITLE Operations Languages NO. 11=10-12-8-7-1/E=4 11
THEME / W.G. / TASK

—- - DATESL /3% 76

2. OBJECTIV
%t‘!vqlo_pila_ngggg_es and interpreters for effective expression and execution

of systems directives and procedures. —

3. NEED ANALYSIS
a) LEVEL NOW [2], wiLL BE LEVEL (4] UNDER EXISTING PLANS.

b) REQUIRED ADVANCEMENT ~ SHOULD BE TECHNOLOGY READY
AT LEVEL [5] FOR OPERATIONAL SYSTEM USE BY [pATE: 1981

¢) RISK IN ACHIEVING ADVANCEMENT:
HIGH (]  Meoium X]  Low []

d) CRITICALITY TO THE ACCOMPLISHMENTS: CNABLING D OR
ENHANCING: HIGH[y]  Mmeoium [ row [

e) TASKS NEEDED: STUDY [f] ANALYSIS [X] RESEARCH [
GROTEST [X] AIRCRAFTTEST (]  SPACE FLIGHT TEST [

OTHER (Specity) [] (Check one or more)
f) R&T BASE CANDIDATE Yes

4 COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR
USE OF THIS TECHNOLOGY Data and control abstractions. Human factor

for man/machine interface.

5 SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO

ACCOMPLISH NEED
Natural pseudolanguages

Semantic understanding models

Opé rations language implemé?t ations

Process communication and synchronization

Run-time environment models

Human factors related to languages




f_

P

SPACE TECHNOLOGY NEED

TITLE  Operations Languages

D
FORM NO. |
PAGE 2 OF

NO JE-4/11
THEME /W.G./ TASK
DATE 4 / 28/ 76

and pertinent language, data, control and systems theories.

6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED
Perform research on need for operations languages, human factors consideratiqns

Develop base languages for prototype implementations and comparative testing.
Provide guidelines and design support for dialect developments, including
ldnguage evaluation activities.

7. ALTERNATIVE APPROACHES/OPTIONS

b

8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER)
310-40-40, $50K

9. TECHNOLOGY SCHEDULES

¥V Initial products

FY
SCHEDULE ITEM |76|77]78]79]80] 81]82]83] 84|85 |86]87|88|8afo0]a1|92] 93] aa]as
TASK ITEM
Research -
} - 4
Language base 3 o
11—+ -
Dialects j | " S 3 ﬁ
| -
] 4 s . o
MANPOWER (M-Y) ot %
INHOUSE __ 11zja2jaje = 1 =3
CONTRACT 6 oo 6 >
FUNDING (109 §)
INHOUSE %
\_ CONTRACT 4]6l.6lala >




ENVIRONMENT IN THE LABORATORY
§ MODEL TESTED IN AIRCRAFT ENVIRONMENT

5 COMPONENT OR BREADBOARD TESTED IN RELEVANT
7 MODEL TESTED IN SPACE ENVIRONMENT

1 BASIC PHENOMENA DBSERVED AND REPURTED
2 THEORY FORMULATED TO DESCRIBE PHENOMENA

3 THEORY TESTED BY PHYSICAL EXPERIMENT OR

MATHEMATICAL MODEL
& PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED

LEVEL
OF STATE
OF ART

g~
SPACE TECHNOLOGY NEED FORM NO. | W
PAGE1OF _2 .

1. TITLE Intelligent Executive Programs NO. 12-11-9-10-1/E-4 12

THEME /W.G. / TASK

B < DATE 4__ /28/.26

2. OBJECTIVE
To_ &L@.@le_ develop and test executive programs capable of intepreting

plans and guidelines and executing operational sequences and data
_management functions to accomplish system operational goals.,

3. NEED ANALYSIS
a) LEVEL NOow [2], witt BE LEVEL [(9] UNDER EXISTING PLANS.
b) REQUIRED ADVANCEMENT ~ SHOULD BE TECHNOLOGY READY
AT LEVEL [5] FOR OPERATIONAL SYSTEM USE BY [pate. 1983 |
¢) RISK IN ACHIEVING ADVANCEMENT:
HIGH ]  ™Meoium []  Low [}
d) CRITICALITY TO THE ACCOMPLISHMENTS:  ENABLING [(] OR
ENHANCING: HIGH[X] Meoium [X] row [
e) TASKS NEEDED: STUDY [x] ANALYSIS [x] RESEARCH []
GRD TEST [X] AIRCRAFT TEST [[]  SPACE FLIGHT TEST [
OTHER (Specify) [ ] 7 (Check one or more)

f) R&T BASE CANDIDATE _ Yes =

4 COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR
USE OF THIS TECHNOLOGY

5 SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO
ACCOMPLISH NEED

plans and goals, Provide for flexible execution sequences such as table

driven command lists, as well as internal adaptive goal-oriented plan-
ning and execution. Provide inherent capabilities for the executive to

establish execution priorities based on mission goals/system capabilities}




~

I

SPACE TECHNOLOGY NEED

TITLE

Intelligent Executive Programs

FORM NO. |
PAGE 20F _2

DATE

support

THEME /W.

4 428 176

6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED
- ldentify systems requirements and research computer sciences discipline
capabilities.

- Design prototype executive for candidate mission class.

- Implement and evaluate prototype executive and supply guidelines and

for flight implementations.

—
NO, 12-11-9-10-1/E-

.

4/12]

4
TASK

7. ALTERNATIVE APPROACHES/OPTIONS

8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER)

FY

9. TECHNOLOGY SCHEDULES

SCHEDULE ITEM

16

n

8

19

80

82

83

84

85

86

87

88

89

90

92

93

94

95

TASK ITEM

Research
Design

Evaluation

MANPOWER (M-Y)
INHOUSE __
CONTRACT

FUNDING (106 §)
INHOUSE
\ CONTRACT

3




ENVIRONMENT IN THE LABORATORY

& MODEL TESTED IN AIRCRAFT ENVIRONMENT
7 MODEL TESTED iN SPACE ENVIRUNMERT

5 COMPONENT OM BREADBOARD TESTED IN RELEVANT

MATHEMATICAL MODEL

4 PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED

2 THEORY FORMULATED TO DESCRIBE PHENOMENA
3 THEORY TESTED BY PHYSICAL EXPERIMENT DR

1. BASIC PHENOMENA OBSEAVED AND REPORTED

LEVEL
OF STATE
OF ART

>
SPACE TECHNOLOGY NEED FORM NO. |
PAGE 1 OF

m
.TITLE Algorithm/Numerical Analysis Development ,n11-10-12-1/E-4 13

1 —
THEME /W.G. / TASK

DATE 428,76

» oPgeéi\Tvle“%p theoretical computation and implementation algorithms for
flight and ground S/W consistent with computer architecture require-
ments and constraints for advanced space missions.

3. NEED ANALYSIS
o) LEVEL NOW [2], wiLtL BE LEVEL [3] UNDER EXISTING PLANS.
b) REQUIRED ASVANCEMENT ~ SHOULD BE TECHNOLOGY READY
AT LEVEL [(j] FOR OPERATIONAL SYSTEM USE BY [paTe: 1990 |
¢! RISK IN ACHIEVING ADVANCEMENT:
HIGH []  mMeoium []  iow [x]
d) CRITICALITY TO THE ACCOMPLISHMENTS: ENABLING [X] OR
ENHANCING: HIGH[]  meoium [J  row [J
¢) TASKS NEEDED: STUDY [] ANALYSIS [x] RESEARCH [x]
GRDTEST ] AIRCRAFTTEST (]  SPACE FLIGHT TEST [
OTHER (Specify) [x] Computer Simulation (Check one or more)

f) R&T BASE CANDIDATE Yes

4 COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR
USE OF THIS TECHNOLOGY Compatible H/W (flight computers) common soft-

ware technology and library development

5. SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO
ACCOMPLISH NEED
Development of (a) linearized (or analytical) solutions for, for
example, advanced differential equations associated with spacecraft-

indeperdent navigation, guidance, structural, thermal, and
(b) efficient algorithm and library-quality routines for mission
planning, mission support, and data analysis, and (c) the development

of the implementation of algorithms which will satisfy computer
architecture requirements and constraints, such as solution speed,
limited memory and distributed architecture.




il =
SPACE TECHNOLOGY NEED FORM NO. |

PAGE 2 OF i
P e e e S S b e e e et |

TITLE  Algori thm/Numerical NO11-10-12-1/E-4/13
'' Y THEME / W.G. / TASK

Anaiysis/Development -

4/28/ 76

DATE
=

R, RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEELC
A Accelerate advanced math computation research u**lizing university and

support _contractor expertise.

Convert to basic algorithms for various

spacecraft and ground applications,

Recommend H/W factors.

B. Continuing development of efficient algorithins for general-purpose
_ground software.

7. ALTERNATIVE APPROACHES/OPTIONS

Continue at current pace and acceot limited cdpébllity. especially in i

advanced spacecraft S/W systems.

8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER)
None related to spacecraft application. One small RTOP at JSC related to

ground application (Advanced Dev 910 RTOP).

9. TECHNOLOGY SCHEDULES
FY

SCHEDULE ITEM

16

17

18

79

80

B1]82) 83|84 86|87 |88]85|90]91]92] 93] 9495

TAS
Gen.

_S/W-R

B.
A.

Techn.

ITEM
urpose Grg

es.& Anal
Inven.

s +—+4
Re .e fol
Mi
e

ire

ve Cy

'nted

Iechn.ﬂeqmts.
Math comp

S/C Appl Anal
Gnd Appl Anal
H/W Compat
Documentati-dn

bengat

ri

—y - -

ligLrithm
i1d

ol

'S .

idn-

o

es|co

it S

5 yeal

'
=
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ENVIRONMENT IN THE LABOR ATORY
6 MODEL TESTED IN AIRCRAFT ENVIRONMENT

7 MODEL TESTED IN SPACE ENVIRONMENT

5 COMPONENT OR BREADBOARD TESTED IN RELEVANT

MATHEMATICAL MODEL
4 PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED

1 BASIC PHENOMENA DBSERVED AND REPORTED
2. THEORY FORMULATED TO DESCRIBE PHENOMENA
1 THEORY TESTED BY PHYSICAL EXPERIMENT DR

LEVEL
OF STATE
OF ART

GACE TECHNOLOGY NEED FORM NO. |

PAGEV1OF 2_______
1. TITLE Programming Languages and Translators . NO. 10-11-12-1/E-4/14

"THEME / W.G. / TASK

DATE_4__ /28,_76

2. OBJECTIVE
velop effective, reliable languages for expressing program specifi-

_cations, design and implementation, nlus efficient translators,——

3. NEED ANALYSIS
a) LEVEL NOwW [4], wiLL BE LEVEL [4] UNDER EXISTING PLANS.

b) REQUIRED ADVANCEMENT — SHOULD BE TECHNOLOGY READY
AT LEVEL (5] FOR OPERATIONAL SYSTEM USE BY [DATE. jog) |

¢) RISK IN ACHIEVING ADVANCEMENT:
HIGH (]  meoium ] Low [y]

di CRITICALITY TO THE ACCOMPLISHMENTS: ENABLING [_] OR
ENHANCING: HIGH[K]  meoium (]  ow [

e) TASKS NEEDED: STUDY [X] ANALYSIS (] RESEARCH X1
GRDTESTK) AIRCRAFTTEST [[]  SPACE FLIGHT TEST [

OTHER (Specify) D {Check one or more)
f) R&T BASE CANDIDATE Yes

4 COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR
USE OF THIS TECHNOLOGY  Language theory development for related area

5 SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO
ACCOMPLISH NEED

__Requirements analysis and specification languages
—Deasign languages et AR e s e e SIS
Programming languages o= LT == e
Data and control abstractions = fdRe— e it S o T A




—~
SPACE TECHNOLOGY NEED FORM N*J. |

PAGE 20F 2
e e e e e e o e

TITLE PROGRAMMING LANGUAGES AND TRANSLATORS NolO-lT-l?-l/[-d/M

THEME /W.G. / TASK

DATE 4 ,28,76

6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED
Identify language areas and needs.

Develop requirements/specifications formalisms.

Define base design language consistent with modern programming methodologies.

Develop implementation lanquages together with efficient, portable compiler
writing systems.

7. ALTERNATIVE APPROACHES/OPTIONS

8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER)

9. TECHNOLOGY SCHEDULES
FY

SCHEDULE ITEM 76 (7778|7980 81)B82]|83|84|85]|686|87|688)]83[90]91]92] 93§ 94195

TASK ITEM
Lang. Areas

Reqts/Specs wleadae -
Design Lang. J 1

Impl. Langs. o e

MANPOWER (M-Y)
INHOUSE __
CONTRACT

FUNDING (106 §)
INHOUSE
\_CONTRACT
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5 COMPONENT OR BREADBOARD TESTED IN RELEVANT

ENVIRONMENT IN THE LABOR ATORY
& WODEL TESTED % AIRCAAFT ENVIRONMENT

7 WMODEL TESTED IN SPACE ENVIRONMENT

2 THEORY FORMULATED TO DESCRIBE PHENOMENA

3 THEORY TESTED BY PHYSICAL EXPERIMENT OR

1 BASIC PHENOMENA OBSERVED AND REPORTED
MATHEMATICAL MODEL

LEVEL
OF STATE
OF ART

A TRC

r_
SPACE TECHNOLOGY NEED FORM NO. |
PAGE10OF_2

1. TITLE Software Verification/Validation  __  NO.10-12-8-7-11-1/E-4 15
THEME /W.G. / TASK

Techniques ==l
S —ee  DATES_ /38,76
2.0 ECTIV‘
o develop methodologies/automated tools to accomplish software verifi-

_Cation/validation in less time and at a reduced cost

3. NEED ANALYSIS

a) LEVEL NOw [F], wiLL BE LEVEL [T] UNDER EXISTING PLANS,

b) REQUIRED ADVANCEMENT ~ SHOULD BE TECHNOLOGY READY
AT LEVEL (5] FOR OPERATIONAL SYSTEM USE BY [pATE. 1982 |

¢) RISK IN ACHIEVING ADVANCEMENT:
HIGH []  ™meoium [X]  Low []

d) CRITICALITY TO THE ACCOMPLISHMENTS: ENABLING [X] OR
ENHANCING: HIGH[]  meowum (] wow [

¢) TASKS NEEDED: STUDY [X) ANALYSIS [X] RESEARCH [y
GRD TEST [X] AIRCRAFTTEST [[]  SPACE FLIGHT TEST [_]

OTHER (Specify) D (Check one or more)

f) R&T BASE CANDIDATE Yes

4 COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR
USE OF THIS TECHNOLOGY Programming languages and translators

5 SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO
ACCOMPLISH NEED

_Provide automated and interactive tools for increasing confidence level

ment such as static and dynamic testing tools.

4 PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED
|
l
!
]
|
|
|
|
|
|
|
|
|
I
{
]
|

Methodology to insure traceability of software requirements through all
stages of development such as requirements/specification format .. .
_language(s). =, S et e ST

of software during the verification/validation stages of software develop-

L et

P



13 )

SPACE TECHNOLOGY NEED FORM NO. |
PAGE 2 OF _2
TITLE  SOFTWARE VERIFICATION/VALIDATION  NQO.10-12-8-7-11-1/E-4/ h5
__—__rii,t_:,mjlqucs, A SRR b THEME / W.G. / TASK

. s sl . - TR £ -2
6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED
1) Perform research in areas of software reliability, program correctness,
program_path tracing, etc.
é) Determine automated/interactive tools to implement the mosc promising
utracfng and testing methodoicaies.

3) Develop modular system for software specification, coding, and testing
to insure traceability of requirements.

7. ALTERNATIVE APPROACHES/OPTIONS

8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER)
910-28 Software Processes ) i i i

9. TECHNOLOGY SCHEDULES
FY
SCHEDULE ITEM 16 (77]78 79|80 | 81|82 B3184|85|86]|687)188]89)190]91)92] 93] 94]95

TASK ITEM
Reliab. Research i e

Tools(FORTRAN) -
Modular Sys.

(ForTRAN) | | 1 | ' W E
Tools (other HOL) L&k =4 ‘ ;
Modular Sys.(othef

HOL)

MANPOWER (M-Y) :
iINHOUSE ____ |1 ]! i
CONTRACT s s |5]slele

FUNDING (106 §)

INHOUSE _ | b
\__CONTRACT EEEREE




ENVIRONMENT N THE LABOR ATORY

& MODEL TESTED IN AIRCRAFT ENVIRONMENT
7 MODEL TESTED 1 SPACE ENVIRONMENT

5 COMPONENT OR BREADBOARD TESTED iN RELEVANT

MATHEMATICAL MODEL
4 PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED

2 THEORY FORMULATED TO DESCRISE PHENOMENA
3 THEQRY TESTED BY PHYSICAL EXPERIMENT DR

1 BASIC PHENOMENA OBSERVED 4i*D REPORTED

OF STATE
OF ART

LEVEL

r—
SPACE TECHNOLOGY NEED FORM NO. |
PAGE1OF _2

L.TITLE Efficient Emulation NO.

=1/E-4/16.
THEME /W.G. / TASK

DATE S /28, 76

e EtCOI"IYlEO, provide and apply, efficient emulation technology for flight

software development and for portability of ground software.

3. NEED ANALYSIS
a) LEVEL NOW [4], wiLL BE LEVEL [(4 UNDER EXISTING PLANS.
b) REQUIRED ADVANCEMENT ~ SHOULD BE TECHNOLOGY READY
AT LEVEL [5] FOR OPERATIONAL SYSTEM USE BY [pare. 1987 ]
c) RISK IN ACHIEVING ADVANCEMENT:
HIGH [[]  mepium [X]  wow ]
@) CRITICALITY TO THE ACCOMPLISHMENTS:  ENABLING [(] OR
ENHANCING: HIGH[]  meowum [ row [
e) TASKS NEEDED: STUDY [X] ANALYSIS [x] RESEARCH [Y]
GRD TEST [X] AIRCRAFTTEST (]  SPACE FLIGHT TEST [
OTHER (Specify) (] (Check one or more)

f) R&T BASE CANDIDATE YES

4 COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR
USE OF THIS TECHNOLOGY

5 SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO
ACCOMPLISH NEED
Use a variable architecture computer to efficiently provide rapid access

tn several computing environments within a single machine. Develop

methods of using this capability to provide:
1. A convenient, powerful development and testing environment for
flight software. 4 et SAIE R S

2, More efficient execution of specific languages or applications,

3. Increased portability of software from other installations.
Capability for performing software-first designs.




~ A

SPACE TECHNOLOGY NEED FORM NO. |
p F
L AGE 20F _2
TITLE EFFICIENT EMULATION NO. 12-11-10-1/E-4/16

Ik e L Wby SRR o s TN THEME /W.G. / TASK

Lt e BTN S, e S ) DATE 4 /28, 76

6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED
Study available techniques for _\_rariable-a_t'qh_it._ecture machine s/w development.

Develop methods of using variable-architecture capability for :
- Increased portability of software from other installations. =
- Environment for developing flight software.

- More efficient execution of specific lanquages/applications.
- Software-first design of data-processing functions/systems.

7. ALTERNATIVE APPROACHES/OPTIONS

8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTH R)
DOD & University research with variable-architecture machines. .

9, TECHNOLOGY SCHEDULES
FY
SCHEDULE ITEM |76 (7

TASK ITEM
Study/Ane]ysis
Procure machinei
Software PortabiHJ s
Fﬁ: S/N b'evaf}w :

______ ___+ I

118|79]80] 81]82] 83| 84|85 |86]87|88]89]90]91]92] 93] 94]0s

T

Il

|

Iﬂ
O
o
n.
—
-ﬁ
-
(2]
f_
|
3
&D
T"‘
x
i

——— — —

Software fi_rst_ 5 B e A ] 7 | o | l i o5 _3
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ENVIRONMENT IN THE LABOR ATORY

6 MODEL TESTED IN AIRCRAFT ENVIRONMENT
7 WMODEL TESTED IN SPACE ENVIRONMENT

5 COMPONENT OR BREADBOARD TESTED IN RELEVANT

e ]
SPACE TECHNOLOGY NEED FORM NO. |

PAGE1OF 2
_o%
1. TITLE Software Simulation Technology NO. 12-10-11-1/E-4/17

THEME / W.G. / TASK

A DATE_4__ /28, 76

2. OBJECTIVE

_Develop S/W technology to provide improved simulation-software

techniques L LEN

3. NEED ANALYSIS
a LEVEL NOW [2], wiLL BE LEVEL [2] UNDER EXISTING PLANS.

b) KEQUIRED ADVANCEMENT - SHOULD BE TECHNOLOGY READY
AT LEVEL (5] FOR OPERATIONAL SYSTEM USE BY [pATE. 1983 |

¢) RISK IN ACHIEVING ADVANCEMENT:
HIGH ]  ™mepium [X]  tow ]

d) CRITICALITY TO THE ACCOMPLISHMFNTS:  ENABLING [] OR
ENHANCING: HIGH [y]  meoium [ ow [

e) TASKS NEEDED: STUDY (] ANALYSIS [J] RESEARCH [Y]
GRD TEST X] AIR CRAFTTEST [[]  SPACE FLIGHT TEST [y

OTHER (Specify) D (Check one or more)
f) R&T BASE CANDIDATE __'eS

4 COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR
USE OF THIS TECHNOLOGY

MATHEMATICAL MODEL
4 PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED

1 BASIC PHENOMENA OBSERVED AND REPORTED
2. THEORY FORMULATED TO DESCRIBE PHENGMENA
3 THEORY TESTED BY PHYSICAL EXPERIMENT OR

LEVEL
OF STATE
OF ART

5 SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO
ACCOMPLISH NEED
__Software technology (Architecture, languages, automation, interface,

etc,) is required to aid the following simulation functional areas;
(1) the determination of the simulated system functions, (2) conversion
of simulated system functions into S/W formulation requirements and S/W

specs., (3) correction of simulation S/W-code, architecture, etc., (4)

checkout of simulation software.




~ A

SPACE TECHNOLOGY NEED FORM NO. |
PAGE 2 OF
TITLE SIMULATION SOFTWARE TECHNOLOGY NO. 12-10-11-1/€-4/17

THEME / W.G. / TASK

« . _— DATE 4,28/ 76

6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED
Develop and/or improve s/w technology to minimize the human element used in
providing simulation s/w. This is accomplished by 1) surveying existing

technology, 2) determining technology limits, 3) developing new concepts to
base new technology on, 4) development of tools required to support new
technology development, 5) implement, test, and modify new concepts and
technology.

7. ALTERNATIVE APPROACHES/OPTIONS Live with general industry advances
in the simulation area

8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER)

There are activities in this area, but not as extensive or specific as the
objectives given in parts 2 and 5.

9. TECHNOLOGY SCHEDULES
FY
SCHEDULE ITEM |76 [77]78{i9|80| 81| 82]B83|84]|85)86)87|88]89|90f91]92]93]94]95

TASK ITEM
Survey

Tech. Limits =
New Concepts =
_Tools/process ' i
Implemeﬁt rer » = aESE T-——
Test P ET B g |
Modify . Y - . VAR = =3

MANPOWER (M-Y)

INHOUSE __ LIS (3 C3 C3 G L A e

CONTRACT 4 16 |6 |6 3 1 ]
FUNDING (108 §) dalalas

INWOUSE ____ | | | : LEERY 3 S 0815 K 00
\_ CONTRACT 21.31.3].3].3].2 i




ENVIRONMENT I% THE LABOR ATORY
E MODEL TESTED IN AIRCRAFT ENVIRONMENT

5 COMPONENT OR BREADoJARD TESTED IN RELEVANT
7 WMODEL TESTED N SPACE ENVIRONMENT

2 THEORY FORMULATED TO DESCRIBE PHENOMENA
3 THEORY TESTED BY PHYSICAL EXPERIMENT OR
& PERATINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED

1 BASIC PHENOMENA OBSERVED AND REPORTED
MATHEMATICAL MODEL

LEVEL
OF STATE
OF ART

SPACE TECHNOLOGY NEED FORM NO. | W
PAGE 1 OF

L. TITLE Programming Methodology . NO. 10-11-12-9-1/E-4/18
THEME /W.G./ TASK

—e——————  DATE_ L /3876

v
& o%‘E uT.c software development and life cycle costs with a coordinated
system of human work methods and computer support tools based on modern

programming principles

3. NEED ANALYSIS
a) LEVEL NOw [2], wiLL BE LEVEL (5] UNDER EXISTING PLANS.

b) REQUIRED ADVANCEMENT — SHOULD BE TECHNOLOGY READY
AT LEVEL [5] FOR OPERATIONAL SYSTEM USE BY [DATE. 1983
¢) RISK IN ACHIEVING ADVANCEMENT:

HIGH []  Mepium [X]  Low []
¢ CRITICALITY TO THE ACCOMPLISHMENTS:  ENABLING [_] OR
ENHANCING: HIGH [  Meoium [ row [

e) TASKS NEEDED: STUDY [x] ANALYSIS [x] RESEARCH [
GRDTEST ] AIRCRAFTTEST [(]  SPACE FLIGHT TEST [

OTHER (Specity) D (Check one or more)
f) R&T BASE CANDIDATE g 20

4 COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR
USE OF THIS TECHNOLOGY

5 SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO

ACCOMPLISH NEED
Develop and integrate a system of human work methods and supporting

computer tools that will focus the human effort in software development
and m:miigt‘illcni—t-;li the uniquely human functions of creative problem sioiving
and evaluation of design choices. Base the system on modern programming
tc..hmqun.'-_’?yih_:l‘_._::trun.turcd programming, specification and progry . design
languages, abstract data representations, etc., and on the common princi-
ples underlying them. Make the system easily usable for both journeyman
and expert software developers. Use pilot applications to prove out and

_dcmgggzzgg}hgﬂitwcln._upg to provide the basis for educating users.

Provide methods for evaluation of program cost elements,

\. J

e ——— ——————



~

SPACE TECHNOLOGY NEED FORM NO. |
PAGE 20F _2
[P———e— e
TITLE _ PROGRAMMING METHODOLOGY no. 10-11-12-9-1/E-4/18

THEME /W.G. / TASK

—_—  ——— DATE & /28/728

6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED

NASA-wide development with major work at 3 centers plus series of NASA-wide
symposium Incorporate appropriate non-NASA R&T and products. Evaluate

current state of-the-art; define system requirements; design system. deve1gp
or 1ncorporate human methods. tools, languages processors; pﬂot appHcations
for proof and demonstration educate users.

7. ALTERNATIVE APPROACHES/OPTIONS

8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER)

Developments of specific methods and tools, e.q., requirements and spncifi-
cation languages.
9. TECHNOLOGY SCHEDULES
FY
SCHEDULE ITEM 76 |77]78|79]80| 81|82|83]84|85]|86]|87|88]89|90]91]92]93]94]95
TASK ITEM Liate = I
Evaluate of-ar-, , z o S S
Requ1rements - . J

Sysftem Design 1
Methodology :

o S0 " B 14 1

Processors/Tool i =S
Pilot Applications I # % 2 )
Education gﬁUsis - = 1 'j;ﬂ_q,
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ENVIRONMENT IN THE LABOR \TORY
& WODEL TESTED % AIRCRAFT (NVIRONMENT

5 COMPONENT DR BREADBOARD TESTED N RELEVANT
7 MODEL TESTED IN SPACE ENVIRONMENT

MATHEMATICAL MODEL
4 PERTINENT FUNCTION OR CHARACTERISTI(. DEMONSTRATED

2 THEORY FORMULATED TO DESCRIBE PHENOMENA
3 THEORY TESTED BY PHYSICAL EXPERIMENT OR

1 BASIC PHENOMENA OBSERVED AND REPORTED

LEVEL
OF STATE
OF ART

rSI'A(:E TECHNOLOGY NEED FORM NO. |
PAGE 1 OF 2‘-__...

1. TITLE Software Commonality . - NO. 11-10-12-9-1/E-4/19
THEME /W.G. / TASK

e DATE 4 /2B 26

2. OBJEC
B'|! leve E)op improved technology for shareable software

3. NEED ANALYSIS
a) LEVEL NOW [2], wiLL BE LEVEL [4] UNDER EXISTING PLANS.
b) REQUIRED ADVANCEMENT ~ SHOULD BE TECHNOLOGY READY
AT LEVEL (5] FOR OPERATIONAL SYSTEM USE BY [pate. 1982
ci RISK IN ACHIEVING ADVANCEMENT:
HIGH []  meoium O]  Low [x]
¢ CRITICALITY TO THE ACCOMPLISHMENTS:  ENABLING [(] OR
ENHANCING: HIGH[X]  meoium [x]  wow [
e) TASKS NEEDED: STUDY [{] ANALYSIS [x] RESEARCH [X]
GRD TEST [X] AIRCRAFTTEST [ ]  SPACE FLIGHT TEST [
OTHER (Specify) D {Check one or more)

f) R&T BASE CANDIDATE Yes

4 COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR
USE OF THIS TECHNOLOGY  Programming language standardization

5. SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO
ACCOMPLISH NEED
Provide means by which software can be implemented and shared between
computer systems for performing common functions. PEREPREPE 8L

Design portability.

High order language standardization,

Common software library generation/access techniques.

Documentation/distribution/configuration control of common software _
library programs,

2 AL S




(_
SPACE TECHNOLOGY NEED FORM NO. | w

PAGE 20F 2
e e _
TITLE _ SOFTWARE COMMONALITY . NO.N-10-12-9-1/E-4/19.

i T e (e THEME /W.G. / TASK

—————— DATE 4 , 28,76

6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED
1) Implement HOL standardization procedures within NASA and in coordination

~ with other agencies.
2) Develop software portability and concepts and create the structure for
their implementation. _
3) Implement common software library program, define procedures, and

initiate library.

7. ALTERNATIVE APPROACHES/OPTIONS No options “or development of concepts,
1@913mqqgaq{9n trades between in-house, contractor, tasks.

8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, CTHER)

9. TECHNOLOGY SCHEDULES
FY
SCHEDULE ITEM |76 |77|78|79|80| 81| 82| 83|84 |85|86|87|86]89) 90| 91]92] 93] 94195

TASK ITEM

HOL Standards -k}

S/W Portability o e
Library Dev. 1 3= - il (G

_— _— - — -4 - -4 -4 KB E - u —

MANPOWER (M-Y)

INHOUSE __ Tjajapani-1-1-1- 1.4k N el BN o
CONTRACT s 1717171 T-1-1-1-

FUNDING (108 §) il T
INHOUSE

\__CONTRACT .2].51.50.5].20- ¢- |- |-
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