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Mission and Program Integration
MAPI Services

Configuration, Data Resource, and Business
Management

— Program Science and Research
— Strategic and Tactical Planning
— Safety and Mission Assurance Barrios
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— Information Technology
— Manifest Development
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— Engineering Analysis —
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— Risk Management  Booz | Allen | Hamilton

Intearation

Doc Control(s) Tech Expert(s)
-

Quality
© Can Stock Photo

Spnace Research/Fxploration

4

MAP|

Mission and Program Infegration Contract

International

Crew/Carao

| MISSION AND PROGRAM INTEGRATION (MAPI) CONTRACT | 3



S

Mission and Program Infegration Contract

NASA Requirements Management

. " Technical Management _,__\\\\f

NASAISP-2007-6108
vt

NASA
Systems Engineeri .
Handbook e ~
Processes Y R\I'
n nning
Processes Process
— 10. Technical Planning Product Transition
NASA/SP-2007-6105 Requirements Definition Process
H o - >
———— Tee::"'“' Control 9. Product Transition
1 S&j‘:“:z"o‘r” Expectations Cross- SO0SES Cross- L)
[/ cunng 11. Requirement Management cuttng Evaluation Processes \
| 2. Technical Requirements 12. Interface Management \
Definition 8. Product Validation
13. Technical Risk Management 7. Product Verif
\ l 14. Configuration Management »:ENOUREN :"”" |
\ - - 15. Technical Data Management /
TGC'."'\ICJ' Solution Design Realization
Definition Processes Technical Assessment Processes
3. Logical Decomposition Process 8. Product Integration
4. Design Solution Definition 18. Technical Assessment 5. Product Implementation
Technical Decision
Analysis Process
17. Decision Analysis

'

System Design Processes
applied to each product

P EEEN NN NN EENSENEENNEES

Product Realization
Processes applied to each

product layer up through
system structure

layer down through system
structure

AuEEuEnEn und
FITTTTIILT
“nssunsnune®

Figure 3-1 — Systems Engineering (SE) Engine

ceverntt ANY e cydle prase.

Requirement

The agreed-upon need, desire, want, capability, capacity, or demand for personnel, equipment, facili-
ties, or other resources or services by specified quantities for specific periods of time or at a specified
time expressed as a“shall” statement. Acceptable form for a requirement statement is individually
clear, correct, feasible to obtain, unambiguous in meaning, and can be validated at the level of the
system structure at which stated. In pairs of requirement statements or as a set, collectively, they are
not redundant, are adequately related with respect to terms used, and are not in conflict with one
another.
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NASA Requirements Management

NASA/SP-2007-6105
Rev1

NASA
Systems Engineering
Handbook

6.2 Requirements Management

Requirements management activities apply to the man-
agement of all stakeholder expectations, customer re-
quirements, and technical product requirements down
to the lowest level product component requirements
(hereafter referred to as expectations and requirements).
The Requirements Management Process is used to:
e Manage the product requirements identified, base-
lined, and used in the definition of the WBS model
products during system design;

Provide bidirectional traceability back to the top WBS
model requirements; and

Manage the changes to established requirement base-
lines over the life cycle of the system products.

From system design processes

Expectations and
Requirements toBe  —»
___ Managed

From project and Technical
Assessment Process

Requirements Change
Requests >

From Technical
Assessment Process

TPM Estimation/
Evaluation Results -

From Product Verification
and Product Validation
Processes

Product Verification and

Product Validation Results

Prepare to conduct

. To Configuration
requirements management

Management Process

* Requi its
Conduct requirements > Documents
management _—

v

Conduct expectations and |
requirements traceability

7 R

Manage expectations " To Technlc.:IPData
and requirements changes anagement Frocess

Approved Changes to
Requirements Baselines

Requirements
F»  Management Work
Products |

Capture work products from
requirements management
activities

Figure 6.2-1 Requirements Management Process
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6.2.1.2 Process Activities
The Requirements Management Process involves man-
aging all changes to expectations and requirements base-
lines over the life of the product and maintaining bidi-
rectional traceability between stakeholder expectations,
customer requirements, technical product requirements,
product component requirements, design documents,
and test plans and procedures. The successful manage-
ment of requirements involves several key activities:

® Establish a plan for executing requirements manage-
ment.

® Receive requirements from the system design processes
and organize them in a hierarchical tree structure.

e Establish bidirectional traceability between require-
ments.

e Validate requirements against the stakeholder expec-
tations, the mission objectives and constraints, the op-
erational objectives, and the mission success criteria.

® Define a verification method for each requirement.

e Baseline requirements.

® Evaluate all change requests to the requirements base-
line over the life of the project and make changes if
approved by change board.

e Maintain consistency between the requirements, the
ConOps, and the architecture/design and initiate cor-
rective actions to eliminate inconsistencies.
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Challenges

How to be more efficient with
document updates and getting
users the data set they need?

1000s of requirements

Inconsistent Formatting amongst
documentation

Managing Multiple or Conflicting
Shalls

Stakeholders are used to existing
document structure and some tools
developed to work with them

Stakeholders leery of hidden
changes if it does not look the same

Multiple Vendors on contract for
different document revisions

Phased Development
Documents are “Flat Files”

Product Requirements

[ Customer
Ramts

Visiting Vehicles

~ 10 Visiting Vehicles
Ground Processing

Operational Constraints

|
s LA LS

f < Operational
- 1 GGRC

50+ Increments

Product 100s Payloads
1 System 1000s Flight Rules
13 Segment

84 Sub-Systems

Operational Requirements

System Region
Design Ramts

Customer
Ramts

15 countries
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Converting Document Management MAPL

ission and Program Integration Centract

Initial State Pro/Con

+ Familiar Process

- Separate Products Incur
Substantial Coordination Costs
- Very serial process

- Limited to WORD searches

- Not traceablef/filterable

+ Data in database

+ All data Searchable and
Filterable

+ Clear CR traceability and
history

- Unfamiliar process

- License Cost

- User Learning Curve

Opportunity

, Report Generation

l

Trace/lmpact Report Collaboration

_______________ N _— - - il R
+ Existing/New Products
generated from Database

+ Quick and clear change
impact assessments

+ Parallel collaboration

+ Consistent templates

+ Web Enabled

Published from Database
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MAPI D2D Plan AMAPI

Phase 1 From WORD to Database
: I + Object History Tracked
Proof Train Ve + Search/Filter Appendix Attributes

Document Maintenance

Maintain Document(s) from cover From Data Objects to Data Relationships

. + Search/Filter User Defined Attributes
Page to Appendix Phase 2 + Parent/Child Relationships
Load, Format, ReCreate, Baseline Data Management ~+ Change Impacts
User Attributes
Traceability Phase 3  From User to Stakeholder
Change Management _ + Comments on data objects
Database ’ ° Data Collaboration ~+ Collaboration on CRs
Peer Review
Cap ab | I |t| es Advanced Reporting

CR Attachments

Database Setup

Create Document

Search/Filter Metadata SC O p e

Export Existing Format

Baseline Obijects Document Number Title
Traceability Document 1 Title 1
Manage Changes | | eeeees cenee
Peer Review Document N Title N

Build Reports
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Example - Attributes

8.1 CREW ROTATION REQUIREMENTS
8.1.1 CREW $IZE_(REQUIREMENT)

The Program-approved crew size is 3-6 grew.members. When there is an international
crew of 3 there shall be return/rescue capability of one Soyuz spacecraft. There shall
be a return/rescue capability of two Soyuz spacecrafts for a crew size of 4-6 grew,
members on the ISS. It is planned to have an international crew of up to 7. <TBR 8-1>

In the event that the |SS crew size is reduced to 3 crewmembers or less for greater than
21 days, an integrated assessment shall be performed to determine the ability of ISS
systems and crew capabilities to continue ISS operations and identify the appropriate
measures to be performed to ensure the |SS sustainability.

Rationale: The Program-approved crew size is 3-6 crew members. The planned
return/rescue capability is the use of Soyuz spacecrafts on the 1SS (USOS will acquire
USOS grew.membper return/rescue capability through separate agreement).

As part of § crew operations nominal planning, the ISS crew size is reduced to 3
crewmembers during the Indirect Handover period. In an off-nominal situation, when
there is an extended 3 crew timeframe, there is a potential extended loss of ISS nominal
capability (e.g. Extravehicular Activity (EVA), Extravehicular Robotics (EVR), Robotics
and Payload operations) until additional crewmembers arrive onboard ISS.

Applicability: 1SS Lifetime.

8.1 Crew Rotation Requirements title

2.1.1 Crew Size (Requirement) SPARC(OM2)/RSC-E/OC
8.0 Crew
Rotation / 3.2 8.0 Crew Rotation/Handover Planning
Handover
Planning

8.1 Crew Rotation Requirements
3.23 8.1.1 Crew Size (Requirement)
~ Contents

CREW ROTATION REQUIREMENTS
CREW SIZE (REQUIREMENT)

The Program-approved crew size is 3-6 crew members. When there is an international crew of 3
there shall be return/rescue capability of one Soyuz spacecraft. There shall be a return/rescue
capability of two Soyuz spacecrafts for a crew size of 4-6 crew members on the 1SS [t 1s planned

to have an international crew of th ilifty exists for crew member rotation using
NASA commercial crew vehicles) T> IE

In the event that the ISS crew size 1s reduced o 3 crewmembers or less for greater than 21 days,
an integrated assessment shall be performed to determine the ability of ISS systems and crew

cap%es fo continue IS_S operafions ﬁdﬁiw the approprigte measures to be performed to
~@an-track Object History

Rationale: The Program-approved crew size is 3-6 crew members. The planned return/rescue
capability is the use of Soyuz spacecrafts on the IS5 (USOS will acquire USOS crew member
return/rescue capability through separate agreement)

As part of 6 crew operations nominal planning, the ISS crew size is reduced to 3 crewmembers
during the Indirect Handover period. In an off-nominal situation, when there is an extended 3 crew
timeframe, there is a potential extended loss of ISS nominal capability (e g. Extravehicular Activity
(EVA), Extravehicular Robotics (EVR), Robotics and Payload operations) until additional
crewmembers arrive onboard ISS

Applicability: ISS Lifetime.

Appendix D
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Example - TBXx

Provide context in which TBx are used and TBx history.

2y
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Document

8.1 CREW ROTATICN REQUIREMENTS
8.1.1 CREW SIZE (REQUIREMENT)

The Program-approved crew size is 3-6 grew.members. When there is an international
crew of 3 there shall be return/rescue capability of one Soyuz spacecraft. There shall
be a return/rescue capability of two Soyuz spacecrafts for a crew size of 4-6 grew,
members on the ISS. It is planned to have an international crew of up to 7. <TBR 8-1>

In the event that the 1SS crew size is reduced to 3 crewmembers or less for greafer than
21 days, an integrated assessment shall be performed to determine the ability of ISS
systems and crew capabilities to continue 1SS operations and identify the appropriate
measures to be performed to ensure the ISS sustainability.

Rationale: The Program-approved crew size is 3-6 crew members. The planngd
return/rescue capability is the use of Soyuz spacecrafts on the 1SS (USOS willjacquire
USOS grew.member. return/rescue capability through separate agreement).

As part of § crew operations nominal planning, the 1SS crew size is reduced t¢ 3
crewmembers during the Indirect Handover period. In an off-nominal situatiorf when
there is an extended 3 crew timeframe, there is a potential extended loss of IFS nominal
capability (e.g. Extravehicular Activity (EVA), Extravehicular Robotics (EVR)J Robotics
and Payload operations) until additional crewmembers arrive onboard 1SS.

Applicability: 1SS Lifetime.

APPENDIX C - MATRIX OF ISSUES TO BE RESOLVED
MATRIX OF TO BE DETERMINED ITEMS

TABLE C-1 MATRIX TO BE RESOLVED ISSUES

TBR Section
81 811

Description Status

The size of the post-assembly international crew is currently baselined for | Open
6. The evaluation of 7 crew members is in work.

Data Management

~ Contents

CREW ROTATION REQUIREMENTS
CREW SIZE (REQUIREMENT)

The Program-approved crew size is 3-6 crew members
When there is an international crew of 3 there shall be
return/rescue capability of one Soyuz spacecraft. There
shall be a return/rescue capability of two Soyuz spacecrafts
for a crew size of 4-6 crew members on the ISS. Itis
planned to have an international crew of up to 7 when the
capability exists for crew member rotation using NASA
commercial crew vehicles. <TBR 8-1>

In the event that the ISS crew size is reduced to 3
crewmembers or less for greater than 21 days, an integrated
assessment shall be performed to determine the ability

of ISS systems and crew capabilities to

continue 1SS operations and identify the appropriate
measures to be performed to ensure the 1SS sustainability.
Rationale: The Program-approved crew size is 3-6 crew
members. The planned return/rescue capability is the use of
Soyuz spacecrafts on the 1SS (USOS will

acquire USOS crew member return/rescue capability through
separate agreement)

As part of 6 crew operations nominal planning, the 1SS crew
size is reduced to 3 crewmembers during the Indirect
Handover period. In an off-nominal situation, when there is
an extended 3 crew timeframe, there is a potential extended
loss of ISS nominal capability (e.g. Extravehicular Activity
(EVA), Extravehicular Robotics (EVR), Robotics and Payload
operations) until additional crewmembers arrive

onboard 1SS

Applicability: 1SS Lifetime

TBx Type

TBR

TBx Number

Section
8.1
811

81101

81102

8.1.1.03

81104

81105

TBx Description TBx Status

The size of the post- Open
assembly international

crew is currently baselined

for 6. The evaluaticn of 7

crew members is in work.
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Example — Baseline MAPI

Mission and Program Infegration Contract

B aS el I n e SC h e m a Project Streams |  Project Baseline | Project Chg Sets

Rev K Rev L Includes Includes

- il f Initial Steam SSP 50261 Rev K SSP 50261 CS1
'J SSP 50261 Rev L SSP 50261 CS2

Initial A A
Stream

Ccs1 CS2

Select the Configuration Context

@

Choose Type: O Global C

Component: MAPI Playground (Requirements)

- () Baselines « |SSF‘ 50261
Conliguanion Cootast

Create Sueam
Cronle Bossine
Compare Congurason

Gotal Confgeration

Created By Creation Date

S5P 50261 Rev K. komr Apr 7, 2017 10:46 AM
Oelvar Chasges

Atcept Changes

(D Anttacts in a baseine cannct be changed 32«

« MA . GGRC CM/Demo

I< +

Views B- 0 Conterts Q Module
i v *8.1 CREW ROTATION REQUIREMENTS - = 12374
= 12581 +8.1.1 CREW SIZE (REQUIREMENT) —
v | e 125 The Program-approved crew size is 3-6 crew members. When there is an international crew of 3 there

shall be retum/rescue capability of one Soyuz spacecraft. There shall be a return/rescue capability of gt
two Soyuz spacecrafts for a crew size of 4.6 crew members on the ISS. Itis planned to have an ponert. MA
international crew of up to 7 when the capability exists for crew member rotation using NASA esrn Owmersing
commercial crew vehicles. <TBR 8-1> (Requrement)
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Example — Change Management

Change Management Schema

4

MAPIL

Mission and Program Infegration Contract

SSP 50261 SSP 50261
. Rev K + DCN1 + DCN2 + DCN3 + editorials
Rev K - L_J &, Rev L
(GGRC) _ _ _ (GGRC)
Initial Change Set Goes thru vyork item apprbval and delivered back to Laseline
Stream

A A A A

Change Set: Change Set: Change Set: Change Set:
SSP 50261, SSP 50261, SSP 50261, SSP 50261,
DCN1, CR10 DCN2, CR12 DCN3, CR21 Rev L, CR25
Requirement 10 ‘ﬁ
. Change Set:
a0 Requirement 20 SSP 50261,
Requirement 30 Editorial

Requirement ...

Requirement Artifact

Change Request Artifact
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Example — Change Management MAPI

Mission and Program Infegration Contract

" Changes must be captured in Change

- o : Sets
O Stream: MAPI Playground (Requirements) Initial Stream

» Components and

« Change Sets must be linked to an

S s e approved Change Request
Description
B S MAPI Playground (Reguirements) Initial Stream v
Configuration Context .
Greate Siream requirement changes
Change manage| - Create Baseline
W To edt this stream, ¢ ' Compare Configuration

“Todevertots{ Requrements Management Deliver Changes

ocal Configuration

. Accept Changes
MAP! Playoground (Requirements ) insial
0 Shream ’
Create Change Set N
E @l MAPI Plavarniind (Reairementa) | MAPI Plavaraiind (Remiirementa) A 559 S61 Demol, CR1
- i
mroject Dastboard 3 (REqQuirements) | MAPI Playground (Requirements) AT FUypnd (Repairesments) Tnitiad M rrae
€ \ A S5° 50261 Demol, CR1
Pews. yOu MUst work N A New OF exsing change set aix »
Nemat Bl-;0 Gare cMDemo
The Progr, '
shall be a
the capal B- © neres Q Modde|
" t 8.1 CREW ROTATION REQUIREMENTS i 3 12
; -8.1.1 CREW SIZE (REQUIREMENT) - Ch Q Module
v S 125 The Program-approved crew size is 3-6 crew members. When there is an international crew of 3 there b g SR ~ 12582
= . of i .
o Soyuz spacecrafts for a crew size of 4.6 crew members on the ISS. It is planned to have an DDrovel
ternational crew of up to 7 when the capability exists for crew member rotation using NASA n
ommercial crew vehicles. <TBR 8-1> t
v Po The Program-approved crew size is 3-6 crew members. When there 1§ ¢
shall be return/rescue capability of one Soyuz spacecraft. There shall be 3
two Soyuz spacecrafts for a crew size of 4-6 crew members on the ISS. 3
{ -
Lo $lom oo s = s are mimem i el im o o Suce o 4-0 Cl
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Example - Traceability

Mission and Program Infegration Contract

If Parent Document is updated, what are the residual impacts?

Document Data Management

APPENDIX D - ICD TO IRD TRACEABILITY

SSP 50977 SSP 50977 Paragraph Title Corresponding SSP 50808
Paragraph Number Paragraph Number B- D Section Contents Satisfies

3.2 Structural and Mechanical interfaces 15008 32 -3.2 STRUCTURAL AND MECHANICAL INTERFACES

# o "ay Ly (R l'renlellts] Lt 216:INTERNATIONAL DOCKING ADAPTER

545:DOCKING ATTACHMENT MECHANISM

760:INTERNATIONAL DOCKING ADAFTER INTERFACE

€ | ...> MAPI Do

®= MAPI Playground (Requirements) Initial |
i Create ~ Typ

Views (s} =) MAPI Playground (Requirements) Ir§

Search Views

& | .= MAPI Docs > | 12370 GGRC CM/Demo

Views

Exf - ] I< Type to filter by text +

Search Views
K Views B- D Contents Parent Of
NV TN LIV IY |2

\ 12581 *8.1.1 CREW SIZE (REQUIREMENT)

Search Views B B

= 0

v - 12587 Link is Inv;—lild ) @] 18748:Each return vehicle shall accommodate three crew memigdfe

Seton:  Apr 19, 2017 3:37 PM

Setby:  Kevin Orr

Comment:
We can not approve this change as it would require more return vehicles.

Mark as Valid

Mark as Suspect
capaniiity exists Tor crew memper rotation
using NASA commercial crew vehicles.
<TBR 8-1>
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Example — Collaboration

Mission and Program Infegration Contract

« Comments provided per object

* Reviews done per Change Request which is a Work
Item linked to Change Sets

Project Dashboard

50261 Demo1, CR1 (

bers. When there is an international crew of 3 there shall
raft. There shall be a retumnire: e capability of two Soyuz

h| C CM/Demo) Ap!
there is an international crew of 3 ther

The Program-approved crew size is 3
e retumirescue capability of one Soyu:

spacecrafts for a crew size of 4
h

(8 Tip of the week

The Re = ement (RM) applicat d as Rational Requirements Composer and Rational A
= DOOR Generation Il be a return/rescue capability of two
9 1A 1 GGRC CM/Demo rew mem (12! prs, 2017 P ee=
Page 10f 10
+
QD in MAPI | MAPI (@)
Views B. 0 yg!
@ [O
eorch Views .'- ~ 1298 = ; N o

Kevin Orr Now 1

[@]The Program-approved crew s
there shall be return/rescue capability of one S
two Soyuz spacecrafts for a crew size of 4-6

oyuz spacecraft. There shall be a returnirescue capability of
w mem ([) GGRC CM/Demo)

v Fe 1248

[ insed RE: TBR
+ Insed
4 Uplol B .
T Opeq,
Kevin Orr

crew members. When there is an international crew of 3

On: [@]The Program-approved crew size is 3

there shall be return/rescue capability of one Soy P ft. There shall be a return/rescue capability of
two Soy afts for a crew size of 4-6 crew mem ([} GGRC CM

RE: TBR 8-1: Crew of 7

Per direction lets remove the 7 crew sentence and TBD, and will be re-visited when capability is present

Kevin Orr Last Week _

PR
to guide the user in the application of this O B B

®
%

[@iThe following documents contain suppleme

document. These reference documents may or may not be specifically cited within the text of this document
() 10ss 10D) b T > ~
ien will it be decided
Need to remove the last sentence
% Rempl Need to remove the last sentence
Comfn
| Kevin Orr to Kevin Orr A . .
Exodd - jce and TBD, and will be re-visited
+i. Expd [@]The Program-approved crew size is 3-6 crew members. When there is an international crew of 3
there shall be return/rescue capability of one Soyuz spacecraft. There shall be a return/rescue capability of
two Soyuz spacecrafts for a crew size of 4-6 crew mem ([) GGRC CM/Demo)
TBR 8-1: Crew of 7
What is the rationale for going to 7 crew and when will it be decided?
[Emo 4

Page 1of 1

I e
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Example — Reporting/Exporting MAPIL

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn

« Export documents based on existing project templates

— Work thru challenges going from WORD>Database>WORD
« Paragraph styles, lists, formatting
» Updates to existing templates

« Specialized Reports on requirement attributes
« Parent/ Child Reports

* Reqguirement/Verification Reports

« Change History Report

« Change Impact Reports

 Change Request Attachments
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Conclusion

* Requirements in database is vital for

— Traceability
« Compliance
» Verification
* Requirement Closure

— Reporting
* Quick filtering
» Tailorable
* Improved Quality/Consistency

— Analyze Requirements
* Requirement sets/attributes

— Collaboration
» Single source of Master
» Single source for Drafts
» Single source for comments/discussions

— Enhance Change Management
* Impact of changes
« History of changes
» Scope/Baseline control

Mission and Pro gram Infe; gration Contract

Doc Control(s) Tech Expert(s)

Customer(s)

1 @ ' }
\")}f-" Tester(s)
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