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FOREWORD 

The following briefing charts have been supplemented with 
post-forum comments to both emphasize and clarify some of the key 
points ,, 

PRESENTATION TOPICS 

O MANIkGEMENT BRIEFING AND PANEL OBJECTIVES 

0 LARGE SOFTWARE SYSTEM MANAGEMENT ISSUES 

O NASA-DEFINED MANAGEMENT ISSUES AND SOLUTIONS 

0 INITIAL REACTION TO NASA PROPOSALS 

O ADDIITIONAL SOFTWARE MANAGEMENT ISSUES 

0 SUMMARY VIEWS OF NASA SOFTWARE MANAGEMENT ISSUES 

O INITIAL RECOMMENDATIONS 

The presentation topics shown here are intended to provide a 
sequence of discussion which sets the stage for the subsequent 
open and closed panel sessions on software management issues. 
The purpose of these sessions is to provide an objective 
industry-oriented critique of NASA-defined management issues 
contained in both reference 1 and the "Preliminary Space 
Station Level A/B Software Management Plan.'' 



MANAGEMENT BRIEFING OBJECTIVES 

O SUMMARY ASSESSMENT OF "SPACE STATION SOFTWARE ISSUES" RE.POR$ 

O CRITIQUE OF ISSUES AND PROPOSED SOLUTIONS 

O ADDITIONAL SIGNIFICANT ISSUES THAT NASA SHOULD CONSIDER 

O RELEVANCE OF ISSUES TO CURRENT R&D IN INDUSTRY AND ACADEIMIA 

O OPENING BRIEFING AND NASA REPORT FORM BASIS FOR DISCUSSION IN 

FIRST CLOSED PANEL SESSION 

The objectives shown here are intended to provide a basis f o r  
initial management panel discussions. During that discussion, 
the other panel members will add to or revise the issues 
contained in this briefing in order to present a comprehensive 
set of issues to the open session attendees for their respomse, 

MANAGEMENT PANEL OBJECTIVES 

O SUMMARIZE AND SUPPLEMENT NASA-DEFINED MANAGEMENT ISSUES 

O PROVIDE INDUSTRY REACTION TO PLANNED POLICIES AND APPROACH 

- REASONABLE? 

- LIKELY TO WORK? 

- ACHIEVE GOAL OF MINIMIZING S O F T M E  

OWERSRIP COST? 

O CRITIQUE PLAN OF SOFTWARE DEVELOPMENT AND MANAGEMENT STRi1,TEGY 

- STRENGTHS? 

- WEAKNESSES? 

- DISAGREEMENTS? 

O RELEVANCE OF ISSUES TO CURRENT R&D EFFORTS 

- INDUSTRY? 

- ACADEMIA? 

- GOVERNMENT? 



The industry reaction to NASA plans is extremely important 
in helping to identify the relevance of their proposed 
activities to similar steps beinq taken elsewhere, e.g., 
industry organizations such as the MCC in Austin, Texas, and 
the newly proposed Software Productivity Consortium, as 
well as the Department of Defense software initiatives of Ada, 
STmS and the Software Engineering Institute, Since NASA has 
international partners, the U.KQ1s Alvey program, the EEC's 
ESPRIT program, and the Japanese fifth generation computer 
project also have relevance to Space Station software technology, 
This is particularly important with regard to the management of 
new technology transition, or insertion, into Space Station 
during its formative years, 

LARGE SOFTWARE SYSTEM MANAGEMENT ISSUES 

- MUST SOLVE COMPLEX PROBLEMS 

- REQUIRES COOPERATIVE LABOR 

- SOLUTIONS OFTEN COUNTERINTUITIVE 

- RIGID DEVELOPMENT AND SUPPORT PROCESSES 

- EXPENSIVE PRODUCTION AND SUPPORT 

- HIGH RISK 

HENCE 

I LARGE SYSTEMS ARE I 
I I 
I VERY DIFFICULTTO MANAGE I 

Space Station is an extremely complex and large undertaking, It 
will contain subsystems containing large to super-large software 
components that must be integrated in a logical manner, Since 
the total arehiteetual design is beyond any single human's 
comprehension, these typical large system problems will be 
encountered by NASA management, The job will be very difficult 
and should be recognized at the outset, 



LARGE SOFTWARE SYSTEM MANAGEMENT ISSUES 

(CONTINUED) 

- CONTINUING REQUIREMENTS CHANGES 

- UNEXPECTED GROWTH IN CODE SIZE 

- DOCUMENTATION OVERLOADS 

- HIGH TRAVEL COSTS (BOTH DOLLARS AND TIME) 

- INTEGRATION AND TEST OVERLOADS 

- UNEXPECTEDLY HIGH ERROR RATES 

- POOR HUMAN FACTORS 

- SCHEDULES OUTSIDE OF PROJECT CONTROL 

- DELIVERY MUCH LATER THAN REQUIRED 

- UNSUPPORTED, UNTRAINED SUSTAINING ENGINEERING 
PERSONNEL 

- LOW MORALE AND HIGH TURNOVER 

NASA management can expect to encounter most if not all of the 
problems shown on this list, By anticipating such problems, NASA 
will be better equipped to satisfactorily identify their early 
symptoms, deal with them in an orderly way (perhaps through the 
exercise of contingency plans), and prevent any software crisis 
from disrupting the program. 



LARGE SOFTWARE SYSTEM MANAGEMENT ISSUES 

(CONTINUED) 

0 PRODlJCT MANAGER (S) 

- RESPONSIBILITY 

- AUTHORITY 

- EXPLICIT DELIVERABLES 

0 TOP MANAGEMENT COMMITMENT TO PROCESS 

- IMPLEMENT 

- USE 

- ENFORCE 

0 PRODUCT MANAGEMENT PROCESS INTEGRATION 

- HARDWARE 

- SOFTWARE 

- SYSTEMS 

0 FLEXIIBILITY IN STANDARDS APPLICATION 

- LARGE VERSUS SMALL PROJECTS 

- NEW VERSUS ENHANCED PROJECTS 

- MULTI-SITE, MULTI-CONTRACTOR DEVELOPMENT 

- DIFFERENT PRODUCT TYPES 

-- SOFTWARE ONLY 

The most important of the "important considerations" shown here 
is the product orientation. By product I mean platforms, 
modules, maneuvering vehicles, and so forth that are dependent 
upon highly reliable, fault tolerant, adaptable software systems, 
Furthermore, since Space Station is composed of a collection of 
fully irktegrated hardware/software/human systems, NASA cannot 
a~tificially separate software from such systems except where it 
makes sense. 



NASA DEFINED MANAGEMENT ISSUES 

0 SOFTWARE MANAGEMENT PLANNING 

- SOFTWAR'E MANAGEMENT PLAN 

- IMPLEMENTATION BY NASA AND CONTRACTORS 

- UPPER MANAGEMENT EDUCATION 

- TRAINING AT ALL LEVELS 

0 INDEPENDENT VERIFICATION AND VALIDATION 

- WHERE SHOULD IV&V BE uSGD? 
- HOW SHOUbD IT BE MECHANIZED? 

- RELATIONSHIP TO SOFTWARE DEVELOPMENT 
ENVIRONMENT 

0 QUALITY ASSURANCE AND CONFIGURATION MANAGEMENT 

- ROLE OF QUALITY ASSURANCE ORGANIZATIONS 

- TRAINING AND PREPARATION 

- LEVEL OF REQUIRED CONFIGURATION CONTROL 

- DEGREE OF NASA INVOLVEMENT 

0 AVOIDING MAJOR SOFTWARE PROBLEMS 

- RISK AVOIDANCE 

- RISK CONTAINMENT 

The issues defined here are what I considered the major topics 
contained in the NASA planning documents. Many other issues were 
defined as well. 



NASA PROPOSED SOLUTIONS 

0 THR.EE-LEVEL MANAGEMENT STRUCTURE WITH ELABORATE PLANNING 
SYSTEM 

O NWSJA SOFTWARE LIFE CYCLE FRAMEWORK 

0 HEA'VY EMPHASIS ON INDEPENDENT VERIFICATION AND VALIDATION OF 
SOFTWARE ( IV&V) 

0 STRINGENT CONFIGURATION CONTROL SYSTEM 

O MAS,&-SPONSORED MANAGEMENT TOOLS AND PRACTICES DATABASE 

These are the key proposals contained in the draft management 
plan, 

The next five figures have been extracted from the NASA draft 
management plan and illustrate the detailed thinking that has 
gone into the planning process. 



This figure and the one on the following page show a three-level 
management structure, from policy naking to software acquisition 
management. A question arises with respect to how clear lines of 
authority and responsibility will be implemented within the very 
complex office structures proposed for the program. What is line 
and what is staff? Who has authority in addition to responsibility? 

LEVEL A: PROGRAM DIRECTION 
5 PROGRAM POLfCY REQUIREMENTS 

SCHEDULE-BUDGET GUIDELINES 
EXTERNAL: POLICY AND AGREEMENTS WITH DOD. 
OSTP, CONGRESS, INTERNATIONAL 

5 NASA-AA INTERFACE AGREEMENTS 
a COMMERCIAL USER INTERFACE AGREEMENTS 

LEVEL B: PROGRAM MANAGEMENT 
SEW ACTlVlTlES 

INTERFACE INTEGRATION 
DEVELOPMENWTECHNOLOGY 

LEVEL C: PROJECT MANAGEMENT 
MANAGES ELEMENT SEbI 
ANALYZESIINCORPORATES USER REQUIREMENTS INTO ELEMENTS 
DEFINES. DEVELOPS, INTEGRATES SYSTEMS ELEMENTS 

a IMPLEMENTS ADVANCED DEVELOPMENT/TECHNOLOGY PROJECTS 
5 PREPARE PROJECT BUDGET. SCHEDULE. AND DOCUMENTATIOM 

Space Station Program organization structure 
and hierarchy 



OFFlCE OF TI-IE 
PROGRAM MANAGER 

I------- 
[ PROCUREMENT 

INTERNATIONAL 

& LEGAL 
& EXTERNAL 

I AFFAIRS OFFICE 

SYSTEM 

+ 

SELl OlFFlCE MANAGEMENT 

LEVEL B 
SOFTWARE MGRI. 

L e v e l  B Space  S t a t i o n  Program 
O f f i c e  s t r u c t u r e  



Space Station Program Software Life Cycle Phase 

The life cycle is very important to NASA for many reasons. 
However, I question the starting point for software in the 
Desiqn Phase. I recommend that software activities be in- 
cluded as early as the Preliminary Requirements Review phase, 

SYSTEM DEVELOPMENT 
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PLANNING 
S/W MANAGEMENT PLAN B R 

1 R 
S/W DEVELOPMENT PLAN B R R 
CONFIG MGMT PLAN B R 
SE & I PLAN B R 
INTERFACE CTL PLAN B R 
SRM & QA PLAN B R 
V & V PLAN B R R 
I V & V PLAN B R R 
FACILITY PLAN B R 
ADP ACQUISITION PLAN B R R 
S/W STANDARDS B R 
REQUIREMENTS LA-A z. - 
S/W CONCEPT DOC B R 
S/W REQUIREMENTS SPEC B D R 
ICD'S B R 

DESIGN 
S/W DESIGN DOC B B R D R 
PROCUREMENT DOC . ?  , . B R 
SUSTAINING ENG. PLAN B R R 
CODE B R D R 
TESTING 
S/W TEST PLAN B R R 
S/W TEST REQUIREMENTS B R 
TRACEABILITY DOC B R R R R D R 
OPERATIONS 
USER'S GUIDE B R D R 
OPERATIONS MANUALS B D R 
VERSION DESCRIPTION DOC B D R 
PROGRAMMER'S HANDBOOK B R D R 
S/W TEST PROCS B R D R 
ACCEPTANCE TEST PROCS. R R R 
REPORTS 
SOFTWARE REVIEW REPORTS X X X X X X X X 
S/W TEST REPORTS X X X X 
SRM 6 QA REPORTS X X X X X X 
CR'S X X X X X X X X 
LESSONS LEARNED X X X X X X X X 
ACCEPT. TEST REPORTS 

:1 

X X X 
* 1 

B: BASELINE X: REPORT MILESTONE 
R: REVISED D: DELIVERABLE 

3 

Software Life Cycle Documentation Matrix 



INITIAL REACTION TO NASA PROPOSAL 

O NASA MANAGEMENT APPROACH EMPHASIZES PANELS, COMMITTEES AND 
AN ELABORATE SYSTEM OF PLANS 

O TOO MUCH FAITH IN PLANS ( NOT PAPER GET THINGS DONE) 

0 WHA'T NEEDS TO BE ADDED: 

- ASSIGN RESPONSIBILITY FOR 

- MAKE PEOPLE FOR THEIR DELIVERABLES 

- INSTALL A SOFTWARE TO KEEP TRACK 
OF THEIR PROGRESS 

- ASSIGN RESPONSIBILITIES FOR TAKING POSITIVE 

- MANAGE THE RESPONSIBLE 

My initial reaction to NASAss planning approach is that they have 
spent considerable time defining their problems. Furthermore, 
they have proposed to solve these problems through an elaborate 
system of plans to be implemented by a complex of offices, panels 
and committees. My visceral reaction to this approach is that 
there mnight be an overemphasis on "paper" and not enough on 
"people," By this I mean the list of items above under "what 
needs to be added," 

Of most importance is identifying specific people to carry out 
Space Station software acquisition/development and support 
responsibilities and giving them the resources and necessary 
authority to carry out their jobs effectively. 

In addition, these people must be managed to include the 
installation and use of an accounting system so that problems 
(and successes) can be quickly identified and corrective actions 
expeditiously initiated whenever and wherever needed. 

The fundamental point is that, although the planning effort so 
far looks good on the surface due to the great attention to 
detail in organization and documentation, the ultimate key to 
success will Pie in NASA's effective use of people. 



INITIAL REACTION TO NASA PROPOSAL 

(CONTINUED) 

0 PROPOSED NASA SOFTWARE LIFE CYCLE FRAMEWORK IS ESSENTIAL 

- FORCES CONSCIOUS DECISION MAKING 

- INTEGRATES/INTERRLATES FUNCTIONS (SOFTWARE 
DEVELOPMENT, HARDWARE ENGINEERING, BUDGETIE(IGI 
SUPPORT, etc . ) 

- IMPROVES PREDICTABILITY 

- HELPS QUANTIFY RISKS 

-- SCHEDULES 

-- DEPENDENCIES OR EXPOSURES 

-- TECHNOLOGY NEEDS 

- BETTER CONTROL OF EXTERNAL COMMITMENTS 

The NASA software life cycle framework as proposed in the draft 
management plan is excellent and essential due to the points 
outlined here. 



INITIAL REACTION TO NASA PROPOSAL 

(CONTINUED) 

0 NASA EMPHASIS ON IV&V GOOD BUT STARTS TOO LATE IN THE LIFE 
CUCtLE 

- CAN NOT TEST IN QUALITY 

- MUST VERIFY DESIGN IDEAS EARLIER IN PROCESS 

- SOFTWARE MANAGER MUST BE INVOLVED IN SYSTEM 

REQUIREMENTS ANALYSIS AND EARLY DESIGN DECISIONS 

0 QUEiSTIONS TO ANSWER DURING PRODUCT CONCEPTUAL PLANNING 

- WHAT IS IT? WHO WILL USE IT? WHEN? WHY? 

- PRODUCT STRATEGY 

0 QUElSTIONS TO ANSWER DURING PRODUCT REQUIREMENTS DEFINITION 

- WHAT MUST IT DO? HOW WILL IT BE DESIGNED? 

- WOW WILL IT BE DEVELOPED? SERVICED? 

- COST AND SCHEDULE ESTIMATES 

- FINANCIAL AND WORK PLAN 

- INITIAL HARDWARE/SOFTWARE ALLOCATION 

With regard to NASA's heavy emphasis on independent verification 
and validation of software, I agree with the approach due to the 
special requirements for ultra-reliable spaceborne system 
software. 

On the other hand, IV&V should be started much earlier than 
proposed to address the issues raised on this chart. 



INITIAL REACTION TO NASA PROPOSAL 

(CONTINUED) 

CONFIGURATION CONTROL 

O NASA EMPHASIS ON CONFIGURATION CONTROL CORRECT 

O AREAS FOR IMPLEMENTATION (NASA AND ALL CONTRACTORS) 

- SOFTWmE CHANGE CONTROL 

- DOCUMENT CONTROL 

- RELEASE CONTROL 

- LIBRARY CONTROL 

NASA cannot put too much emphasis on configuration control, 
However, they must ensure that such activities not be restricted 
to controlling code alone, but also to documents, releases as 
entities, and even the libraries themselves. 



INITIAL REACTION TO NASA PROPOSAL 

(CONTINUED) 

TOOLS AND PRACTICES DATABASE 

0 NASA--SPONSORED SOFTWARE MANAGEMENT TOOLS AND PRACTICES 

DATABASE AND INFORMATION RETRIEVAL SYSTEM 

- WHO WILL USE THIS OTHER THAN RESEARCHERS? 

- HOW WILL THIS HELP MANAGERS? 

O NICE IDEA BUT VERY LOW LEVERAGE ITEM IN GETTING THE JOB DONE 

0 CHANNEL ENERGIES TO SUPPORT THESE FUNCTIONS INSTEAD 

- PHASE REVIEW DOCUMENTATION SUPPORT SYSTEM 

- DISTRIBUTED FAULT ANALYSIS AND REPAIR 

- DISTRIBUTED INTEGRATION SUPPORT 

- DISTRIBUTED FIELD MAINTENANCE SUPPORT 

- DEVELOPMENT TOOL DISTRIBUTION 

0 AND .,, DEVELOPING THESE COMMUNICATION BUILDING BLOCKS 
- TERMINAL ACCESS 

- INFORNATION TRANSFER 

- FILE TRANSFER 

- DISTRIBUTED EXECUTION 

The sof.&ware management tools and practices database is primarily 
a research oriented effort that should be left to the research 
communi.ky to carry out (especially if requested by NASA), The 
talents required to perform this proposed effort are too valuable 
to use in building a product that has a high probability of not 
being used by its intended customers, i,e,, real world program, 
project and software engineering managers, 

I suggest that NASA channel the energies of its talented database 
technicians into the functions outlined on the chart, to include 
developing some of the very formidable communication technology 
components indicated. These real products are vitally needed to 
support the extremely important configuration control systems 
cited previously. 



ADDITIONAL MANAGEMENT ISSUES 

0 SOFTWARE ACQUISITION POLICIES AND PRACTICES 

- RIGHTS IN DATA 

- SECURITY 

- INCENTIVES 

- SUBCONTRACTOR CONTROL 

- ACCEPTANCE PROCESS 

- WARRANTIES 

0 STANDARDIZATION 

- LIFE CYCLE PROCESS 

- CONTRACTING 

- COST AND SCHEDULE REPORTING 

- PROGRAM REVIEWS AND AUDITS 

0 GOVERNMENT FURNISHED MATERIALS 

- SOFTWARE DEVELOPMENT 

- SUSTAINING ENGINEERING 

0 PRODUCT CONTROL 

- ARCHITECTURAL CONTROL 

- VERSION CONTROL 

- INTERFACE CONTROL 

This is simply a partial but very important list of more issues 
that NASA Space Station software management must be concerned 
with. Each one was elaborated in the original briefing and in 
the panel discussions that followed. 



SUMMARY VIEW OF SOFTWARE MANAGEMENT ISSUES 

NASA's PRIMARY CHALLENGE 

I I 
I SOFTWARE ACQUISITION WNAGEMENT I 
I I 

0 MAJOR ACTIVITIES 

- SPECIFYING CONTRACTUAL REQUIREMENTS 

- PREPARING REQUESTS FOR PROPOSALS 

- REVIEWS AND AUDITS 

- ACCEPTANCE TESTING AND INSTALLATION 

O DISCIPLINES REQUIRED 

- PROGRAM MANAGEMENT 

- SYSTEM AND SOFTWARE ENGINEERING 

- CONTRACT MANAGEMENT 

- TEST AND EVALUATION 

- COST MANAGEMENT 

- LOGISTICS 

mat is NASA's primary Space Station software management 
challenige? It% not building software in house as in the past, 
it's no% developing new software technologies or, in short, 
solving a traditional NASA engineering problem. These are all 
importa.nt, but not the real problem. 

The primary challenge is to develop effective means for NASA to 
manage the development of software by contractors on a massive 
and geolgraphically dispersed basis. This will also include the 
management of hundreds of subcontractors. 

Therefore, the activities that NASA management must be primarily 
corneern~ed with are the activities shown here. This requires a 
multiplicity of disciplines, most of which are not software 
engineering per see 



SUMMARY VIEW OF SOFTWARE MANAGEMENT ISSUES 

(CONTINUED) 

NASA SOFTWARE ACOUISITION CHALLENGES 

0 ESTABLISHING TECHNICAL AND HUMAN PERFORMANCE REQUIREMENTS 

0 ESTABLISHING CRITERIA FOR SOFTWARE DESIGN VERIFICATION 

0 ESTABLISHING CRITERIA FOR SOFTWARE ACCEPTANCE 

0 CONTROLLING SOFTWARE ACQUISITION COSTS AND SCHEDULES 

0 MINIMIZING DECISION CYCLE TIMES 

0 PROMOTING AND ENFORCING SOFTWARE ENGINEERING PRACTICES 

0 CONTRACTUALLY SUPPLYING TOOLS TO CONTRACTORS 

0 DEALING WITH POOR CONTRACTOR PERFORMANCE 

0 ESTABLISHING CONTRACTOR INCENTIVES 

0 DEVELOPING A CRITICAL MASS OF SOFTWARE EXPERIENCED ACQUISITION 
PERSONNEL 

In my opinion, these are NASA's primary software management 
challenges. Since software acquisition (not in-house 
development) is the central issue, NASA must undergo a rapid 
cultural change from a scientific and engineering oriented 
organization to become an astute buyer of software. 



SUMMARY VIEW OF SOFTWARE MANAGEMENT ISSUES 

(CONTINUED) 

SPECIAL PROBLEM AREA 

I I 
I COST ACCOUNTING AND CONTROL I 
I I 

0 TYPICALLY DIFFICULT FOR SOFTWARE CONTRACTORS TO COMPLY 

- EMPHASIS ON MANUFACTURING COSTS 

- COST CENTER ORIENTATION RATHER THAN PRODUCT OR 
PROJECT 

- NO SEPARATION OF HARDWARE AND SOFTWARE COSTS IN 
ENGINEERING ORGANIZATIONS 

- LITTLE SOFTWARE HISTORICAL COST INFORMATION 

0 BENEFITS FROM A WELL-DESIGNED (AND IMPOSED) COST SYSTEM 

- PROMOTION OF RESPONSIBILITY ACCOUNTING 

- PROJECT AND LIFE CYCLE PHASE COST IDENTIFICATION 

- COST AND SCHEDULE MORE PREDICTABLE (WHEN COUPLED 
WITH A PROJECT CONTROL SYSTEM) 

- BASIS FOR METHOD AND TOOL IMPROVEMENT DECISIONS 

The essence of this special area is that most software 
contractors will be subcontracted to primes that build hardware 
systems, As a result, NASA will be managing software acquistions 
in the form of component parts of larger syste?ms. This presents 
a major cost control challenge. 

From MA!3A1s perspective, it will be very difficult to gain 
insight into what is happening within contractor organizations 
unless special efforts are taken to develop and impose software 
cost accounting and control systems on the suppliers. This is a 
problem the Department of Defense has been grappling with for 
over a decade. NASA should take advantage of their lessons 
learned and current solutions through their STARS program 
interface to achieve the benefits shown above. 



SUMMARY VIEW OF SOFTWARE MANAGEMENT ISSUES 

I BOTTOM LINE I 
I 1 
I ESSENTIAL REQUIREMENTS I 

0 TOP LEVEL PRODUCT PTaM (AND ASSOCIATED DOCUMENTATION AND 
FUNCTIONAL PLANS 

- DEFINE ACTIVITIESf SCHEDULESf RESPONSIBILITIESf 
DELIVERABLES 

- ADDRESS BUSINESS AND TECHNICAL ISSUES 

0 PRODUCT LIFE CYCLE PROCESS FRAMEWORK 

- DISCRETE PHASES AND STEPS: ' . ' 

- EACH STEP COMPLETED BEFORE PROCEEDING (TO 
INCLUDE INTERATIONS FOR CORRECTIVE ACTIONS) 

- SOFTWARE INCLUDED IN EARLY SYSTEM PLANNING 

0 MANAGEMENT PHASE REVIEW PROCESS - 
,L A , '  

- FORMAL CHECKPOINTS 

- CONSCIOUS DECISIONS 

- ESCALATION OF MANAGEMENT ISSUES 

- ACTIVE APPROVAL TO PROCEED 

NASA must have a top level product plan which is deliverable 
oriented to identify the tangible items they are trying to 
acquire. The life cycle framework is required to form a basis 
for that approach and also a structured management review process 
to control contractor activities. All of this is used to ensure 
that timely decisions can be made to contain risks and keep Space 
Station plans on track. 

This leads to my personal recommendations on the next page. 



INITIAL RECOMMENDATIONS 

- ESTABLISH MANAGEMENT DISCIPLINE AS A 

STANDARD BUSINESS PRACTICE 

- SYSTEMATICALLY BREAK DOWN WORK AND DEFINE 

EXPLICIT WITH CRITERIA FOR 

THEIR SUCCESSFUL COMPLETION 

- DESIGNATE SPECIFIC FUNCTIONAL AND WORK PACKAGE 

- PUT NECESSARY INTO PLACE TO CARRY OUT 

RESPONSIBILITIES 

- PROVIDE MANAGERS WITH AUTHORITY TO CARRY OUT 

THEIR RESPONSIBILITIES 

- ENSURE THAT ARE USED 

- PARTICIPATE IN PHASE REVIEWS AND TAKE 

- TAKE TIMELY TO MEET 

OBJECTIVES 



ISSUES AND RECOmENDED ACTTONS 

1. ISSUE: Level A/B Software Management P l a n  

The d r a f t  Level A/B Software Management P lan  (SMP) does no t  a d d r e s s  s e v e r a l  i t ems  
e i t h e r  a t  a l l  o r  wi th  t h e  p roper  emphasis. 

RECOMMENDED ACTION: 

The s t r u c t u r e  of t h e  Software Management P l a n  shou ld  be modif ied t o  provide an  e a s i l y  
i d e n t i f i a b l e  p l a c e  f o r  a l l  t h e  i s s u e s  t o  be addressed  and g i v e n  t h e  p roper  emphasis ,  
Table  1 c o n t a i n s  t h e  recommended Table of Contents  f o r  t h e  Level A/B Software Manage- 
ment P l a n ,  produced by pane l  consensus.  Table 2 c o n t a i n s  t h e  recommended Table of 
Contents  submi t t ed  by Robert  B r a s l a u  of TRW wi thou t  t h e  b e n e f i t  oE t h e  o t h e r  panel  
members' review and comment. The pane l  recommends t h a t  t h e  Level A/B Software Man- 
agement P l a n  be modif ied and r e w r i t t e n  fo l lowing  t h e  Table of Contents  provided i n  
Table 1. 

IMPACTS REVISED SMP SECTIONS: A l l  

2. ISSUE: I n t e r d i s c i p l i n a r y  I n t e r f a c e s  

The Space S t a t i o n  is  a l a r g e ,  complex system composed of many subsystems,  It i s  im-  
p o r t a n t  t h a t  t h e  r e l a t i o n s h i p s  of s o f t w a r e  t o  t h e  subsystems,  o v e r a l l  syst:em, and 
o t h e r  d i s c i p l i n e s ,  such  as ground u s e r s ,  be w e l l  d e f i n e d ,  and t h a t  controlk mechanisms 
and r e s p o n s i b i l i t i e s  be developed. 

RECOMMENDED ACTION: 

A program t h i s  l a r g e  and complex must have wel l -def ined i n t e r f a c e s  and c o n t r o l  mech- 
a n i z a t i o n s  which should be e x p l i c i t l y  i d e n t i f i e d  i n  t h e  Software Management P l a n .  

IMPACTS REVISED SMP SECTION: 3.2 

3. ISSUE: Software I n h e r i t a n c e  

There i s  a major o p p o r t u n i t y  t o  s i g n i f i c a n t l y  reduce c o s t  and i n c r e a s e  r e l i a b i l i t y  of 
Space S t a t i o n  sof tware  i f  e x i s t i n g  NASA s o f t w a r e  can be reused  o r  modif ied,  Even u s e  
of e x i s t i n g ,  proven s o f t w a r e  d e s i g n  documentation i s  more c o s t  e f f e c t i v e  when t h e  
a c t u a l  s o f t w a r e  i t s e l f  i s  i m p r a c t i c a l  t o  t r a n s p o r t  d i r e c t l y .  Obviously,  many eon- 
s i d e r a t i o n s  w i l l  impact t h e  p r a c t i c a l i t y  of such r e u s e .  

New computers and a new language,  among o t h e r  c o n s i d e r a t  i o n s ,  w i l l  c e r t a i n l y  com- 
p l i c a t e  t h e  i s s u e .  However, w i t h  no p o l i c y ,  it is  c l e a r  t h a t  even an  a t t empt  a t  
s a l v a g e  w i l l  l i k e l y  not  occur .  

I n  reviewing p o t e n t i a l  a p p l i c a t i o n s ,  i t  is  probab le  t h a t  t h e  h i g h e s t  l ike l - ihood  f o r  
r e u s a b i l i t y  w i l l  occur  at  t h e  ends of t h e  spectrum - major systems l i k e  mfss ion con- 
t r o l  and o r b i t  d e t e r m i n a t i o n  - o r  a t  t h e  s u b r o u t i n e  l e v e l ,  u s u a l l y  i n  s t a n d a r d  sup- 
p o r t  f u n c t i o n s  o r  s p e c i f i c  a l g o r i t h m s .  



Addi t iona l ly ,  i f  a common language is used f o r  Space S t a t i o n  development, opportuni- 
t i e s  should be examined even among new app l i ca t ions  t o  s e e  i f  p o t e n t i a l  redundancy 
can be e l imina ted  by b e t t e r  organiza t ion  and planning of a c q u i s i t i o n s .  As a f i n a l ,  
obvious poin t ,  commercial sof tware packages could be t h e  most cos t  e f f e c t i v e  way of 
a l l  I F  they apply and a r e  va l ida t ed ,  and i f  t h e  support  and p rop r i e t a ry  considera- 
t i o n s  can be worked out .  

RECOMMENDED ACTION: 

The Software Management Plan should address  t h e  reuse ,  i n h e r i t a n c e ,  and co-existence 
with e x i s t i n g  software.  A po l icy  should encourage the maximum reuse of e x i s t i n g  
software through cos t  t rade-of fs  of requirements and design involving cu r ren t  cap- 
a b i l i t i e s ,  programs, and f a c i l i t i e s ;  t he  use of commercial vendor supported products  
when appropr ia te ;  and the  d e f i n i t i o n  of i n t e r f a c e s  t o  preserve cu r r en t  i n t e r f a c e s  t o  
permit continued j o i n t  use of e s t a b l i s h e d  space d a t a  systems and communications a s  an  
opt ion.  Waivers t o  documentation requirements would be permit ted where supplements 
t o  e x i s t i n g  documents would s u f f i c e  f o r  s l i g h t l y  modified o r  commercial products .  
Software s tandards  should be w r i t t e n  t o  encourage the  f u t u r e  reuse  of sof tware 
modules. Exis t ing  rou t ines  and t o o l s  should be s e l e c t e d  and co l l ec t ed  i n t o  a Space 
S t a t i o n  program-wide l i b r a r y  with easy access  and r e l a t e d  support .  

IMPACTS REVISED SMP SECTION: 2.10 

4. ISSUE: Cos t /Schedule /~echnica l  Controls  

The a b i l i t y  t o  con t ro l  a software e f f o r t  of t h e  s i z e  and magnitude of t he  Space 
S t a t i o n  r equ i r e s  management t o  e s t a b l i s h  a measurement system t o  a l low it t o  r e l a t e  
t echn ica l  progress  t o  cos t  and schedule performance throughout t he  developmental l i f e  
cycle .  The measurement system, once e s t a b l i s h e d ,  would provide managers with t h e  
a b i l i t y  t o  s t a t u s  where they  a r e  and determine what resources it would t ake  t o  r ea l -  
i z e  t h e i r  plans.  The measurement system would provide managers wi th  t imely v i s i -  
b i l i t y  i n t o  a c t u a l  performance us ing  a combination of proven, earned-value, and 
var iance  r epo r t ing  techniques. Technical performance measures would be e s t a b l i s h e d ,  
t racked ,  and repor ted  a s  a means t o  a s s e s s  t r ends  and reduce r i s k .  

RECOMMENDED ACTION: 

The Software Management P lan  should spec i fy  p o l i c i e s  and procedures f o r  c o n t r o l l i n g  
c o s t ,  schedule,  and t echn ica l  performance of t h e  software e f f o r t .  

IMPACTS REVISED SMP SECTIONS: 2.11, 5.1, 5.2, 7.0 

5. ISSUE: Risk Management 

The Software Management P lan  does not address  t h e  management of RISK. There a r e  no 
p o l i c i e s ,  procedures,  o r  provis ions  f o r  t h e  i d e n t i f i c a t i o n ,  r epo r t ing ,  c o n t r o l l i n g ,  
reso lv ing ,  o r  avoidance of r i s k  i tems. 



RECOMMENDED ACTION: 

The Software Management P l a n  shou ld  be modif ied t o  i n c l u d e  p o l i c i e s  and p.rocedures 
f o r  proper  p lann ing ,  e a r l y  d e t e c t i o n ,  and r e s o l u t i o n  ( r i s k  a v o i d a n c e ) ,  as w e l l  a s  f o r  
t h e  i d e n t i f i c a t i o n ,  r e p o r t i n g ,  c o n t r o l l i n g ,  and r e s o l u t i o n  of r i s k  i tems.  There 
shou ld  be a  t o p  l e v e l  p o l i c y  on t h e  e s t a b l i s h m e n t  and u t i l i z a t i o n  of r e s e r v e s  
( d o l l a r s ,  s t a f f ,  s c h e d u l e ,  f a c i l i t i e s ,  and o t h e r  r e q u i r e d  r e s o u r c e s ) .  

IMPACTS KEVISED SMP SECTIONS: 2.6, 10.0 

6. ISSUE: Technica l  Performance Measurement (TPM) 

The Software Management P lan  does n o t  s p e c i f y  any p o l i c i e s  o r  p rocedures  f o r  
a c q u i r i n g / d e v e l o p i n g  soEtware t h a t  i s  des igned  and c o n s t r u c t e d  i n  a  c o s t - e f f e c t i v e  
manner o r  t h a t  meets t h e  r e q u i r e d  t e c h n i c a l  performance of t h e  Space S t a t i o n  system,  

RECOMMENDED ACTION: 

The Software Management P l a n  shou ld  s p e c i f y  t h e  p o l i c i e s  and procedures  f o r  e s t a b -  
l i s h i n g  t e c h n i c a l  perEormance i tems (e.g. ,  s o f t w a r e  e x e c u t i o n  t i m e ,  p r e c i s i o n ,  memory 
usage ,  CPU u t i l i z a t i o n ,  s t o r a g e  u t i l i z a t i o n ,  r esponse  t i m e ,  e t c . ) ,  t h e i r  measurement, 
r e p o r t i n g  of a c t u a l s  v e r s u s  requ i rements ,  and r e s o l u t i o n  of nonconformance. The 
p o l i c i e s  and procedures  shou ld  a d d r e s s  a c q u i s i t i o n  p r a c t i c e s  f o r  e s t a b l i s h i n g  con- 
t r a c t  i n c e n t i v e s  t h a t  w i l l  h i g h l y  mot iva te  c o n t r a c t o r s  t o  meet s p e c i f i e d  t e c h n i c a l  
performance requ i rements .  

IMPACTS REVISED SMP SECTIONS: 2.12, 5.2 

7. ISSUE: Software Engineer ing 

The procurement p o l i c i e s  need t o  be expanded and d e t a i l e d  r e g a r d i n g  c o n t r a c t o r  ad- 
herence t o  e s t a b l i s h e d  s o f t w a r e  e n g i n e e r i n g  ( sof tware  d e s i g n ,  coding and v e r i f i c a -  
t i o n ,  p r i n c i p l e s  and p rocedures ) .  S p e c i f i c  s o f t w a r e  e n g i n e e r i n g  p r i n c i p l e s  and 
p r a c t i c e s  should be s p e c i f i e d .  

RECOMMENDED ACTION: 

The Software Management P l a n  shou ld  emphasize q u a l i t y  s t a n d a r d s  c o n s i s t e n t  w i t h  t h e  
so f tware  ca tegory  which are d e r i v e d  from c r i t i c a l i t y  of use  and p o t e n t i a l  consequ- 
e n c e s  of e r r o r s .  Software p o l i c i e s  shou ld  be f l e x i b l e  enough t o  accommodate new 
paradigms as t h e y  become accep ted  i n d u s t r y  p r a c t i c e .  The p o l i c i e s  should  encourage 
t h e  use  of mathemat ica l ly  based l o g i c a l  deduc t ion  f o r  t h e  requirements  and d e s i g n  
v e r i f i c a t i o n  of c r i t i c a l  so f tware  k e r n e l s .  Use of p r o t o t y p i n g  and e v o l u t i o n a r y  
development methods as w e l l  a s  d e s i g n  language based s o f t w a r e  d e s c r i p t i o n s  shou ld  be 
pe rmi t t ed .  The s t a t e  of s o f t w a r e  e n g i n e e r i n g  shou ld  be r e a s s e s s e d  p e r i o d i c a l l y  
throughout  t h e  Space S t a t i o n ' s  e x i s t a n c e  t o  encourage t h e  u s e  of t h e  most advanced 
p r a c t i c e s  and d i scourage  o b s o l e t e  p r a c t i c e s ,  where o p e r a t i o n a l l y  v i a b l e  and c o s t  
e f f e c t i v e .  

IMPACTS REVISED SMP SECTIONS: 2.20,  4.3 



8, ISSUE: Software M a i n t a i n a b i l i t y  

It is  w e l l  e s t a b l i s h e d  t h a t  t h e  c o s t  of m a i n t a i n i n g  ( e v o l v i n g )  so f tware  d u r i n g  con- 
t i n u i n g  o p e r a t i o n s  f a r  exceeds  t h e  o r i g i n a l  development c o s t .  F u r t h e r ,  t h e  p lann ing  
r e q u i r e d  t o  both  adequa te ly  p repare  f o r  t h e  maintenance phase and e n s u r e  t h a t  t h e  
developed piroduct i s  b u i l t  w i t h  m a i n t a i n a b l i t y  c h a r a c t e r i s t i c s  i n  mind must be ac- 
complished b e f o r e  t h e  a c t u a l  development is  i n i t i a t e d .  

Because of t h e  p r o j e c t e d  l o n g  l i f e  of t h e  Space S t a t i o n  Support  Systems, i n c l u d i n g  
s o f t w a r e ,  t h e  i s s u e  of so f tware  s u s t a i n i n g  e n g i n e e r i n g  (maintenance) must be con- 
s i d e r e d  dur ing  t h e  p lann ing  and a c q u i s i t i o n  phases .  To accomplish t h i s ,  two a s p e c t s  
of so f tware  m a i n t a i n a b i l i t y  must be inc luded  i n  t h e  Sof tware  Management P l a n  p roper  
p o l i c y  regard ing  t h e  c o n s i d e r a t i o n  of s o f t w a r e  m a i n t a i n a b i l i t y  c h a r a c t e r i s t i c s  d u r i n g  
a c q u i s i t i o n ,  

a .  The a c q u i r i n g  agency f o r  t h e  s o f t w a r e  should be r e q u i r e d  t o  p repare  a Sof tware  
Support P lan  p r i o r  t o  implementing a c q u i s i t i o n  a c t i v i t i e s .  Th i s  p l a n  w i l l  
i n c l u d e  t h e  p r o j e c t e d  p l a n s  and requ i rements  f o r  post-development suppor t  of 
t h e  s o f t w a r e  t o  be a c q u i r e d .  It w i l l  d i s c u s s  t h e  p r o j e c t e d  suppor t  s t r a t e g y ,  
t h e  need f o r  s p e c i a l  t o o l s  and f a c i l i t i e s  d u r i n g  t h e  s u s t a i n i n g  e n g i n e e r i n g  
phase and t h e  r e s t r i c t i o n s  o r  requirements  t o  which t h e  developing o r g a n i z a t i o n  
must adhere  t o  a s s u r e  t h e  most c o s t  e f f e c t i v e  and e f f i c i e n t  post-development 
maintenance and e v o l u t i o n  of t h e  product .  I n c l u s i o n  of t h e s e  c h a r a c t e r i s t i c s  
i n  a  Software Development Standard o r  guidebook which could  be e x t r a c t e d  and 
t a i l o r e d  t o  t h e  needs of a  s p e c i f i c  implementat ion might be t h e  most e f f e c t i v e  
method t o  ach ieve  u n i f o r m i t y  and completeness.  

b. During a c q u i s i t i o n ,  t h e  a c q u i r i n g  agency must c o n s i d e r  and i n c l u d e  as re-  
quirements  i n  t h e i r  s p e c i f i c a t i o n  t h o s e  e lements  of " b u i l t - i n "  s o f t w a r e  
m a i n t a i n a b i l i t y  deemed c r i t i c a l  t o  t h e  p roduc t .  

R E C O m N D E D  ACTION: 

The Sof tware  Management P l a n  should have a  s e c t  i o n  on sof  tware m a i n t a i n a b i l i t y  
i s s u e s .  This  s e c t i o n  should r e q u i r e  t h a t  a  Software Support  P lan  be developed and 
approved p r i o r  t o  i n i t i a t i o n  of a c q u i s i t i o n  a c t i v i t i e s .  Th i s  p l a n  shou ld  d e f i n e  t h e  
planning and p r o j e c t e d  requ i rements  f o r  post-development suppor t  of t h e  proposed 
sof tware  and should provide guidance t o  t h e  a c q u i r i n g  o r g a n i z a t i o n  on t h e  mainta in-  
a b i l i t y  c h a r a c t e r i s t i c s  t o  be inc luded  dur ing  product  development. 

IMPACTS REVISED SMP SECTIONS: 2.7, 6.2 

9 ,  ISSUE: Independent V e r i f i c a t i o n  and V a l i d a t i o n  

An independent v e r i f i c a t i o n  and v a l i d a t i o n  ( I V & V )  o r g a n i z a t i o n  t o  o b j e c t i v e l y  a s s e s s  
the t e c h n i c a l  i n t e g r i t y  of deve loper  p roduc t s  c o n t i n u o u s l y  throughout  t h e  s o f t w a r e  
development p rocess  shou ld  be s e l e c t i v e l y  used t o  minimize t h e  c o s t  and maximize t h e  
e f fec t ivenes : ;  of t h e  a c t i v i t y .  By f o c u s i n g  on c r i t i c a l i t y ,  Space S t a t i o n  management 
can d i r e c t  t h e  a t t e n t i o n  of t h e  IV6V o r g a n i z a t i o n  t o  t h e  a r e a s  where t h e y  g e t  t h e  
l a r g e s t  r e t u r n  on t h e i r  inves tment .  



RECOMMENDED ACTION: 

The p o l i c i e s  on I V & V  i n  t h e  Software Management P l a n  shou ld  be t a i l o r e d  t o  s e l e c t i v e  
use a r i s i n g  Erom c r i t i c a l i t y  c r i t e r i a .  

IMPACTS REVISED SMP SECTIONS: 2.9, 7.0, 8.0 

10. ISSUE: Firmware 

The a p p l i c a b i l i t y  of t h e  Software Management p l a n  t o  a l l  forms of "firmwalre" needs  t o  
be s p e c i f i e d ,  both  f o r  so f tware  e n g i n e e r i n g  i s s u e s  and f o r  s o f t w a r e  management 
procedures .  

RECOMMENDED ACTION : 

The Software Management P l a n  shou ld  e s t a b l i s h  development,  p r o d u c t i o n ,  and mainte- 
nance p o l i c i e s  a d d r e s s i n g  firmware. These p o l i c i e s  shou ld  acknowledge arid hand le  
b o t h  permanent and modi f i ab le  PROMS. Newly developed o r  modif ied firmware shou ld  be 
t r e a t e d  as sof tware  u n t i l  q u a l i E i c a t i o n  o r  accep tance ,  and t r e a t e d  a s  hardware t h e r e -  
a f t e r .  The sof tware  suppor t  environment should i n c l u d e  t h e  t o o l s  t o  suppor t  firm- 
ware. Conf igura t ion  management should i n c l u d e  t h e  hand l ing  of f irmware,  and documsn- 
t a t i o n  shou ld  be mainta ined t o  d e s c r i b e  i t s  d e s i g n  based on t h e  degree  of c r i t i c a l i t y  
of t h e  embedded component. 

IMPACTS REVISED SMP SECTIONS: 2.14, 4.4 

11. ISSUE: Software Q u a l i t y  

The Software Management P l a n  should a d d r e s s  modern approaches ,  f o c u s i n g  on q u a l i t y  as 
p a r t  of t h e  procurement p r o c e s s ,  and shou ld  d e f i n e  t h e  c o n t r a c t  development and NASA 
procedures  f o r  f o c u s i n g  on e a r l y  s t a t i s t i c a l  assessment  of so f tware  "goodness". The 
b e n e f i t s  of e a r l y  a t t e n t i o n  t o  good sof tware  e n g i n e e r i n g  are very  s i g n i f i c a n t  i n  a 
long- l i f e -cyc le  sys tem (30 y e a r s ) .  

RECOMMENDED ACTION: 

Emphasize so f tware  q u a l i t y  i n  new paradigms made p o s s i b l e  by new t e c h n o l o g i e s .  
Def ine  procurement p o l i c i e s  f o r  so f tware  development under s t a t i s t i c a l  q u a l i t y  con- 
t r o l  u s i n g  mathematics-based sof tware  e n g i n e e r i n g .  Expand IV&V technology t o  provide 
s t a t i s t i c a l  q u a l i t y  measurements of s o f t w a r e ,  i n c l u d i n g  c e r t i f i e d  e s t i m a t e s  of mean 
t ime t o  f a i l u r e  (MTTF) and expec ted  c o r r e c t i o n s  r e q u i r e d  (ECR) f o r  t h e  l i f e  of de- 
l i v e r e d  sof tware  p roduc t s .  Use IV&V i n  inc rementa l  development t o  provide e a r l y  
e s t i m a t e s  of so f tware  q u a l i t y  and t o  permit  c o r r e c t i v e  a c t i o n  i n  s o f t w a r e  development 
where r e q u i r e d .  Cont inuously  a s s e s s  new o p p o r t u n i t i e s  i n  s o f t w a r e  technology t o  pro- 
c u r e  h i g h e r  q u a l i t y  so f tware .  

IMPACTS REVISED SMP SECTIONS: 2.5, 7.0 

12. ISSUE: Mainstream I n t e g r a t i o n  

The c u r r e n t  NASA concern f o r  h i g h l i g h t i n g  and emphasizing s o f t w a r e  i s s u e s  d u r i n g  
Space S t a t i o n  development is  c o r r e c t  and i s  key t o  s u c c e s s f u l  Space S t a t i o n  



implementat ion.  However, c a r e  must be e x e r c i s e d  t o  ensure  t h a t  t h i s  i n c r e a s e d  
concern f o r  so f tware  does not d e s t r o y ,  c o n f l i c t  w i t h ,  o r  i n t e r f e r e  w i t h  t h e  
management of t h e  sys tem c o n t e x t  i n  which t h e  s o f t w a r e  must o p e r a t e .  

RECOMMENDED ACTION: 

1 ,  Ensure t h a t  sys tem s p e c i f i c a t i o n s  a r e  complete i n  t h e  sys tems c o n t e x t ,  i n c l u d i n g  
both  hardware and s o f t w a r e  i m p l i c a t i o n s .  

2 .  Main ta in  c o n s o l i d a t e d  c o n f i g u r a t i o n  c o n t r o l  of t h e  b a s e l i n e d  system s p e c i f i c a t i o n  
and e n s u r e  t h a t  s o f t w a r e  changes a r e  reviewed by t h e  c o n t r o l  board r e s p o n s i b l e  
f o r  sys tem s p e c i f i c a t i o n  i n t e g r i t y .  

3 ,  Main ta in  c o n s o l i d a t e d  i n t e r f a c e  c o n t r o l  f o r  t h e  t o t a l  e v o l v i n g  system, i n c l u d i n g  
sof tware .  

4 .  During product  (sys tem) i n t e g r a t i o n ,  e n s u r e  t h a t  t h e  s o f t w a r e  deve lopers  a r e  
c o n t r a c t u a l l y  r e q u i r e d  t o  suppor t  t h e i r  product .  

5.  Provide Eor a s i n g l e  a u t h o r i t y  d u r i n g  system t e s t i n g  who h a s  management c o n t r o l  
over  a l l  e l ements  being i n t e g r a t e d ,  i n c l u d i n g  s o f t w a r e ,  t o  e n s u r e  r e s p o n s i v e  
a c t i o n  t o  anomaly d e t e c t i o n ,  i s o l a t i o n ,  and c o r r e c t i o n .  

IMPACTS REVISED SMP SECTIONS: 1 -0 ,  3.1 

13, ISSUE: T a i l o r i n g  

The Space S t a t i o n  w i l l  produce many d i f f e r e n t  t y p e s  of s o f t w a r e ,  each w i t h  a d i f -  
f e r e n t  l i f e  c y c l e ,  dur ing  t h e  course  of t h e  p r o j e c t .  To minimize c o s t  and maximize 
development c o n t r o l ,  p r o v i s i o n s  a r e  needed t h a t  a l l o w  s o f t w a r e  managers t o  t a i l o r  t h e  
p o l i c i e s  of t h e  Software Management P lan  t o  s p e c i f i c s  a t  hand. For example, documen- 
t a t i o n  r e q u i r e d  f o r  on-board systems may be d i f f e r e n t  t h a n  t h a t  r e q u i r e d  f o r  f a c t o r y  
t e s t  equipment,  e s p e c i a l l y  i f  i t  is never  d e l i v e r e d  t o  NASA. 

REGOmNDED ACTION: 

Define  d i f f e r e n t  c a t e g o r i e s  of so f tware  and t h e i r  l i f e  c y c l e  and develop t a i l o r i n g  
c r i t e r i a  t h a t  a l l o w  t h e  Software Management P lan  t o  be a p p l i e d  i n  a manner t h a t  mini- 
mizes c o s t  and r i s k  of development. 

IMPACTS REVISED SMP SECTIONS: 2.1, 2.3, 2.21, 4.4 

1 4 ,  ISSUE: Review Process  

The Software Management P l a n  should be more s p e c i f i c  r e g a r d i n g  t h e  procedures  f o r  
formal reviews,  On a l a r g e  program l i k e  Space S t a t i o n ,  t h e  q u a l i t y  of t h e  reviews 
t r a n s l a t e s  i n t o  t h e  q u a l i t y  of t h e  product  and t h e  r i s k  m e t r i c .  

RECOMMENDED ACTION: 

S p e c i f i c  p o l i c i e s  should  be inc luded  i n  t h e  Sof tware  Management P lan  cover ing  t h e  
formal softwaire d e s i g n  and r e a d i n e s s  review process .  Each s o f t w a r e  review p o l i c y  
shou ld  a d d r e s s  p r e r e q u i s i t e  p r e p a r a t i o n  a c t i v i t i e s ,  t h e  d a t a  package c o n t e n t s ,  t h e  



o j e c t i v e s  of t h e  review,  t h e  a t t e n d e e s '  r e s p o n s i b i l i t i e s ,  and t h e  r e l a t i o n s h i p s  and 
t iming  r e l a t i v e  t o  t h e  a s s o c i a t e d  sys tem l e v e l  reviews.  The p o l i c i e s  shou ld  a l s o  
provide guidance and e n s u r e  t h a t  feedback on t h e  review process  i t s e l f  is  g a t h e r e d  
and e v a l u a t e d  t o  determine how t o  improve i t s  e f f e c t i v e n e s s .  

A c a n d i d a t e  set of fo rmal  s o f t w a r e  reviews i n c l u d e s :  

O p e r a t i o n a l  Concept Review 
Software  Requirements Review 
P r e l i m i n a r y  Design Review 
D e t a i l e d  Design Review 
Test  Readiness Review 
Acceptance Tes t  Review 
Launch Readiness Review 
Opera t ions  Readiness  Review 

IMPACTS REVISED SMP SECTIONS: 2.8, 4.2, 5.3 

15. ISSUE: I n c e n t i v e s  

The Software Management P l a n  shou ld  c o n t a i n  a p o l i c y  encouraging incen t ive - type  con- 
t r a c t s  based upon s o f t w a r e  q u a l i t y  m e t r i c s .  

RECOMMENDED ACTION: 

Sof tware  Management P l a n  shou ld  encourage t h e  u s e  of c o n t r a c t u a l  i n c e n t i v e s  as a 
means of e n s u r i n g  t h e  q u a l i t y  and t i m e l i n e s s  of s o f t w a r e  development and maintenance,  
The c r i t e r i a  f o r  i n c e n t i v e  d e t e r m i n a t i o n  shou ld  be o b j e c t i v e ,  e a s y  t o  u n d e r s t a n d ,  
q u a n t i t a t i v e ,  and based on d e s i r e d  o b j e c t i v e s ,  such as o p e r a t i o n a l  t e c h n i c a l  perform- 
a n c e ,  q u a l i t y ,  p r o d u c t i v i t y ,  c o s t  of ownership and t i m e l i n e s s .  I n c e n t i v e  awards 
shou ld  be scheduled a t  predetermined i n t e r v a l s  throughout  t h e  c o n t r a c t  p e r i o d  of 
performance. 

IMPACTS REVISED SMP SECTIONS: 8.0 

16. ISSUE: A c q u i s i t i o n  v e r s u s  Development Management 

Although it is  expected t h a t  t h e  m a j o r i t y  of s o f t w a r e  t o  be u t i l i z e d  i n  t h e  Space 
S t a t i o n  Program w i l l  be a c q u i r e d  from o t h e r  o r g a n i z a t i o n s ,  some s o f t w a r e  such a s  s i m -  
u l a t i o n s  and t e s t i n g  t o o l s  w i l l  be developed in-house. Major a s p e c t s  of t h e s e  two 
processes  a r e  s u f f i c i e n t l y  d i f f e r e n t  t o  war ran t  s p e c i f i c  and c l e a r l y  s e p a r a t e d  p o l l -  
c i e s  and guidance.  Software a c q u i s i t i o n  management, f o r  example, must be p a r t i c u l a r l y  
concerned w i t h  procurement. Important  a s p e c t s  i n c l u d e  t h e  c l e a r  and complete s p e c i -  
f i c a t i o n  of t h e  product  a t t r i b u t e s  and t h e  accep tance  t e s t s  t h a t  w i l l  prove t h a t  t h e  
product  meets t h o s e  a t t r i b u t e s .  Software development management, on t h e  o t h e r  hand,  
must more s p e c i f i c a l l y  a d d r e s s  d e s i g n  and coding t e c h n i q u e s ,  u n i t  and i n t e g r a t i o n  
t e s t i n g ,  and development reviews. 



NASA should c l e a r l y  d e l i n e a t e  p o l i c i e s  and gu ide l ines  s p e c i f i c  t o  sof tware acqui- 
s i t i o n  management and those app l i cab le  t o  sof tware development management. No 
confusion should r e s u l t  f o r  t he  manager a t tempt ing  t o  determine t h e  p o l i c i e s  and 
gu ide l ines  t h a t  apply t o  each p a r t i c u l a r  s i t u a t i o n .  

IMPACTS REVISED SMP SECTIONS: 1.0 

17. ISSUE: Software Standards 

Both indus t ry  and government have spent  many years  and work hours i n  developing s o f t -  
ware s tandards.  None is p e r f e c t ,  but they a r e  adequate. They a r e  a l l  based on a 
s tandard  model. There seems l i t t l e  reason t o  " re invent"  a new standard.  

I 

RECOMMENDED ACTION: I 

Adopt sof tware s tandards  from e i t h e r  government ( r e f .  2) o r  i ndus t ry  (IEEE o r  o t h e r )  
and concent ra te  e f f o r t s  more on products  - t h e i r  q u a l i t y  and a c q u i s i t i o n .  

- 1  , '  

IMPACTS REVISED SMP SECTIONS: Appendix 
- 1 '  ' I 

18. ISSUE: L i f e  Cycle Process 

The Space S t a t i o n  p ro j ec t  needs t o  consider  sof tware throughout t h e  system devel- 
opment process  so  t h a t  i ts  e f f e c t s  on t echn ica l  performance and l i f e  cycle  cos t  can 
be thoroughly evaluated.  Systems engineering a c t i v i t i e s  should be augmented so  t h a t  
t he  software r ami f i ca t ions  of e a r l y  systems design and requirements engineering de- 
c i s i o n s  can be a sce r t a ined  and t raded  o f f .  Operations and s u s t a i n i n g  engineering 
a spec t s  of sof tware should be included i n  t he  process  framework so  t h a t  t h e i r  impli- 
ca t ions  can be assessed  e a r l y  and t r u e  l i f e  cycle  a n a l y s i s  and cos t  t rade-of fs  can be 
conducted. The hardware, sof tware,  and firmware l i f e  cyc le  processes  should be in- 
t e r r e l a t e d  ac ros s  mu l t ip l e  l i f e  cyc le  horizons s o  t h a t  requirements a r e  a l l o c a t e d  
properly and systems a r e  r e l i a b l e ,  maintainable ,  and a v a i l a b l e  a s  needed. 

- 
RECOMMENDED ACTION: 

The l i f e  cyc le  d e f i n i t i o n  should be extended i n  scope t o  encompass systems engineer- 
ing ,  subsystem development and opera t ions ,  and s u s t a i n i n g  engineering.  The r e l a t i o n -  
s h i p s  between t h e  hardware, sof tware,  and firmware l i f e  cyc les  need t o  be defined a s  
do t h e  products a s soc i a t ed  with t h e  l i f e  cycle  e v e n t s ~  1 ' 

I 

IMPACTS REVISED SMP SECTIONS: 2.21, 4.2 
k t 

- r 
19. ISSUE: Rela t ionships  t o  Non-Space S t a t i o n  P r o j e c t s  

The r e l a t i o n s h i p s  and i n t e r f a c e s  wi th  i n t e r a c t i n g  but  s epa ra t e  p r o j e c t s  from Space 
S t a t i o n  should be c l e a r l y  i d e n t i f i e d  and addressed i n  t h e  Software Management Plan. 
Each r e l a t i o n s h i p  should be con t ro l l ed  by a Memorandum of Agreement covering 



RECOMMENDED ACTION: 

The Software Management P l a n  shou ld  r e q u i r e  t h a t  a s o f t w a r e  management environment be 
c r e a t e d  t o  automate i t s  p o l i c i e s  and procedures  a c r o s s  NASA c e n t e r s .  

IMPACTS REVISED SMP SECTIONS: 2.22, 4.3, 5.4 

22. ISSUE: I n t e r n a t i o n a l  P a r t i c i p a t i o n  

r e s p o n s i b i l i t i e s  and o p e r a t i o n s ,  and t h e  t e c h n i c a l  i n t e r f a c e  shou ld  be main ta ined  i n  
an  I n t e r f a c e  Cont ro l  Document. 

IMPACTS REVISED SMP SECTIONS: 3.2, 3 . 3  

20. ISSUE: Management ~ o o l s / ~ n v i r o n m e n t  

Management needs computer-based t o o l s  t o  a s s e s s  p r o j e c t  s t a t u s ,  a n a l y z e  r i s k ,  p r e p a r e  
schedu les  and budget ,  and e v a l u a t e  c o s t / s c h e d u l e / t e c h n i c a l  performance.  These t o o l s  
shou ld  mechanize methods e s t a b l i s h e d  t o  provide managers w i t h  v i s i b i l i t y  and c o n t r o l  
and should a l l o w  managers t o  do t h e i r  j o b  q u i c k e r  and b e t t e r .  A d i s t r i b u t e d  manage- 
ment t o o l  environment is needed t h a t  i n t e g r a t e s  f i n a n c i a l ,  c o n f i g u r a t i o n  management, 
l i b r a r y ,  and p r o j e c t  management d a t a  i n  such a way t h a t  u s e f u l  i n f o r m a t i o n  f lows o u t  
t o  t h e  p r o j e c t  manager. E x i s t i n g  t o o l s  and technology can be employed i n  such an  en- 
vironment t o  reduce development c o s t  and speed up t h e  implementat ion of an i n t e g r a t e d  
NASA-wide management sys tem f o r  t h e  Space S t a t i o n  Program. 

21. ISSUE: Change Control  of P l a n  

It should be recognized t h a t  changes i n  t h e  conduct of t h e  Space S t a t i o n  Program w i l l  
be necessa ry  t o  i n c o r p o r a t e  l e s s o n s  l e a r n e d ,  e x p l o i t  unexpected technology break- 
thoughs,  d e a l  w i t h  unforeseen  d i f E i c u l t i e s ,  and recognize  new management r e a l i t i e s .  

RECOMMENDED ACTION: 

Provide e x p l i c i t  procedures  i n  t h e  Software Management P l a n  change a s  w e l l  a s  change 
c o n t r o l .  Provide f o r  cont inuous  assessment  and review of t h e  Software Management 
P l a n  and deEine m u l t i l e v e l  a u t h o r i t i e s  f o r  p o l i c y  changes ,  p e r m i t t i n g  l i m i t e d  freedom 
f o r  low-level changes t h a t  remain c o n s i s t e n t  w i t h  h i g h e r  l e v e l  p o l i c i e s .  

IMPACTS REVISED SMP SECTIONS: 1.2 

The European Space Agency, t h e  Na t iona l  Space Development Agency of J a p a n ,  and Canada 
have accep ted  P r e s i d e n t  Reagan's i n v i t a t i o n  t o  p a r t i c i p a t e  i n  t h e  development and 
subsequent  o p e r a t i o n  of t h e  Space S t a t i o n .  It is  a n t i c i p a t e d  t h a t  t h e  r e s p e c t i v e  
p a r t n e r s  w i l l  u t i l i z e  a  s i g n i E i c a n t  p o r t i o n  of common s o f t w a r e  (such as f o r  o v e r a l l  
i n t e g r a t i o n  and checkout)  and w i l l  j o i n t l y  use  t h e  r e s u l t i n g  in-space a s  w e l l  a s  
ground f a c i l i t i e s  t o  conduct o p e r a t i o n s  of common o r  i n d i v i d u a l  i n t e r e s t .  It i s  
t h e r e f o r e  ve ry  important  t h a t  s u b s t a n t i a l  commonality and s t a n d a r d i z a t i o n  e x i s t  i n  
t h e  g u i d e l i n e s  by which t h e  s o f t w a r e  is a c q u i r e d  and main ta ined .  Th is  shou ld  i n c l u d e  
documentation t y p e s  and fo rmats ,  t e s t i n g  p rocedures ,  p a r t i c i p a t i o n  i n  major rev iews ,  
and exchange of p e r t i n e n t  s t a t u s  in format ion .  



RECOMMENDED ACTION: 

The Space S t a t i o n  Program should s t r i v e  t o  d e f i n e  a r e a s  r e q u i r i n g  common and /or  
s t a n d a r d  sof tware  management p o l i c i e s ,  p l a n s ,  p rocedures ,  and s t a n d a r d s .  Management 
and t e c h n i c a l  i n t e r f a c e s  shou ld  be i n d e n t i f i e d  and d e f i n e d  a s  soon a s  p o s s i b l e ,  The 
Program should  c o o r d i n a t e  w i t h  i ts  f o r e i g n  p a r t n e r s  t o  Eormulate, review, and t h e n  
upda te  on an  ongoing b a s i s  t h e  a f f e c t e d  p roduc t s  and t h e  management guidance.  An 
important  c o n s i d e r a t i o n  i n  t h i s  a c t i v i t y  w i l l  be u n d e s i r a b l e  technology t r a n s f e r  and 
p r o t e c t i o n  of p r o p r i e t a r y  s o f t w a r e  t e c h n i q u e s ,  t o o l s ,  and p roduc t s .  The Space Sta- 
t i o n  Program should work c l o s e l y  w i t h  i t s  l e g a l  e x p e r t s  t o  d e f i n e  c r i t e r i a  and r u l e s  
a p p l i c a b l e  t o  i n t e r n a t i o n a l  c o n s i d e r a t i o n s .  

IMPACTS REVlSED SMP SECTION: 3.4 

23,  ISSUE: S e c u r i t y  

The Software Management P lan  does not  have s u f f i c i e n t  emphasis on t h e  p o l i c i e s  and 
procedures  f o r  p roper  hand l ing  of d a t a  and s p e c i E i c a t i o n  of sys tem d e s i g n  as neces- 
s a r y  t o  meet t h e  requ i rements  of sys tem and d a t a  s e c u r i t y ,  p r i v a c y ,  s e n s i t i v i t y ,  and 
sa fekeep ing .  

RECOMMENDED ACTION: 

The Software Management P l a n  shou ld  be modif ied t o  i n c l u d e  t h e  p o l i c i e s  and proce- 
dures  t h a t  aiddress t h e  d a t a  hand l ing  and system d e s i g n  requ i rements  t o  e n s u r e  t h a t  
t h e  p r o j e c t  needs ,  r e a s o n a b l e  and prudent  s a f e g u a r d s ,  c i v i l  l aws ,  and government 
r e g u l a t i o n s  a r e  p r o p e r l y  addressed  i n  t h e  acquisitions/development and o p e r a t i o n  of 
t h e  computer-based systems,  p a r t i c u l a r l y  i n  t h e  s o f t w a r e .  

IMPACTS REVI.SED SM!? SECTIONS: 2.19, 9.0 

24,  ISSUE: Timely Decis ion Making 

The Space S t a t i o n  approach and p rocedures  f o r  making c r i t i c a l  d e c i s i o n s  shou ld  be 
s p e c i f i e d ,  Where t h e  r i s k  is a p p r o p r i a t e ,  s p e c i f y  t h e  d e c i s i o n  a u t h o r i t y  as low i n  
t h e  management s t r u c t u r e  a s  p o s s i b l e .  

ECOMMENDED ACTION: 

Define t h e  p o l i c y  making d e c i s i o n  p r o c e s s  and t h e  l e v e l s  and a u t h o r i t i e s  f o r  d e f i n i n g  
p o l i c y ,  Provide f o r  low-level f l e x i b i l i t y  i n  p o l i c y  d e f i n i t i o n  and change t h a t  i s  
c o n s i s t e n t  w i t h  upper - l eve l  p o l i c y .  Schedule and p u b l i s h  c r i t i c a l  d e c i s i o n  p o i n t s  
wi th  wide anid long-range e f f e c t s ,  and p rov ide  t ime and o p p o r t u n i t y  f o r  i n t e r e s t e d  
p a r t i e s  t o  o f f e r  op in ion  i n  t h e  d e c i s i o n  p rocess .  Se t  up a program o u t s i d e  normal 
management s t r u c t u r e  t o  r e c e i v e  s u g g e s t i o n s  and c r i t i c i s m s  of p o l i c y  w i t h  a p p r o p r i a t e  
rewards as w e l l  a s  i n v e s t i g a t i v e  and r e p o r t i n g  f a c i l i t i e s .  

IMPACTS KEV?.SED SMP SECTIONS: 1 .O,  2.11, 5.4 



25. ISSUE: Continuous Operations Contingency 

The Software Management Plan does not  c a l l  out t h e  proper p o l i c i e s  and procedures f o r  
ensuring t h a t  t he re  is  very low p r o b a b i l i t y  of t he  l o s s  of co r r ec t  d a t a  and/or s o f t -  
ware during acquisit ion/development and opera t ions .  

RECOVNDED ACTION .P ,.. 
I 

The Software Management P lan  should be changed t o  s p e c i f i c a l l y  address  t he  p o l i c i e s  
and procedures t o  ensure t h a t  both NASA in-house s t a f f  and con t r ac to r s  acqui re /  
develop and use software fol lowing p r a c t i c e s  t h a t  w i l l  have a very low p r o b a b i l i t y  of 
l o s s  of sof tware o r  da t a  and w i l l  have the  a b i l i t y  t o  modify o r  au tomat ica l ly  regen- 
e r a t e  executable  sof tware and ope ra t iona l  da ta .  

IMPACTS REVISED SMP SECTIONS: 2.7, 9.0, 10.0 

26. ISSUE: Product Or i en ta t ion  
1 -  

I 1%)  

The o r i e n t a t i o n  of t h e  Space S t a t i o n  Program i s  towards the  a c q u i s i t i o n  of products  
r a t h e r  than  t h e i r  development. 

1 R.ECOMMENDED ACTION: 

The Software Management Plan should focus on t h e  a c q u i s i t i o n  of sof tware r a t h e r  than  
software development, and wi th  more of a product o r i e n t a t i o n ;  i .e . ,  it should address  
t he  con t ro l ,  q u a l i t y ,  and management of PRODUCTS r a t h e r  than  of t he  process  by which 
they a r e  t o  be produced. The Software Management Plan should provide p o l i c i e s  and 

I guidance f o r  t h e  a c q u i s i t i o n  process.  - I -  ) - - .  . I I -  

IMPACTS REVISED SMP SECTION: 1.0 ' - : ' ? 

- 
- - 

I 
27. ISSUE: Design-To-Cost 

s r  . - I ' A Design-to-Cost cdncept f i r  t h e  e n t i r e  Space S t a t i o n  Program ihbuld be prouhlgated 
and c l a r i f i e d  i n  t he  Software Management Plan. Software p o l i c i e s  should permit t h e  
i d e n t i f i c a t i o n  of c r i t i c a l  requirements s i g n i f i c a n t l y  a f f e c t i n g  system, subsystem, o r  
sof tware development/operational cos t s .  A methodology and a s soc i a t ed  a n a l y s i s  con- 
c e p t s  and t o o l s  should be adopted f o r  p r i o r i t i z i n g  requirements ,  encouraging c o s t  
bene f i t  a n a l y s i s ,  and providing the  ope ra t iona l  f l e x i b i l i t y  t o  a d j u s t  t o  t h e  r e s u l t -  
i ng  c o n s t r a i n t s  necessary t o  l i v e  wi th in  predefined cos t  budgets.  

RECOMMENDED ACTION: 

Design-to-cost should be 
when under severe budget 
f o r  trade-off (e.g., you 

defined and promulgated a s  one p o t e n t i a l  con t r ac t ing  vehic le  
c o n s t r a i n t s  with requirements t h a t  con ta in  t h e  p o t e n t i a l i t y  
a r e  w i l l i n g  t o  s e t t l e  f o r  as much a s  you can g e t  f o r  a s e t  

p r i c e ) .  It w i l l  be extremely important t o  review t h e  s e l e c t i o n  of design-to-cost 
procurements p r i o r  t o  execut ion t o  a s su re  t h e  i tems being procured a r e  r e a l l y  amena- 
b l e  t o  t h i s  form of con t r ac t ing  a s  opposed t o  normal p r a c t i c e s  with extremely r i g i d  
con t r ac t  management. 

IMPACTS REVISED SMP SECTIONS: 2.13, 5.1 



28, ISSUE: Goal S e t t i n g  and C l e a r l y  S t a t e d  O b j e c t i v e s  

The Space S t a t i o n  Program is t o  be commended f o r  p l a c i n g  h i g h  p r i o r i t y  on t h e  e a r l y  
i d e n t i f i c a t i o n  and fo rmula t ion  of o v e r a l l  s o f t w a r e  managment p o l i c i e s  and gu idance ,  
However, a  c . r i t i c a 1  component of t h a t  t h i n k i n g  must be t h e  c l e a r  and comprehensive 
s t a t e m e n t  of Space S t a t i o n  Program g o a l s  and o b j e c t i v e s  r e l a t i v e  t o  so f tware .  These 
g o a l s  and o b j e c t i v e s  shou ld  be i n  consonance wi th  t h e  o v e r a l l  program g o a l s  and ob- 
j e c t i v e s  and shou ld  be s p e c i f i c  enough t h a t  c r i t e r i a  can be e s t a b l i s h e d  t o  a s c e r t a i n  
a t t a i n m e n t .  

RECONMENDED ACTION: 

The e x i s t i n g  d r a f t  of t h e  top-most Software Management P lan  shou ld  be r e v i s e d  t o  
c l e a r l y  s tate t h e  p l a n ' s  purpose and t o  s p e c i f y  t h e  o v e r a l l  g o a l s  and o b j e c t i v e s  t o  
be accomplished by Space S t a t i o n  sof tware .  These g o a l s  and o b j e c t i v e s  shou ld  cover  
both  s t r a t e g i c  and t a c t i c a l  c o n s i d e r a t i o n s .  

IMPACTS REVISED SMP SECTION: 1.0 

29. ISSUE: Lessons Learned 

The v a l u e  of l e a r n i n g  from p a s t  so f tware  e f f o r t s  is i n c r e a s i n g l y  being recognized  a s  
a  v a l u a b l e  way t o  avo id  r e p e a t i n g  mis takes  and encounte r ing  p i t f a l l s .  I n f o r m a t i o n  
such  a s  s o f t w a r e  c o s t i n g  e s t i m a t e s  v e r s u s  a c t u a l s  a s  a  f u n c t i o n  of c o s t i n g  t e c h n i q u e  
and l i f e  c y c l e  phase ,  s t a f f i n g  l e v e l s  and t y p e s  v e r s u s  a c q u i s i t i o n  performance,  and 
t r u e  c a p a b i l i t i e s  of t e s t i n g  t o o l s  and t echn iques  is very  h e l p f u l ,  p a r t i c u l a r l y  t o  
long-term programs wi th  much s o f t w a r e  maintenance and enhancement. Such d a t a  is  n o t  
c o l l e c t e d  wi thou t  c o s t ,  however. Resources must be d e d i c a t e d  t o  t h e  t a s k s  of col-  
l e c t i n g ,  f i l t e r i n g ,  o r g a n i z i n g ,  and a n a l y z i n g  t h e  l e s s o n s  l e a r n e d  in format ion .  

RECOMMENDED ACTION: 

The Space S t a t i o n  Program h a s  a  ve ry  long expec ted  l i f e t i m e .  I ts s o f t w a r e  w i l l  be 
con t inuous ly  enhanced and changed as new requ i rements  a r e  brought forward.  Personne l  
w i l l  change. Minimizat ion of long-term c o s t s  v i r t u a l l y  mandates t h a t  t h e  program in- 
t e n t i o n a l l y  monitor i t s e l f  and l e a r n  from p a s t  e x p e r i e n c e ~ .  The Space S t a t i o n  
Program should  e s t a b l i s h  mechanisms f o r  c a p t u r i n g  l e s s o n s  l e a r n e d  and improving pro- 
cedures  t o  make maximum use  of such l e s s o n s .  It is sugges ted  t h a t  one r e l a t i v e l y  
e a s y  way t o  g a t h e r  such d a t a  is as p a r t  of each  major review,  

IMPACTS REVISED SMP SECTION: 2.16 

30. ISSUE: S t a n d a r d i z a t i o n  Process  

The Space S t a t i o n  Program w i l l  i n v o l v e  t h e  development of many d i v e r s e  subsystems by 
d i f f e r e n t  NASA c e n t e r s  and c o n t r a c t o r s .  It i s  impor tan t  t h a t  p o l i c i e s  be e s t a b l i s h e d  
t o  s t a n d a r d i z e  how s o f t w a r e  is  procured.  Such i s s u e s  as m u l t i p l e  l i c e n s i n g  agree-  
ments, maintenance c l a u s e s ,  d e l i v e r y  s t a n d a r d s ,  documentation,  and product  s t a n d a r d s  
need t o  be addressed ,  



RECOMMENDED ACTION : 

The Sof tware  Management P l a n  shou ld  provide p o l i c i e s ,  p rocedures ,  and guidance t o  
ensure  an a p p r o p r i a t e  l e v e l  oE s t a n d a r d i z a t i o n  a c r o s s  t h e  Space S t a t i o n  Program. 

S i m i l a r  procurement procedures  and management c o n t r o l s  must be used throughout  the 
program, 

IMPACTS REVISED SMP SECTIONS: 2.15, 4.0, 5.0, 6.0, 7.0, 8.0 
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SOFTWARE DEVELOPMENT ENVIRONMENT PANEL SUMMARY 

The Software Development Environment (SDE) Panel  addressed  key programmatic,  scope ,  
and s t r u c t u r a l  i s s u e s  r a i s e d  by i t s  members and t h e  g e n e r a l  audience r e g a r d i n g  t h e  
proposed s o f t w a r e  development environment f o r  t h e  Space S t a t i o n  program. The g e n e r a l  
team approach t aken  by t h i s  group l e d  t o  a consensus  on 18 recommendations t o  NASA 
management regard ing  t h e  a c q u i s i t i o n  and d e f i n i t i o n  of t h e  SDE. This  approach was 
keyed by t h e  i n i t i a l  i s s u e s  p r e s e n t a t i o n  g i v e n  by Barry  Boehm t o  t h e  g e n e r a l  aud ience  
on t h e  f i r s t  day. A d d i t i o n a l  i s s u e s  ( f o r  a t o t a l  of 23)  were developed by t h e  panel-  
i s t s  i n  t h e i r  f i r s t  c l o s e d  s e s s i o n  from which key a r e a s  were s e l e c t e d  and d i s c u s s e d  
i n  open s e s s i o n .  These d i s c u s s i o n s  l e d  t o  t h e  fo l lowing  key recommendations summa- 
r i z e d  i n  t h e  fo l lowing  t a b l e  and d e s c r i b e d  i n  t h e  fo l lowing  t e x t .  

Key Recommendat i o n s  

Programmatic Develop uniform,  NASA-furnished SDE; mandate c o m p a t i b i l i t y  w i t h  
d e l i v e r e d  s o f t w a r e ,  do n o t  mandate f o r  development 

Develop SDE o p e r a t i o n s  concept ;  use  JSSEE a s  a  s t a r t i n g  p o i n t ;  use  
i n p u t  from Phase B c o n t r a c t o r s  and o p e r a t i o n a l  u s e r s  

Develop i n c r e m e n t a l l y  u s i n g  i d e n t i f i e d  g u i d e l i n e s  

SDE Scope Focus on p roduc t s ;  n o n - p r e s c r i p t i v e  of d e t a i l e d  methodology 

Design t o  suppor t  s o f t w a r e  r e u s e  

SDE S t r u c t u r e  Furn i sh  as p o r t a b l e  so f tware  package,  excep t  where requ i rements  
d i c t a t e  hardware 

V i r t u a l i z e  t h e  o p e r a t i n g  system; s t a r t  w i t h  U N I X ,  p r e p a r e  t o  evo lve  

E s t a b l i s h  a s i n g l e  s u b s e t a b l e  SDE h o s t ;  a l l o w  f o r  m u l t i p l e  t a r g e t  
s u p p o r t  subsystems;  maximize commonality; accommodate user-unique 
s e r v i c e s  

Use a modular,  l a y e r e d  a r c h i t e c t u r e  

Ins t rument  f o r  s e l f - d i a g n o s i s  

Programmatics: The panel  and audience s t r o n g l y  endorsed t h e  concept of a un i fo rm,  
NASA-furnished, mandated SDE t o  a d d r e s s  t h e  c r i t i c a l  l i f e - c y c l e  c o s t  and i n t e g r a t L o n  
i s s u e s  of Space S t a t i o n  s o f t w a r e .  R i s k s ,  such a s  s c h e d u l e ,  t e c h n o l o g i c a l  obso lesc -  
e n c e ,  and c o n t r a c t o r  i n c o m p a t i b i l i t i e s ,  a r e  m i t i g a t e d  by t h e  fo l lowing :  an opera tkons  
concept which p rov ides  f o r  c o n t r a c t o r  o p t i o n s  t o  u s e  t h e i r  own SDEs, as long as t h e  
d e l i v e r e d  sof tware  is  s u p p o r t a b l e  by t h e  NASA SDE; an  inc rementa l  a c q u i s i t i o n  strat- 
egy; and t h e  use  of l a y e r e d  a r c h i t e c t u r e s  t o  a s s u r e  t e c h n o l o g i c a l  t r a n s p a r e n c y .  

A major recommendation which w i l l  m i t i g a t e  schedu le  and product  r i s k  is  t o  develop an  
SDE Opera t ions  Concept as soon a s  p o s s i b l e  which a d d r e s s e s  u s e r  requ i rements  and 
l i f e c y c l e  s c e n a r i o s  based on i n p u t s  from u s e r s ,  Phase B c o n t r a c t o r s ,  and s i m i l a r  DoD 
e f f o r t s  ( e  .g . , t h e  JSSEE O p e r a t i o n a l  Concept Document). 



Scope: A key concern i n  t h i s  a r e a  i s  the  degree of mandated software engineering 
methodology implied by t h e  SDE. The panel s t rong ly  endorsed the  concept t h a t  t he  SDE 
focus on products (such a s  s p e c i f i c a t i o n s ,  designlcode r ep resen ta t ions ,  e t c . )  r a t h e r  
than  the  methods, thereby allowing f o r  contractor-unique approaches and new methods 
technology. 

Another major aspec t  of t h e  SDE scope s t rong ly  endorsed is  the  concept of a support  
l i b r a r y  of reusable  components, which could lead  t o  a major savings i n  o v e r a l l  Space 
S t a t i o n  l i f e  cyc l e  cos t s .  

S t ruc tu re :  The key concern addressed is the  architecture--modularized and layered-- 
t o  al low f o r  technologica l  evolu t ion  a t  d i s t i n c t  l e v e l s .  An approach was developed 
and presented f o r  t h e  c r i t i c a l  i n t e r f a c e s  t o  p ro t ec t  aga ins t  p r e d i c t a b l e  sources  of 
change. 

The major sources of SDE change and t h e i r  corresponding information-hiding i n t e r f a c e s  
a r e  : 

Source of Change 

o Text-processing C a p a b i l i t i e s  

o Requirements, Design, Code 
Representat ions  

o F inancia l  Management 
C a p a b i l i t i e s  

o DBMS C a p a b i l i t i e s  

o Workst a t i o n  C a p a b i l i t i e s  

0 CPU 

Info-hiding I n t e r f a c e  

o Text F i l e s  

o Standardized Content 
a t  Each Stage 

o Standard WBS 

o Abstract  DBMS I n t e r f a c e  

o Abstract  Workstation I n t e r f a c e  

0 UNIX 

Another major aspec t  of t h e  SDE s t r u c t u r e  endorsed is t h a t  it c o n s i s t s  of a subset-  
ab l e  set of t o o l s  engineered wi th  uniform i n t e r f a c e s  providing t h e  SDE c a p a b i l i t y  t o  
customize t o  s p e c i f i c  u se r  requirements e i t h e r  by a p p l i c a t i o n  (e.g., f l i g h t  o r  ground 
software development, a n a l y s i s ,  management, s imu la t ion ) ,  by type  of u s e r  (e .g . ,  
expert /novice , s p e c i a l i s t  / g e n e r a l i s t )  , o r  by type  of equipment (e .  g . , mainframe, mini ,  
o r  workstat ion) .  

RECOMMENDATIONS 

1. THE Software Development Environment (SDE) should be a uniform, NASA-furnished, 
"mandated" environment support ing t h e  use of e x i s t i n g  NASA f a c i l i t i e s .  

i 

2. The SDE should be furn ished  a s  a po r t ab l e  sof tware package (except  where 
requirements d i c t a t e  hardware). 

3 .  The SDE should have a v i r t u a l i z e d  opera t ing  system. S t a r t  wi th  UNIX and prepare 
t o  evolve. 



ximize thercommonali ty,  t h e  SDE should  r e s i d e  on a s i n g l e  h o s t  sub- 
s e t s  .of t6at h o s t  a r e  p o s s i b l e  and can suppor t  SDE s u b s e t s ) .  The 

SDE should a l l o w  f o r  m u l t i p l e  t a r g e t  suppor t  subsystems. 

5. The SDE should  be i n c r e m e n t a l l y  developed.  

6 .  Cons idera t ion  shou ld  be g i v e n  t o  having an  "SDE Flyof f"  w i t h  m u l t i p l e  vendors ,  
a l though  t h e  pane l  thought t h i s  may n o t  be necessa ry .  

7 .  The SDE a p p l i c a t i o n  shou ld  be product  o r i e n t e d ,  n o t  n e c e s s a r i l y  p rocess  o r i e n t e d ,  

8 .  There must be a s p e c i f i c  development and a p p l i c a t i o n  p l a n  a long  w i t h  a marke t ing  
program f o r  s e l l i n g  t o  NASA Cente r s  and vendors.  

9.  The SDE should  be ins t rumented  f o r  s e l f  d i a g n o s i s .  

10. The SDE must suppor t  s o f t w a r e  reuse .  

11. An o p e r a t i o n s  concept  must be g e n e r a t e d  a s  soon a s  p o s s i b l e .  Use t h e  JSSEE 
( J o i n t  S e r v i c e s  Software Engineer ing Environment) o p e r a t i o n a l  concept as s t r o n g  
i n p u t .  Also o b t a i n  i n p u t s  Erom t h e  Phase B c o n t r a c t o r s  and p o t e n t i a l  u s e r s .  

12. P ro to type  t h e  u s e r  i n t e r f a c e  e a r l y .  

13. C o l l e c t  and i n c o r p o r a t e  l e s s o n s  l e a r n e d  from p a s t  NASA p r o j e c t s .  

14. Any new sof tware  w r i t t e n  f o r  t h e  SDE should be w r i t t e n  i n  t h e  chosen NASA space  
s t a t i o n  programming language.  

15. NASA should  e s t a b l i s h  r e s e a r c h  a c t i v i t i e s  t o  f i l l  i n  t h e  SDE g a p s ,  i . e . ,  develop 
new sof tware  environment technology where it is  needed. 

16. The SDE should have a modular,  l a y e r e d  a r c h i t e c t u r e .  

17. NASA should  d e f i n e  t h e  c r i t e r i a  f o r  SDE a c q u i s i t i o n .  

18. The SDE is  t o  suppor t  r e u s e  of e x i s t i n g  NASA f a c i l i t i e s .  




