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1 Preface

Schedule Mnagement is aintegral part ofPfrogram and projec{P/p) managementthat when
effectively performed helpsafeguard®/p success Theintent of Schedule Mnagement is to provide
the framework for coordinatig, communicatingtime phasingand resource planninthe necessary
tasks within a work efforin order to manage and optimize the available resources and dediestucts
on time and withinbudget Agencylevel NASAroceduralRequirements(NPRsand NASA Policy
Documents(NPDs)eferenced throughout this handbook provide the basis of practiceSicnedule
Managementacross the AgencyHowever, the scope of NAS#pst from research into new ways to
extend our vision into space, to designing a new crew vehicle, or exploring the outer reaches of our solar
systemt is vast. This handboolemphasize§cheduleManagement based oR/pt life cycles (and Key
Decision Points), takirgymore detailed look at the principlesmd best practiceassociated with
effectively implementindnigh-level requirementaind acknowledginthe differing levels of complexity
and other nuances that exismongNASAR variedset of Prograns and projecs.

1.1 Purpose

Thepurposeof thishandbookis to supportthe ScheduleManagemenfunction by providingbest
practicesproven to be successfulithin the Agencywhich will enable contiuous improvements
Agencywide that enhance programmatjarocesses, products, and professional growth (i.e.,
capabilities) As such, the necessity thfis handbookto establish consistent, Agenayide best practices
is threefold:

1 TheNASA Schedule Managent Handbook is necessary to capture recommensiguedule
managemenprocesses, methodologies, and techniques based on MA8¢ific needs and
lessons learned.

1 TheNASA Schedule Management Handbook is necessary to @efahéngSchedule
Managementproduds to bedevelopedduring each lifecycle phasén accordance with the
NASA requirements and policies.

1 TheNASA Schedule Management Handbook is necessary to supmiforcedevelopment
and professional growth in the programmatic functional are&dfeduleManagement through
definition of best practices and identification of the planning, development, and analytical
skillsets and familiarity of tools associated with producing products that meet NASA
requirements

This handbook also provides recomnded practices which are considered supplementary, but
secondary, to the Schedule Management best practices.

19 OK NBTFTSNBYyOS (2 Gt NRPIANIYKLNR2SOG o0t klLWE¢ GKNROmK2dzi GKA& KU
mission Campaignsis defined in Sectidh 6.1, unless otherwise called out lspecificmentions of multimission Campaign
guidancefor additional clarification



1.2 Applicability

Schedule Management suppoifigp management as a whole and is identified as one ofiine

functions that aids in decision makingih ! Qa4 t N22SOG tf | yyAyFThisyR / 2y N

handbook provides Schedulealagement guidance for NASA Headquarters, NASA Centers, the Jet
Propulsion Laboratory, integovernment partners, academic institutions, international partners, and
cortractors to the extent specified in the contract or agreemefihe authors of this handbook have

engaged with personneissociated withthe NASASchedule Community of Practice (SCéPedrder to

capture the best practices &f/p ScheduleManagement thoughout the Agency, #irebyproviding

informed and relevant guidance, as well as continuity offitectices utilizedby 3 Sy 0& Q& S E LIS NI
knowledge baseProviding consistency in guidanime Schedule Management through this handbook

supports an #icient and effective decisiomaking process for NASA managemen. facilitate general
understanding of the contents of this handboakipplemental information will be included on the

SCoPe website, including a ProgrammaAticonym Lisand aProgrammatidGlossary

TheSchedule Mnagement guidance described in thendbook helps to ensure that NASA P/ps are
meeting expectationsf both internal and external stakeholderd.he Government Accountability Office
(GAO)which performs routine idits of government agenciesxplains this concept as follows:

a well-planned schedule is a fundamental management tool that can help government P/ps
use public funds effectively by specifying when work will be performed in the future and
measuring prgram performance against an approved plan. Moreover, as a model of time, an
integrated and reliable schedule can show when major events are expected as well as the
completion dates for all activities leading up to them, which can help determine PAb@ a

LI N YSGSNE FFNB NBFfAaAa0GAO YR | OKASOlIof Sode

Internally, best practice processes and products support not oniitalaay PP&Chut also the

Independent Asessmen(lA)function, which helps to gauge/p achievability The alignment of Agency
assessmeiguidelinesto Schedule Management best practicegeamlines the life cycle revietCR)

process and providesonsistentunderstandingoetweenb ! { ladv@cate and nomdvocate role$. The

NASA Office of Inspector General (CiIS) relesonanunderd  YRAY 3 2F b! {! Q& o0Sai
performingaudits that includeassessments d?/p schedule estimatesWith respect to external

stakeholder expectations, this handbook specifiesv andwhenthe Schedule Mnagement function
supportscommitments made to Congresor example In addition, e principles, processes, anest

practices in this handboadnsure that P/ps are prepared for external audits.

2SR2016-3424 NASA Project Planning and Control Handbd@kapter 3.4: Scheduling FunctioBeptember 162016.

3The NASA Schedule Community of Practice (SCoPe) is an-feyehcpmmunity of practice sponsored by the Office of the

I KAST CAYIl y OA Btfatedic n¥est@ehtNIVigion &rid supgorting Agency Programmatic Analysis Capability (APAC)
Leadership, given their role of ownership of programmatic standards and policies and stewardship of programmatic
competency. SCoPe membership includes bothsavilant and contractor schedule management support from NASA
Headquarters and all NASA Centers, including component facilities.

4 SCoPe websitéittps://community.max.gov/x/9rjRYg

5GAQG16-89G. GAO Schedule Assessment Guide. Page 1. Decembent201/Buww.gao.gov/assets/680/674404.pdf

6 OCFGEBID0002. NASA Standard OperatfPigpcedure Instruction (SOPI) 6.0. Release Date: May 23, 2017.
https://www.nasa.gov/sites/default/files/atoms/files/sopi_6.0_final.pdf



https://community.max.gov/x/9rjRYg
http://www.gao.gov/assets/680/674404.pdf
https://www.nasa.gov/sites/default/files/atoms/files/sopi_6.0_final.pdf

1.3 Authority

As directed by thé\ssociate Administratothe Office of the Chief Finaial Officer OCFQis theowner

of programmatic standards and policies, as well as the steward of programmatic capabilities, where the
0 SNXY & LINE i Mishandbodkiefdrs toprogram management, resource analysis, sched(ling

cost estimation, anihdependent assessment activitiésThis responsibility includes interpretation of
NASA requirements and policy guidatisead below:

NPD 1000.0A, NASA Governance and Strategic Management Handbook

NPD 7120.4C, Program/Project Management

NPD1000.5, Policy for NASA Acquisition

NPR 7120.5, NASA Space Flight Program and Project Management Requirements

NPR 7120.7, NASA Information Technology and Institutional Infrastructure Program and Project
Requirements

NPR 7120.8, NASA Research and TechnBlagyam and Project Management Requirements

Figurel-1 shows the traceability afequirementsto the best practices provided in this handbook, by
depicting theflow-down from the highest Agency PoliBjrectivesand ProceduraRequirements

documents to thePP&C competencieShe remainder of this handbook defines the recommended bes
practices fo fulfilling the $heduleManagement requirements set forth in NPR 7120.5, NPR 7120.7, and
NPR 7120.8.

7t SNJ i KAad KFEYyRo0o2213 4{ OKSRdzA Ay3aé¢ a4 RSTAYSR o6& GKS 'aaz20Aal08
ttg/ 3FdZARFYOS gAff 068 dzZJRIFGSR (2 NBFESOU (KS OKFy3asS Fa ¢Stfzx
alyl3asySyiéo

80y hOG206SNI HHE HampX GKS bl {! 1 3820AF0S ' RYAYAAGNIG2NE RSTAY
program management, resource analysis, scheduling, cost estimation, and independent assessment activities. The OCFO

assumed the role of Agey Programmatic Analysis Capability (APAC) Leadership to provide two critical functions:

Programmatic Standards and Policy Owner and Programmatic Capability Steward.
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External

OMEB Circular
Government Performance ooy  Authorization
and Results Act (GPRA)
NASA Agency Level
Policy Directives (NPDs) INASA Policy Directives (NPDs) and
and Procedural NASA Procedural Requirements
Requirements (NPRs) (NPRs)

|

NID 1000-110
for NPD 1000.5

NID 8000-108 NPR 7120.5/

NPR 9420.1
for NPR 8000.4

OCFO SID APARC —| Independent Assessment Independeni Programmatic
Programmatic Capability Execution Assessment Execution
Stewardship (Guidance) } ——————————————— T == e — e

Strategic Contract Risk Space Flight Program

Planning Acquisition Management and Project

. Handbook Handbook Handbook

Guidance (SPG)

Management Handbook

OCFO Programmatic Disciplines

PP&C
Integration

Schedule
Management
Handbook

WEBS
Handbook

Cost Estimating
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Figurel-1. Agency equirementslow downto this Schedule Management Handbook
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This handbook will bepdated as needed tordhance Schedule &hagementto be more effective and
efficient,across the Agency. It is acknowledged that most, if not all, external organizations participating
in NASA P/will have their owrit O 2 NLJBdkédiileS\dnagementolicy, procedures, and guidance
Issues that arise from conflicting schedule guidance will be resolved on-yaase basis as contracts

and partnering relationships are established. It is also acknowledged and understood thas alieP/p

not the same and may require different levels of schedule visibility, scrutiny, and coRtpype,

value, and complexity are fact®that typically dictatéhe breadth and depth ofcheduleManagement
practices employed.
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1.4 References

The following a& related NPRand NASApecific guidance documentssed as source material for this
document

NPD 1000.0NASA Governance and Strategic Management Handbook

NPD 7120.4Program/Project Management

NPD 1000.5, Policy for NASA Acquisition

NPR 7120.5, NASA&8p Flight Program and Project Management Requirements

NPR 7120.7, NASA Information Technology and Institutional Infrastructure Program and Project
Requirements

NPR 7120.8, NASA Research and Technology Program and Project Management Requirements
NPR 8000.4Agency Risk Management Procedural Requirements

NPR 8705.4, Risk Classification for NASA Payloads

NASA/SR20103404, NASA Work Breakdown Structure (WBS) Handbook

NASA, Cost Estimating Handbook V.4.0

NASA/SR016-3708, Earned Value Management Project CalmAccount Managers (EAM)
Reference Guide

NASA/SR2012-599, NASA Earned Value Managem@&iM)implementation Handbook
NASA/SR2016-3406, Integrated Baseline Review Handbook

NASA/SR2016-3424, NASA Project Planning and Control (PP&C) Handbook
NASA/SR2011-3422, NASA Risk Management Handbook

Academy of Program/Project & Engineering Leadership (APPEL)

Chief Financial Officer University (GB)3°

Other nonNASAspecific references also appear as footnotes where applicable throughout this
handbook.
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2 NASA Schedule Managentehtfe CycleRequirementsand Best

Practies
¢CKA& OKFLIWGSNI LINEPOARSA 'y AYGNRRdAzOUGA 2 %hedilide 1 S8 St SY
Management tying best practices to AgenByp life cyclerequirementsthat are established in NPR
7120.5NASA Space Flight Program and Project Management RequireiPRs[120.RASA
Information Technology and Institutional Infrastructure Program and Project Requiremi@mRs;/120.8
NASA Research and Technology Program and Project Management RequirantddED 1000.5
Policy for NASA Acquisitiosubsequent chapters deal willefining and describingest practice®n
how to most effectively administer and satisfy tBeheduk Managementlife cyclerequirementsthat
pertain to eachsub-function of ScheduleManagement

21 b! {1 Q& t NPINI Ykt NR2SOU [AFS [/ &0fts

Space flighP/psflow from the implementation of national priorities, defined in the Agency's Strategic
Plan, through the Agency's Mission Directorates as part of the Agency's general work breakdown
hierarchy. Although this hierarchical relationship of Programs to piojEmonstrates that s may
vary significantly in scope, complexity, cost, and criticadityl their management involves different
activities and focus, all have a life cycle that is divided into the followingdadmmanagement process:

1 Formulation¢ The identification of how the Program or project supports the Agency's strategic
needs, goals, and objectives; the assessment of feasibility, technology and concepts; risk
assessment, team building, development of operations concepts and acquisitioegstst
establishment of higlevel requirements and success criteria; the preparation of plans, budgets,
and schedules essential to the success Bfogram or project; and the establishment of control
systems to ensure performance to those plans and aligmt with current Agency strategies.

1 Approval (for Implementation); The acknowledgment by the Decision Authority that the
Program/project has met stakeholder expectations and formulat&gquirements ands ready
to proceed to implementation By approing a Program/project, the Decision Authority
commits the budget resources necessary to continue into implementatigproval (for
Implementation) must be documented.

1 Implementation¢ The execution of approved plans for the development and operatiohef t
Program/project, and the use of control systems to ensure performance to approved plans and
continued alignment with the Agency's strategic needs, goals, and objectives.

9 Evaluationg The continual, independent (i.e., outside the advocacy chain oPtpeevaluation
of the performance of a Program or project and incorporation of the evaluation findings to
ensure adequacy of planning and execution according to plan.

For most NASR/ps Formulation andimplementation are further divided into increm&ai phasing that
allows managemerib periodicallyasses$/p progress.Figure2-1 andFigure2-2 illustrate how the
level of schedule detail required gpace flighP/ps changes with respect to the particular phase of
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Formulation or Implementation; more specifically, it increases as the P/p moves through its life cycle.

Thesame is true for 7120.8 P/ps as showrrigure2-3 and Figure2-4. These figurefurther illustrate

the LCRshat comprise independent reviesywhichprovideassessmerst2 ¥ I t Kk LJQ&d (G SOKYy A Ol |
programmatic status and health at key paim i K S lifexcyd®.4NPR 7120.5 requires the use of a

single, independent review team cadl the Standing Review Board (SRB) to conduct certain't EBs.

smaller projects that are not governed by NPR 7120.5, LCRs may be conducted bye@Qgenter

independentreview teamgqIRTs) P/p assessmenj®r special reviewsnay also be conducted at lodr

times during the P/p life cycle not specifically shown in these figsesh as when a rebaseline occurs

This means thdor effective P/p Management in support Bfp lifecycle requirementsit is critical for

Schedule Management to be initiatedrly in P/p Formulation all the way through tto€eout.

KDP II KDP Ill

\ V.

R T | 1 1

PIRs are conducted as uired by the Decision Authori
SRR /\ M

Less Definition m===) More Definition

Figure2-1. NASASpace Flightightly-Coupled, Loosel@oupled and Uncoupldttogram Life Cycle Phase/Schedule Detail
Relationship

UC2N) t klIQa GKFG FRKSNB (2 btw TMHANDPENBESOGIRAW
FfAIYYSyld sAGK (KS 1 3Sydeqa aAE FaasaavsSyid ONAMG
Management Requirements, Section 2, and described in Section 5.1 of the NASA Standing Review B6&d INAJABE
20163706 REV.B

e
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> O«

15



BB RN

Pre-A A Cc
Concept Concept & Preliminary Final Design
Studies Technology Design & & Fabrication

Less Definition =) More Definition

Figure2-2. NASASpace FlighBingleProject Program anBroject Life Cycle Phase/Schedule Detail Relatianship

i conducted as required by DA
Independent Assessments are conducted as required by the

y Decision Authority

Less Definition m=====) More Definition

Figure2-3. NASA R&T Program Life Cycle Phase/8kehBeétail Relationship.

Evaluation __
! | conducted as required by DA

Independent Assessments are conducted as required by the
Decision Authority

Less Definition m======) More Definition

Figure2-4. NASA R&T Project Life Cycle Phase/Schedule Detail Relationship.
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Because the sci¢ific and exploration goals ofr@gramsvary significantly, differenti@gram
implementation strategies are required, ranging from very simple to very compl@xaccommodate
these differences, NAS¥ategorizespace flighPrograms into four distinct types. Definitions of space
flight (71205) and research and technolody&T,7120.8) Programs and projects are as follows

1 Programs (7120.5 and 7120.8%trategic investments by a Mission Directorate or Mission
Support Office that has a defined architecture and/or technical approach, reqairenfunding
level, and a management structure that initiates and directs one or more projéd®sogram
defines a strategic direction that the Agency has identified as needed to accomplish Agency
goals and objectives.

0 SingleProject Program¢7120.5) Programsthat tend to have long development
and/or operational lifetimes, represent a large investment of Agency resources, and
have contributions from multiple organizations/agencies. These Programs frequently
combine Program and project management apgehes, which they document through
tailoring.

o Tightly-Coupled Programé7120.5) Programs with multiple projects that execute
portions of a mission(s). No single project is capable of implementing a complete
mission. Typically, multiple NASA Centerstigoute to the Program. Individual
projects may be managed at different Centers. The Program may also include other
agency or international partner contributions.

0 LooselyCoupled Programé§7120.5) Programghat address specific objectives through
multiple space flight projects of varied scope. While each individual project has an
assigned set of mission objectives, architectural and technological synergies and
strategies that benefit th&ogram as a whole are explored during the Formulation
process.For instance, Mars orbiters designed for more than one Mars year in orbit are
required to carry a communication system to support present and future landers.

0 Uncoupled Program§7120.5) Programs implemented under a broad theme and/or a
common Program impmentation concept, such as providing frequent flight
opportunities for costcapped projects selected through an Announcement of
Opportunity (AO) or NASA Research Announcements. Each such project is independent
of the other projects within the Program.

1 Projects(7120.5 and 7120.8)A specific investment identified in a Program Plan hgudefined
requirements, a lifeycle cos{LCQG)a beginning, and an end. A project also has a management
structure and may have interfaces to other proje@gencies, and international partners. A
project yields new or revised products that directly address NASA's strategic goals.

As withPrograms, projects vary in scope and complexity #redefore require varying levels of
management requirements and Ageretyention and oversightFor example, projects may consist of
LINR Y| MPRfd2s SEA W2 N) = ( KSR2 & 8¢ oK R dzssRabnirat@dvarkioy
they may be composed gfartnerships wth other Agencies, universitiesgsearch institutons, or
internationalentities. Consequently, project categorization defines Agency expectatioRdsby
determining both the oversight council and theesjfic approval requirements.
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Space Flightmpjects are Category 1, 2, or 3 and shall be assigmedcategory based on guidelines
established ilNPR7120.5. Space flight pjects are also assigned a risk classification of Class A, B, C, or
D, based upon on guidance per NPR 8705gkcificSpace Flight project types include:

1

In-House Observatory jects. In-house observatory projects are those in which a NASA
Center is the system integrator. Typically, the Center develops the spacecraft, procures and/or
builds the science instruments in house, procures or develops the ground system, and gdegrat
and tests the observatory. dmouse observatory projects may also include contributions from
other international or domestic partners, including other NASA Centers.

Out-of-House Observatory Project®Out-of-house observatory projects are those in which a

NASA Center manages a prime contractor who serves as the system integrator. The NASA

Center may also manage one or more f@ime instrument contractors whose instruments are

provided as governmerfurnished equipment (GFE) to the prime. @ifithouse observatory

projects may also include contributions from other international or domestic partners, including
20KSNI b! {! /SyiSNAO® ¢ KS YA a3 Aoy be apidtheR &8 &
LINR YS O2y i NIwork @& md Be mar@ged 8 a tahtbne special project within the

NASA Center.

Out-of-House Flight or Ground System Projects (single prime contractBor. some flight or
ground systems, a single prime contractor is respdadir the entire flight or ground system
effort including that of their subcontractors.

In-House Instrument/Payload Projectdn-house instrument/payload projects are those in

which the project is managed by a NASA Center, and the work is primafiyrped by in

K2dzaS 2NBIFYAT FiA2yakRANBOG2NI GSao ¢ KS -AyaildNYzy
house observatory project, an cof-house observatory project, an external partner, or another

NASA Program Office or Center.

Out-of-House Instrunent/Payload Projects.Out-of-house instrument/payload projects are

those in which the project is managed by a NASA Center, and the work is primarily performed by
industry contractors or other external organizations. The instrument/payload may be delivere

to an external partner or another NASA Center or Program Office.

In-House Component/Subsystem Projecti-house component/subsystem projects are those

in which a NASA Center manages the development and delivery of a unique component,
subsystem,orothd St SYSy G & | a&dzllLX ASNE G2 |y SEGSNYy
partner, other NASA center, the Jet Propulsion Laboratory, another federal agency, etc.

Special ProjectsA special project is any project that cannot be classified in oneeof th
categories described above.

Research and Technology project types include:

1

Technology Developmerfrojects Technology Developmeiptrojects characterize or enhance
performance and mature a technology or set of related technologies. These projects attempt to
solve a specific problem or address a practical nédtey advance investigations, experiments,
and prototyping to higher levealf maturity. TD projects typically focus their activities on fully
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establishing their approach and techniques, answering all pertinent questions on the theory or
hypothesis, developing the simulations, prototypes, and models that demonstrate the
capabilty, and testing, verifying and validating the capability with the intended customer or
beneficiary. Usually, TD projects have an identified or targeted beneficiary who is the intended
user of the technology being developed and who is involved throughmutievelopment

process.

1 ResearchProjects Research projects perform either basic research or applied rese8aic
research addresses the need for knowledge through investigation of fundamental principles and
interactions and result in@search papes, presentationsor articles. For applied research, once
an idea is defined enough to start thinking about practical application, single protosypes
designed and tested, or a simulation or modadeveloped to demonstrate the potential of the
reseach. The results of this basic or applied research may provide fundamental discoveries,
expand the knowledge base, provide scientific and technological breakthroughs that are
immediately applicable, or evolve into more advanced technology developnitggarch
projects are characterized by unpredictability of outconf@inding may be at a fixed level on a
yearly basis.

Regardless of theéype, category or clas®f P/pbeing implementedthe fundamental processder
implementing best practicedescribedn this handbook serve as the basis for the manageméany
NASA P/chedule according to its lifgyclerequirements although,in some caseghe breadth and
depth of the implementation of the best practices may be tailorable.

2.2 Requirements

A soundintegrated,logic networkconstructedschedule, developed using the Critical Path Method
(CPM)serveshe basis foplanning and performance, and is the primary sourceafbschedule data
provided to management for criticl/p decisions.This logic network schedule, britegrated Master
Schedule (IMS}onstitutesthe framework for time phasing and coordinatingRdp efforts into a
master plan to ensure that objectivese accomplished withiapprovedcommitments. As suchNASA
NEIj dzZA NSYSy G a LISNI I A Y A y\&#itelh &ith tegp&ct tdthie M Fhksdzngbbok | NB Ay
heavily leverages several NASA requirements documents in order to support consistengpand ri
across the NASSchedule Mnagementcommunity. Theequirements that dictateSchedule
Managementlanning,Development,Assessment/Aalysis Maintenancefontrol, and
DocumentatiodrCommunicationare found in NPR 7120.5, NPRGIX2 NPR 7120.8NPR 7123.1, NPR
7150.2 andNPD 1000.5.

Comprehensive Scheduleadagement requires the establishment, utilization, and control s¢lzedule
baseline, obaselinelMS and its derivative scheduledt isthe responsibility of each Program Broject
Manager(PM) andP/p team to ensure that these Schedulealkbgement requirements are adhered to,
not only during initiascheduleplanning anddevelopment, buialso in the orgoing updating,
maintenance and cotrol. In addition, ongoingevaluationof the IMSthrough assessment and analysis
should be made available to the appropriate levels of management to aid in decision making, as
indicated byP/p life cycle requirements.
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Requirements in NASA ProceduratiReements (NPRs), technical standarasd specifications are
ARSYUGAFASR o0& dzaAy3a GKS ¢2NR 4 ®Ad RafiohaldbrflythRSy 2 (1S Y
requirement is necessaiy typically available tthe user in each parent/requiremestriginating

document. To facilitate requirements selection and verification by NR&AS a Requirements

Compliance Matrix is providegs an appendix in eadPR The Requirements Compliance Matrix

should be used in ardination with the best practices, explanatigred guidance text in the body of

this NASA handbodbk ensure theP/pis meeting the required objectivesigure2-5 below mapghe

best practicesliscussed in thisandbookaccording to the Schedule Management gubction they

supportto the NASAequirement document(s) from which they originate.
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Schedule Managemen

. Requirement Statement
Sub-Function q

1 Shall base acquisitions on realistic schedules.

Schedule Managemer

Planning 1 Shall plan schedules for all P/p effort

T Shall develop planned schedules (@70% confidence kerdjtional) for all
P/p effort
Shall develop the basis of estimate in retrievable P/p records

Shall demonstrate plans are sufficiently mature
Schedule Developmer o
Shall demonstrate adequacy of schedule at key points in the LC

—_—) =) = —)

Shall demonstrate critical paths

I Shall have vertical and horizontal integration

Shall establish a target schedule range at KDP 0/KDP B

Shall develop a cost- or resource-loaded schedule and perform a risk-infor
probabilistic analysis that produces a JCL at KDP |/K&Aditipnal). Projects and
single-project programs with LCC of $1B or more:

- KDP-B: Shall develop a JCL informed by probabilistic analysis of developi
cost and schedule duration (parametric and bivariate methods are acceptable’

- CDR: Shall update their KDP C JCL

- KDP-D: Shall update their JCL, if current development costs have exceeds
development Agency Baseline Commitment (ABC) cost by 5%

- Rebaselines: Tightly-coupled, single-project programs, or projects with an
estimated LCC greater than $250M shall recalculate the JCL as part of the
rebaselining approval process

Schedule Analysis anc
Assessment

1 Shall have management processes in place to conduct project-level EVM

ez METEAEE 1 Shall track planned and actual schedule metrics

and Control
1 Shall develop appropriate documentation to implement the requirements ¢
NPR 7120.5E
1 Shall generate the appropriate documentation in preparation for LCRs to
demonstrate maturity
1 Shall describe in the Decision Memo the constraints and parameters withi
which the P/p will operate and the supporting data (e.g., the cost and schedul¢
data sheet)

Schedule i

All NPR 7120.5E space flight projects and single-project programs and all
7120.8 research and technology projects with a Life Cycle Cost of $50M or gre
shall submit integrated master schedules in their native scheduling tool format
the Agency Schedule Repository on a quarterly basis, beginning at SRR
(7120.5)/Project Approval (7120.8) through completion of Launch Readiness
Review (7120.5)/Closeout of Activities (7120.8)

1 Shall have management processes in place to conduct project-level EVM

Documentation and
Communication

I Shall submit monthly EVM reports, integrated program management repor
(IPMR), or the contract performance report submittals to a central repository (ir
Format 6-IMS in the native format)

Requirements
Document

1000.5B

1000.5B

7120.5E 2.4.2
7120.5E 2.4.4
7120.8A 3.2.4.3.2
7120.8A 4.2.7.1

7120.5E 2.4.2
7120.8A4.2.5.1

7120.5E 2.4.3
7120.5E 2.2.4
7120.5E 2.2.6
7150.2B 3.3.1¢c

7150.2B 3.3.1a
7150.2B 3.3.1b

7120.5E 2.4.1
7120.5E 2.4.3
7120.5E 2.2.8.2
JCL Requirement:
Update Memo
(2019)

7150.2B 2.1.3.12

7120.5E 1.1.2
7120.5E 2.2.6
7120.5E 2.4.1
7120.5E 2.4.3
Corrective Action
Plan (2018)
Enhanced EVM
and Schedule
Repository
Guidance (2019)

Figure2-5. Mapping of SchedalManagement Best PracticesNASA Requirements Documents
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NPR 7120.%urther defines the expected maturity of P/p products and control plans at each LCR. P/ps
are expected to have achieved these maturities, unless the requirementsbeavetailored and

approved. The same p&ctationis typically true for P/ps that fall under other requirements

documents, such as NPR 7120.7 or 7128itBoughproduct maturity matrices may not be definett is
important to note thataccording to NPR120.8,6R&T projects that directly tie to the space flight
YAadaA2yQa & dzOOS amallyrmériaged ubdeSNPEZ713D.51 NGB tife2efore adhere

to standard NASA best practices as described in this handbook.

2.3 Best Practices

The guidance in teihandbook is nat & -8rfpdsingé in other wordsijt is not mandatory for use by a
P/punless it isequired by U.S. law or NASA directiveinmoked by other NASA requirements
documents (e.g., contrast including but not limited tothe JPL (FFRDChtract, P/p documents,
grants, and agreementsHowever the best practicesdentified in this handbookre methods and
techniques that have consistently shown results superior to those aetibyother meansandare
supported by various principles, presses, and lessons learn€this document will capture and
communicatethe Schedule Managemetest practicescross and for the entirAgencyaccording to
each Schedule Management sfimction. In Figure2-6 andFigure2-7, the Schedule Management sub
functionsare mapped against the NASSaceHight andR&TP/p life cycles, respectivelyin order to
provide the community with a guide as to whete best practices supporting each Schedule
Management subunctionshould be focused and when.
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NASA Life Cycle Phases - 7120.5

Activity
Formulation Implementation
Uncoupled and Loosely Coupled Program
Major Life Cycle Reviews SRR SDR PIR PIR PIR PIR
Life Cycle Gategey Decision Points) KDRY KDV KDPY KDPYY KDPSY
Proj 1 A 7 Launch
Projects Proj 2 A U Launch
Projn A " Launch
Baselidh
Major Events &
R SDI PIR
Tightly Coupled Program
Major Life Cycle Reviews SRR SDR PDR CDR - SIR ORR - MRR/FR PLAR - CERR - PFAR - PIR
Life Cycle Gategkey Decision Points) KBY KBy KDPY KDPYY KDPW
Proj 1 A 7 Launch
Projects Proj 2 A " Launch
Projn A " Launch
Baselinfh
Major Events & A
R SDR PDI CDR SIR ORR
Project or Single-Project Program
Project Life Cycle Phases Pre-Phase A Phase A Phase B Phase C Phase D Phase E Phase F
. . Systems
. - Concept Technology IFEHER) e & Final Assembly, Operation Disposal &
Major Activities Concept Study Technology . - . R
Development X Design Fabricatior Integration/Test, Sustainment Closeout
Completion
Launch
Major Life Cycle Reviews MCR SRR - SDR/MDR PDR CDR - SIR ORR - MRR/FR DR DRR
Life Cycle Gatefey Decision Points) KDPSY KDOW KDV KDPW KDRY/ KDEVE
. Baselins WV Launch
Major Events A A
SRR SDR/MDR PDI CDR SIR ORR
Schedule Activity
Selielile W game PG A Vswvrpev.V preliminary  WBaseline (B/L)
A, .
) A N Scheduler Assigned v
el At S A Schedule Analyst Assigned v
S (FeEEE A Milestone Registry, Activity Attributes YupV ubVupV ub Yuo W ubpWup W ub
Schedule Development
-Integrated Master Schedule A DevelopmeW Preliminary Ve VupoV upVupV ubp Yuo W ubpWVup WV ump
-Basis of Estimate A Developme™W Preliminary VsiL VupV uoVupWV upo Vupo W upVup WV ub
-Analysis Schedule It Needed >~V Preliminary WB/L ~ WupV upoWupV upo WVup W upWVup WV ub
Schedule Assessment & Analysis A WBLild Processes
Schedule Assessment
-Integrity, Logic, Validity V' Initial Wupdate UD)Yup Yup Y uiYup Yup Yup W up Yup V¥ udg
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Figure2-6. Therelationship of theNASASpace Fligh®/p life cycle to th&hedule Management sufunctionsguides the
development of Schedule Management produeikich are supported by adherence to best practices.
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Figure2-7. The relationship of the NASA Research and Technology P/p life cycle to the Schedule Managénmetibsisb
guides the development of Schedule Management products, which are supported by adherence tactesspra

Although the processes described in this handbook can be tailored as needed to betteFiptmope,
when feasiblahe intent of thebest practice should be followedonsistent Schedule Bhagement
utilizing best practices anslipporting the erallP/p life cycle is importanto the Agency for many
reasongncluding but not limited to:

T {GNBy3idKSyAy3
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1 Enhancingrrogrammatic excellencand continuaimprovemeri of P/p management at NASA

1 Increasing theyuality of planning and thus P/p success
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1 Ensuring the appropriateequired maturity of $heduleManagemeniractices and products
0KNRdzaK2dzi GKS tklLlQa tAFS 0eofs

1 Capturingschedule data, narrativegnd lessons learned to improve the NASAgrammatic
communityknowledge basgas well aso provide a rationale for recommendations and
requirements, or to share success factors across the Agency

Facilitatingcoordination between PP&C communities
Providing a common base foommunication and da exchange
Preventing conflicand duplication of effort

A 2

Complying with internahgencyd R2 gy  KPYPR aA WSt | & EGSNY It adzld |
GAO, etc.) requirements

=A =4 =4 =4

9 Adhering to programmatic requirements or specifications in contracts, gramdspther types
of agreements to ensure contractors are held accountable for delivering the products areservi
to achieve P/meeds, goals, and objectives

1 Enabling the careggrowth and development of the Schedule Managememtinmunity as a
recognized ad rigorous career field at NASA

3 Introduction¢ An Overview to the Schedule Management Function

NASA requires specifigpesof P/pto execute the Schedule &hagement function While not required
in totality for execution by some typex smallscaleprojects, it is strongly encouraged as a proven
management practice that increases effectivity and efficiendy/pperformance. The Schedule
Management functions illustrated bythe frameworkshown inFigure3-1 that compriseghe following
subfunctions

1. Schedule Managememlanning The design, developent and implementation of allchedule
Management processes, tools, reporting forrasd formats

2. Scheduldevelopment Initiated early in formulation of a P/p with the objective develop the
ScheduldoEandIMS as well as taefine, develop, and deploy a scheduling capalitiat can
export specific outputs as required for the othesheduleManagemensub-functions

3. ScheduléAssessment and Analysiitiated early in formulation and utilized routinely to
determine the validity andhitegrity of the scheduleandevaluating the magnitude, impact, and
significance of P/p uncertainties and rigissociated with raeting P/p and Agency
commitments.

4. ScheduleMaintenance and ControlTheroutine updating of progresghe tracking and
monitoringof schedule performancend the execution of corrective actions as determined
from the Schedule Performance Measuresdedfor schedule baseline contrad maintain
internal and external commitments

5. Scheduldbocumentation and CommunicatiorTherecording and disseminatioof schedule
informationand required products at varying levels of maturiging establishedonfiguration
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and data management (CM/DNdyocessesas well acommunication aids antbols
throughout the P/p life cycle

* ID
* Status
* Verification & Audit

Chapter 4. Chapter 5. Schedule Development Chapter 6. Schedule Assessmentand Analysis
Schedule
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= R isk Li
Planning Activities and Schedule 1 Risk List
Documentation and Attributes | Tool * Requirements —
. Communication * Health N -: =t Ll
* Requirements Requiltements; Forms; and « Risk ID & Mapping ! Schedule Risk =
* Guidance Formats « Critical/Driving *Analysis Model - *.\ Cost Models
BoE Flow Diagrams i o Path & Structure —
J Schedule BoEs | % — * Basis
PPBE 3 = | * Resource
schedule CM/DM Plan (Req'ts for Guidelines IMS / summary Schedule Integration
Management Plan Schedule Management) q — / Analysis Schedule
S NN
Schedule DataiSetand Chapter 7. Schedule Maintenance and
Products
Control

]

* Establish Performance Management Baseline

T
Change Orders
¢ Updates
Schedule * PPBEG/Ls
Performance * Corrective

Schedule Assessment
Report
Schedule Risk Analysis

+ Quality and Integrity l

* Consistency

* Change Control
Documentation

Schedule Performance Measures

i 2 Report
Nl Reports =*  Actions N R
8 o Findings and
_— * Risk Mitigation 3
et Recommendations for
T ——rr Tasks

Corrective Actions

N S

Document and Data
Repository/Archive and
Lessons Learned

I

Schedule Management Data Set

Chapter 8. Schedule Documentation and Communication

Figure3-1. TheSchedule Management function is composed of five mairfisutiions: Schedule Management Planning,
Schedule Development, Schedule Assessment and Analysis, Schedule Maintenance and Control, and Schedule Documentation
and Communition.

The figures in thi€hapterdefine the Schedule lhagemensubfunctions and relate them to
subsequentChapterawithin thishandbook Each Chapter further discusses tirinciples and best
practicesassociated with effectively implementing each of the $uibctions. Schedule Management
products to be developed are identified throughout this document as italicized and underlined phrases.

3.1 Schedule Management Planning

Schedule Manament Planning estdishes theprinciples, processes, and best practices of the how the
schedule will be developed and managldughout the P/p life cycleo meet requirements An

overview of theSchedule Management Planning and Schedule Developsugrftinctionsare shownin
Figure3-2 and further defined irChaptes 4 and5 of this document.
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Chapter 4. Schedule Management Planning
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Analysis Model
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Figure3-2. Schedule Management Planning compiles all specifications deedwriild the complete set otBedule
Management tools and processeSchedule Development is the implementation of those specifications and resultghtSthe
and allSchedule Performance Measurégcluded in the figure are references to the Sections herein where details are ghrovide

The lefthand side ofigure3-2illustrates theSchedule Management Plannir@h@apter4) sub-function.
Thissubfunction consists of collecting all the requirements needed to completely plan the development
of the IMS the assessment and analysis of the schedule, schedule performance measurement and
control, and the documentation and communication of the schedifiermation. The Schedule
Management Planningub-function produces the productScheduldManagementPlan abbreviated as

the SMR which is the definitive instruction that guides the development, immpdatation, and

execution of all Schedule &hagemensub-functions.

3.2 Schedule Development

Schedule Development is tlseib-function initiated ean in the Formuldbn of a P/p with the objective

to develop the SchedulBoEandIMS This includes the following Schedule Development activities:
ensure scheduling tool capabilities, establish field comeglement the scheduling methodetermine
schedule hierarchy, determine activity naming convention, capture all scope, develop schedule detail,
logically link activities, estimate activity duratiomdentify the critical pathestablish and allocate

margin, perform resource or cost loag, timephase the schedule to align with available resoureesl
map risks to the scheduld-igure3-3illustrates thephysical schedulingroductsand the schedule
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performance measurement and control producksat result from the Schedule Developmesub-
function Chapter5). The following paragraphs briefly describe thesedarcts.

Milestone Registry

I

Schedule
Development Plan

—

Chapter 5. Schedule Development

Schedule BoEs

Flow Diagrams

PPBE
Guidelines

I

Activities and

. Schedule
. Attributes
Attributes of - Tool
Activities :
— Schedule Database, Version Controlled Eessons L'":ame
CM/DM Req’ts
Req’ts, Forms, -
Schedule Outpyt, Version Controlled Formats -
v -n_/_-
A - BONAHY 0] SRS
NI 8 1 o
T m— = 1= i i Schedule
o — - | — = Performance
H _ i E* - - Reports
i - E - i _— i
= IMS Summary Schedule 1 Y E e
Assess

« Requirements Check
Health Check

Risk ID & Mapping Check
Critical/Driving Path &
Structural Check
Basis Check
Resource Integration
Check

e ieRim T T
[ Schedule Risk
i Analysis Model =

Cost Models Risk List

Schedule Performance Measures,

Version Controlled

Figure3-3. Schedule Development is carried out according t&tieedule Development Platt requires the collection of data

that affect how the schedule is built, the documentation of the data irief@edule Bgtlong with an appropriate scheduling

tool to develogSchedule Outgs, such as atMS Schedule Development also produBebedule Performance Measufesm
whichSchedule Performance Reparés be generated.

A Schedul®atabaseconsists of he entire database of all schedule datsed to develop théMSand
document theSchedule BoHtincludesall the Activity Attributesas well as anglirectly related
supporting documentation such &se Flow Diagrams?lanning Programming Budgeting and Execution
(PPBEguUidance etc. TheSchedule Databasmptures the original baseline, as wellaagy revised
baseline® A @S &3  adidBficll rebAsélings Ihe durredMS and also saved copies of each
monthly IMSupdate. All data products within th&scheduléatabaseare clearly identified and archived
following the version contralequirements within the configuration control process

A Schedul®utputis aproductof the Schedul®atabasethat is used fovariousmanagemengactivities,
such as analysis or contrahd is repeated at preetermined intervalsusually monthly It may include
at least one or some combination thfe following:
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A AnIMSis the completeend-to-end, time-phased logicallylinked networkof all P/p effort that
is required to ensure that all objectives are met within approved commitmefike use of the
G2NR GAYUS3INIGSRE AYLIASE GKS AyO2NLRNIGAZ2Yy 27
efforts, necessary to complete the R/fhelMSis utilized as the P/p management tool that
integrates the planned work, the resources necessary to accomplish that work, and the
associated budge® ThelMSis the backbone for managing tiép successfullywhich includes
establishing thentegrated perbrmance baseline dPerformance Measurement BaselirfeMB),
measuring and forecasting performance, controlling the baseline candnmunicating the
overallprogress against the plan

A ASummary Scheduis a higHevel rollup of theIMSand is used for maagement reporting It
is a direct derivative of thtMSand should mimic the critical paf$) within the IMS

A When needed for schedule risk analy$iie Schedu# Databases the basis for the development
of an Analysis Schedulé\n AnalysisScheduleshould be directly traceable to tH&S should
replicate the critical pathandshould emulate théMS however, itmay have additional tasks
to model the impact of discrete risks.

A Schedule Performance Measuegs produced by incorporating cumeperformance data with
the planned performance in thiMS Schedule Performandeportsare typicdly created
monthly. All are clearly identified and archived following the version control requirements
within the configuration control processSectiors 7.3.2and 7.3.3further discuss updating the
schedule with current performance and measuring performance and monitoring trends.

3.3 ScheduléAssessment anéinalysis

Schedule Assessment and Schedulelysis arawo complementary sufunctionsthat are initiated

early and operated routinely throughout the/p life cycle. Schedule Assessment is the gubction for
determining the validity and integrity of the schedule and Schedule Analysis is tierstion for
evaluating the magnitude, impact, and significance of actual and forecast variances to the schedule
and/or baseline.Figure3-4 illustrates the sukunctions of 8hedule Assessment an&chedule Aalysis

All requirements foischeduleAssessmenand ScheduleAnalysisare specified in th&chedule
ManagementPlanalong with the analysis and reporting frequency, and all forms and formats for
reports. Chapter6 in thisdocument further defines thee subfunctions

12GA016-89G. GAO Schedule Assessment Guide. December 2015. Page:Bwww.gao.gov/assets/680/674404.pdf
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Figure3-4. Schedule Assessment is an integrity checlataf and assumptions containedtime Scheduld®atabaseand
produces a Schedule Assessment Ref@ohedule Analysis analyzes the risk of achievingaod#dr schedule objectives and
produces the Schedule Risk Analysis Report

A Scheduléssessmeris a planned activity that includes performing a serieshafickson theMS(or

other Schedul®utputs, as appropriatejor compliance to P/p andgencyrequirements, compatibility
with NASA best practices and overall schedule integ@tical path assessments and margin allocation
along the critical paths are also performetihese schedule assessment checks can be found Séion
Results of the ssessment are documented irSghedule Assessment Repdtts imperative that all
assessments and results are related to speSifibeduldatabaseoutputs and the traceability is
maintained via version control as specified in @enfiguration Managenme (CM)/ Document
Management PM) process.

TheSchedule Risk Analy8i®del, abbreviated as th&RA Modeisthe model used for estimating the
probable future outcome of th®/pQ a & OK S Rdzf Sit appBriddFisk padarnefetts the Analysis
Scheduleutput from the Schedul®atabase Performing &Schedule Risk AnalysgRAasdescribed in
Section6.3.2informsmanagement of the adequacy of margin to accommodate expectedmis&cts
andhelps management to prioritize discrete risk mitigation activitigsscases where the cosisk is
required, the cost models aracorporated,and the model is referenced as th&egrated
CostSchedule Risk Analysis Mqdddbreviated as théCSRA ModelResultsfrom either analysigre
documented in &chedule Risk Analysis Repdiris imperative thatll analyses and results are related
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to specificScheduld®atabaseoutputs and the traceability is maintained via version control as specified
in thet Kk Lcihfguration control process.

3.4 Schedule Maintenance and Control

There are wo parts to the 8heduleMaintenance and Contraub-function. The first part, Schedule
Maintenance, routinely updates thechedul®atabasewith data from current performance reports as
well as implementing approvethanges The second part, Schedule Controtludes he performance
measurementgainst the schedule baseliaadthe corrective actions needed tensurethe timely
execution of activities. It is imperative for Schedule Control to be performed in conjunction with
Schedule Assessment and Analysis to endwearttegrity of the entire Schedule Management function.
Figure3-5is an overview of th Schedule Mintenanceand Controsub-function.

Schedule BoEs Flow Diagrams PPBE
- - Guidelines

Chapter 7. Schedule Maintenance and Control
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Schedule Assessment Outputs, Version Controlled

Tasks 1
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Figure3-5. The Schedule Maintenanaed Controsubfunction ensureghat a schedule baseline is seiutine updates are
made to theSchedul®atabase performance measurements are tracked, and corrective actimntaken if necessary
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Thehatched portions of thdigure illustrate the two input functions to thE&cheduleManagement data

set. They include (1) the regular monthly performance reports which contain the schedule

performance data that must be inpinto the Scheduldatabaseand (2) the P/p management
approvedchange oders. The change orders generally result from (1) ated to the schedule such as
replanning, detailing &ollingwave, or inclusion of risk mitigation tasks, etc.,q2anges to the P/p

guidelines in the annual government PPBE process, and (3) changes needed to accommodate corrective
actions that result from performance measurements.

Theleft-hand portionof the figure is intended to show the entirety of the data s#tis critically
important that the data sets be consistent and carefully controlled to ensure (1) consistent
communication of data, and (2) corrective actions and other adjustments are relative to the
corresponding schedule data model.

There are two methds employed to contrahe schedule The first is measuring current performance
to plan and when certain prescribed thresholds are crossed, corrective actions are required.
Sometimes, those corrective actions may require adjustments to specific astisiti as delaying
them, increasing durations or changing the linkages to other tdsk#hose cases, a change order is
issued to change the relevant data in tBehedul®atabase Specific data from the performance
reports are used to estimate curreathedule performance to plariThere exist specific préetermined
thresholdsthat when breached, corrective actions are requirdthe second methois a forward look at
possible future projections of schedule performance under the influence of riskracettainty. There
are also thresholds for this analysis and when exceeded, may also require corrective attietswer
right portion ofFigure3-5 illustrates theperformance measurement.

ScheduleMaintenanceand Control are iterative sufunctions that occucontinuously throughout the

P/p life cycle It is imperative for Schedulaintenance andControl to be performed in conjunction

with Schedule Assessment and Analysis to ensure the integrity of the entire Schedule Management
function. Chapter7 in thisdocument further defines the Schedule Maintenance and Control sub
functions.

3.5 Schedule Documentation and Communication

TheSchedule Documentation and Communicatsf-functionsdetail how theP/p documentsand
disseminats schedule informatioamong tean membersas well as other stakeholder§hesesub
functionsarereliant uponconfiguration and data management (CM/Dlhd thebaselining activity and
facilitate subsequent management and control of content changs.shown irFigure3-6, the Schedule
Documentation and Communication sfimctions start withthe SchedulélanagementPlan which
contains the requirements for the information flow from within the P/p as well as the flow upwards to
Agency management and external organizatiofRerns, formats, and templatesare defined and usually
included as appendices to the Plan.

As illustratedbn the left ofFigure3-6, the Schedule Management Planning $ubction draws upon the

t kLIQaA 20SNIff /akb55a LYy FT2N 6KS SKHSOMDME® NIBIj dzi NB
shown on the lefthand side ofigure3-6, and the right part of the figure is a general illustration of a

typical suite of controlled data andbcumenation. All data and documentation must be consistent,

and where it is important to show pending changes, those must be clearly marked and referenced to
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actual configuration change documentatioAll documentationmust consistent and clearly marked,

controlled and archived per the P/p's CM/DM pla@hapter8 provides details.
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Chapter 8. Schedule Documentation and Communication

Figure3-6. TheSchedule Documentation and Communicasabfunctionsdetail how the P/p records and disseminates

schedule information among team members, as well as other stakeholders, and helps decision makers determine whether the
20 2S00 A S abeingyfiet. AD @hérgdhédiiéSMaiagementdibnctions involve the generation of

t K LJQa

schedule information and required products at varying levels of maturity that must be properly documented and communicated
throughout the P/p lifecycle.

3.6 Schedule Manageent Roles and Responsibilities

Hfective P/p oversight cannot be done without adequate staffhus, it isvery important that theto

align the resources/skillsets to the complexity and amount of data/analysis necessary to properly
manage the projectWhile everyone on the P/p should have some level of interest in the P/p schedule,
there are those that have a specific responsibility to the Schedule Management function. Those roles

and responsibilities

Project Manage(PM). ¢
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Managemenfprinciples and best practicese applied in a manner that supports thgency and
P/p life cyclerequirements and objectives. The PM is resgible,with support of the P/p
Planner/Scheduler, othdr k IBR&personné, and EchnicalLeads for the schedule development
guidelines]MSdevelopment baselineplan approval, schedule executioschedule maintenancge
and baselinglancontrol. The PM mudacilitate the availability and utilization of thaecessary
resourcesprocessestools, and techniques such that the/p teamcan be successful

Technical Lead (including/BS ElemenOwner, Control Account ManagefCAM) Integrated
ProductTeam(IPT)Lead and/or Product Development Legd TheTechnicalLead has the assigned
responsibility of accomplishing the work contained in e&dBS element to comply with tieMP.
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Compliance with th&MPhelpsto ensure that the deliverables associdteith their scope of work
are provided on time TechnicalLeads areaccountableor the development, execution, and control
of their work scope within théMS and therefore need to coordinate witlhe P/p
Planner/Scheduler to ensure that the schedul8eaets accurate informationupdatedin a timely
manner.

Planner/Scheduler(P/S) Therole of thePlanner/Scheduleis to implementSMPprocesses in order
toensuretheP/pQa 202SOGAGBSa | NB adz00Saa¥fdzZ f ePp OKASPOSRD
technical scope ande able to translate that information into the network logic modkeat becomes
the schedule baseline, or baselifdS The P/S accomplishes this, in phyt, (1) facilitating

planning through coordination with thB/p team to defineP/p requirements and schedule
objectives (2) developngthe IMS (3) assessing all schedule productstwsure integrityf4)
performing schedule control by assisting thg team in managing changes to thdS which

includes baseline change contrand (5) providnginsight to theP/p team by reporting schedule
progress, performance, variances, and forecasts. The P/S is also responsible forRiflizing
management softwag tools and techniques to develogssessmaintain, and control théMS

Finally, P/Ss must be able to communicate and coordinate effectively with all membersRipthe
team, be proactive in their approach to problem solving, understfmimanagement pocesses
(e.g.,Initiating, Planning, Executing, Reporting, Controlling, and Clé%iag)l be able to report
findings to P/p managementWhile the termsPlannerand Scheduleare often interchangeable
insofar as both Planners and Schedulers perform Schedule Development (i.e., scheduling), one
primary distinction is that a Planner may also oversee schedulers who perform many of the
subsystem schedule developmestatus colledbn, data input and report generation dutiesThe
Planner is typically in a more sendewel career position, having knowledge and experience related
to the integration of multiple programmatic disciplines (e.g., cost, schedule, risk), and is more
involved indetermining Schedule Management approaches, perforndietgiled schedule analysis
and workaround plannintp aid in decisiormaking, and facilitating managemelavel discussions
related to the P/p schedule

Schedule AnalystTherole of theSchalule Analyst iso perform analysis that will aid iidentifying
RSOALFGAZ2ya FNBY b! {! Qa { OKflRttimaydoyigroi@h8y i o6Sai
P/p's plan. The Schedule Analyst is responsiblevierifying the integrity of the schedule, anaiyg
the critical path(sjo determine that all critical activities are being properly trackaod conducting
schedule risk analysis to understand how risks and uaitgies mayalter the likelihood of potential
driving paths to specific milestonesd negatively impacthe availability of marginThe Schedule
Analyst is also responsible fanalyzing the cost, schedulend risk elements collectively for a
holistic view of theP/p's programmatic healthThe $heduleAnalyst is responsible for building
integrated models and performirgensitivity analysethat canprovide management with insight
into different scenarios for prioritizingesourcesand margirto address toP/prisks and threats.
The Schedule Analyst must be able to communicate assess$iméimgs with P/p management as

13 Project Mangement Institute (PMI). Project management processess://www.pmi.org/about/learn-about-pmi/what-is-
projectmanagement
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well as senior managemenAs it pertains to independent assessmetig ISchedule Analyst is the
focal point for assessing thi#Shealth andShedule BE, providing expert opinion of the schedule
performance, conductin@RAsJoint Confidence Levdl analysis, and identifying schedule
findings to the g&andingReviewBoard (SRB)The Schedule Analyst warglosely with the Cost
Analyst throughout the rtire SRB evaluation period to ensure that schedule and cost analysis
results are consistent and complementafy

Other P/p Team Memberge.g, PP&C personnel)The role of otheP/p team members is to
understand thescheduleand how it relates to theirgecific work processes and responsibilities. For
SEFYLX ST GKS /2y iGNIOGAy3a hTFTFAOSNBWthteePSE Yy A OF f wSl
ensure the contractual deliverables are aligned (e.g., data deliverables, reviews, and hardware and
software deliveriesjvith the activities and milestones in the schedulEhe BsinesdManage
coordinateswith P/Sto ensure the budget phasing integrates with theheduldimeline. The Risk
Manager coordinatewith the Schedule Analy$b ensure that isks are appropriately mapped to

the schedule, that potential risk impacts are understood, and that approved mitigations have been
incorporated into the planed schedule In addition, the Cost Analyst coordinates with the Schedule
Analyst to ensure thatasts are appropriately mapped to the schedule, such that integrated cost

and schedule risk analysis can be perform@ther P/p personnel who have a specific role in the

P/p Schedule Management function shouldidentifiedA y i KSMPt k LIQ &

Schedule Cmmunity of Practice (SCoPepCoPe is an Agenlewel community of practicéor

Schedule Management sponsored by the Office of the Chief Financial GIfCEQ) given the

h C/ mofe &f ownership of programmatic standards and policies and stewardsipppgfammatic
competencyfor the Agency® The primary objective of SCoPe is to operate as a conduit between
the Schedule Managemeptactitionersand Agency leadership to facilitate communication, thereby
KStLAY3a (2 &G§NBy3iKSysahbdchpailitest LKNGR 3 NEPRMEMYae0t L2 £ A O
Planning and Control (PP&C) Steering Giitayes direction down to SCoPe, while SCoPe serves as
an advisory body tthe PP&GCSteering Group, providing recommendations regarding Agency
Schedule Managememiolicy, processes, and initiatives. More specifically, SCoPe is responsible for
establishing a community of practice that can strengthen the Schedule Management capabilities
through Agencywide communication (best practices, lessons learned, etc.), impreneof
methodologies and tools, and training of personnel. This includes:

1 Reinforcing existing and establishing new sustainable best practices for Schedule
Management

1 Encouraging the adoption of standards and best practices across the Agency

1 Identifying areas for continuous improvements and influen@ngancements in Schedule
Management policyn keeping with the identification of new/improved best practices

14 OCFGEBID0002. NASA Standard Operating Procedure Instruction (SOPI) 6.0. Release Date: May 23, 2017.
https://www.nasa.gov/sites/default/files/atoms/files/sopi_6.0_final.pdf
15 SCoPe websitéttps://community.max.gov/x/9rjRY.g
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1 Ensuring that Agency policy and guidance documents reflect consistent information
regarding how to meet Schedule Management requirements

1  Working with other PP&C disciplines to ensure an integrated approach to advancing the
Schedule Management capabilities through data collection and research

1 Working towards the advancement s€hedule asssmentmethodologies and analysis
techniques

91 Providing reactback for P/ps with respect to both-lime and independent Schedule
Assessment expertise

1 Providing recommendations for Agenajde implementation of tools and techniques

1 Formulatingtraining consistent with Agency policy and the Schedule Management
Handbook

1 Working solutions to specific issues or areas of priority identified by the PP&C Steering
Group

GeneralSCoPe membershigonsistsof NASA Schedule Managem@@nactitioners and shiject

matter experts(includingboth civil servant andontractor supportfrom each of the NASA Centers
the Jet Propulsion Laboratory, the Applied Physics Laboratory, each of the Headquarters Mission
Directorates, and other Headquarters offices includimg OCFO, the Office of Procuremgsmd

the Office of the Chief Engineer (OCHembership is selelecting.

3.7 Schedule Management Skillsets and Training

The success @chedule Mnagement depends primarily on the qualitySfhedule Managemerskills
that are dedicated td°/psacross the AgencyA consolidated list adkills and competencies needed for
P/p personnel performing the Schedule Management function can be foarttle SCoPe websité

The NASRP&Mandbookillustrates and describes the infaces(inputs and outputspetween the
Schedule Management function and other PP&C functténs.

To ensue strong, consistent Schedule Managemenrpertise is available, it is imperative that the

appropriate training be taken by tHe/p team members thaare involved irplanning,developing,

assessing, analyzingaintaining, usinggontrolling, documenting, or communicatiijp schedules.

Selection of taining should address the needs and requirementB/pfteamQ @esponsibilities.

AvailableNASA Schedule Management training coutsescurrently be found through SATERN

APPEE, and CF@niversity’> | a ¢St f I a (KNREfsrmal #aSsroomandsa {/ 2t S
taught training is valuable, it is most effective when acconiga by m-the-job training (OJT) and/or

16 SCoPe websitéttps://community.max.gov/x/9rjRYg

17 https://nen.nasa.gov/documents/879593/1386755/PP%2B1andbook+5-17.docx/097acedll df7-4676:b9cl-
4c0cle83dc2e?version=1.0&download=true

18 System for Administration, Training, and Educational Resources for NASA (SATERN).
https://satern.nasa.gov/customcontent/splash_page/

19NASA Academy ofdgram/Project & Engineering Leadership (APPEit)s://appel.nasa.gov/

20 CFO University (CFOWtps://community.max.gov/pages/viewpage.action?spaceKey=NASA&title=CFO-+University
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handsontraining (HOT), such asorking with mentors that have direct NASA Schedule Management
experience.lt should be understood that the NAS&heduleManagement training curriculum will
cover an evaling, growng list of topics.

4 Schedule Management Planning

Schedule Management Plannipgpvides the guidance omow the schedule will be manageatcording
to best practiceshroughout the P/p life cyclencluding the design, develognt, and implementation
of all ScheduleManagement processes, tools, reporting forms, and formadtse requirements for each
of these processes is captured in tBeheduldanagemen Plan(SMP) TheSMPincorporates P/p
products and processes that must be in plémeadequate Planningas well as the collection of
requirements and data needed f@chedule Developmeiatto createof the Scheduld®atabaseand its
associatedschedul®utputs, including thdMS Once this is done, the P/p has the capability to praduc
logicallylinked sequences of activities and related reporffieSMPalso provides guidance for the
remaining Schedule Management sfilmctions as followsSchedule Assessmeand Schedule Analysis
¢ to verify quality of the schedule and likelihoodawhieving the cost and schedule objectives within
acceptable riskSchedule Maintenance and Contio providethe P/p the capability to measure
performance and makadjustments to the schedujend finally Documentation and Communicatian
to facilitate the documentation and dissemination of P/p schedule information.

4.1 Best Practices

Figured-1 details the best practices for Schedule Management Planning.

SM.P.1Schedule 1 A Schedule Management Plan exists, which deéind explaisall aspects needed
Management Plan for managng the P/p schedule scope, including:
Exists

0 AgencyP/p, Organizational, and Environmergakls, objectives, and
assumptionsas well as internal/external stakeholder priorities, scope of wo
roles and responsibilities

o0 Establishment of schedule managemetriategies and processes, that are cle
concise, and descriptiviecluding

A Estimating and development scope, methods, tools, and techniques
(including establishment of schedule margin and cost reserves)

A Assessment and analysis scope, methods, tootstechniques

A Maintenance and control scope (including partnagseementsetc.),
methods, tools, and techniques (including basis for managing scope al
schedule margin, procefsr managing changes and/omplanning, as well
as descope trigger pointdantified) and

A Documentation and communication/reporting methods (including activi
codes), frequency, tools, and necesdaffypersonnel interactions

SM.P.2Scheduling | 1 Ascheduling methosland techniques arselected appropriate to the type and lev,
Methods/Approaches of schedule development and management that the P/p necessitates.
are Selected
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SM.P3 Schedule 1 ScheduleManagementools are selected appropriate to the type and level of
Management Tools Schedule Manageentthat the P/p necessitates.
are Selected

SMP.4 Milestone 1 The milestone registry is defined to include a list of all key dates/milestones an

Registry is Defined associated trigger points (e.fpr descopes or risk mitigations).

SM.P.5 Activity 1 Theactivity attributes are idatified appropriate to the type and level of schedule
Attributes are development and integrated PP&C management that the P/p necessitates.
Defined

Figure4-1. Schedule Management Planning Best Practices

4.2 Prerequisites

The Schedule Bhagement®Planning can be initiated when:

1. The Agency and the P/p havencurred on theP/p Commitment AgreemenPCA and the
Formulation Authorizatin Document FAD

2. The P/p has created or defined the following:
a. P/p scope
b. Descope plan

Initial risk list

d. WBS and WBS Dictionary

o

e. Work packages,antrol accounts, and product owners
The sponsors and/or Agency have defined all extanogfication and contrbmilestones
Interfaces with othelP/psare defined

The current FY PERjuideline document exists

o o > w

The roles and responsibiét for the development of the Scheduleabhgement function are
defined

4.3 Developthe Schedule Management Plan

TheSMPis an implementation plathat provides the P/p with guidance and procedures needed to
execute the Schedule Management function according to Agency requiremenésSMPguides the

P/p in developing théMS includingthe collection of alschedulerelated data that populates the
Scheduld®atabase acquiring the tools and techniques to assess schedule, analyzing risks to the
schedule, maintaining the schedule, measuring and controlling schedule performance, and degmen
and communicating schedule information. Although not explicitly requitésla best practicdor a
Schedule Management Plaio be developedwhich defines and explains all aspects needed for
managing the P/p schedule scope, including:
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1 Agency, P/p, Organizational, and Environmentalquirements,goals, objectives, and
assumptions, as well as internal/external stakeholder priorities, scope of work, roles and
responsibilities

i Establishment of schedule management strategies and procesbes,are clear, concise, and
descriptive including

1 Estimating and development scope, methods, tools, and techniques (including
establishment of schedule margin and cost reseryes)

1 Assessment and analysis scope, methods, tools, and technjques

1 Maintenance and control scope (including partneeggreements etc.), methods, tools,
and techniques (including basis for managing scope and schedule margin, process for
managing changes and/or replanning, as well as descope trigger points identified)
and

1 Documentation and communication/reporting methods (including activity codes),
frequency, tools, and necessaB/p personnel interactions

Schedule Planning should be according to the space flight (and R&T) P/p life cycles as follows:

w PrePhase APr-Authority to Proceed (AB): ldentify and assign the P/S and/or Schedule
Analyst. Develop thBlilestone Registry Identify theActivity Attributes Produce the&schedule
Development Plaportion of theSMP Make/buy the Schedule Management tools.

w Phase ASRR (ATP)Complete a preliminary version of t8dMP including the remaining sub
plans. Deploy the remaining Schedule Managemenifgabtions. Deploy the documentation
and communication tools.

w Phase A SDR/MDR Fully staff and begin fulip execution of all processes. Update B8P

w Phase R PDRP/p Approval) Schedule Management is fully operational. Baseliné&Sti@

w Phase (O ¢ CDR/SIR/ORR through Launch (PARs through Clas&mri)inue to implement the
SMPand update as necessary.

Schedule Management Planning is performed throughoutRhelife cycle, but has greatest emphasis
during Phase A. In piehase A (Concept Studies), there is a lack of knowledge and understanding of the
technology, as well as immature mission/system requirements. Information is still being gathered and
Schedwd Management Planning performed at a very high leveAs shown irFigure4-2, Schedule
Management Planning takes into consideration requirements derived fronralesurces including,

but not limited to, Agency, P/p, organizational, internal and external requirements for schedule
management, performance and reporting. In addition, as tools are selected to support the execution of
the Schedule Management functioancillary requirements are derive®y Phase A (Concept &
Technology Development), the mission/system concept definition is completed, most concept and trade
studies are completed, preliminary requirements are established, and a preliniaBlan is

developed. Therefore P/p definition becomes clear enough during Phase A to allow for a more discrete
breakdown of work tasks and milestones. BMPis prepared during Phase A of Project Formulation
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prior to Key Decision Point (KDP) Ifavst Programs and KDP B fBingleproject Programs and
projects.

Chapter 4. Schedule Management Planning

* Agency Milestone Registry
Requirements

+ External

Requirements
* P/p Schedule
Development Plan

Requirements
* Organizational
Requirements

— Attributes of
Scheduling Activities

Development
Requirements

| «Internal 1 Schedule Analysis
*External and Assessment
Plan
- Flan
Ancillary
Scheduling Schedule

Requirements Maintenance and

—> Tools Control Plan
*Reports ——
J
Schedule
P/p-specific Documentation
*WBS & and
Dictionary Communication
*WPs, OBS Plan
*EVMS,RM [ J
Interfaces
+CM DM Plan Schedule

Management Plan

Figure4-2. Components of th8chedule Management PI#8MP)and sources of requirements.

TheSMPcan be a stan@lone plan ol subsidiarcomponent of theP/p Plan. Regardless of how it is

a0 NHzZOGdzNBR 6AGKAY |SMPshdul@lie subjcOdni6&ipiant-confrat EMPIE K S

y2i0 AYOGSYRSR Fa I RSOFAfSR LINPOSRdAzZNBE T2 NJ dJSNF2NYA
principles, processes, and best practices.

TheSMPcontains four sukplans: (1) &chedule DevelopmeRan with MilestoneRegistryand Activity
Attributesas subsections, (2)&chedule Analysis and Assessni#am, (3) aSchedule Maintenance and
ControlPan, and (4)a Schedule Documentation and Communicattan. TheSMPdefines the
execution of all the sulplans whichaddress development, deployment, and executidrihe Schedule
Management function The Maintenanceand Control Section of thBMPsupports the development
and implementation of the Technical, Cost, and Schedule Control Plan required in NPR A12a016.
of the requiredSMPmaturity for NPR 7120.5 P/ given LCRs provided irFigure4-3.2

21While NPR 7120.8A does not specifically require a Basis of Estimate (BoE) product, projects that adhere to NPRy7120.8 m
benefit from the documentation of BoEs to support the required programmatic products.
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Figure4-3. SMPmaturity requirements byP/p phaseaccording to NPR 7120.5

Although not explicitly identified in NPR 7120.8 asquiredproductfor R&T P/ps, it is expected that

the SMPwould exist at a similar maturity for corresponding life cycle phaseis also important to note

that> R&T projects that directly tie tdktS & LI OS Ff A3IKG YA aarzyQa &adz00Saa
managed under NPR 712& F-igure2-3 and Figure2-4 provide an overview of the expected maturity of

the SMPfor P/ps that adhere to NPR 7120.8.

Through careful development and execution of 8RR the P/p is ableimplementall the elements of

the Schedule Management functioincluding: generate acost and schedule estimattme phase the
scheduledevelopment to match the maturation of the P/p, estimate the resources needed to execute
the function, and assign roles and respoiigibs related to managing the P/p schedul&n SMP
AnnotatedTemplatecan be found on the SCoPe webéite.

Note: Similar to a Progrartevel SMPR the SMPfor amulti-mission Campaigshould provide a

framework for the individual P/p schedules and crpssgram activities to be integrated and analyzed

at the mission level for each mission. As suchSkH#should document the flow of schedu{and risk)
information from the P/p to thentegrated mission leveincluding what will be expected from each of

the P/ps Roles and responsibilities should be clearly defined at each level (Mission, Program, project)
regarding the type, depth, and frequencyswhedule assessments performed ammmunicated

between levels. While the outputs of performance measures and trends should have a different focus

22 SCoPe websitéttps://community.max.gov/x/9rjRYg

41


https://community.max.gov/x/9rjRYg

at each level, any apparent disconnects between the outputs at each level should be recoBeited.
Section5.6.1for information onmulti-mission Campaign schedules.

4.3.1 Createthe ScheduldevelopmenPlan

The content of thdMSand thaefore theoverallSMPapproachshould be dependent upon how the P/p
is organized.For example, there could be-house, prime contractor, and/or external partnership
activities which will influence the planning procegslditionally, SchedulBevelopmentshould be
plannedin accordance and integrated with the instituti@nEVM processes and methodologiesRips
Guidance for aligning the development of the schedule to support EVM can be douheé SCoPe
website?

In creating theSchedule Development Plaall requirements needed to drive the development of the
IMSare collected As shown irFigure4-4, requirements for Schedule Assessment come from NPRs,
internal and external guidance documents, and the P/p planning documéhis.includes the
requirementsfor the selection of the schedule management tools and make/buy plans, the
development of theéscheduleDatabase the data collection procedures necessary for populating the
Schedule Databasandthe development of theSchedul®utputs The result is a fully operational
capability to schedule work, capture performance, gatherate outputs All of these thingare
included in theSchedule Development Plarhich may be a standalone plan or a part of 8P Best
practices for Schedule Development are captured in Chapter 5 and should be considered for
incorporation in theSchedule Development Plan

Chapter 5. Schedule Development

Schedule BoEs Flow Diagrams PPBE
Guidelines

| | [

Requirements
+ NPR7120.5,7120.8

* NPR7123.1

* P/p Planning

+ Organizational Requirements

+ External Requirements

+ Ancillary & Derivative
Requirements

+ Agency Guidance (e.g.,
Schedule Management
Handbook, EVM Handbook,
Cost Estimating and
Assessment Guide)

DCMA)

Schedule
Tool

Activities and I
Attributes

* External Guidance (e.g., GAO,

Schedule Database, Version Controlled

Schedule Output, Version Controlled

v

v Ml s P s

® ki b BT
B0 41000 70 Sy e —

-Summary Schedule

I;.Ar;al sis Schedule

Figured-4. Requirements for the Schedevelopmenisubfunction come from the NPRs, guidebooks, and P/p planasg

well as external requirements and guidance.

23 SCoPe websitéttps://community.max.gov/x/9rjRYg
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4.3.1.1 Collect theTopLeveRequirements for the Construction of s

ThelMSrequirements are derived from several sources, the-§#pcific needs, the Agency

NBIljdZA NBYSyida YR 3FdzARStAySaz tkL) SEGSNYIt NBIj dza NB
requirements. Figure4-5 showsa more detailed look ahe sources to be considered for the

development of the requirements for thd1S including theassociatedscheduld®atabase

Agency Requirements
* Goals & Objectives

* NPRs

* Handbooks

* PPBE Guidelines

» Stakeholder priorities

External Requirements

Y

P/p Requirements * Ride-along

* Goals & Objectives Schedule Development experiments

* Scope Requirements * International

* Constraints o eInternal partnerships

* Assumptions ] «External ) * Egpt provided by
* Process interfaces others

= Acquisition plan * Education and

* Milestone Registry outreach
Political environment

Organizational

Requirements

* Goals & Objectives

* Processes &
Procedures

* Resource Utilization /
Availability

Figure4-5. TheScheduld®evelopment Platop-levelrequirements A5 RS NRA SR FTNRB Y & Spgg&fiblieéds, & 2 dzNDS & Y
the Agency requirements and guidelines, ®éxternal requirementaand the P/pd LI NBy i 2NHI yAT F GA2y Q& N

4.3.1.1.1 P/pRequirements

By far the greatest number &chedule Managemenielated requirements will come from the P/p

itself. The P/p will have goals and objectives that are unique as well as derivatives of the Agency goals
and objectives.The P/p must establish sets of constraints, assumptions, and other guidelines in order to
meet a larger set of technical, cost, safeipd resource allocation requirement8Vithin those sets are
derivative requirements for th&chedule Mnagement function.These data requirements come from
specific P/p planning products, such as: the Work Breakdown Structure (WBS) and the WBS Dictionary
detailing work packages and Performance Measurement Techniques (PMTs) needed for EVMS tracking,
the Organizational Breakdown Structure (OBS) assigning activities to specific performing organizations,
the Cost Breakdown Structure (CBS) (i.e., control accounts) mapping costs to activities for management
and tracking purposes, and various contract schedGlé iS NJF I OS NXIj dzA NBYSy i ao ¢ KS
will contain requirements for schedule information that must be managed between contracted and
partnered efforts. At a lower level, the P/p must interface ti#&chedule Maagementfunctionwith

other PP&C functionsuch as Resource ManagemeriEarned Value ManagemeriEYM), Rsk
ManagementConfigurationManagement andataManagement (CM/DM)To do so levies interface

43



and reporting requiements on the &heduleManagement function.The defined apmach to
implement best practices in order meet each of these requirements is included B

4.3.1.1.2 Agency Requirements

Agencydocuments such as NPR 7120.5 and NPR 7128qlire specificlocuments to establish P/p
commitments, plans foschedule managenmm, andproducts needed by phases of developmeiihese
include:

1 P/p Formulation Authorization Document (FARQ)The FAD is authorized by NASA Headquarters
as the formal initiation of formulation. It identifies the resources, scope of work, period of
performance, goals, and objectives for the formulation process.

1 P/p Commitment Agreement (PCA)The PCA is thegeeement between NASA Headquarters
and thePMsthat documents the Agency's commitment to implement P requirements
within established constraints. It identifies kEfp milestones for the implementation process.

P/p Formulation Agreement (PFA)The PFAisthe singlINR2 2 SOGd t NREINI YQ&a 2 NJ LJ
NEBalLkRyasS (G2 GKS C!50 LG aSNwSa Fa F Gz22t F2NJ
formulation plans and resource allocations with the Program and Mission Directorate.

1 P/pPlang The P/p Plais an agreement between NASA Headquarters, the Center Director, and
the PMsthat further defines the PCA requirements and establishes the plaB/for
implementation. It identifies additional ké/p milestones and lower levektedules and
establishes thé/p strategy for schedule development, maintenance, and control.

1 P/p Budgetc P/psneed to ensure that the budget plan and the schedule plan adequately
correlate. This requires a joint effort and good communication betweles Resource
Management function and thB/Searly in the P/p life cyclelt is a recommended practice that
budget and schedule planning be done at a level of detailwhildprovidesufficient
management insight, control, and the ability to accuratelyasure and track progresfudget
and schedulglanning anddevelopment should be carried out bpth the Resource Manager
and the P/Sn a manner that accurately correlates the time phasing of both produtiés
collaborative approach aids in ensuridmat the necessary consistency exists between the two
plans. Because this is typically a manual effort, a disciplined process should be established and
documented.

1 P/p Technical, Schedule, Cq3iSC¥Lontrol Plang The TSC Contrplan documents how the B/
plans to control requirements, technical design, schedule, and cost to achieve the program
requirements on thé®/p. The plan describes how the P/p monitors and controls the
requirements, technical design, schedule, and cost to ensure that thelévghrequirements
levied on theP/pl NB Y SG @ LG té&chnicdl NdstpaSEchedul@SformantdQ &
Measuresn objective, quantifiable, and measurable terarsd documents how the measures
are traced from the program requirements on tRép. In addition, it documents the minimum
mission success criteria associated with the program requirements oR/fhiat, if not met,
trigger consideration of a TerminatidReview. The minimum success criteria are generally
RSFTAYSR 08 (KS tklLlQa (GKNBaAK2tR a0ASyOS NBI da NB
status of a set of programmatic and technical leading indicators. While certain technical
indicators are rquired, the Agency also highly recommends the use of a common set of
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programmatic indicators to support trend analysis throughout the life c3fclEhe schedule
control portion of this plan should reflect what is captured in 8P

More abstract, butikely more important are the stakeholder priorities, which may have schedule
implications as well as schedule reporting requirements. From these sources, typical requirements are
usually control milestones whidreloaded into theMilestoneRegistry andspecific reporting forms

and formats such as those needed to show performance to schedtieh are further defined in

Chapters7 and8. After the PDR, therare specific milestones in the Management Agreement (MA)
document and the Agency Baseline Commitment (ABC) document that must beSohbdule

Databaseand regular reports of performance to those milestoresrequired. On an annual basis, the
PPBE processill issue a guideline document to the Riphich contains scheduling requirements that

need to be met in concert with an annual funding profile.

4.3.1.1.3 Exernal Requirements

External requirements are those that directly impact
0KS t kLIQ&a NP drérk yotan ittidSicNd: G
part of the P/p. These types of requirements can come
from partnerships with other Agencies, universities or
other resarch institutionsjnternational partnerships

or other business arrangements not involving contract
or procurernents. Examplesncludethe relationship to
other P/psor experimentsg KA OK Y I & LINP
Ff2y3¢ SldALIYSYydz GKS f 1
servicessuch as command and data handlirgny of
these cases will generate requirements for additional
tasks for the management and control of the
relationships.Environmental and national and local
political isses should be considered as well.

Examples of External Requirements
ThNA2yQa LI NIYSNBKALI 6A 0K
Service Module
1 SienceMissionDirectoraterequires
every Mars mission to carry an orbital
communication relay satellite (Electra)
9 Experiments provided by unisiges
funded by external grants L . < A .
. Y _ g_ . leauSYa
9 National and international policies
regarding the use of nuclear materials.

9 Environmental issues related to e
of hazardous materials

4.3.1.1.4 Organizational Requirements

CKS tklLIQad K2ald 2 NHGEwe,is histasauycs of dmuideménts for thgchedolule] !
Management function.These requirements, typically in the form of resources, may include the

availability of personnel with the appropriate skills or #nailability of a facility, either of which will

impact the scheduling process to match the availabilithere may be process control standards

AYL2ZAaSR o0& GKS K2aid 2 NHI y3dodIBLDRS)N Rridziplést exanpléi KS D{ C/
Typicdrequirements are generally process related such as guidelines for the inclusion of margin, or

forums and formats for organizational reportinghe organization may also standardize scheduling

tools. Multi-CenterP/ps may have a mix of requirements sgiecio each Center that need to be

considered irSchedule Management Plannjrgyich as different scheduling tools or reporting processes

that need to be carefully integrated

24NASA/SR0143705, NASA Space Flight Program and Project Management Handbook. Pa88.157
https://ntrs.nasa.gov/archive/nasa/casi.ntrs.nasa.qov/20150000400. pdf
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4.3.1.2 Collect the Ancillary and Derivative RequiremenSdeduleDevelopment

Within the Schedule Development sifnction, thereare ancillary requiremerg and derivative
requirements. While thesections abovedescribethe sources of imposed requirements on tBehedule
Management function,His sectiorof the SMPidentifiesthe requirements derived internal to the
Schedule Mnagement function.The sources of these requirements are showRigure4-6.

Select the Scheduling
Method
* Critical Path Method

Y Select Schedule

Identify the Activi Management Tools

Ancillary and Derivative

Attributes

* Intrinsic

* P/p-defined

* Cost/Resource Interface

* Risk Management
Interface

Schedule Development
Requirements

* Scheduling Tool

* Schedule Assessment
Tools

* Schedule Risk Analysis
Tools

* Specialty Tools

Create the Milestone

Registry

* Scheduling Tool

« Schedule Assessment
Tools

* Schedule Risk Analysis
Tools

* Specialty Tools

Figure4-6. There are ancillary and derivative requirements thatrasespecifically levied on the Schedule Management
function but must be determined from other sources in order to completely fulfill the needsSuftbéule Management
function

4.3.1.2.1 Select thescheduling Methagland Techniques

Itis a best practicdor scheduling method and techniqueso be selectedthat are appropriate to the
type and level of scheduldevelopment andnanagement that the P/p necessitatesA scheduling
method must be selected that will meet highkewel, as well as functional P/p management
requirements. This decision needs to be made early because it drives the requirements for the
formation of the sbedule management processeBor example, the scheduling method may impact
tool selection, in addition to reporting forms and formats. general, the commonysed scheduling
method that ha been demonstrated effective for NASA Pipglentified below:

9 Critical PathMethod (CPM) CPM is aetwork diagranscheduling technique that determines
the shortest time to complete th®/p by calculating the longest path through a network of tasks
to the P/p end date

CPM schedulinghould be usedwhen practica In conjunction with CPM, a P/p may choose to employ
Rolling Wave Planningvhich uses progressive elaboratias a method that allows for scheduling to
occur in waves, adding a greater level of detail as the P/p evoMes P/S should also considagfferent
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strategies, external partnering agreements, and other factath respect to the integration of schedule
data. These methods and techniques are disard in Sectiorb.5.3and Sectiorb.6.1

4.3.1.2.2 Select Schedule Management Tools

It is a best practicdor Schedule Management tools to kselected appropriate to the type and level of
schedule management that the P/p necessitateSchedile Management tools are used to develop,
maintain, analyze, assess, and conBfp schedules (and document and commun@&@a Agencywide
adherence to heduleManagement tool recommendations can improve data sharing capability,
increase interoperabilityvith other agency standard tools, and potentially enable speedy accessibility
through common Agenewide procurement vehicles. Prior to selectimy&heduleManagement

tool, P/p functionality requirements and desirastiouldbe defined. This approachlivielp ensure that
tools are selected that best satisfy those neettdsalsoa recommended practice that common
toolsets be used across a Piphich will allow for easier integraticand understanding of P/p
information. Types of tools used to supfdhe Schedule Management function may include:

Scheduling ToolThe scheduling tods the primary element of thé&schedule Databases shown in
Figure3-2, as it is the place where all scheduétated data is integrated to build thH&S Examples
of typical scheduling tools a@raclePrimaveraP6andMicrosoft MS) Project. It is importanto

note that the P/p may make a schedule tool selection that is different from that which the
contractor may be usingln those cases, the interface requirements must be specified in order for
the P/p to create the integrated schedule.

Schedule Assessmeitibols Schedule balth check toolsire needed. Some are automated and

work well as adébns. An example is the NASA STAT tool, an MS ProjeatradOther tools are

standalone and require thtMSti 2 6 S dzLJt 2 RSR (12 AcHn&n Fuge? $tif & dzOK |
other assessment tools may be check lists developed from best practices shasadncluded in

the GAO SchedulessessmenGuide®® The assessment tools need to be specified and a make or

buy plan developed.

M\\s

ScheduleRisk Analysiools. Schedule Risk Analy§8RAtools are sometimes integral with the
scheduling software and sometimes add macros.Examples of addns areJACS, Polaris,
Primavera Risk Analys@Risk, and Full Montéf using an adebn approach, the selectiomust be
made in parallel with the selection of a scheduling tool to ensure compatibility.

Specialty Tools! f f aOKSRdzZ Ay3a a2Fdgl NBE OF y 2dzilLdzi dza$S ¥ dz
specific report format neededit is best to work with the P/management team, pose typical

decisionmaking reports, and select those that best suit their nee@sce that is done, the creative

process on how to generathose reportshegins. There may be aeed for specific data exports

from the scheduling tool mthe SRAool. Those export formats need to be definedihere may be a

need to make or buy performance measurement plotting tools. Examples of plots néeded

performance measurement are Baseline Execution InB&j}, Schedule Performance Ind€xP),

25GAQO16-89G. GAO Schedule Assessment Guide. December R@31Hwww.gao.gov/assets/680/674404.pdf
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andCurrent Execution IndefCE), and performance trend®r those indices over timeExamples

of plots needed foSRAare Confidence Level curv@€lcurves scatterplots as well as various risk
sensitivity and trenihg reports Often MS Excel is used as the plotting software to produce custom
reporting formatsthat may not be standard in thERAoo0lI.

Tools are addressed in the chapters corresponding to Schedule Management functions that they
support. A list of tods commonly used throughout the Schedule Management life @ariebe foundn
the SCoPe websifé

4.3.1.2.3 Create theMilestone Registry

It is a best practice for a milestone registry to be defined to include a list of all key dates/milestones
and associated triger points (e.g., for descopes or risk mitigationg\. list of key P/p milestones are
collected. At a minimum, theotification and contromilestones should be captured. Control

milestones are typically milestones owned by the sponsors or the stakeholders and cannot be changed
by the P/p. Notification milestones are those controlled by the P/p; however, the P/p must notify the
sponsor or he stakeholders of any changes. These milestones are compiledMitestoneRegistryas

a Table to be included as an appendix to 8MP as shown ifrigure4-7. At the KDP B, the MA and the
ABC dates are added.

Milestone Registry
Project: Lunar Polar Explorer
Date:10/1/2015
Version: MR.001 Rev C

N N N N

Launch Date 12/21/2019

2 On Dock KSC SMD 6/21/2019 C
TVAC Start PSE 1/15/2019 N
Begin AI&T PM 2/20/2018 N

>°4>oo

n

*Type: C, Control, N, Notification
Figure4-7. The figure shows an example of a genklilestone Registry

TheMilestone Registrynay also be used to identify major P/p events (e.g., LCRs, KDPs), contractual or
acquisition events (e.g., procurements, hardware deliveries), or other interfaces or programmatic
milestones As such, th#lilestone Registris helpful in communication witother PP&C functions. For
instance, initial acquisition milestones are provided to the Acquisition and Contract Management
function for use in developing solicitation¥heMilestone Registrynay ultimately be maintained in the
IMS as shown ifrigure4-8.

26 Schedule Management toolseareferenced in the Agency Schedule Management Tool Matrix located at the SCasteweb
https://community.max.gov/x/9rjRY.g
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Integrated Master Schedule (Phase C/D Major Milestones and Instrument/Subsystem Deliveries)
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Figure4-8. The figure shows an example of a genklilestone Registrynaintained withn thelMSand filtered using field

4.3.1.2.4 Identifythe Activity Attributes

It is a best practicdor activity attributes to beidentified appropriate to the type and level of schedule
development and integrated PP&@anagement that the P/pnecessitates.Once all requirements as
described in the above sections are collected, ileeessanctivity Attributescan beidentified. These
attributes are setup asata fields inthe scheduling softwarto facilitate the coding of activities in the

IMS Thefield codes are can then be used to devefghedule Databassnd check the inputs to verify

that they produce the appropriat&chedulé®utputs They also provide the interface needed between

the IMSandother P/p management processefor exanple, theIMSforms the backbone of EVM, so it

is critical that the schedule is setup and maintained in a way that supports EVM processes and tools.
Certain fields within the scheduling tool must match the data fields contained in the EVM tool(s) in order
for the data to transfer properlylt is very difficult and inefficient to make data field assignments after

the fact. A typical example is trying to find empty fieldsS&Anputs (e.g., software addns for MS

codes.

Project) after the schedule tool isrehdy populated and in servicézigure4-9 illustrates the sources for
requirements for identification oéctivity attributes.
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Cost Interface

* Resource ID

* Resource Name
* Resource Type
* Resource Cost

* Resource Cost

Uncertainty
Intrinsic
* Name .
. ID&UID Risk Management
. ;\Trztion B _ Interface
: _ Activity Attributes * Risk ID
* Duration Uncertainty ” «+ Likelihood and
« Relationships Consequence
* Resource ID ; * Probability
* Notes (e.g., special Distributions
circumstances,
rationale, etc.)
* Etc.
P/p-Defined
* Subcontract or Partner
Name

= Reference to Sub-
project Schedules

* Types or Categories

* Flags for Sorting

* OBS

* CB3S

* Etc.

Figured-9. All necessaryctivity Attributesmust beidentified in order to allocatactivity data to fields in thelMS

Cost interface attributes are those that relate the activity to the cost estimates (e.g., Resource Name,
Resource Type, Resource Uncertainty Distribution and parameters, etc.). RisleManagnterface
attributes are those that relate to the Risk Management Process (e.g., risk likelihood and impact
probability distribution). P/gdefined attributes are special attributes that the P/p may assign such as
the name of a contract, a referendield to a subproject schedule, a type field for different categories

of P/p elements or flags for sortindntrinsic attributes are those specific to the activity itself (e.g., WBS,
OBS, CBS/CAM, uncertainty distribution, etc.). Most scheduling seftvaardefault fields for many of
the intrinsic attributes.

Establishing all of thActivity Attributes during Schedule Management Planning facilitates the
construction of theScheduldoE by defining the data required for the activities. For example, activity
uncertainty parameters need to be captured in tieheduldBoEand should therefore bdefinedas

part of the Activity Attributes

4.3.1.3 ForlInclusion irihe SMP

TheSchedule DevelopmeRlanportion of theSMPmay be developed as a separatgb-plan allowng
early implementation to support Phase A executiéihen the collection of all requirements for
Schedule Developmetig completed, compiléhe requirements for inclusion in thBchelule
Development PlanConstruct theMilestoneReqistryfor inclusionas anappendix TheMilestone
Registrycontairs all the notification and contromilestones as derived frof/p, Agencyand
organizational needs as well as those that are interfaces with contracted efforts and partnershgs.
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construction of thdMSmust be compliant with théMilestoneRegistryand routine reporting as well as
risk assessment reporting should address theestdnes.

After collection of the requirements for the attributes for the activitiesnstruct thetable of Activity
Attributesfor inclusion in the&Schedule Development Plas an apendix. Thetable of Activity
Attributesis used to develop thiMSby defining the required fields for thechedule Database

At this point in the planning process, most specifications are available for buildinil&eA schedule

tool has been selected fdogically linking the activitieend exporting and displaingthe schedule
information. A make/buy plan iavailable and a schedule of development and deployment activities is
available. An estimate of the resources and skill level needed for development dMiE&should be
included in this section of thEMP Resourcedor maintenanceshould not be included in the
development sectiomf the SMPR as heyareincluded in the section on ScheduleaMtenance.

4.3.2 Create theAssessment and Analysis Plan

ScheduleAssessment is focused on the quality of tMS It consiss of a suite of techniques used to
determine the compliance teequirements andsets of best practicesSchedule Aalysis is the process
used to understand the projected future performance of the planned schegiun the uncertainty

and risk associated with the P/The analyses are routinely performed to ensure that cost and schedule
commitments can be met with acceptable risk and are requingdNPR 7120.&t specific review
milestonesand that sufficient sobdule margin is available for accommodating risks and uncertainties

In creating theSchedulé\ssessment and Analy$itan all requirements needed toafine the processes

for Assessmendind Analysis are collected. The requiremestlected,and Activiy Attributes

previously identified in th&chedule Development Phaill also aid in the implementation of the

Schedule Assessment and Analysisfsuigtions. Best practices for Schedule Assessment and Schedule
Analysis are captured in Chaptand should be considered for incorporation in tBehedule

Assessment and Analysis Plan

4.3.2.1 Collect the Requirements for Schedule Assessment

The purpose of th&heduleAssessmensub-function isto test theinformation contained in the
Schedule Databasand its outputs for validityand integrity As shown irFigure4-10, requirementsfor
Schedule Assessment come from NRRsrnal and external guidance documerasd the P/p planning
documents.
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Requirements
+ NPR7120.5

+ NPR7123.1

* P/p Planning

+ Agency Guidance (e.g.,
Schedule Management
Handbook, EVM Handbook,
Cost Estimating and
Assessment Guide)

+ External Guidance (e.g., GAO,
DCMA)

Chapter 6. Schedule Assessment, Version Controlled
e [ e [

T T YR Assess
s i s | v e iL) [ B b ¢ Requirements Check
i | i ot e (i
proral st * Health Check
e DO - il M o * Risk ID & Mapping
5 provided and the Meocoiogy cacuaon
informaon s prevented i wrpotrg dataueed  proviced but provided Check
i O s SO [
oy »| * Critical/Driving Path &
i
o T g e Structural Check
v - b =) * Basis Check
* Resource Integration
Check
Arbitrary Increase Cost Phasing versus Authorized Budgst
N\ me In durtion m
: e 1 R Schedule
RSNy T T a —_—
) - Assessment Report
=R Aymbstons 1 2 Findings and
&3 i Recommendations for
e P Lo ttartone 2 . Corrective Actions
Test downstream flow to critical ‘ Complate

path and search for negative float

Figure4-10. Requirements for the Schedule Assessmenfuttion come from th&lPRs, guidebooks, and P/p planning.

Typicalproceduredor this sub-functioninclude:

f RequirementsCheckl 8 4Sa4Sa (GKS &AO0OKSRdzZ SQa O2YLX Al yoOS

T HealthCheck! aaSaaSa (GKS aOKSRdz SQaeath@giidgwith Ay dS3INR G

various general best practice categories.

1 Risk ID & Mapping CheclAssess the existence and comprehensiveness of P/p schedule risks

FYR GKSANI LI FOSYSYd SAGKAY (GKS ZOKSRdA $Qa &d NI

9 Critical/Driving Path and Structural CheclAsseses the structural quality & fidelity of all
possible critical paths and driving paths and compliance with horizontal tractability standards.
Depends upon a satisfactoHealth Check

9 Basis CheckAssesses the justification of each discrete schedulmet, including risks.
Depends, in part, upon a satisfactdrisk ID & Mapping Check
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point in the P/p life cycle map to the correspondiMS

When planning theools and techniques for the quality assessment of the schediésy must be able
to support the Schedule Assessmeuab-function per P/p requirementsThese mayncludeforms,
formats, check listgand a make/buy plan fasoftware tools.

4.3.2.2 Collect the Regrements for Schedule Analysis

The purpose of the Schedumalysis sulfunction is to evaluate the magnitude, impact, and
significance of P/p uncertainties and risléss shown irFigure4-11, requirements forSchedule Analysis
come from two primary sources, NPRs and the P/p planning documents.

Requirements
* NPR7120.5

* NPR7123.1

* P/p Planning

* Agency Guidance (e.g.,
Schedule Management
Handbook, EVM Handbook,
Cost Estimating and
Assessment Guide)

* External Guidance (e.g., GAO,
DCMA)

Analyze
+ Range estimates
y « JCL
Section 6. Schedule Analysis, Version Controlled * Meet costand
schedule
e - iE | P | Fai B commitments with
Risk List { BV 08 TN SR .
T oA iare  — acceptable risk
e —— - o ° Risk mitigation
2 — e — effectiveness
Lastiadas Schedule Risk — fm— * Findings an;i et
e — Analysis Model i—_"“ Recomrrlen at_lons or
Corrective Actions
Schedule Risk Analysis Model or Integrated « Other as specified by
Cost/Schedule Risk Analysis Model, Version Controlled P/p
Schedule Risk Analysis
Report
Findings and
== Recommendations for
Cost and/or Schedule Risk Outputs, Logective Atons
Version Controlled

Figure4-11. Requirements for thecBeduleAnalysissubfunction comerom the NPRs, guidebooks, and P/p planning.

NPR 7120.5 requiresk-informed schedulecompletion rangeestimates at P/p milestones as early as
MCR Thisrequirementcan be met through use ohe&&RA0 establish the exgcted range of completion
datesaccording to P/ddentified confidence levelsNPR 7120.8lsorequires alClestimate at KDP C.
TheJClrequirement necessitates the use afcostloaded schedule with both cost and schedule risks
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and uncertainties loaded into dntegrated Cost and Schedule Risk Anaisidel (ICSRModel). NPR
7123.1 specifies success criterionf ensuring that cost and schedule commitments can be m#t w
acceptable risk at subsequent milestones.

In addition, the P/p may levy requirements to haveSR/or anlCRA performed for the following
reasons:

1 As support to the establishment of the baseline
At specified milestones in preparation fo€Rs
At regular intervals for tracking riddased estimatest-completion

1
1
9 As specified to support risk mitigation planning
1

As support to dvelopment of the schedule to ensure sufficient schedule margin

The aboveequirements wi specify the type of analyseand thetrigger(s) and frequencgf those
analyses.Other requirements are needed to specify the analysis tool and the expected outpatse
scheduling software includeschedulerisk analysipackageor can accommodate schedule risk analysis
add-ons Examples ofchedulerisk analysis tools a#ACS, Polaris, Primavera Risk Analysis, @Risk, and
Full Monte

Whether the completdMSor anAnalysis Sweduleisusedas the basis fathe SRAor the ICSRA will
need to interface with the risk management data and the cost datBechniquegor integrationof
schedule, cost, and riskust be specified as a part of the planning process. Hadsito be done to
determine whetherthere are additbnal requirements to make/buy application software to link the
databaseswithin the tools. This collection of requirements is used to devellop analysis capabilitgnd
facilitate the allocation of resources to execute the analyses.

The expected outpwtof the SRAor the ICSRAeed to be definedand tools to process the data and
create the reports will need to be specifiefthen a make/buy plan needs to be created amauded as
a part of theSMP Examples of outputs that need to lbensidered are:

1 Confidence levaturvesand data tables

Probabilitydensityfunctions(PDFsand data tables

Riskand tasksensitivity indicators such as tornado charts

1
1 Scatteplots and data tables
1
I Risk trends over time

27The NASA Project Planning and Control (PP&C) Handbook discusses the interfaces between the Schedule Management
Function and other PP&Gnctions See SR016:3424. September 16, 2016.
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Upon completion of this task, allformation is available for development of the analysis capability and
the reporting formats, scheduling the analyges., frequency)and allocating resources for the
analysis.

4.3.2.3 For Inclusion in theMP

Compile therequirementsfor types of assessmengd analysesnd include them in th&MP Include
a table toillustrate when specific assessmerdad analyseare performed in support of P/p review
milestones or P/p internal activitiedn addition,includean estimate of the resources and skilkseded
to supportassessment and analysis effottisoughout the P/p life cycle.

4.3.3 Create theSchedulévlaintenance andontrolPlan

Schedule Maintenance and Control helps to ensure that the schedule is at the appropriate maturity
throughout the P/p lifecye and that it can be used to actively manage the PlpeSchedule
Maintenance and Control Plaraptures the requirements for updating and controlling the schedule
throughout the lifecycle.This includes theerformance metrics to be collected periodilyadnd the
associated thresholds for actiorThe information is solicited from the activity owners or from CAMs
that may own several activities or groups of activities. If the P/p has an active EVM system, then the
EVM data can be used. Even if the B/pot subject to the requirement to have a formal EVM process
in place, the scheduling tool can output the same cost and schedule performance parameters.

NPR 7120.5 requires a Technical, Schedule and Cost Gaig€Plan. The Schedule portion of tHESC
Plan captures the requirements that support the development and implementation of the schedule
control andmay be a stan@lone document, part of the P/p Plaar captured in the Schedule
Maintenance and Control section of tI8VP Best Practices fd8chedule Maintenance and Control are
captured in Chapter 7 and should be considered for incorporation ilsthedule Maintenance and
Control Plan

4.3.3.1 Collect the Requirements for the Schedule MainterfanBEunction

TheSheduleMaintenancesub-function consists of loading the current performance information into

the IMSand making changes as directed through the CM/DM change order prothegperfomance
information is usually a monthly update process to support the P/p monthly and quarterly management
review cycle.Change ordershowever are ondemand rather than routin@and may originate for the
following reasons:

General updates to activities, e.g. detail for a rolling wave

1
1 Changes imposed through requirements contained in the PPBE guidance
9 Corrective actions originating from the performance conpdcesses

1

Inclusionof risk mitigation activities as approved by tRé

Figure4-12illustrates the process for Schedule Maintenance.
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Requirements
* P/p Planning
* Schedule Data Collection

* DRDs

+ CM/DM
Chapter 7. Schedule
Maintenance
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Corrective Actions
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Schedule Risk Analysis Outputs,
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Figure4-12. The P/p mudefine the requirements f@dchedule Maintenande update the scheduleA typical process is

shown here.

4.3.3.2 Collect the Requirements for the Schedule Cd&uiafunction

Collecting the requirements for the Schedule Controlauriztion includes dfiningthe metrics and
measures for schedule performance measureme®dme are backwardsoking, meaning they are
measures of performance to dat®thers are forwardooking using thé&RAcapability to make future
estimates of performace. Backwarddooking examples are:

i Baseline Execution Index, or Current Execution Index

9 Schedule Performance Index

9 Erosionof float or margin

1 Number of milestones due versus milestones completed

Examples of forwartboking measures using tt&RAare:

1 Probability of ortime delivery of selected deliverables

1 Probability of ortime completion

1 Sufficiency of margin

Figure4-13illustrates the process for Schedule Control
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Figure4-13. TheP/p must define the requirements f@chedul&ontrol A typical process ghown here.
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It is important to note that any integrated, technical/schedule/cost control aspects are required to be
included in a Technical, Schedule, and €BSCLontrol Pan per NPR 7120.5 he ScheduleControl
sectionof the SMPshould supportind ke consistent wittthe contentin the TSC Control Plaithe NPR
should be referenced for theomplete set ofequirementsfor the TSQControl Plan, whicincludes
documening how theP/p plans to control requirements, technical design, schedule, and cost to achieve
its highlevel requirements. TheTSC Control Plamill:

91 Describe the plan to monitor and control the requirements, technical design, schedule, and cost
of the P/p.

91 Describe te P/p's Schedule Performance Measune®bjective, quantifiable, and measurable
terms anddocument how the measures are traced from the program Héylel requirements.

i Establish baselinend threshold values for the performance metrics to be achievezhah Key
Decision Point (KDRjs appropriate.In addition, document the mission success criteria
associated with thé/p-levelrequirements that, if not met, trigger consideration of a
Termination Review.

1 Develop and maintain the status of a setpzbgrammatic and technical leading indicators to
ensure proper progress and management of Bip. These include:

0 Requirement Trends (percent growtio-be-determined/to-be-resolved TBD/TBR
closuresnumber of requirement changes)

o0 Interface Trends (perceminterface Control Document@D approval, TBD/TBR
burndown, number of interface requiremehanges)

o Verification Trends (closure burndown, number ofiid¢ions/waivers approved/open)

0 Review TrendsReview Item DiscrepancRID/Request for ActionRFA/Action ltem
burndown per review)

o0 Software Unique Trends (number of requiremepés build/release versus plan)
0 Problem Report/Discrepancy Report Tdsr(number open, number closed)

0 Cost Trend (Plan, actual, UFE, EVM, NOA)

0 Schedule Trends (critical patkack/oat, critical milestone dates)

o Staffing TrendsHulitime equivalent ETEWork year equivalent (WYE)

o0 Technical Performance Measur@dass margin, power margin)

o AdditionalP/p-specific indicators, as needed

1 Describe the approach to monitor and miwol the P/p's ABC.Describe how thé&/p will
periodically report performanceDescribe mitigation approach if thHe/pis exceeding the
development cost documented in th®BC to enable corrective action prior to triggering the 30
percent breach threshdl Describe hovihe P/p will support a baseline review in the event the
Decision Authority (DA) directs one.
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9 Forloosely coupled or uncoupl@dograms, describe the EVM requirements flowed down to the
projects. For tightly coupled programs, singheoject programs, and projects, describe the
EVMS. rclude references to the EVM Implementation Plamrontrol plan thamay bestand
alone or included apart ofthe P/[pPlai ¢ KA OK RSGFAf A GKS t kLIQa LINEC
monitoring, and controlling te IMSand utilizing the technical and schedule margins and UFE to
meet themanagement and commitment baselines well as thenethods theP/p will use to
commuricate changes for the schedule.

1 Describe any additional specific tools R4 will use to impement the controlprocessege.g.,
the requirements management system, thidormation management systemmtegrated P/p
Management Reports (IPMRXC.).

9 Describe how thé/p will monitor and control thdMS including any replanningchniques
available.

1 Describe how thé/pwill utilize its technical and schedule margins &hthllocatedruture
Expense (UFE) towmtrol the Management Agreememind external commitment baselines

1 Describe how thé/p plans to report technical, scheduland cost status to the MDAA,
including frequency and the level of detalil.

1 Describe how th@/p will address technical waivers and deviations and how dissenpirgons
will be handled.

4.3.3.3 For Inclusion in theMP

Compilethe requirements for the SchedulMaintenance andntrol sub-functions, includinga

description of he maintenance and control process@gegratedwith the routine P/p review processes
and the schedule management CM/DM proceSslect the desiredschedule Performance Measures

and buildthe processes and tools needed to import data from Sehedule Databasddentify the

required plots. Define the thresholds that trigger corrective action and prescribe the corrective action
for the different cases of breachHn addition,includean estimate othe resources and skill level needed
for building the capability and executing the procestesughout the P/p life cycle

4.3.4 Create theScheduldocumentation and Communicati®han

The P/p must establish the needs fohedule reporting and schedule performance metrics such that

the requirements for the schedule outputs can be establishEldeSchedule Documentation and
CommunicatiorPlancaptures the requirements fawhen andhow the P/p records and disseminates
schedué information. ScheduldDocumentation and Communication are reliant upon Configuration and
Data Management (CM/DM) and facilitate subsequent management and control of content change, as
well as reporting.Best practices for Schedule Documentation and @omication are captured in

Chapter 8 and should be considered for incorporation inSbhedule Documentation and

Communication Plan

4.3.4.1 Collect the Requirements for the Schedule Documentation and Communication Plan

The requirements for th€M/DM of the schedle management plans, processasd products are
derived from the P/p overall CM/DM plaihe data and products to be managed are identified in
Figure4-14 below.
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Chapter 4.
Schedule
Management
Planning

Chapter 5. Schedule Development Chapter 6. Schedule Assessment and Analysis
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Lessons Learned

-— [rovre——— Corrective Action

Corrective Actions

Schedule Management Data Set

Chapter 8. Schedule Documentation and Communication

Figure4-14. The documentation and data to be managed by the CM/DM process is identified here.

The documentation and dat@a be managed and controllezbnsist ofat least, but not limited to,
informal backips and formal archives of the following

1 SMP
1 Scheduldatabase includingits data inputsand theSchedule BoE

1 Schedule Outputsncluding but not limited to, théMS Summary SchedulandAnalysis
Schedule

9 Schedule AssessmdbtitputsReportand Schedule Risk AnalySisitputsReport

1 Schedule?erformance &ortsand Corrective ActioriBaseline Change Requests

=

Lessonsearned

All data products must be clearly coded for consisterteyr example, a performance report must be
clearly tagged to a specific output from tBehedul®atabasewhich is inturn tagged to the current
performance report that was used for the updatdnother example is the fierent levels of Gantt
charts;detail for internal management and higlavel for external reviewThey must all be consistent
and coded such that the relationship is clear.

All interested parties will specify the report types needed. Those requirements need to be collected and
used to pecify the processes and tools needed to generate the required data for those reports. This
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will further lead to the definition of forms and formats usually defined in Data Requirements Documents
(DRDs¥ Examples of report types can be found in Sec8dh?2.4

Communication of schedule information varies with the audieritiee audience must be identified and
the appropriate information productamessage type, delivery, and scheduledwstribution definedto
support internal P/p reviews, LCRs, and KDPs

4.3.4.2 For Inclusion in theMP

Compile therequirements for CM/DM anihcludea plan to develop and document the procesgecific

to schedule datand information Capturethe requirements fothe communication of schedule
information, which include the definedommunication flow and the frequencyspecify the data and

report formats using DRDs and attach the DRDs as appendices3dB@E@ In adition, includean

estimate of the resources needed to develop and maintain the processes throughout the P/p life cycle.

4.4 Skills and Competencies Required for Schedule Management Planning

The skills and competencies required for Schedule Management R¢poan be founadn the Scope
website°

5 Schedule Development

It is a best practice for the schedule to be developed in accordance with the Schedule Management
Plan. Per Sectior.3, the Schedule Management Plannigyfunction produces thé&chedule
Management Planwhich provides instructianfor Schedule Developmento guide the development

of the IMSand associatedchedule products. SpecificallietSchedule Development Plahe first of

four sub-plans in theSMR includeghe definition of the tools and techniques appropriate to the
type/level of scheduling the P/p necessitatéEhe objective of the Scheduleizelopment process is to
RSTAYS>Y RS@OSt2L)J yR RSLX 28 | &AOKSRdz Ay3a OFLIOAfAD
phased activities in alMSand to export specific outputs as required for the otlfehedule
Managemensubfunctionsas deschied in Chapters§, 7, and8. When complete, the P/p will have a
Schedule Databasmntained within a scheduling tool that has the capabilitgémerateSchedule
Outputs including ariMSwith all the requiredSchedule Performance Measueesl associate@chedule
Performance Reporta Summary Schedufer management reportingand anAnalysis Schedute be

28 NASA has standard procedures in place to support the early development and documentation of operational concepts during
system development. This includes Data Requirements Document (DRDs), whicredbedidiomat and content of the

information to be provided, as well as the Data Requirements List (DRL), which set forth the data requirements in each DRD.
https://www.nasa.gov/sites/default/files/files/INNK14MA74&ttachment}02-DataRequirementDeliverables(1).pdf

29 Thelntegrated Program Management Report (IPNIR}a Requirements Documer®@RD Implementation Gide discusses

different options for tailoring the Data Item Description (DID), which describes overarching requirement®MRie a

consolidation of theContract Performance Report (CRRY the IMS and is required on all new contragteen an EVMS is a
requirement. The IMS is Format 6 of the IPMR. See the NASA IPMR DRD Implementation Guide for preparation of the IPMR
DRDhttps://evm.nasa.gov/reports.html Appendix D of the NASA Earned Value Management (EVM) Implementation

Handbook provides guidance for the CPR DRBs://evm.nasa.gov/handbooks.htmICPR Format BifIMS analysis can be

found athttps://evm.nasa.gov/reports.html

30 SCoPe websitéttps://community.max.gov/x/9rjRYg
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used for theSRA/ICSRA heSchedule Developmesub-function will culminate witithe creation of the
IMS which supports the requirement to baseline thdS

5.1 Best Practices

Figure 51 details the best practices for Schedule Manageni2ewelopment

to Lowest Appropriate Level ¢
Detall

SM.D1 Schedule 1 The schedule is developed in accordance with the Schedule Managen

Development Follows theMP Plan.

SM.D2 Schedule BoE 1 TheSchedule Basis of Estimate (BeEjeated and maintained throughouy

Provides Rationale fal 0KS tkLlQa ftATFTS OeofsS (KFd R2Odzy

Elements of the Schedule planned schedule, assessment amalysis findings, reporting artifacts, a
primary source data, documents and other pertinent informmatio

SM.D.3 Schedule is Develop  The schedule is developed using tools appropriate to the type and leve

Using Appropriate Tools schedule managemethat the P/p requires.

SM.D.4Schedule Activities arf  The schedule isoded such that it facilitates P/p management support

Coded to Facilitate P/p processes and other programmatic functions.

Management Support

Processes/Functions

SM.D5 Schedule is Develope  The schedulés developed usin@ritical Path Method Scheduling

Using Appropriate Scheduling

Methods

SM.D.6 Scheduleis Tiered | § Schedule activities are collected as organized in the WBS and tiered

According to WBS according tohe lowerlevel, related WBS items.

SM.D.7Schedule Naming 1 A schedule activity naming convention is established that allows for clé¢

Convention is Established concise, and differentiable activities.

SM.D8 Schedule Activities | 1 Schedule activities capture all approved work scope, such that all worl

Capture All Work Scope be allocated to complete the WBS elengintan integrated manner.

SM.D.9 Schedule is Develop  Schelule is developed to the lowelgtvel ofdetail appropriate typically the

work package level, as early in the P/p life cycle as possible.

are Scheduled According to
the Same Time Units

SM.D.D Schedule Activities | 1 Schedule activities demonstrate horizontal traceability, such that they

Demonstrate Horizontal logically seqenced using proper relationship types that account for the
Traceability interdependence o&ll activities and milestones

SM.D.1 Schedule Activities | T Schedule activities only use lead and lag relationships when the value
Use Minimal Lead and Lag represent real situations of needed acceleration or delay time between
Relationships activities.

SM.D.2 Schedule Activities | { OKSRdzZ S t23A0 fAYAGA GKS dzasS 2

Limit the Use of Constraints t 2 a a to sittiaBains that represent actual wdlow.

SM.D.B Schedule Activities | §  All activity durations are scheduled according to the same time units.
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SM.D.# Scheduléctivities
are Represented According t(
Appropriate Calendars

Activities are scheduled according to representative calendars that
appropriately distinguish between working and seorking days.

SM.D.5 Scheduléctivity
Durations are Estimated Usin
Appropriate Sources /
Processes

Schedule activity durationmcluding associated duration uncertainties
derived based on sources and/or processes that are appropriate and
provide the best justification for the¢stimation.

SM.D.® Critical Paths are
Cleary Identifiable in the
Schedule

Qitical path(s)reclearly identifiable within the schedule throughout the
P/p life cycle

SM.D.Y Adequate Schedule
Margin is Identified as Part of
the Schedule Baseline

Adequate margin is established and allocated as part cfdhedule
baselineand is clearlydentifiable

SM.D.8 Cost and/or
Resources are Assigned to
Schedule Activities

The schedule includes costs and/or resources assigned to all applicab
activities at the most appropriate WBS level.

SM.D19 Schedule is Time
Phased

The schedule is timghased to align with the availability of funding to
provide the earliest possible finish date.

SM.D.D Discrete Risks are
Mapped to the Schedule

Discrete risksre quantified andnapped to appropriate activities within
schedule

SM.D.2 All Schedule
Products Tie to the IMS

Theintegrated master schedul&9 is the foundation for all schedule
information.

SM.D.2 Schedule
Demonstrates Vertical
Traceability to the IMS at all
Levels

The schedule reflects vertical traceabilityhat any and all supporting
schedules contain consistent information and can be traced to the IMS

5.2 Prerequisites

Figure 51. Scledule Development Best Practices.

The Schedule Development can be initiated when:

SMR including schedule guidance and ground rules & assumptions (GR&AS)

TheSMPsub-plan, Schedule Development Plavhich specifies the requirements

implementation approach, and timelirfer developing thdMS is available

1 P/pPlans, including domairelated plans
1

1 Other P/p GR&A documents

1

1 TheMilestone Reqistris available

I Thetable ofActivity Attributesis available

1 A scheduling tool has been selecteddgilitate the maintenance, documentation drontrol of

the IMS
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TheSchedule Bois typically documenteth conjunction with the development of thdS with
preliminary and baseline versions established when required and subsequent ugidi@ieghout the
P/p life cycle, as necessaryhe following sections guide tiSthrough the Schedule Development
process.

5.3 Understand thd?/p Sope

Anunderstanding of the complete/p work contentmust exist in order for a valid schedule to be
developed Thus, the first steps in developing a neip IMSinclude understanding th®/p work scope,
including thework Breakdown Structure (WB®)e Organizational Breakdown Structure (OBIS),P/p
funding dynamicand Cost Breakdown Structure (CBB) reviewing pertinen/p agreements and
authorization documents. As more information becomes available as part &f/gmanagement
processes, more detailed information can be utilized to aid in the developmeéhegflanned schedule.

5.3.1 Work Breakdown Structure (WBS)

¢KS 2. { A& PipkcBpe.it & &produétorigrited, hierarchical division of the hardware,

software, servicedacilities,and other workactivities that make up the total P/p scope of woilk.

organizes, displays, and defines the products to be developed and/or produced and relates the elements
of the work to be accomplished to each other and the end produtte WBS alstecomposeshe

scope of work into manageable segments to facilifgEnning and control of cost, schedule, and

technical content.The WBS is typically accompanied by a WBS Dictionary, which is a narrative definition
of each element appearing on the WBS. The WBS Dictideatyibes the work content of each WBS
elementin productoriented terms and relates each element to the respective, progressively higher

levels of the structure.

A clear understanding of the work conteistnecessarpefore a valid schedule can be developddhe
P/pwork scope may beapturad in theP/p Plan or in a collection of oth&/p documents (e.g.,
Acquisition Planyerification Plan, Request forProposal,Satement of Work (SOW)ontracts,other
external agreements, including international partnership agreement, including MOUs, M©ASP/p
scope may include information gleaned franission concepts, trade studies, system requirements, test
and verification requirements, safety requirements, hardware and software specifications, system
design, interface design, tooling requirements/desigranufacturing standards, unigu®p ground

rules and assumptions (GR&Aknown risks, etcThese inputs should be clearly articulated by the
technical team and incorporated into th&BS and WBS Dictionarfhe WBS will cover all work
elements identified in the approved/p scope of workincludingboth in-houseand contractecefforts.
AtracebetweenP/p Plans, agreements, anther P/p documentatiorhelps to ensure that all work is
captured in the WBSFor multimission Campaigns, each misslewel WBS should illustrate alignment
with the P/p WBSs.

Since a WBS plays such a critical roleganizing and managingRip, it is important to know what
attributes are involved in a sound WBS document. Listed below are several key characteristics generally
found in a complete and meaningfalp WBS document:

1 Predominantly producbriented

9 Uses carect standard level two WBS template (from NPR 7120.5 and NPR 7120.8)
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Subdivided elements are logical, hierarchical, and easy to understand

Consistent with NASA Structure Management (NSM) coding

1
1
1 Includes totaP/p scope of work (including contractor eftpr
M Allows for work summarization at each level

1

Subdivision of work (hierarchy) is aligned with system architecture (e.g., system, subsystem,
component)

1 Reflects element integration and relationships

A good WBS defines the effort in measurable elements phawide the means for integrating and
assessing technical, scheduded cost performanceCare should be taken tlidate that the total P/p
scope of works included in the WBS prior to establishing sthiedule baselinelf work is not included

in the WBS/WBS Dictionary that has been approveB/pynanagement, then it should not be included
within the IMS The structure and format of the schedule should closely correlate tappeovedWBS

to ensure traceability and consistency in reporting. Thaccomplished by including within thdSthe
correct WBS code thas associatd with each schedule task for all applicable elements, such as
hardware, software, test facilities, logistical subsystems, subcontracts, international contributions, and
support systems. Task definition begingwthe productoriented WBS, )dending and detailing the

WBS down to discrete and measurable tasks.

In addition to providing a framework for planning, the WBS becomes very important to the P/S by
allowing variouseporting data to be selected, sorted, and summarized to meet the analysis and
forecasting needs of P/p managemeantd to aid in Schedule (and cost) Contiiebr P/pswith

contractor support, the contractors are typically required to extend approved Contractor WBS (CWBS)
elements tothe necessary level of detailt should be noted that while the Agency Core Financial
System is currently limited to seven WBS levalsépturing actuaP/p costs, & k Lté@hmical WBS and
schedule can further extend to lower levels to ensure that work definition and progress insight is
sufficient for proper managementNPR 7120.5 and NPR 7120.8 outline WBS structures for space flight
programs and research and technology programs, respectively, and should be used as guidance on
creating WBSs for these typesRps The NASA WBS Handbook provides additional exartiy@iesan

be tailored for most P/p.3! Starting with the approved WBAII not only help ensure that the total

scope of work is included in the schedule, but also will ensure consistency in the integration of cost and
schedule data.

Figure5-2 provides an examplef a productoriented WBS with recommended development guidance
highlighted.

SINASA/SR0103404/REV1. NASA Work Breakdown Structure Handbook. October 2016
https://ntrs.nasa.gov/archive/nasa/casi.ntrs.nasa.qov/20160014629.pdf
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Partial Project WBS Element Tree Diagram
(Recommended WBS Development Practices Highlighted)
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Figure5-2. Productoriented Work Breakdown Structure (WBS) example.

5.3.2 Integrated Master Plan (IMP)

Although not typically a NAS#eveloped product, in some instances, a contractor may use an
Integrated Master PlarijIP) in conjunction with the WBS to aid in the development ofM§& The IMP
is an everdbased, toplevel plan consisting of a hierarchy dpRvents as shown ifrigure5-3. Each
key P/pevent isdecomposed into specific accomplishmeraed each specific accomplishnes
decomposed into specifigiteria.®?

32 http://acgnotes.com/acgnote/careerfields/integratethasterplan
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Event

Accompllshment A01

Criteria AOla

Criteria AO01b

Criteria AO1c

Criteria AO01d
Accomplishment A02

Criteria AO2a

Criteria A02b
Accomplishment AO03

Criteria AO03a

Criteria AO03b
Accomplishment A04

Criteria A03c

Criteria A03d
Event B
Accomplishment BO1

Criteria

Criteria
Accomplishment B02

Criteria

Criteria

Criteria
Accomplishment B03

Criteria

Criteria
Accomplishment B04

Criteria

Criteria

Criteria
Accomplishment B05

Criteria

Criteria
Accomplishment B06

Criteria

Criteria

Criteria

Event A - Integrated Baseline Review/PDR (IBR/PDR)
Management Planning Reviewed
Program Organization Established
Initial Configuration Management Planning Completed
Initial Integrated Master Schedule Reviewed
Risk Management Plan Reviewed

Baseline Design Reviewed

Requirements Baseline Completed

121
1.2.2
121
1.2.1

1.3.1

Review of Existing Baseline Engineering Drawings Completed.1.1

IBR Conducted
IBR Meeting Conducted

IBR Minutes and Action Items Generated

PDR Conducted
PDR Meeting Conducted

PDR Minutes and Action Items Generated
Event B - Critical Design Review (CDR)

Design Definition Completed

Design Deltas to Baseline Identified
Drawings Completed (Baseline & Delta)
System Performance Assessment
Updated Drawings and Specifications Reviewed

Analysis Results Reviewed
Test Results Reviewed

Mission Performance Predictions Reviewed

Analysis Results Reviewed
Test Results Reviewed

Payload Integration Plan Reviewed
Payload Design Reviewed at the System Level

121
1.2.1
1.3.2
1.3.2

1.1.1,1.31
1.3.1
131
1.3.2
1.3.2
1.3.2
1.3.2

1.3.3

Payload Testing (Component, Functional, Static) Reviewed 1.3.5

Safety and Failure Analysis Reviewed
Initial Test Plan Reviewed

Initial Test Schedule Reviewed

Initial Test Requirements Reviewed
Critical Design Review (CDR) Conducted
IBR/PDR Minutes and Action Item Closure Plan Finalized 1.2.2
CDR Meeting Conducted
CDR Minutes and Actions Genearated

Figure5-3. Integrated Master PlanilP) example

1.3.2

121
1.2.2

1.3.2
1.3.2

The IMPprovides a PM with a systematic approach to planning, scheduling and exetuBamth the

IMP and thdMSform the foundations for the implementation of the EVMBhe IMP should provide
sufficient definition to allow for tracking the completion of reged accomplishments for each event
and to demonstrate satisfaction of the completion criteria for each accomplishment. In addition, the
IMP demonstrates the maturation of the development of the product as it progresses through a

33The Integrated Program Management Report (IPMR) Data Requirements Document (DRD) Implementation Guide states,

aLt aw 5wb5

Risk Assessment Processes and Reports énleguired), the Cost Analysis Data Requirement (CADRe) and the

a2y liKfeékvdzZ NI SN &

preparation of the IPMR DRDBY{ps://evm.nasa.gov/reports.html

[ 2y iGN OQG2NI CAYl yOALl f

alyl3asySyi

& fed with thedCBntracy/Wiosk Biddkdown Structure (CWBS), the Integrated Master Plan (IMP) if
applicable, Integrated Master Schedule (IMS), Risk Management Processes, Plans and Reports (where required), Probabilistic

wS L2 NI &
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disciplined systems engiagng process. The IMP events are not tied to calendar dates; each event is
completed when its supporting accomplishments are completed and when this is evidenced by the

satisfaction of the criteria supporting each of those accomplishments. The IMReisatigcontractually

bindingandbecomes the baseline execution plan for the P/p. Although fairly detailed, the IMP is a
relatively toplevel document in comparison with tH#MS ThelMSrelates to the IMP in that it shows all

the detailed tasks requikto accomplish the work effort contained in the IMP in a tibesed network
of activities. Thus, the IMP outline code should traceable to both the WBS and th&Swith all tasks

containing an appropriate IMP assignmentiwhen applicable.

The IMPandIMSare valuable tools a PM can use in preparing for a Request for Proposal (RFP) and
{StSOGAz2Y
IMP andiMSshould clearly demonstrate that the P/p is structured and executable within schedule and

{ 2 dzND S

cost constraints and with an acceptable level of risk. Thus, both the IMBSate key ingredients in
P/p planning, proposal evaluation, source selection, andjam executiort* However, the IMP is not

a NASAequired product.

0SOl dza §

iKSe

5.3.3 Organizational Breakdown Structure (OBS)

¢KS h.

{

A & P/piskope. ft i8 hehierarghical division of the organization structure that

aSNBS

a GKS

defines who performs the work. Many P/pgtére resources from more than one organization or
department. The use of R/p OBS helps to identify the responsibilities, hierarchy, and interfaces
between these organizationsAn OBS may be established regardless of whether the organization is
structured by function, Integrated Product Teams (IPT), or by matrix assignment. An OBS, if used,

should reflect the organizational responsibilities as they pertain tcdPfge This may or may not differ

from the functional organizational hierarch@ne examm of an OBS is shownHigure5-4.

|
WPz

Space Shuttle
Business Mgmt
Office

Figure5-4. Organizational Breakdown Structure (OBS) example.

MPO1
Space Shuttle
Propulsion Office
1
| | I ]
MP21 MP41 MP51 MPT1
Space Shuttle WP3 Solid Rocket Reusable Solid Propulsion
Main Engine L Booster Project Rocket Motar Systems
Project External Tank Project Engineering &
Project Integiration Office
| [ |
MP31A [ MP31C 0520 SPRT1
External Tank Test and Flight SEMA Support Lockheed Martin J
Business Mgmt erntification Office Office Contractor Suppornt
ifce MP31D
MP31B Pm::f:::m“ Michoud Assembly
Stiuctures and Facility (MAF)
Support Office Resident Office

0l aAa

34 Department of Defense. Integrated Master Plan and Integrated Master Schedule Preparation and User Guide. Version 0.9.

October 21, 2005http://acgnotes.com/acgnote/careerfields/integratedhasterplan.
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The OBS also identifies the resources available to assign to work activities and to resource load the
schedule. When combined with the WBS, the OBS is used to develop a responsibilities assignment
matrix (RAM), which clearly identifies which organization is responsible for each task in the samedule
shown inFigure5-5. RAMs are typically used toddtify control accountswhich are described in the
following section, in support of the EVMS.

‘ WORK BREAKDOWN STRUCTURE (WES) ‘
[ |
“11” ‘|1z\‘| ‘|13\H
—] \

\ [
EEE |H [ 142 |H [ 113 \H (114 \H
[ I | \ I \ The Responsibility Assignment

[ 14.21 | |:1.1.z.2 | | 11.23 | \:1.1.2.4 | \ 11.25 | Matrix (RAM) integrates WBS and
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Figure5-5. Responsibility Assignment Matrix (RAM) example.

5.3.4 Cost Breakdown Structure (CBS)

The CosBreakdown Structure (CB®)so sometimes referred to as the Resource Breakdown Structure
(RBS)A & (1 KS & KR/pscoledzDi& the hiérBirchical structure that classifies resources into
controlaccounts. At the highest level, these are labdravel, materials,equipment, and othedirect

and indirect costsAs shown irFigure5-5, the intersection of the OBS and the WBS defines the control
account. A contrd account is a natural management point for planning and control since it represents
the work assigned to one responsible organizational element (or integrated product team) for a single
WBS element. A control account Isathepoint at which budgets ésource plans) and actual costs are
accumulated and compared to earned value for management control purposes. The person accountable
for planning and managing the resources authorized to accomplish the work effort in the control
account is the Control Acant Manager (CAM). The CAMiguallyresponsible for the creation, status,

and maintenance of the schedule activities within the control accotstablishing the control accounts
helps to ensure that no duplication of responsibibigcurs,and it lies the foundation for fully

integrating all aspects of P/p planning, including scope, schedule, budget, work authorization, and cost
accumulation processes in support of the EVMS.
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Typically for NASA B%,the WBS is the primary source for developmenthaf CBSwith each control

account being consistent with a work package or detailed ¥askcomposed with cost information, a

WBS may serve directly as a CB#herwise, it may be loaded with cost infoation attributed to its

respectie elements to create the CB&.resource or costloaded schedulean beused as a tool that

yields insight and assistance to tR¢ managementeam in their mangement of weekly and monthly
aresource allocations It assists theP/p with the on-going evolution oP/p budget estimates that

satisfy various Agency, program, b budget development needs-or example, cosbadingensures

the P/phas a complete and consistepg¢rformance baseline (or formal PMB, if appble)that includes
integrated ostand schedule for all elements of the Work Breakdown Structure (WBS). Because it is not
uncommon for the cosestimatingtool and thelMSto differ in WBS at lowelevels, it may be necessary

to roll-up, or otherwise djust, the cost estimate in order to align the WBS levelsih tools When

cost and schedule are developed jointly, cost loadiegfiesalignment at the lowest level of the cost

WBS (schedule WEsSlikelyat a much lower level)The integration oprogrammatic (cost, schedule,

risk) and technical elements provides a better understanding of how programmatics are interrelated.
For example, the dependencies between cost increases associated with schedule slips (due to potential
risks, poor performanceuncertainty, or any other constraint) or possibly even cost decreases with
schedule duration reductions (opportunity, risk mitigation, additional funding, etc.) represent how an
overall plan may be affected by changes in any elem@wditional informaion on Resource and Cost
Loading can be found in Sectibrb.12 Additional information the CBS can be found in the NASA Cost
Estimating Handbook, Appendix B.

Insome caseghe schedule may or may not directly include elements of the CBSdgeurce or cost
loading the schedule)Depending on the specific cost models or estimating approachesastanalyst

has chosen, th®/p WBS may not have sufficient grdarity, or misalignment may exist between the
WBS and the estimating methodany adjustments that are made to tlp WBS must be coordinated
with the P/pto ensure that the changes will not cause issues with understanding or communicating the
estimate3®

The CBS should be traceable to the P/p bud@etdget planning information (i.e., all estimatBép

costs and obligations including FTEs, WYEs, ODCs, procurements, travel, facilities, and other costs for
each fiscal yeaduring allphases of &/p) is used during Schedule Management Planning and Schedule
Developmentjeading to an approved baseliglS Having a clear understanding of thadget, and
specifically, the fundinthat will be available is critical to establishing a credfbdbedule Bqkas the
IMSshould be traceable at some level to the P/p CBiSis information aids in determinirilylStask
durations, interdependencies, constraints, and calendars.

It is imperative that the baselindScorrelates to and is in agreement with all segments of the
integrated cost and schedule baseljme order to establisla goodbaseline to whiclperformance can

be measured. For instance, tRMB is the timgphased cost plan for accomplishing all authorized work
scope in a P/p's life cycle, which includes both NASA internal costs and supplier costs. The P/p's

35NASA Cost Estimating Handbook, V4.0. February 2015. Appendix B-2Page B
https://www.nasa.gov/sites/default/files/files/01_CEH_Main_Body 02 27 15.pdf
36 NASA Cost Estimating Handbook, V4.0. February 2015. Appendix B-2Page B
https://www.nasa.gov/sites/default/files/files/01 CEH_MaiBody 02 27 15.pdf
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performance against the PMB is meastiusingeVM if required, or other performance measurement
techniques if EVM is not requiredrigure5-6 illustrates the how cost and schedule are linked together
to inform the PMB.

Figureb-6. Cost and schedule estimates must be integrated to establish a credible PMB.

Having a clear understanding of thadget, and specifically, tHeinding that will be availableotaP/p
and whenis critical in establishing a crediddS Funding leveland phasingnayrestrictthe amount

of work that can be done in a specific time period forcingRtheto replan or, if severely constrained
may lead theP/pto descope(i.e., minimize or delete some requirementsThus, it is important to
understand whether thé/p scope can be accomplished per the available fundingnthe costs
associated with the planned work. Incorporating costs inRi@MSprovides a timephased spending
estimate (i.e., costoaded schedule) that can be compared to fundangilability over time. If there are
misalignments, thé®/p has the data needed to rphase the planned wordr to descope the
requirements to match availableudget.

Caution During theplanningprocess it is importantto ensure theP/p commitments never exceetthe
authorizedP/p fundingfor a specifidiscal yeaand do not exceed the planned annual budget for
complete LCCRemember thaP/p funding and theP/p budget are different entities, but they are
related. NASA funding is incrementalmost always by Faind refers to the dollars authorized f&vp
expenditureduring that FY On the other hand, B/p budget plan refers to the value assigned to the
time-phased resources necessary to accomplish the scheduled effort. There should always be
integration between funding, planned budget, and the associated work content to be schednled
Hgure5-7, anauthorized budget plan is shown as a function of FY.
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