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Preface
P.1
Purpose

The purpose of schedule management is to provide the framework for time-phasing, coordination, and communicating the necessary tasks within a work effort.  The intent is to improve schedule management by providing recommended concepts, processes, and techniques used within the Agency and private industry.
The intended function of this handbook is two-fold: first, to provide guidance for meeting the scheduling requirements contained in NPR 7120.5; and second, to describe the schedule management approach and the recommended best practices for carrying out this project control function.  
The handbook will be updated as needed, to enhance efficient and effective schedule management across the Agency.  The guidance provided within this document is applicable to contractors, international partners, academic institutions, public and private research laboratories, and internal Agency organizations involved in support of carrying out NASA programs and projects.  It is acknowledged that most, if not all, the above external organizations will have their own internal schedule management documents.  Issues that arise from conflicting schedule guidance will be resolved on a case by case basis as contracts and partnering relationships are established.  
P.2
Applicability

This handbook provides schedule management guidance for NASA Headquarters, NASA Centers, the Jet Propulsion Laboratory, inter-government partners, and contractors to the extent specified in the contract or agreement.

P.3
Authority

NPD 1000.0, Strategic Management & Governance Handbook NPD 7120.4, Program/Project Management

NPR 7120.5, NASA Program and Project Management Processes and Requirements

P.4
References

NPD 1000.0, Strategic Management & Governance Handbook NPD 7120.4, Program/Project Management

NPR 7120.5, NASA Program and Project Management Processes and Requirements

MIL- HDBK-881A, Department of Defense Handbook, Work Breakdown Structures for Defense Materiel Items
ANSI/EIA-748, Earned Value Management Systems

Academy of Program/Project & Engineering Leadership (APPEL) Website (http://appel.nasa.gov)

P.5
Cancellation

Not applicable at this time.
Chapter 1 
Introduction

1.1
Background

This chapter provides an introduction to key elements of NASA’s strategic framework for managing programs and projects.  Subsequent chapters deal with best practices in how to most effectively administer and satisfy the scheduling requirements that are established in (NPR) 7120.5, NASA Program and Project Management Processes and Requirements.    

1.1.1
NASA’s Program/Project Life Cycle Management Process

NASA programs vary significantly in scope, complexity, cost, and criticality; however, all have a life cycle that is divided into two phases:

· Formulation – Pre-Systems Acquisition, in which program requirements are conceived, a required funding level is established, and a plan for implementation is designed, all consistent with the updated NASA Strategic Plan.

· Implementation - Systems Acquisition, Operations and Sustainment, in which projects are initiated through competition (e.g., Announcement of Opportunity (AO)) or other process, and their formulation, approval, implementation, integration, operation, and ultimate decommissioning are constantly monitored.

For most NASA projects the life cycle phases of formulation and implementation are further divided into incremental phasing (see Figure 1-1) that allows managers to assess management and engineering progress. The Program/Project life cycle management process receives oversight from NASA Headquarters and a Governing Program Management Council (GPMC).

During the life cycle management process, the following documents set the schedule requirements for NASA programs/projects:

· Program/Project Formulation Authorization Document (FAD) – 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 sub-process. 
· Program/Project Commitment Agreement (PCA) - The PCA is the agreement between NASA Headquarters and the program/project managers that documents the Agency's commitment to implement the program/project requirements within established constraints.  It identifies key program/project milestones for the implementation sub-process.
· Program/Project Plan – This plan is an agreement between NASA Headquarters, the Center Director, and the Program/Project Managers that further defines the PCA requirements and establishes the plan for program/project implementation.  It identifies additional key program/project milestones and lower level schedules, and establishes the program/project strategy for schedule development, maintenance, and control.  
· Program/Project Schedule Management Plan – While not required by NPR 7120.5, this document is a recommended best practice and may be required by the Program/Project Manager.  Refer to Appendix H “Schedule Management Plan Template” for suggested format and content.  (Note: Selected portions of information contained in an SMP will also be required content in a Program/Project Plan.) 
Figure 1-1 depicts the relationship between the program/project life cycle management process and the above documents that establish schedule baseline information.


[image: image1]
Figure 1-1:  Program/Project Life Cycle Relationships

A common thread running throughout the four-part management process shown above is the critical requirement to develop and maintain an Integrated Master Schedule (IMS) that clearly defines the tasks necessary to achieve overall mission success.  With this management backdrop established, this handbook will provide the necessary guidelines and recommended practices to be used for ensuring schedule management is adequately and consistently implemented on each project across the Agency.  Additionally, it is the purpose of this document to draw attention to the critical need for establishing project schedules that are fully integrated with the cost and technical content of each project as is directed by NPR 7120.5.
1.2 Policy Implementation
Sound schedule management requires the establishment, utilization, and control of a baseline master schedule and its derivative schedules. An IMS provides the framework for time phasing and coordinating all project efforts into a master plan to ensure that objectives are accomplished within project or program commitments.  Requirements that dictate IMS development, use, and control are found in NPR 7120.5.  It is the responsibility of each project manager and their project team to ensure that these schedule management requirements are adhered to, not only during initial IMS development, but also in the on-going updating and maintenance.

The schedule management requirements contained in NPR 7120.5 are generally consistent with industry standards.  Deviations from these requirements will be administered through the formal waiver process identified in NPR 7120.5.  The remainder of this handbook defines the recommended best practices for fulfilling the schedule management requirements set forth in NPR 7120.5.
Chapter 2
Schedule Management Overview
2.1 Schedule Management Approach
Schedule management encompasses the development, maintenance, control, and archival of the Integrated Master Schedule (IMS).  The IMS constitutes the framework for time phasing and coordinating all program/project efforts to ensure that objectives are accomplished within project commitments.  The following are the schedule management process groups contained in this handbook: Pre-Schedule Development, IMS Development, Status Updates and Schedule Maintenance, Schedule Assessment and Analysis, Schedule Control, Schedule Reporting, and Schedule Data and Lessons Learned Archival.  These process groups are described in more detail in subsequent chapters.  These process groups interact with each other and with other project management processes such as cost estimating, change control, and risk management.
2.1.1
Integrated Master Schedule
The IMS contains the logic network-based framework that provides the basis for time-phasing and coordinating all the project efforts.  The IMS provides the management vehicle which correlates the approved project work scope reflected in the work breakdown structure (WBS), budget, and certain project risks.  The IMS typically reflects both baseline and current schedule data.  The time-phasing of tasks provided by the IMS is critical to successful implementation of Earned Value Management (EVM) and the development of a Performance Measurement Baseline (PMB).  See Chapter 5 for the schedule development processes and best practices.

The IMS provides the program/project manager a single integrated source of schedule data that accurately reflects how the planned work is to be implemented.  This dataset will be maintained in an automated schedule management tool and consist of tasks/milestones, task durations, interdependencies, project constraints, subcontract data, and an assigned data coding structure.  Using the assigned coding structure, the scheduling tool is able to filter and summarize schedule data to provide reports at the summary Master Schedule, intermediate, and detail schedule levels.  It is important to note that all levels of schedule reporting are provided from a single, integrated IMS dataset and not from separate schedule sources.  Vertical traceability from detailed tasks to higher level program/project milestones should exist as indicated in Figure 2-1.           

[image: image2.png]



Figure 2-1:  Vertical Traceability of Schedule Data
2.1.2
Schedule Management Plan

A Project Schedule Management Plan (SMP) should be prepared early on for each project.  The SMP will describe and define the techniques and methods to be used in implementing schedule management processes.  The SMP can be a stand-alone plan or a subsidiary component of the Project Plan.  However, the Project SMP should be an individual plan subject to document control.   The SMP is not intended as a detailed procedure for performing scheduling.  Rather, it is a guideline for applying generally accepted project scheduling practices.  See Appendix H for a Project SMP Outline Template.

The content of the IMS and the overall SMP approach should be dependent upon how a project is organized.  For example, there could be in-house, prime contractor, and/or external partnership activities which will influence the planning process.  Additionally, schedule management should be in accordance and integrated with the institutional EVM processes and methodologies on programs/projects.
2.2
Roles and Responsibilities

2.2.1
Project Managers
The Project Manager’s (PM) role is to ensure schedule management processes are applied in order to support the project’s objectives.  The PM is responsible, with support of the P/S, for the development guidelines, plan approval, work execution, and performance control of the IMS, and ensuring the institutional processes and procedures, necessary resources, and tools and techniques are applied to ensure requirements are adhered to by the project team.
2.2.2
WBS Element Owners
The Project WBS Element Owner’s role is to ensure compliance with the SMP.  Compliance with the SMP will help to ensure that the deliverables associated with their scope of work are provided on time.  WBS Owners are responsible for the development, execution, and control of their work scope within the IMS.
2.2.3
Other Project Team Members
The role of other project team members and stakeholders is to understand the IMS and how it relates to their specific work processes and responsibilities.  For example, the finance team will coordinate with the schedule team to ensure the budget phasing matches the IMS time line.  Similarly, the Contracting Officer’s Technical Representative (COTR) will coordinate with the schedule team to ensure the contractual deliverables and the IMS are aligned (e.g., data deliverables, reviews, and hardware and software deliveries).
2.2.4
Planner/Scheduler
The Planner/Scheduler (P/S) role is to implement SMP processes in order to ensure the project’s objectives are successfully achieved.  The P/S must be familiar with the project technical scope and able to translate that into the IMS network logic model.  The P/S   accomplishes this, in part, by providing:  1) planning by coordinating with the project team to define the project requirements and schedule objectives and to develop the IMS; 2) analysis and results to the project team by reporting schedule progress, performance, variances, and forecasts, evaluating risks, and performing “what-if” analysis; and 3) IMS control by assisting the project team to manage change to the IMS which includes baseline change control.  The P/S is responsible for utilizing project management software tools and techniques to develop, maintain, and control the IMS.  Finally, project P/S(s) must be able to communicate effectively and coordinate with all members of the project team, possess initiative and a proactive approach to problem solving, and understand Project Management processes (Initiating, Planning, Executing, Reporting, Controlling, and Closing).

2.3
Contractor Schedules and Coordination
2.3.1
Contractor Schedule Management and Coordination 
The P/S should coordinate with the responsible COTR to develop the schedule management and reporting requirements for applicable procurements.  These requirements may be contained in the contract Statement of Work (SOW), Contract Data Requirements List (CDRL), and/or Data Requirements Document (DRD).  The objective is to obtain the schedule information necessary to manage the IMS and enable informed decision making.  SOW, CDRL, and DRD should be structured in order to take maximum advantage of contractors’ existing scheduling systems, capabilities, and formats.  Additionally, this Handbook may be provided as guidance to contractors and subcontractors.  
The SOW, CDRL, and DRD must provide clear requirements for contractors in the areas of scope content, deliverable expectations, and data requirements in order to avoid confusion during project implementation.  To effectively integrate contractor schedule data into the project IMS it is imperative that a clear understanding exists between the government and contractors about such details as; schedule content, level of detail, formats, reporting frequency, tools, thresholds, responsibilities, and controls.  Anything that can be done during project initiation to clarify what is expected of the contractor will reap huge benefits in saving time and money, and reduce stress and frustration levels in the personnel carrying out project implementation.  This approach will also serve to provide additional risk mitigation throughout the project life cycle.

The contract SOW for schedule management should clearly delineate the work and deliverables that are to be scheduled, the type of schedule products to be provided, the DRD to be followed, and any special considerations required for carrying out the contracted work.  The CDRL is a is a listing of the technical information and reports required for a contract including submittal and approval criteria and instruction.  The IMS DRD is a document that provides specific requirements for schedule content, level of detail, format, reporting frequency, applicable thresholds, and guidance for variance rationale.  Appendix D to this document contains an example DRD for schedule deliverables.

2.3.2
Monitor, Assess, and Control Performance of Contractor Schedules
Contractor schedules must be continually monitored assessed, and managed  to assure successful project performance.  To effectively accomplish each of these functions requires the contractor to electronically and routinely submit their project IMS database to NASA’s project office in its native or equivalent file format (e.g., MS Project, Primavera, Open Plan, MPX, and other).  Having access to the IMS database in its native file format makes it possible for the government P/S to monitor, assess, and evaluate, at any level of detail, the quality and integrity of its task sequencing, projected dates, primary and secondary critical paths, assigned constraints, resources, coding, structure, and current status.  Results of this type of detailed, on-going evaluation should be made available to the contractor for consideration and correction.  This approach enables the government team to partner with the contractor in identifying potential schedule risks and selecting the best strategies for mitigation.

2.3.3
Maintain Baseline Review and Integrity of Contractor Schedules
Helping the contractor to establish and maintain credible schedule baselines is integral to sound project schedule management and performance measurement.  Schedule baselines must be approached as a joint government/contractor project team product.  While the project P/S typically maintains and produces most schedule products, it is the whole project team, including both government and contractor members, that must claim ownership in the schedule content and its validity.  A schedule management process should be implemented within each contractor project which dictates that prior to schedule baselining, the responsible COTR (and/or his designated representatives) and all contractor integrated product/project team (IPT) or WBS element engineers and managers must perform a thorough IMS review.  This review should cover not only schedule content, but also the task/milestone sequencing, resources, slack (float) analysis, schedule risks, and all valid constraints that apply.  This type of review should be carried out prior to initial project baselining and then repeated at specified routine intervals accompanied by project management buy-in to ensure on-going schedule integrity.  

For contracts with Earned Value Management (EVM) requirements an Integrated Baseline Review (IBR) must be conducted.  The initial IBR should be accomplished within six months after contract award or after approval of the Project Plan by the Mission Directorate Associate Administer (MDAA), or Mission Support Office Director (MSOD).  On projects of short duration, it may be necessary to initiate the review earlier in order to make best use of the information derived from the review.  During this review joint contractor and government teams review the total project cost, schedule, and technical baseline for the purpose of ensuring that a valid baseline is in-place and that a mutual understanding and agreement exists in the scope of work and in the amount of resources required.  An IBR additionally identifies and alerts the project team to potential project risks.

2.4
In-House Schedules and Coordination
The P/S(s) should support the Technical Managers/Leads for all scheduling requirements and perform planning coordination and detailed scheduling for all in-house projects in partnership with other organizations as required.
2.4.1
Establish the Schedule Management Plan for In-House Projects
During the initial phase of an in-house project, the project P/S is responsible for developing a Schedule Management Plan (SMP) for the project.  The SMP should contain the schedule development, maintenance, and control processes that should be implemented on the IMS.  This plan will also describe the schedule management tools that will be utilized within the specific projects.  The SMP should also be reviewed, approved, and signed-off by the appropriate Project Manager.  

2.4.2
Develop the Integrated Master Schedule for In-House Projects 
For in-house projects, the P/S(s) should coordinate with the responsible Technical Leads to develop the IMS.  There are four approaches to compiling, integrating, and formatting the provided schedule data when developing the IMS.  The first, and most desired, approach is Fully Automated Schedule Integration by either incorporating the in-house organizational or WBS element schedule as a sub-network into a single schedule file or using inter-project linking capabilities in the scheduling software tool.  Either integration technique provides an automated means to logically connect the schedule dependencies among all project work elements.  This approach requires careful planning early in the formulation stage and coordination and follow-up with full integration throughout the implementation stage.  This approach provides the project management team with the maximum insight capability into the IMS plan, performance and forecast.

A second approach that may be required when developing the in-house IMS is the Partially Automated Schedule Integration method.  This approach offers some flexibility to deviate from the fully automated integration methodology for IMS developmentand is used when the automated schedule data provided is not appropriately formatted or defined.  For example, some in-house developed schedules may not be compatible for use “as is” in the IMS envisioned with Fully Automated Schedule Integration.  In these cases, the P/S(s) should coordinate with the Technical Leads to create sub-networks of the in-house schedule(s) within the IMS.  These sub-networks, in Critical Path Method (CPM) format, must identify:  a) the contributing organization’s work scope, b) key deliverables and c) critical schedule dependencies with other organizations.  In these cases, the P/S(s) must ensure that the sub-networks created for incorporation into the IMS correlate to the in-house organization’s schedule for the baseline, actual performance and current forecast.  The Partially Automated Schedule Integration approach also provides critical path, “what-if” and other forms of schedule analysis.
A third approach that may be required is the Master Logic Network technique and is employed when an in-house organization is unable, or in rare cases unwilling, to provide meaningful schedules to the project office.  In these cases, the project P/S(s), in coordination with the contributing organizations and Technical Leads, develop schedule estimates that best reflect the schedule plan, performance and forecast for the contributing organization(s) in question.  This may involve preparing the actual schedules for them.  In other instances, it may necessitate the creation of in-house schedules based on whatever information is available.  This approach provides the project team with a basic IMS for the project, and also supports a limited critical path and “what-if” schedule analysis capability.
If any of the first three approaches to an IMS at the project-level are not viable, or the contributing in-house organization(s) are unable to provide useful project schedules to the project scheduling office, the Receivables/Deliverables Matrix technique can be used.  With this approach, no attempt is made to integrate all of the project schedules in an automated or electronic fashion.  Instead, schedules from contributing organization(s) are individually tracked in the contributing organization’s “native” format or other format that best portrays the schedule plan, performance and forecast.  The Receivables/Deliverables Matrix is the mechanism to achieve a rudimentary form of schedule integration in these instances.  This matrix is a simplified spreadsheet that lists all key schedule deliverables or interface points among the organizations supporting the project.  The matrix also includes the baseline and current projection for the need date of the deliverable by the project, as well as the baseline and current projection for the delivery date of the deliverable by the contractor organization(s).  This approach provides minimal insight into the critical path, schedule performance measurement and schedule analysis.  Nevertheless, if rigorous configuration control of the Receivables/Deliverables Matrix is maintained, and the data is accurately correlated to the schedule data that the contributing organization(s) provide, some basic level of an IMS is achieved at the project level.  Use of this approach should require the concurrence of the Project Manager and a justification as to why none of the other approaches to the IMS are feasible.
2.4.3
Monitor, Assess, and Control Performance of In-House Schedules
In-house NASA developed schedules must be continually monitored, assessed, and managed in a manner similar to that identified for contractor schedules.   The IMS, even though developed by NASA personnel, must follow the same guidelines and best practices as would be expected from a contractor.  A sound logic network based schedule must provide the basis for all schedule data provided to management for critical project decisions.  Utilizing the IMS database in its native file format makes it possible for the assigned project P/S to effectively monitor, assess, and evaluate, at any level of detail, the quality and integrity of its task sequencing, projected dates, primary and secondary critical paths, assigned constraints, resources, coding, structure, and current status.  Results of this type of detailed, on-going evaluation and analysis should be made available to the appropriate project managers and responsible team members for consideration and correction.  This approach enables the total integrated project team to more effectively identify potential schedule risks in a timely manner and to select the best strategies for mitigation.
 2.4.4
Maintain Baseline Review and Integrity of In-House Schedules
Establishing and maintaining credible in-house schedule baselines is integral to sound project schedule management and performance measurement.  Schedule baselines must be approached as an integrated project team product.  While the P/S typically maintains and produces most schedule products, it is the total project team that must claim ownership in the schedule content and its validity.  A schedule management process should be implemented within each project organization that dictates that prior to schedule baselining, the project manager along with each of the responsible WBS element owners and engineers must perform a thorough IMS review.  This review should cover not only schedule content, but also the task/milestone sequencing, associated resources, and all valid constraints that apply.  This type of review should be carried out prior to initial project baselining and then repeated at specified routine intervals (i.e.; Program Operating Plan (POP) updates, Critical Design Reviews (CDR’s), etc.) accompanied by project management buy-in to ensure on-going schedule integrity.  It must be stressed however, that re-baselining should only occur when major changes have been encountered by a project and not at every POP update.  
2.5
External Organization Schedules and Coordination

2.5.1
Integrate Partner Schedules into Integrated Master Schedule
Schedule reporting requirements provided for partnerships between a project and other NASA centers, research institutions, international partners, or other business arrangements not involving contracts or procurements should be incorporated into a Memorandum of Understanding (MOU), Letter of Agreement (LOA), SOW, SMP or other appropriate documents.  This will enable the IMS to fulfill its intended functions as an effective and efficient integrated project management tool.  It should be noted that some arrangements permit NASA schedule expertise to be used in the development of partner schedules to facilitate integration for enhanced management capabilities.  
2.5.2
Monitor, Assess, and Control Performance of External Partner Schedules
Schedules from external partners (e.g. other NASA Centers, other government agencies, and universities) must be continually monitored, routinely assessed, and managed effectively to enhance performance.  To accomplish each of these functions requires the external partner to routinely and electronically submit their project IMS database to NASA’s P/S in its native file format (e.g. MS Project, Primavera, and OpenPlan).  Having access to the partner’s IMS database in its native file format makes it possible for the NASA P/S to monitor, assess, and evaluate, at any level of detail, the quality and integrity of its schedule content, task sequencing, projected dates, primary and secondary critical paths, assigned constraints, resources, coding structure, and current status.  Results of this type of detailed, on-going evaluation and analysis should be made available to the external partner for consideration and correction.  This approach enables the NASA team to partner with all external organizations in identifying potential schedule risks and selecting the best strategies for mitigation.
2.5.3
Maintain Baseline Review and Integrity of External Partner Schedules
Establishing and maintaining credible external partner baseline schedules is integral to sound schedule management and performance measurement.  Schedule baselines must be approached as a joint NASA/external partner team product.  While the project P/S typically maintains and produces most schedule products, it is the total NASA and external partner team that must claim ownership in the schedule content and its validity.  A schedule management process should be implemented within each external partner organization which dictates that prior to schedule baselining, the responsible NASA project manager, external partner IPT, and/or WBS element owners and engineers must perform a thorough IMS review.  This review should cover not only schedule content, but also the task/milestone sequencing, resources, and all valid constraints that apply.  This type of review should be carried out prior to initial project baselining and then repeated at specified routine intervals, accompanied by project management endorsement, to ensure continued schedule integrity.

2.5.4
Management/Reporting Agreements for External Partner Schedules 

Just as NASA documents specific management and reporting requirements for prime contractors, the same must be established and agreed to with external partners.  MOU, LOA, and any other binding agreement with an external partner must be structured in a manner that takes full advantage of their existing scheduling systems, capabilities, and formats.  Additionally, these documents must provide clear specifics and/or guidance for the external partner in the areas of scope content, deliverable expectations, and data requirements so that minimal confusion arises during project implementation.  To effectively integrate the partner’s schedule data into the project IMS it is imperative that a clear understanding exists for such details as; schedule content, level of detail, formats, reporting frequency, tools, thresholds, responsibilities, and controls.  This approach will also serve to provide additional risk mitigation throughout the project life cycle.

The external partner agreement should contain guidance for schedule management that clearly delineates what is to be scheduled, the type of schedules to be provided, the data requirements, and any special considerations required for carrying out the agreed to scope of work.  The agreement should also document the specific project deliverables along with specific information on quantities, WBS relationship, due dates, delivery location, means of delivery, and any other pertinent guidance needed by the external partner.  External partner agreements should also consider implications and impacts resulting from regulations contained in the Federal Acquisition Regulations (FAR) and the International Traffic in Arms Regulations (ITAR).
2.6
Schedule Training 
The success of schedule management depends primarily on the quality of planning and scheduling skills that are dedicated to programs/projects across the Agency.  To ensure strong, consistent scheduling expertise is available, it is imperative that the appropriate training be taken by the project team members that are involved in developing, maintaining, using, or analyzing project schedules.   See Appendix E for a list of recommended training topics in the area of project schedule management.

Bringing improvement to scheduling expertise at all NASA facilities should be carried out through a four-pronged approach.  First, project personnel should have available to them, through each center’s training organization, detailed, multi-day introductory, intermediate, and advanced courses in the area of project scheduling.  This training may be provided by civil servants and/or procured private vendors.  Second, project personnel should also have available to them, through their respective center’s training organization, short schedule training overview modules.  The overview classes will generally last a half day or less and should be more convenient for project personnel to fit the desired training into their daily schedules.  Third, a curriculum of self-taught training material should be available via the System for Administration, Training, and Educational Resources for NASA (SATERN) training website (See https://satern.nasa.gov/elms/learner/login.jsp)..  Fourth, it is recognized that for classroom training to be effective it should always be accompanied by appropriate on-the-job training (OJT) and/or hands-on-training (HOT).   
It should be understood that the NASA schedule management training curriculum will cover an evolving, growing list of topics.  Training chosen should address the needs and requirements of project management team responsibilities.
Chapter 3
Schedule Management Tool Considerations

3.1
Overview

Schedule management tools are used to develop, maintain, analyze, and control project schedules.  Agency-wide adherence to schedule management tool recommendations can improve data sharing capability, increase interoperability with other agency standard tools, and potentially enable speedy accessibility through common Agency wide procurement vehicles.  Prior to selecting a schedule management tool it is recommended that program/project functionality requirements and desires be defined.  This approach will help ensure that tools are selected that best satisfies those needs.  A list of tools that satisfy the functional and interface criteria is contained in Appendix I.
3.2
Best Practices
It is a recommended best practice that automated schedule management tools be used on all NASA programs/projects.  It is also recommended that these tools satisfy the functional, interface, and technical capabilities listed in the paragraphs below: 
3.2.1
Functional Capabilities
Schedule management tools should perform the following functions:

· Provide for entering and editing of baseline plan, current/forecast plan, and accomplished (actual) schedule data

· Specify relational dependencies between project tasks and milestones (including lag and lead values as needed) 

· Define project calendars that reflect the business schedule (e.g. workdays, holidays, and work-hours)

· Display and print project schedules in Gantt and network diagram form

· Calculate total slack (float) for all project tasks and milestones

· Provide user defined code fields for filtering, summarizing, and organizing data

· Create, view, and print basic reports such as; task, cost, and resource listings

· Provide capability for resource loading and leveling

3.2.2
Interface Capabilities
Tools selected for use in the implementation of recommended schedule management practices should satisfy the following interface capabilities:

· Supports data interface to chosen In-house EVM application (e.g.  Simplified EVM Spreadsheet, Cobra,  or MPM)

· Supports data interface to EVM data analysis application (e.g. wInsight  Dekker Trakker Primavera, )

· Supports data interface to schedule risk assessment application (e.g. Risk +, @ Risk, Monte Carlo) 

3.2.3
Technical Capabilities
Tools selected for use in the implementation of recommended schedule management practices should satisfy the following technical capabilities:

· Supports email capability of schedule data in native file formats

· Uses Open Database Connectivity (ODBC) standards to read/write to other databases or Dynamic Data Exchange (DDE)

· Provides capability of saving data files such as; MPX, DBF, XML, HTML, and X-12

· Provides online HELP capability

· Provide capability for creating PDF files or graphic files such as: jpeg, bmp, gif, or tif.

Chapter 4
Pre-Schedule Development Activity
4.1
Overview

The first steps in developing a new project schedule include understanding the project work scope, developing a WBS and OBS, understanding project funding dynamics, and reviewing pertinent agreements and authorization project documents.  Project schedule content should be consistent with applicable project documentation and requirements.
Project schedules may be the product of both in-house and contractor efforts.  The pre-schedule considerations may require the development and tailoring of a schedule data requirements document (DRD) to be included as part of the request for proposal (RFP) or contract.   If work is done in-house, some type of work authorization document (WAD) should be developed that identifies schedule requirements.  The project team should consider the topics and documents listed in section 4.3 “Best Practices”.

4.2
Best Practices

4.2.1
Assignment of Project P/S
Pre-scheduling activities should include identifying the resources required for developing and maintaining the project schedule.  This includes assigning and training who ever will be responsible for developing and maintaining the schedule.  This could be a P/S, the project manager assuming the analyst’s responsibilities, or some other team member.  For the purpose of discussion in this section, the person assigned these responsibilities will be referred to as the P/S.
It is critical that the P/S be assigned early on in the life cycle of every program or project.  To ensure the information necessary for schedule management and insight is received early on the P/S should be assigned by the start of a project or at least no later than Phase A of the project life cycle.  The P/S should participate in the gathering and/or development of schedule documentation and requirements (e.g. reports, studies, authorizing documents, WBS), and when applicable, ensure that the proper DRD are put in the RFP or contract.  The P/S should also work to establish a process for schedule status with team members, as well as a process for controlling changes to the baseline.  Refer to section 2.2.4 on additional roles of the P/S.  The P/S should be trained in all areas, including software tools, schedule maintenance and control, and scheduling techniques.  Refer to section 2.6 for additional information on schedule training.

4.2.2
Program/Project Scope

An understanding of the work content must exist before a valid schedule can be developed.  The initial step in gaining this understanding is a thorough review of the project scope definition.  The P/S(s) should gather relevant data and documentation (e.g. reports, studies, authorizing documents, WBS) for IMS development.  If relevant data or documentation has not been developed, the P/S(s) should participate in the development of these documents.  It is important to realize that all project personnel may not have the same interpretation or understanding of the approved SOW.  Resolving these differences is necessary for the development of an accurate and useable schedule for project management.  The P/S can play a significant role in helping to resolve these differences by asking the right questions and by bringing to light the areas of conflict so that responsible managers can come to an agreement on the work scope.  For example, the P/S should always help the team ask and understand the inputs to an activity, as well as the corresponding outputs.  

It is imperative to identify and plan the total work content as early in the planning process as possible.  This will help identify potential conflicts that can lead to schedule changes.  The later in the project life cycle a required change is identified, the more costly it will be to the project in terms of time and money (see Figure 4-1).
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Figure 4-1:  Life Cycle Costs and Phases of Development

4.2.3
Project Work Breakdown Structure

Just as an accurate understanding of scope is crucial to the development of a valid and meaningful schedule, so also is the development of a product oriented work breakdown structure (WBS).  A WBS is developed from the SOW, and a trace between the documents through a SOW/WBS matrix helps to ensure that all work is captured in the WBS.  A WBS is a management tool that provides project structure and a framework for schedule development and financial management.  A WBS Dictionary, or some equivalent document, may also be used to record the definition and content of each WBS element.  The structure and numbering scheme of the schedule should match the WBS to ensure traceability and consistency in reporting.    In addition to providing a framework for planning, the WBS becomes very important to the P/S by allowing various reporting data to be selected, sorted, and summarized to meet the analysis and forecasting needs of project management.  Figure 4-2 provides a sample of a product-oriented WBS.  
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Figure 4-2:  Work Breakdown Structure (WBS) Example
A good WBS defines the effort in measurable elements that provide the means for integrating and assessing technical, schedule and cost performance.  Since a project WBS plays such a critical role in organizing and managing a project, it is important to know what attributes are involved in a sound WBS document.  Below are several key characteristics generally found in a complete and meaningful project WBS document.
· Product-oriented

· Logical, sensible, and easy to understand

· Compatible with project life cycle phases (e.g. formulation, development, and operations)

· Consistent with Agency-wide coding structures

· Includes total project scope of work

· Allows for work summarization at each level

· Subdivision of work (hierarchy) is aligned with:

· System architecture (e.g., system, subsystem, etc.)

· Management responsibility and accountability

· Reporting requirements

· Reflects integration of all elements showing internal element relationships

The WBS will cover all work elements identified in the approved project SOW, including contract and in-house efforts.  Care should be taken to validate that the total project SOW is included in the WBS prior to establishing the baseline for a schedule.  The NASA WBS Handbook provides additional examples that can be tailored for most programs and projects.
4.2.4
Project Organizational Breakdown Structure
Many programs/projects require resources from more than one organization or department.  The use of a project Organizational Breakdown Structure (OBS) helps to identify the responsibilities, hierarchy, and interfaces between these organizations.  One example of an OBS is shown in Figure 4-3 below.  An OBS may be established regardless of whether the organization is structured by function, Integrated Product Teams (IPT), or by matrix assignment.  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 schedule (see Figure 4-4).  The RAM also helps ensure that no duplication of responsibility occurs.  An OBS, if used, should reflect the organizational responsibilities as they pertain to the project.  This may differ somewhat, or not at all, from the functional organizational hierarchy.  
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Figure 4-3:  Organizational Breakdown Structure (OBS) Example
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Figure 4-4:  Responsibility Assignment Matrix (RAM) Illustration
4.2.5
Project Funding

From the project perspective, funding must always be a consideration in schedule development.  Once the schedule has been developed, it should be compared to funding availability and profiles.  Any conflicts should be identified and resolved through various methods including the reduction of scope, movement of work, or attainment of additional funding.  Funding levels will dictate the amount of work scope that can be accomplished.  The business office is usually a good source of financial information.  Typically, a Project Operating Plan (POP) indicates planned expenditures (or a funding request) for future years.  A Project Phasing Plan may also exist, documenting the availability of funds in the short term.  Cost estimates for planned work should also exist.  These estimates can provide the P/S insight that will assist in the schedule development process.

4.2.6
Project Documentation

The P/S should review and use all project documentation that is available to support schedule development.  The information gained from these documents provides critical insights needed by the P/S for developing a schedule with a valid basis.   These insights may provide key information such as: correct task sequencing, responsibilities, task duration, and resource information.  By gathering and understanding as much of this data up front as possible, the effort can only lead to a more accurate and meaningful schedule for use in guiding project management.  

The following is a list of typical project documents that scheduling personnel should have access to and be very familiar with when starting the schedule development process:
· Implementation Contract

· Project Plan

· Implementation Plan

· Test and Verification Plan

· Scope/Statement Of Work (SOW)

· Task Agreements (TA)

· WBS and WBS dictionary  

· Data Requirements Document (DRD)

The DRD for Project Schedules is a critical document for those projects being implemented by prime contractors.  Contractor teams build the schedule in a manner that meets the requirements that are detailed in the DRD.  If the requirements for schedule format and content are vague or weak, then the contractor’s schedule will likely be deficient and potentially unsatisfactory for providing meaningful and accurate data for management decision making.  Therefore, whenever possible, it is highly recommended that the government P/S provide input or correction to the Project Schedule DRD.  This will provide clear direction to the contractor project team in their schedule development process.  Recommended DRD content for Project Schedules is reflected in Appendix D.

It should be noted that the information listed in the DRD for Project Schedules is good information to have available for in-house project schedule development as well. 

4.2.7
Baseline Change Log

Changes to the schedule are expected throughout the life of the project.  The project manager must establish a schedule change management and control process to handle these changes.  The process and level of detail must be consistent with requirements levied on the project and also should be approved by the Project Manager.  A schedule change log to record changes to the baseline provides a good method for tracking changes and ensures traceability and documentation of changes to the schedule.  Changes to start/finish dates, durations, and relationships between activities are important and should be tracked at an appropriate level of detail, especially for changes that negatively impact major tasks and milestones.
4.2.8
Schedule Requirements

The P/S and project team must ensure that the proper scheduling requirements are included as part of the RFP or contract.  A Schedule DRD is included in Appendix D.  It is important that the DRD reporting requirements be tailored for each project based on only the amount of information necessary to manage the project expeditiously.  This can be determined by examining the project’s size, complexity and risk.  It should be noted that the information listed in the DRD for Project Schedules is good information to have available for in-house project schedule development as well.  For in-house activities, a DRD can also be used in agreements with other NASA centers or other government activities.  Once again, the DRD should be tailored to meet the needs of each individual program or project.

Chapter 5
Schedule Development
5.1
Overview

The IMS is developed by defining and sequencing tasks/milestones, estimating task/activity durations, documenting constraints and, and considering resources.  The IMS will contain baseline schedule data, as well as, current schedule status and projections.  

Schedule management “best practices” help to ensure valid schedule data.  Data credibility assumes that all authorized workhas been included in the IMS as tasks and milestones, realistic task/activity durations have been utilized, logical interdependencies have been incorporated, and only valid constraints have been assigned.  The time-phased sequence of project tasks and milestones is called the Logic Network and should accurately model the approved project implementation plan.  This process is called “Critical Path Method” (CPM) scheduling and is considered a standard industry “best practice”.  When the CPM scheduling technique is carried out in an appropriate automated schedule management tool the result provides accurate current task dates, future task forecasts, total slack values for all tasks and milestones, and the capability for identifying all critical paths for the project.  Logic Networks provide a basis for credible time-phasing of all project tasks and milestones.  This time-phasing is critical in the implementation of Earned Value Management (EVM) and should be used in the development of the project performance measurement baseline (PMB).
5.2
Best Practices

5.2.1
Data Structuring

Utilizing a project schedule data structure based on the WBS provides many benefits including; facilitation of more flexible report formats, improved timeliness of data extraction for review and analysis, critical path identification capability, consistency of data, ease of data use and project understanding, and finally, the capability for schedule risk analysis. Subordinate to the WBS, there are a number of sub-structures that may be used. The following discussion will provide consideration points when structuring schedule data. 

A key consideration in schedule structure is making the data understandable and easy to follow and use.  Keep in mind that if the data doesn’t make sense it won’t be used.  Many times it is the simple things we do that make a big difference.  For example, making sure that task and milestone descriptions are complete enough to understand what work is being scheduled.  This applies to all tasks, not just summary level tasks.  While the P/S may know the content of each task in his schedule, that doesn’t mean that the project manager, business manager, or even the involved engineers will know it.  Additionally, a less obvious, but just as important reason for clear task descriptions is that they expedite and enhance critical path analysis.  Identifying and conducting effective critical path analysis entails filtering for only those specific tasks/milestones that are driving the project end date, and ordering them chronologically in an understandable waterfall format without the associated summary tasks.  A lack of clear understanding of the effort involved in each task makes analysis of the critical path very difficult and time consuming.

Another simple approach recommended for structuring a schedule is to input the task and milestone data in the order and groupings that make sense.  This is not referring to network logic, but just using some organizational forethought when initially entering the data. Doing this reflects a meaningful flow of work, and makes sense even without considering formal logic relationships.  This will greatly assist non-P/Ss, and will graphically help those who need to reference or read schedules without having a detailed understanding of the scheduling tool being used.

It is also recommended to structure schedule data using a predominantly task-oriented (activities with durations) approach, with milestones included only to reflect major events, key interface points, decision points, and the like.  Schedule structure that is task-oriented lends itself to a more meaningful approach to monitoring task progress.  With this strategy, each activity is reflected in the scheduling tool with an assigned duration that is monitored and updated on a periodic basis to show its progress leading to completion.  When tasks are progressed correctly they provide not only a clearer picture of task status, but also an early warning of completion dates that are in jeopardy.  If this is the case, the schedule may require new forecast starts and/or completion dates for those specific tasks that are in jeopardy.  When only milestones only are used to reflect task starts/finishes, it is very difficult to show how the project is progressing toward meeting the milestones.  Many times milestones are slipped at the last minute because the actual progress toward milestone completion is not reflected in a clear and obvious manner, and unfortunately, not adequately addressed until it is too late to recover.

5.2.2   Task/Activity Definition
5.2.2.1
Decomposition
Task definition begins with the product oriented WBS.  Extending and detailing the WBS down to discrete and measurable tasks is the beginning of the project schedule.  Starting with the approved WBS will not only help ensure that the total scope of work is included in the schedule, but also will ensure consistency in the correlation between cost and schedule data.  The task/activity level of detail should be sufficient to allow for a meaningful measure of progress and the practical establishment of defined finish-to-start network logic relationships.

Task descriptions should be concise yet complete.  The task description should be complete enough to stand on its own, but concise enough to facilitate ease of use.  Acronyms and abbreviations are acceptable as long as they are standardized and used consistently throughout all project documentation.

A task nomenclature convention or methodology should be established at the beginning of the project and adhered to throughout the project life.  For example, a project may elect to use the convention of “noun, adjective, modifier” or  “modifier, adjective, noun” for all task descriptions.  This type of standardized approach, if used consistently, will make efforts such as searching the schedule database and reporting much easier.
5.2.2.2
Schedule Detail
The phase and maturity of a project will determine the appropriate amount of detail that can be built into a schedule.  In general terms, the earlier in the definition process, the less detail is available (see Figure 5-1).
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Figure 5-1:  Project Phase/Schedule Detail Relationship

It is important to understand who the schedule stakeholders will be.  For example, program managers require less detail for their evaluations than project managers.  The level of detail contained in the schedule should also be a reflection of the intended use of the schedule.  Management or presentation schedules may contain less detail than schedules used for personnel performing the schedule tasks such as procurement, design, fabrication, or testing.  Remember, the greater the level of detail in a schedule, the greater the level of fidelity the schedule has.  It should also be understood that more detail would normally be required for tasks that are closer to the critical path.
The level of detail in a schedule should be sufficient to (a) accommodate a clearly defined logical sequence of activities, (b) describe a step-by-step process for accomplishing all phases of work leading to product deliverables, and (c) accommodate the collection of actual time and cost charges at the appropriate level.  
The level of detail in the schedule should reflect discrete, measurable tasks that relate to WBS elements (with the exception of Level of Effort (LOE) tasks).  Every WBS element should have at least one schedule task.  Also, high risk and/or high cost areas should have more detail.  This can provide better insight to management.  
Plan the entire project, but the level of detail may vary based on the project phase.  One should try to break down a sequence of events so that when one task/activity finishes, another starts.  This approach may not always be possible.  However, if the schedule is developed using this approach, the effort of logically connecting the tasks/activities will be much easier.  
Tasks should be detailed enough so that interface points can be clearly identified.  These interface points can be where a task is passed from one group to another, a task progresses from one phase to another, or changes in some other significant manner.
Always keep in mind as you are developing the schedule that updating will be required for each schedule task.  Each task should be clearly and easily identifiable for updating purposes.  

Milestones that are important to the program or project should be created.  These milestones are not restricted to contractual milestones, but contractual milestones are included at a minimum, if they exist.  There are many other important interface points, phase conclusions, and “hand-offs” where milestones would be appropriate.  Milestones should be tied to or represent a specific product or event and should have clear, objective (quantifiable) criteria for measuring accomplishment

Another factor to consider in determining the level of detail for a schedule is the impact this will have on the Earned Value Management (EVM) system.  Schedule developer(s) should keep in mind that the level of detail used must lend itself to meaningful cost/schedule integration.  It is imperative that an EVM performance measurement baseline (PMB) consists of a schedule plan that is consistent with the cost plan.  It should also be noted that the level of schedule detail might determine the type of EVM measuring technique (e.g., 0-100, 50-50, weighted milestones, percent complete, level-of-effort, etc.) that will be assigned in each EVM work package (see Figure 5-2).  
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Figure 5-2:  Examples of EVM Measurement Methods

5.2.2.3
Coding
Coding of activities can aid in organizing, displaying and reporting schedule information in useful formats.  It can also facilitate consistent vertical schedule integration among master, intermediate and detailed schedules within the context of the overall IMS.

The number of codes needed for a project will vary widely, depending on many factors such as project size, maturity, industry or technology, complexity, entities involved, phase, and so on.  The appropriate number of codes to use is the number required to effectively and efficiently manage the project.   The same can be said for the types of codes to use.  Before deciding whether or not to use a particular code, and how it should be constructed, several questions should be asked and answered, such as:

· What would this be used for?

· Who are the stakeholders?

· Is there another (i.e. easier) way to get the desired results?

P/Ss may occasionally be faced with an opportunity to become creative with regard to coding of data. For example, schedules may need to be constructed that are adaptable to special requirements specific to a particular report or tracking action product.  In some cases a request for isolating a particular requirement, design, fabrication, or test phase may be requested.  Most scheduling software is flexible in allowing field customization for filtering, sorting, and displaying specific criteria.  Coding or structuring may become more informal in these cases, but should still be documented.  It is good practice to maintain a project coding dictionary, or some equivalent documentation, to capture code information.  In larger programs/projects this document should be incorporated by reference or inclusion in other applicable project documentation with changes controlled appropriately.

The Responsibility code is a commonly used code.  This type of code can be used in a number of ways, such as a reference to a person, a team, or any other group.  This is NOT the same as the OBS, but rather a more specific identifier.  The code can be useful for sorting and grouping of data into distinct work groups.  The result may then be used to collect status, plan resources, or to communicate a group’s work plans.

Another commonly used code is the Phase code.  This code may be defined in different ways, but usually as a logical grouping of work that flows along the project time line more or less sequentially.  For example, one such definition may result in phases such as Engineering, Procurement, Fabrication, and Testing.  It is often used to organize data to facilitate interface-planning efforts and produce summary level reports.

Once a particular code is defined for use in a project, it is recommended that the code value be used consistently for all related project data.  For example, if the resource abbreviation “E” for Engineers has been established, this resource abbreviation should be used in all places where a resource abbreviation for Engineers is required.  Consistency is the key to a successful data structure and coding scheme.

There may be occasions where this practice may not be practical or possible, due to system limitations or incompatibilities, for example.  In these scenarios, a cross reference table can be created to relate pertinent codes.  Continuing the example above, let us assume that in our payroll tool the abbreviation “Eng” is used for Engineers.  Let us further assume that this is common practice throughout the organization.  In this scenario, however, our scheduling tool limits us to only one character for the Engineers resource.  We elect to use “E” for Engineers.  Our cross reference table would then contain the following entry:

	Data Type
	Data Item
	Payroll Tool
	Scheduling Tool

	Resources
	Engineers
	Eng
	E


Figure 5-3:  Schedule Coding Crosswalk Example
There are an infinite number of codes that either exist or can be created.  The tools used along with the project characteristics determine the limitations on this parameter.  Other commonly used or customized codes may include; task/activity ID, Area, System, Department, Step, Priority, Control Accounts (or Cost Accounts), Flag, Number, Text, and Date codes.  

5.2.2.4
Rolling Wave Planning

The rolling wave concept is a method of scheduling that involves the use of detailed and summary tasks.    Long development or repetitive production schedules are examples of project types where this method is typically used.  

When using the rolling wave method, near-term tasks are planned to a lower, discrete level detail.  Near-term typically implies 6 months to a year from the current date.  Tasks that are scheduled to occur farther into the future may be planned at a more summary level of detail, but still included in the schedule.  These summary tasks, while reflecting less detail, should still provide enough definition to future work to allow for identification and tracking of the project critical path that flows to project completion.   On a monthly basis, as future summary level tasks come into the near-term window, they  should be planned to a greater level of discrete and measurable detail and incorporated into the IMS.  It is important to note that while this strategy may be used by many project P/Ss, it should not used as an excuse for not reflecting the most meaningful level of detail anywhere in the schedule if the information is already known.  It is highly recommended that the P/S plan and schedule in a discrete level of detail as far out as possible throughout all WBS elements in the project.  It cannot be stressed enough that planning and scheduling at a discrete level of detail as early as possible will identify and mitigate many project problems, conflicts, and risks.         

Again, those who choose to use this method should be aware of the inherent risks.  It is quite possible that future detailed planning will reveal situations that, if known earlier in the project, could have resulted in more efficient and less costly work plans.  It is a widely accepted theory that advanced planning in the early stages of a project yield significant cost and time benefits when compared to the original cost and time investment.
5.2.3
Task/Activity Sequencing
5.2.3.1
Relationships

Logic relationships are critical to accurately modeling a project’s planned activities in the IMS.   These relationships also provide the means for satisfying the requirement for horizontal traceability within the project schedule.  There are four relationship (interdependency) types:

· The finish-to-start relationship - By definition, a preceding activity must finish before a successor activity can start.  It is recommended that this relationship be used as often as possible when establishing schedule logic.  This relationship provides for the most accurate calculation of total float.  It is understood that this relationship does not represent the actual work sequencing in some cases, and for those cases the following relationship types may be used as appropriate.

· The start-to-start relationship - The preceding activity must start before the successor can start.  This relationship is used when two activities need to begin at relatively the same time.  In most cases this relationship will be used with a lag value.

· The finish-to-finish relationship - The predecessor must finish before the successor can finish.  This is another relationship that is often coupled with a lag value. This relationship is used when an activity needs to finish and provide something to another activity so that it too can finish. 

· The start-to-finish relationship - The preceding activity must start before the successor can finish.  This relationship is almost never used.  It can create difficulty in total float calculations with no clear critical path resulting.  The use of this relationship is strongly discouraged.
5.2.3.2
Lag and Lead Use

Lag time is the period of time applied to a relationship between two tasks that delays the defined relationship execution.  For example, a task logically tied to another task with a finish-to-start relationship and a 5-day lag will result in the successor task’s start being delayed until 5 days after the completion of the predecessor.  

Lead time is the period of time applied to a relationship between two tasks that accelerates the defined relationship execution.  The amount of lead time (acceleration time) is assigned as a negative value.  For example, a task logically tied to another task with a finish-to-start relationship and a negative 5-day lead will result in the successor task’s start beginning 5 days prior to the completion of the predecessor.  

Lead and lag times should only be used when these values represent real situations of needed acceleration or delay time between tasks.  Use of these techniques creates a maintenance issue should the basis for the lead or lag time change.  Lead and lag times are not very visible and often difficult to discern when analyzing a schedule.  They may also corrupt float/slack calculations and incorrectly affect the critical path.  There are instances where these types of relationships do exist and are reflected accurately by the correct use of lag and lead times.  However, in most cases it would be preferable to use an additional task, appropriately labeled, to represent the lead or lag time and to describe the reason for the lag or lead.  This latter practice facilitates visibility and status updates and would likely result in a more accurate and maintainable schedule

5.2.3.3
Constraints

A constraint is a fixed date assigned to a task to control when it starts or finishes.  Caution should be exercised when using constraints because they are a significant factor in how float (slack) is calculated throughout the project schedule.  While it is certainly true that there are various scheduling situations that require the use of constraints to most accurately model the implementation plan, careful thought should be given that they are used appropriately. 
Common constraint types that can be imposed on an activity include, but are not limited to, the following:
· As Soon As Possible – An Activity or Milestone will finish as early as possible based on its assigned logical relationships and duration.  This condition can also be said to be the absence of any constraint.
· As Late As Possible* – An Activity or Milestone will finish as late as possible without affecting the schedule end date. It is highly recommended that when using “MS Project” this constraint never be used.  This constraint uses total float to calculate its early finish date instead of free float.  This can cause the project end date to slip.
· Start No Earlier Than – An Activity or Milestone will start no earlier than the assigned start date.  However, it can start as late as necessary.

· Start No Later Than* – An Activity or Milestone will start no later than the assigned start date.  However it can start as early as necessary.  
· Finish No Earlier Than – An Activity or Milestone will finish no earlier than the assigned finish date.  However, it can finish as late as necessary.

· Finish No Later Than* – An Activity or Milestone will finish no later than the assigned finish date.  However, it can finish as early as necessary.  This is a useful constraint to use for a contract deliverable milestone or project completion milestone.

· Must Start On* – An Activity or Milestone will start on the assigned date.  Use of this constraint overrides schedule date calculations driven by logic, possibly resulting in a date that is physically impossible to achieve.

· Must Finish On* – An Activity or Milestone will finish on the assigned date.  Use of this constraint overrides schedule date calculations driven by logic, possibly resulting in a date that is physically impossible to achieve.

*These types of constraints act as completion points in the schedule, from which the total float value is calculated.  A constraint, such as a Finish-No-Later-than can also be imposed on the project finish milestone during analysis in order to assist the P/S in determining the correct sequence of events that may cause the agreed-to project completion date to be missed.
Ideally, minimal use of constraints, other than As Soon As Possible, is strongly encouraged.

Different software tools may have different constraints or even different terminology to describe constraints.  For example, at least one popular tool uses the term “constraint” to describe a logic tie between activities.  Other tools have additional constraints such as Zero Total Float, Zero Free Float, Mandatory Start or Mandatory Finish.  While these constraints may be necessary to reflect an actual work situation, they are the exception and not the rule.  Constraints should generally be avoided due to their impacts of over-riding the associated logic relationships and their effect in total slack calculations.     

In summary, while constraint use is sometimes necessary, it should be used only when required to accurately reflect the plan.  When used, careful consideration should be given to which constraint type to use.  The type of constraint will dictate the impact on float (slack) calculations for the task in question and other tasks logically connected to the task in question.

5.2.4
Duration Estimating

5.2.4.1
Determine Task Durations

Prior to estimating durations, a determination should be made as to the unit of measurement and level of accuracy required.  For a short term, intense effort, activities may be required to be measured in hours.  For a long duration plan, it may be desirable to round activities in the first year to the nearest day, and in subsequent years to the nearest week, refining the estimates, as the activity gets closer.  It is usually desirable to have all time units alike in a schedule.  For example, all durations may be entered in “days”, even if a fraction of a day is a valid duration for a given task.  Duration should be in workdays except in cases where more detailed definition in work hours is necessary (e.g. spacecraft I and T).  

It is also important to establish whether activities will be measured by elapsed time or by number of working days, and to be consistent throughout the schedule.  Alternate calendars can be established to allow activities with different work schedules to be more accurately planned.

Duration is the length of calendar time, as defined by the project, a task is expected to take to complete.  Some common methods and sources for deriving or enhancing duration estimates include the following: 

· established standards

· expert experience and judgment, 
· analogous comparisons using historical or related data, 
· parametric analysis, 
· team brainstorming 

· extrapolations from known data and trends (e.g.; 3-point expected value)
It is recommended for P/S’s to always be on the look out for valid sources and processes to assist in deriving the most accurate task durations possible for schedule development. 
Durations should be revisited periodically as work progresses, and as new information becomes available. You will know more about the tasks at that point.  Durations should not be padded in order to keep a hidden contingency, reduced to be optimistic, or arbitrarily cut by management.

If available, make use of historical schedule databases that may exist at each NASA center and/or their supporting contractors.

When interviewing to determine estimates, the P/S must inquire as to the optimistic duration, the pessimistic duration, and the most likely duration based on the probability of associated risks.  Calculating an expected value from these three estimates will typically provide a more realistic duration estimate to use in the schedule.  This three-point expected value is derived by dividing the sum of the optimistic, most likely, and pessimistic duration estimates by three.  Either the most likely estimate or the expected value estimate should be used in the schedule, and the P/S should retain risk information for schedule analysis (see Appendix G “Schedule Risk Assessment Guide”).  A key principle to remember is that the project team member who has the assigned responsibility for a task must also maintain ownership of the schedule for accomplishing that task.  This includes their review and approval of the durations contained in the schedule.  
5.2.4.2
Schedule Calendars 

Resource calendars specify valid time units that a resource may be available to do work.  Task calendars specify valid time units that a task or multiple tasks may be worked.  Both resource and task/activity calendars should be used where appropriate and be a key consideration when estimating task durations.  The P/S should be cognizant of the impact on task scheduling when both types of calendars apply.  Specific task and resource calendars should be established during initial schedule development.
5.2.4.3
Resource Impacts
Resources can be classified as belonging to three categories: workforce, equipment, and consumable.  In estimating an activity’s duration, it helps to know the skill level of the resources that will be assigned.  An inexperienced technician or crew, for example, may take longer to perform the task than an experienced technician or crew.  Other resource factors that impact the duration estimate include weather, elevation of the work platform, available area to work within, and the number of resources working in an area.  All of these factors may not be known at the time of making the initial duration estimate for a task, but they are all considerations that may be used to later adjust a duration estimate, once their impact is known.

5.2.4.4
Duration Risks

Project risks and schedule risks should always be addressed when task duration estimates are made and when the schedule is analyzed.  Project risks that impact schedule include design issues, fluctuating resources, resource experience, and changes in budget.  Schedule risks include inaccurate estimates from overestimating or underestimating durations, changing or unaddressed scope, task definition changes, and late deliveries.

As each task’s duration is estimated, an optimistic and pessimistic duration value for each task should also be recorded.  The optimistic value should be the least amount of time required to complete the task or the minimum duration the owner of the task will permit.  The pessimistic value should be the greatest amount of time required to complete the task or the maximum duration the owner of the task will permit.  

This is also an opportune time to assess the likelihood of a task finishing somewhere between the optimistic and pessimistic duration values.  If this characteristic is identified, the P/S can assign a probability distribution function (PDF) to each task that will model this likelihood during probabilistic risk assessment simulations.  Please refer to the appropriate section for further explanation on the Schedule Risk Assessment (SRA) process.

5.2.5
Resource Planning
5.2.5.1
Identifying, Assigning, and Allocating Resources
Resources can generally be put into three categories: workforce, equipment, and consumable.  Workforce resources are the people assigned to do work.  Equipment resources are reusable items such as test equipment or facilities.  Consumable resources are resources that have a specified quantity.  When that quantity is used up, the resources must be replaced (e.g. building materials).  

When resources are assigned to tasks, this is referred to as resource loading.  Resource loading is the process of assigning specific people, materials, etc. to a task or tasks requiring that expertise or that particular material.

Resource loading can provide valuable information regarding over or under allocations in a schedule.  This information can alert the project manager if a task cannot be completed in the time scheduled due to a resource shortage or if adding more resources can shorten the task duration.

The resources needed to execute the project need to be identified.  A Resource Breakdown Structure (RBS) is similar to a WBS but starts with labor categories or departments, and decomposes down to the skill levels needed to execute the project.  After the resources are identified, they are loaded in the scheduling software or other system that is being used.  This may also be known as a Resource Dictionary.
The RBS may look very similar to an Organizational Breakdown Structure (OBS), more commonly known as an organization chart.  However, if an Integrated Product Team (IPT) is used, the RBS may be quite different from the OBS.  The important point of this approach is to ensure that the required resource skills are identified in order to facilitate proper resource assignments.
The resources required to accomplish each task must be assigned to the task.  This can be done in an automated scheduling tool or in an external spreadsheet.  All required resources required to perform an activity should be assigned to the activity unless the resource is unlimited and available on demand.
The number of hours for each resource to complete the task, the percentage for each resource to use, or the number of units of each resource required must then be allocated to each task.  Allocation may be done in various units of measure, depending on the resources used.  Most automated scheduling tools allocate resources assigned in a linear fashion, evenly across the duration of a task, unless the user takes action to customize this distribution.  For this reason, when using such a tool, the P/S would normally allocate an average or total value, depending upon the unit of measure used.
5.2.5.2
Resource Leveling
Resource leveling is the process of moving schedule tasks without violating network logic or constraints in order to achieve a more consistent level of resources throughout the schedule duration.  Analysis through resource leveling is a process that can only be accomplished when a schedule is resource loaded. Additionally, for the process to provide credible data, the schedule must be structured as an end-to-end logic network with all interdependencies identified. Resource leveling is generally accomplished through the use of a proven automated scheduling tool that has the capability of electronically evaluating total float values, logic relationships, constraints, and the amount of resources applied to each task or milestone in the schedule. In carrying out this function, the management tool will reschedule tasks as allowed, based on the characteristics listed above, to most efficiently utilize and level the number of resources in an effort to eliminate over-allocations. It should be noted that the resulting schedule data should be reviewed by the management team carefully, and not just taken at face value, to ensure credibility for project implementation. Other concerns may exist relative to schedule data that are not necessarily related to float (slack), logic, or constraints that may require adjustments to be made before baselining the schedule. 

Resource loading and leveling is the recommended method to accurately validate whether the scheduled project completion is achievable with the allotted resources available. To baseline a project schedule without first resource loading and conducting leveling analysis is to assume a significant risk in achieving project completion within budget and on schedule.

5.2.5.3
Resource Rates
Rates for each resource are determined and applied to calculate the cost of labor, material, or other resources assigned to each task.  This is useful in facilitating the evaluation of the cost impact of a schedule change.  This is also necessary to facilitate Earned Value Management (EVM) for the project.

5.2.6
Schedule Reserve Planning
NPR 7120.5 clearly states that schedule reserve based on risks and historical norms must be clearly identifiable within the IMS.  Schedule reserve is owned and controlled by the Program/Project Manager and it is determined by:  a) expert judgment, b) rules of thumb, c) % of overall project (or activity) duration, d) calculated by expected value of risk impacts, or e) through insight gained from a probabilistic schedule risk assessment.  Schedule slack which is a calculated value based on network logic should not be considered as schedule reserve.
5.2.6.1
Schedule Management Reserve
Schedule management reserve is used for future situations that are impossible to predict (just in case time for unknown unknowns).  It is a separately planned quantity of time above the planned duration estimate specifically identified in the schedule as “Schedule Management Reserve” and is intended to reduce the impact of missing overall schedule objectives.  This type of reserve must be inserted into the IMS at strategic locations so that it satisfies its intended purpose as overall schedule management reserve for the project completion.  To ensure this, it is recommended that this type reserve be placed at the end of the IMS network logic flow just prior to hardware delivery or whatever the appropriate project completion task/milestone might be.  Other example locations for this type of reserve might include placement just prior to PDR and CDR.            
5.2.6.2
Schedule Contingency Reserve
Schedule contingency reserve is used for future situations that may be planned for only in part (known unknowns).  It is a separately planned quantity of time above the planned duration estimate used to reduce the impact of missing a specific schedule objective.  The planned amount of time is “given back” to the project if the activity with which the contingency reserve was associated is completed within the planned duration estimate.
5.2.7
Establishing the IMS Baseline
5.2.7.1
SOW/WBS/Schedule Correlation 

Prior to IMS baselining, it is essential to validate that SOW, WBS, and Schedule correlation exists.   The SOW document should contain a narrative description of the entire scope of work for the program/project effort in a structured, product-oriented fashion.  The WBS should also reflect the entire scope of work for the program/project in a structured and even more defined product-oriented fashion.  Each of the WBS elements should be reflected in the project schedule.  Therefore, each scheduled task/activity should have a related WBS element in the appropriate data field.  
It is equally important to ensure that each schedule task/activity has a WBS element that matches a WBS element in the WBS dictionary.  Any schedule task/activity that has a WBS element not contained in the WBS dictionary may reflect either work not in the project scope or not labeled correctly.
5.2.7.2
Schedule Accuracy and Credibility 

Network logic should be reviewed by the P/S to ensure that it is complete, accurate, and realistic.  There should generally be a minimal number of missing successors or predecessors.  Forced or fixed dates (constraints) should only be used when network logic cannot accurately depict the true sequence of work because of some external influence or an influence beyond the control of the project team members.  The constraint types should be reviewed carefully for accuracy and desired affect.  “As Late As Possible” constraints and Mandatory dates should not be used if at all possible.  

A thorough effort should be made to identify the tasks that may be worked in parallel with other tasks, tasks that must be worked in series with other tasks, and tasks that may by worked once another task has progressed beyond a given point, or vice versa.  Each of these situations can be reflected with the proper use of logic relationships and lag or lead times.

Once these details are verified to be correct, the P/S should examine the schedule from the time-phased sequencing perspective.  Tasks/milestones should be arranged in a logical sequence.  For example, the design for a component would normally precede its procurement, which would precede its delivery, which would precede its installation and testing, and so on.  Another example would be that the majority of design tasks/milestones should be completed before a final or critical design review milestone.  No task/activity or milestone that is required to be completed in order to finish the project should occur after the project completion milestone.

A network logic review by project team members should focus on three specific areas.  First, within each logical grouping of work, the sequence of tasks/milestones should be verified.  This may involve team members from different organizations or multiple project personnel from the same organization or both.   Second, each interface or “hand-off” between different work groups should be verified.  And finally, the overall project phasing sequence should be validated.
The P/S should verify that the duration for each task/activity entered is accurate and realistic, based on the information provided for that task/activity.  The method of verification is dependent upon the credibility of the source of the original duration information.  All assumptions made in determining task/activity durations should be recorded.  This can be an especially important consideration when latter assigning resources to scheduled tasks/activities.
With each schedule task now relatively well defined, the duration for each should be verified with the task owner.  All changes have to be evaluated for the impact on other related or logically tied tasks/milestones.  All specific assumptions that are part of the basis for determining the duration of a task should be recorded.  This should include the impact on the duration due to the experience or skill level of the resources to be assigned to each task.

5.2.7.3
Float (Slack)
There are two types of float (slack) common to most scheduling tools.  They are “total float” and “free float”.  Total float is defined as the amount of time that a task or milestone can slip before affecting the project end date.  Free float is defined as the amount of time a task or milestone may move to the right from its early finish date before affecting its immediate successor task(s).  Schedule analysis utilizing both types of float values is common, but each must be used for its appropriate application. It should be noted that accurate float values can only be determined if a complete and validated network logic is in place. While free float is valuable in analyzing scenarios involving schedule impacts and conflicts for a specific set of tasks/milestones and prioritization of resource utilization, it should generally not be used as a means of monitoring and managing schedule performance for the total project. An important key to achieving the desired schedule completion date is being able to identify and evaluate what tasks are directly driving the project end date. Total float provides this capability, and knowing the total float for every task and milestone in the schedule will provide management with the necessary insight into how each task impacts the project end date. Credible schedule management is not possible without proper analysis of float values.
5.2.7.4
Schedule Risk Identification

A schedule risk assessment (SRA) is crucial during project formulation and implementation planning. It is an important analysis tool used to evaluate the likelihood of a schedule being achievable.  This tool will also provide completion probabilities for key events identified in the schedule. Although there are various ways of conducting a schedule risk assessment, the recommended technique is through the use of a proven risk analysis tool with the capability of computing simulations based upon realistic risk parameters assigned to each task/activity within the schedule.  Appendix G, Schedule Risk Assessment Guide, provides instruction and guidance for implementing an SRA.  The risk parameters associated with tasks/activities include the minimum, maximum, and most likely durations expected for each task, as well as a distribution profile.  The distribution profile, known as a probability distribution function (PDF), models the likelihood of task/activity durations between the minimum and maximum values.

As numerous simulations are executed and calculated, the risk tool will factor in the assigned likelihood parameters and distribution profiles, and utilize the assigned task/activity interdependencies to provide probability percentages for achieving key selected events within the schedule. These percentages will aid the management team in determining an adequate amount of schedule reserve to be included in the schedule before baselining.

It is recommended that the P/S collaborate with the responsible technical managers in gaining as much information as possible prior to assigning the required risk parameters.  This collaboration process will aid in ensuring that the assigned parameters are realistic and lead to more reliable schedule risk data for making management decisions. During this process it is also helpful to use the identified risks from the project’s risk management system and relate them to specific tasks/activities within the schedule prior to assigning parameters. This collaboration will lead to a more accurate schedule risk assessment prior to baselining.  For more information on conducting a SRA, please refer to the section on analysis and Appendix G named “Schedule Risk Guide”.

5.2.7.5
Baseline Approval

Establishing a schedule baseline is a very significant step to take when putting into place the necessary tools for managing project performance.  It is crucial that the schedule baseline encompasses the total approved technical scope of work and accurately models the project team’s plan for implementation.  The baseline should also be consistent with, and correlate to, the project’s cost plan.  Review and approval of the schedule baseline should not be taken lightly and changes to it should be controlled carefully.  This is especially true when utilizing earned value management techniques.   The approved schedule baseline becomes a key component in the project’s Performance Measurement Baseline (PMB), and as such, becomes a key part of the yardstick by which all project performance is measured and analyzed.   
Affected resource managers (RM) or supervisors should participate in this review, whether directly or indirectly.  Ultimately, the project should have a commitment from each affected RM to provide the required resources in the time frame indicated by the approved baseline schedule.

One very simple, but useful technique for analyzing project resources during schedule development and prior to baselining is a Summary Level Cost/Schedule Correlation Check (see Figure 7-13).   From a high-level perspective, this tool will provide insight that should be helpful in determining if the proposed resource plan is consistent with the proposed schedule plan.  This simple technique will provide a means for quickly determining if planned resource usage peaks correlate appropriately with major project milestones and phases.   
As data is reviewed and changes are identified, the final revisions should be made to the schedule.  At a minimum, the P/S should review the results of these changes with all the affected project team members.  Major project or program milestones that have changed should be verified and approved by the project or Program Manager and the affected organizations.  In the event that the result of these revisions causes a major milestone date change that is unacceptable, the project team must return to the review process.  

The final review should ensure that there is adequate schedule Reserve and that it is clearly identified as such in the project schedule.  One method of ensuring this is to perform a schedule risk assessment (SRA) prior to approving the baseline.  Another typical method is to identify project risks that may impact the schedule and estimate the impact duration for each risk.  The summation of all risk impact durations will provide an overall estimate of schedule reserve needed.  These techniques are highly recommended.

All affected and responsible entities should commit to Project Management to adhere to the plan as reflected in the baseline.  This will involve all required resource and task performance (i.e. dates) commitments.  The baseline should include all work in the project and reflect the actual plan for executing the work, in both sequence and time frame.

Once accepted and approved, an electronic copy of the project baseline should be saved. Schedules for contracted work should be subject to configuration management.  This baseline should be used for comparison throughout the life of the project.  All proposed changes to the baseline must be evaluated carefully to determine cost, schedule, and technical impacts, and then approved only by the appropriate project management designee.  IMS milestones that are controlled by the program office may only be changed after receiving approval from the program manager.  The current IMS should begin as a copy of the approved baseline and reflect changes made to the plan by the program/project team.      

The baseline should also reflect the resource plan and budget plan for the project.  All three of these (schedule, resource, and budget) should be in phase with each other.  This baseline will be used to establish the Performance Measurement Baseline (PMB), which in turn will be the basis for earned value calculations and analysis later.

Chapter 6 
Status Updates and Schedule Maintenance

6.1
Overview

As project work is executed, all tasks/milestones in the schedule should, on a routine basis, be updated to reflect their current status.  It is critically important for the IMS  to accurately and realistically reflect the current plan to complete the remaining authorized scope as contained in the baseline.  To ensure accurate project analyses, it is important that all incomplete tasks/milestones in the schedule be updated to a single status date.
6.2
Best Practices

6.2.1
Status Update Accounting 

6.2.1.1
Update Methodology

The status of work packages is derived directly from the objectively determined status of the time-phased tasks/milestones composing the work packages. Work packages containing deliverable products, or work associated with deliverable products, are deemed “discrete effort”.  Discrete effort work packages are assigned appropriate Performance Measurement Techniques (PMT’s), considering duration, value, and nature of the effort.  PMT may be categorized in one of three ways: as weighted milestone; percent complete; or apportioned types.  

· Weighted milestone – significant events are represented by a milestone that is assigned a percentage of the total value of the task/activity.

· Percent complete – is either an objective (e.g. based on physical quantities) or subjective (personal judgment) determination of the percent of the task/activity that has been completed.  It is strongly recommended that as each task percent complete is determined and incorporated that the task’s remaining duration is also determined and accurately reflected in the IMS.  It should be noted, that when updating an in-progress schedule task, it is the remaining duration that becomes the determining factor in reflecting the task’s accurate forecasted completion date.     

· Apportioned – is determined to be the same percent complete as the related task or tasks (e.g. safety/quality inspector support for fabrication of hardware).  

PMT’s are individually selected for each work package to enable the most accurate assessment of performance possible.  Future activities, requiring further definition, are assigned to planning packages and are reflected in the IMS at a summary level of detail.  As planning package tasks reach the near-term window they are divided into discrete work packages, and assigned appropriate PMT’s, prior to beginning work.  
Tasks/activities that represent support efforts (e.g. project management, administration, data/configuration management) are referred to as “level of effort”.  These tasks may begin at project start and complete at project completion; therefore, their percent complete is a function of the percent of the total project duration completed.  For LOE tasks that begin at some time other than project start and complete at some time other than project finish, the percent complete for that task will be equal to the elapsed duration.
The same PMT method used for planning purposes should also be used for claiming earned value. 
The project IMS should at all times reflect as accurately as possible the current plan for accomplishing the remaining work.  This will involve updates to network logic, remaining durations, and actual start and finish dates.  

6.2.1.2
Update Frequency

Status updates should be made as frequently as feasible.   The frequency many times is dependent upon what phase the project is in, as well as the number of resources available to gather, input, and analyze the new status updates.  Typically, early in a multi-year project a monthly update is adequate, but if the necessary resources and processes are in place, then weekly or bi-weekly is the preferable interval.  There are always some exceptions to the update guidelines that may come into play, such as, the type of work being done may dictate the frequency or the level of visibility required.  Also, some schedule items are designated as “management reporting” tasks/milestones and may require a more frequent update cycle.

6.2.2
Schedule Maintenance

Schedule maintenance should consist of, but not be limited to, verifying/modifying task/milestone durations, revising or adding logic ties, additions of new tasks/activities or milestones and their associated logic ties, re-allocation or assignment of resources, etc.  Schedule maintenance will primarily be focused on updating and fine-tuning tasks, milestones, and resource assignments. Beware that some software packages do not force the user to update the status of on going or behind schedule activities.  If scheduling software being used by the project does not enforce sound update discipline, then at every status interval, the P/S should check the entire schedule to validate that there are no incomplete activities/milestones that are reflected that are prior to the status date.

Some types of schedule maintenance may require certain provisions of the schedule control processes discussed in other sections of this document to be addressed.  Those types of maintenance will be addressed in more detail in those other sections.  
6.2.2.1
Existing Task Revision
Three types of existing task/milestone revisions may be made.  These types are data revisions, informational changes, or task/milestone deletion.
Revising task/milestone data may entail a change of task/milestone dates, duration, resources allocation, or location within the data structure (i.e. WBS).  Actual task/milestone dates (start or finish) should be entered as accurately as possible.  Planned task/milestone dates should be calculated by the scheduling tool used, not manually entered by the tool user.  Duration, or remaining duration, should be updated as required to reflect the most current estimate.  Resource allocation changes should also reflect the most current estimate.  When changing a task/milestone location within the data structure, ensure that existing interdependencies with other tasks/activities are still valid and accurately reflected. 
Informational changes are revisions to task/milestone notes, descriptions, or coding data.  If a change control process is in use, it should be consulted and followed for these revisions.  If a change control process is not in use, it is recommended that changes to descriptions and data codes be consistent with other descriptions and data codes.

Before deleting a task, any existing task/milestone interdependencies and resource allocations should be reconciled.  

6.2.2.2
Adding New Tasks

New tasks/milestones may be added to better define existing work scope or to add new work scope.  Both scenarios require adherence to existing schedule controls for descriptions, structure, coding, network logic, duration, resource allocation, and risk data.  Oftentimes the addition of new tasks/activities results in a longer duration for the overall schedule, making it necessary to address some of the analysis functions discussed in Chapter 7 of this document.
6.2.2.3
Logic Modifications

Minor modifications to network logic are necessary on occasion to maintain an accurate reflection of the work being performed.  It is highly recommended that a change control process be established and adhered to for logic changes that impact contractual or significant management milestones.  Logic modifications have a direct impact on the planned (i.e. calculated) dates for activities, including contractually required and management directed events.  Before and after any significant logic modification, an electronic copy of the schedule should be made and stored for safekeeping.  A record of the change should be kept, along with the reason for the change, and the person authorizing the change, particularly if the change impacts a baselined activity or milestone reflecting a program or project commitment.  Most automated schedule management tools provide user-defined fields where remarks/comments associated with logic changes can be recorded.    

6.2.3
Schedule Data Back-up and Archive
Schedules should, at a minimum, be backed up monthly or prior to any major changes in the schedule (e.g. logic sequence or task/milestone additions or deletions).  This practice ensures that a record of changes is maintained for a number of beneficial reasons.  Backup may include electronic and hard copies, but electronic copies at a minimum are recommended.  Backup data integrity should be verified periodically and stored in a secure location with controlled access.  
Electronically archived schedules can provide a wealth of information.  Care should be taken to properly label and store these data sets.  Conversion of these data sets to upgraded repository software should be maintained to always ensure availability to historical schedule data in later years.  Perhaps the two most important versions of the project schedule would be the original baseline and the “as-executed” schedule.  However, electronic schedule versions at key phase changes or events, or major baseline versions, also provide much useful information.  As is the case with the lessons learned, archived schedules should be placed within a master database or commonly accessible repository.  This provides a source of historical schedule duration information for future duration estimating and validation.
Chapter 7
Schedule Assessment and Analysis

7.1
Overview

Schedule assessment is the process of determining schedule validity and realism at a given point in time.  Periodic assessment is necessary to gain assurance that the IMS continues to generate valid data and to support the project’s objectives throughout the project life cycle.

Schedule analysis is the process of evaluating the magnitude, impact, and significance of actual and forecast variances to the baseline and/or current schedules.  After routine updates, schedule analysis begins with the calculation of the critical path and the determination of any change in the completion date of the project.  Analysis continues by evaluating schedule performance metrics derived from the IMS and by using this information to assess project health.  Analysis results should be reviewed with the project team.  This process may be iterated as needed.
IMS assessment and analysis is the same during and after schedule development, with the exception of progress evaluation.  The processes that follow should be continued routinely throughout the project life cycle.
7.2
Best Practices

7.2.1
Levels of Insight

The goal for applying the appropriate schedule insight penetration strategy is to enhance the probability of mission success for NASA programs and projects with limited workforce and resources through all phases of development and operation.  Analysis begins with an assessment of the complexity, maturity, and risks of the project being evaluated.  Different levels of insight are appropriate when taking these factors into consideration throughout the project life cycle.  

Typical project penetration levels as they relate to schedules include the following:

· Level 0 (No Penetration) - Accept performing organization’s tasks at face value (no additional assessment is required).
· Level 1 (Low Penetration) - Participate in reviews and Programmatic Interchange Meetings and assess only the schedule data presented.  Perform random spot check assessment and analysis of schedule data.
· Level 2 (Intermediate Penetration) - Monthly involvement to spot check, monitor, identify and resolve schedule issues.
· Level 3 (In-depth Penetration) - Weekly or Monthly methodical review and analysis of schedule detail.
· Level 4 (Total Penetration) - Perform daily or weekly complete and independent evaluation and analysis of schedule detail.
As stated above, many factors affect the level of penetration required in the area of schedule evaluation and analysis.  The following list provides a sampling of key factors involved in making this determination:

· Technical risk levels

· Amount of confidence in the performing organization’s management abilities

· How well are the project planning and control processes defined and followed

· Project public visibility and impact of failure

· Design complexity, manufacturing complexity, and the ability to be produced
· Value of asset

The project team must consider all the above factors when developing the IMS and when establishing the processes, practices, and guidelines that will be followed in the on-going maintenance, assessment, and analysis of project schedule data.  IMS penetration, as it relates to the above factors, is illustrated in Figure 7-1 by mapping the penetration indicator on a standard five-by-five risk cube. 
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Figure 7-1:  Schedule Insight Penetration Mapped on Risk Cube

7.2.2
Schedule Logic Credibility Health Check

Schedule credibility is determined by monitoring key indicators within the IMS that reflect both good and poor characteristics of schedule structure and maintenance. Examples of key indicators within the logic network that must be monitored include the following; number of missing predecessors and successors, invalid task constraints, omission of task status, improper status on future tasks, logic ties to/from summary tasks, inaccurate logic ties, and improperly reflecting tasks as milestones.  These indicators are based on standard rules of logic network development utilized in critical path method (CPM) scheduling techniques.

The indicators noted above should be identified and tabulated routinely from the remaining IMS detailed schedule tasks and milestones (not summary or hammock activities).  This is normally accomplished by using the appropriate data filtering capability provided by the automated management tool being used.  Evaluating the number of key indicators will provide quick insight into the quality of the IMS (see Figure 7-2).  Critical Path Method (CPM) scheduling guidelines call for Logic Networks to be structured so that all detailed tasks and milestones have accurate predecessor and successor relationships assigned.  Additionally, it is crucial for only valid task date constraints to be used in a logic network, as well as, an accurate reflection of current status (including new forecast dates for behind schedule tasks) for each task and milestone in the IMS database.  It is imperative that no uncompleted task or milestone be shown prior to the current status date in the IMS database. The higher the number of instances where these guidelines are not followed in the logic network the more improbable it is to accurately identify the true critical path in the project schedule.  It also indicates that the overall schedule lacks credibility in the data that it produces.  This assessment process additionally provides the basic statistics of the IMS content such as; current number of total tasks, number of completed tasks, number of remaining tasks, current completion date, status date, and the number of remaining work days in the schedule.  This information should be compared after each update to aid in understanding what changes have occurred since the last IMS update.

The figure below illustrates a schedule assessment product that utilizes the process outlined above and applies a stoplight credibility rating based on the number of key indicators tabulated from the IMS logic network.  A sample set of stoplight rating criteria is also listed below to provide guidance in determining what stoplight rating should be applied to the schedule.  The assessment results should always be explained to the project manager and his appropriate team members to help them get the weaknesses corrected so that the IMS can serve as a credible management tool. 

[image: image8.wmf]NEW

Project Name:

       Project XYZ

1.4

R

Contractor:  ACME Engineering

File Type:             

MS Project

Schedule Status

 

    Current Start (earliest activity Early Start date)

1/1/2005

    Current Finish (latest activity Early Finish date)

3/16/2008

    Approximate Remaining Work Days

722

    Is schedule externally linked to other schedules?

N

    Status Date

6/15/2005

Task & Milestone Count (excl. Summary Tasks)

Count

% of Total

    Total Tasks & Milestones 

192

    Completed Tasks & Milestones

13

7%

    To Go Tasks & Milestones

179

93%

Logic (excl. Summary & Started/Completed Tasks)

    Tasks & Milestones Without Predecessors

75

42%

R

    Tasks & Milestones Without Successors

73

41%

R

    Constraints (other than ASAP) and Deadlines

102

57%

R

Summaries with Logic Ties 

**

1

1%

G

Tasks & Milestones Needing Updates

21

12%

R

Actuals after Status Date

2

1%

Y

Tasks marked as Milestones (have Duration > 0)

0

0%

G

Additional Schedule Information

    Tasks with No Finish Ties

20

11%

    Recurring Tasks

0

0%

    Tasks & Milestones with Estimated Durations

15

8%

    Schedule traceable to WBS (Y/N)

Yes

    Realistic Critical Path(s) (Y/N)

No

    Schedule Baselined (Y/N)

No

    Resource Loaded (Y/N)

No

    Tasks & Milestones with 10 days or less TF

1

1%

    Tasks with Total Float > 25% of Rem Dur

148

83%

Current

Overall Rating


Figure 7-2:  Schedule Health Check Example
The following reflects the recommended stoplight criteria used in the above Schedule Health Check rating Process: 

Schedule Health Check Rating Criteria
· For missing predecessors, successors less than 5% is green; from 5% to 10% is yellow; and greater than 10% is red.
· For Constraints and Deadlines, less than 10% is green, 10% to 15% is yellow, and greater than 15% is red.
· For tasks needing updates, actual starts/finishes after the status date, and tasks marked as milestones 0% is green; greater than 0% up to 5% is yellow and over 5% is red.
· For summaries with logic ties less than 2% is green; 2%-3% is yellow; greater than 3% is red.
· The overall project rating is determined by assigning a numeric value to the different colors i.e. red = 1, yellow = 2 and green = 3.
· The numbers are summed and a weighting factor is applied to determine the final results.  The average results are color coded     as follows:  Red is less than 1.75, Yellow 1.75 to 2.5 and Green greater than 2.5.
Weighting for Overall Schedule Rating
· Missing Predecessors = 20%
· Missing Successors = 20%
· Constraints and Assigned Deadlines = 15%
· Summary tasks with logic ties = 10%
· Tasks and Milestones Needing Status = 20%
· Actual starts/finishes after the Status Date = 10%
· Tasks marked as Milestones (but have Duration > 0) = 5%

7.2.3
Critical Path Identification and Analysis

The schedule may become very dynamic during the implementation phase, and because of this, it is imperative to always know what sequence of tasks is the real driver affecting project completion. It is also important to monitor the consumption of schedule reserve that may exist as part of the critical path. Management insight into the critical path is essential in making accurate resource and manpower decisions to successfully achieve project completion. 

Critical path identification and analysis involves constant review of the validity of included tasks, durations, and types of relationships that are involved in the primary critical path, as well as, near secondary paths. Often changes made to durations and/or logic relationships can be made to shorten the critical path and prevent project completion from moving to the right.

It is extremely important to note the difference between critical path activities and “critical activities” as defined by management.  These two may be, but are not necessarily, the same.  In scheduling terms, the critical path is the sequence of activities that are tied together with network logic that have the longest overall duration from time now until project completion.  Critical activities may be defined as any tasks which have been deemed important enough to have this distinction assigned to them.  

Common characteristics of a credible critical path include the following; it typically begins at time now and proceeds to project completion, the tasks and milestones are tied together with network logic in a sequence that makes sense, the path contains no level-of-effort (LOE) or summary activities, and there are no gaps in time between tasks that cannot be explained.  It is recommended that after each update cycle of the IMS the critical path should be identified and compared to the previous month’s critical path.  In making this comparison it is important to clearly understand what has changed, why it has changed, and again validate that the sequence of tasks passes the common sense test. 

With sound IMS structure the project critical path should be identifiable by isolating the sequence of tasks that has the least amount of total slack (float) as calculated using the Critical Path Method (CPM) technique of scheduling.  With most scheduling tools this can be accomplished through the use of filters or development of exception reports by filtering or isolating only those tasks/milestones that have zero slack.  Keep in mind that if the task/milestone that represents the final completion of the project has a hard constraint date assigned to it, then there would be a possibility that the critical path could have a positive or negative total slack value instead of zero.  Organizing this information by slack value and by date provides a waterfall format that enables management to clearly see what effort is driving the project completion (see Figure 7-3).  Please remember that the project critical path can only be identified accurately if all task and milestone interdependencies are satisfactorily incorporated into the IMS to form a complete end-to-end logic network. This type of schedule structure will allow the schedule management tool to accurately calculate slack values for each task and facilitate critical path identification. 

Frequently, during initial IMS development or in later implementation phases, management may determine the overall critical path duration must be shortened.  When faced with this situation there are two approaches that are typically used.  A technique called “Crashing” the schedule may be employed which involves increasing resources on those critical path tasks where the most cost effective time acceleration is achieved.  This approach will definitely result in higher costs so that a time/cost tradeoff should be evaluated when using this method.  Another approach called “Fast tracking” the schedule typically involves the identification of tasks on the critical path that can be partially overlapped or possibly even a total parallel implementation.  This technique may not always result in higher costs, but definitely could increase risk to the project especially in the area of delays due to rework.  Both methods should be considered carefully before using them to shorten the schedule.        

Critical path identification and analysis are essential to ensure that management is focusing the necessary resources on the correct tasks to prevent slippage of the project end date. Close monitoring and analysis of the top 3 to 5 paths is also recommended and will ultimately provide management with the necessary insight to better keep the project under control and on track for successful completion.
[image: image9.png][Develop Prém Aviarics Rt for POR o
G210 W21 [DevFrelm Avirics Design & Anahyis or POR @ [0
] Preiminary Design Review: (POF) @ [0
230 W21 [Campl Avinics Crllal Desion & Anal far COR ENE
0430 [WA41 [CamplFrapulion Crllcal Design & Analfor COR | 150 | 0
w0 [ (Gl D23 Review (COR) @ [0
40 [T [Dcate Fnel Frapulion Drawings ® [0
0950 W41 [Basein & Release Propulsan Dwgs ta Wig W [0
O9E0 W42 [Prapulsion Campanert Fabrisaton ENE
470 [WM43 [Prapulsion Campanerts Assy & CIO @ |0
e WLV Component Fabrication Canpiete T o
09E0 M43 [Propulsion Componaris AVaIabE 1o BT T o
00 [WME1 [Piegrate Subsystam Companents w0
0510 (M52 [subsystem Functondl Testig & [0
620 (M52 [FullSystem Verieaton Testg ® [0
Za WV System igraion & Test Campite T o
00 |M62 [Pl Pre-Shin Accetance Revew w0
G510 |M62 [Pran & Package MUV Fardware for Sripmert T [0
G M52 [ShR WV ENRN
= WV Deivary T o

san01
1arEs
1

aovor
28n0vo1

o2 §20Juno;
ooz 27
oz {0z uL

a2





Figure 7-3:  Critical Path Example
7.2.4
Schedule Performance Trend Analysis

Analysis on past performance can provide much insight into future expectations.  Studies conducted using data from past projects clearly reflect performance trends rarely improve after projects reach the 15% completion mark.  Therefore, it is imperative that project teams establish sound performance analysis practices from the very start of project implementation.  The management team needs as much meaningful and credible performance information as possible to help keep the project on track in order to meet planned objectives.    

It is recommended that periodic performance and work-off trend analysis be performed on IMS data as depicted in the graphic shown below (see Figure 7-4).  This analysis compares performance rates for accomplishing tasks in the past to the quantity of planned tasks required in future months. Caution should be taken if this analysis reflects an unrealistic bow-wave of tasks scheduled to occur with higher required completion rates than the project has been able to accomplish previously. This situation is indicative of a schedule that is most likely unrealistic. In this type of analysis, if the completion rates projected for tasks scheduled for the next six months are much higher than actual completions accomplished during the past six months, then a closer look should be taken at the type of tasks that are scheduled to evaluate the need for re-planning in order to keep the schedule realistic.
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Figure 7-4:  Schedule Performance and Work-off Trend Example
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Another best practice for schedule performance trend analysis uses similar rationale as reflected above, but reflects the results as a schedule efficiency factor.  The graphic shown below (see Figure 7-5) illustrates how past schedule performance data can be translated into a schedule efficiency rating that can be used to provide insight into schedule heath.

Figure 7-5:  Schedule Performance Efficiency Analysis Example
Many other schedule performance trend analysis techniques are available.  The graphics that follow (see Figures 7-6 and 7-7) portray two additional recommended formats for assessing and analyzing schedule performance.  The rationale and intent reflected in the following figures are very straight forward and can easily be applied to any project IMS.
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Figure 7-6:  Linear Projection of “Actuals” Based on Schedule Performance
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Figure 7-7:  Total Slack Trend Based on Schedule Performance Example
7.2.5
Baseline vs. Current Comparison and Analysis

During the implementation phase of a project, it is likely that the current schedule will at some point deviate from the baseline schedule (see Figure 7-8). This situation is not unusual and occurs for many reasons. It is very important to routinely conduct comparisons between the baseline and current schedule to identify and monitor significant variances, understand why the variances occurred (i.e. the root cause), and what the impacts are to project completion so that appropriate corrective action can be planned. Tasks that have significant deviations from the baseline may also cause a new critical path or a near secondary path. Resources may need adjusting to accommodate these variances and/or work around plans developed to correct the situation. Please keep in mind that the schedule baseline must correspond to the resource baseline and the earned value baseline, so that if drastic deviations occur between current and baseline schedules, it may signal the need for re-planning and/or additional resources.

[image: image11]
Figure 7-8:  Baseline Schedule vs. Current Schedule Example
Schedule thresholds should be established by the project management team that aid in identifying and focusing on those variances that should be monitored and managed.  Two key factors to be considered in establishing schedule variance thresholds are the number of days a task/milestone has changed from the baseline schedule and also how many days of total slack are associated with those variances.  Thresholds may also vary due to the type, length, and complexity of the project being implemented.  Thresholds that are agreed upon and established by the project management team should also be applied with the added requirement to provide appropriate variance rationale from the responsible manager or implementation team.  A typical example of a Schedule Variance Report is shown below in Figure 7-9.
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Figure 7-9:  Schedule Variance Report Example
7.2.6
Schedule Reserve Assessment

Adequate schedule reserve appropriately placed in a project schedule is critical to project success.  A good rule of thumb to use for schedule reserve is 15-20% of the project’s remaining duration.  The actual value for schedule reserve may be more or less, depending on how much program management will allow, the phase of the project, the specific project risks, and the maturity of the technology involved in the project.  A schedule risk assessment is highly recommended as a basis for determining adequate schedule reserve.  Schedule reserve should be easily identifiable and strategically placed within the IMS.  Generally, it is recommended to create specially labeled tasks for schedule reserve and place the bulk of reserve at the end of the schedule just prior to project completion so that it will be reflected and easily accounted for and managed as part of the critical path sequence.  Other smaller blocks of schedule reserve could also be associated with significant key events in the IMS and placed logically just prior to those events.  Please note that when smaller blocks of reserve are created and associated with key events within the IMS they may not fall on the project critical and therefore will have no effect on the project completion date.   
Throughout the project life cycle, it is important to monitor schedule reserve.  It is good practice to maintain a log indicating the changes in schedule reserve and the reason for those changes (see Figure 7-10).  Monitoring this metric and comparing it to critical path float not only gives an indication of schedule progress at a high level, but also provides an indication of how optimistic and/or realistic the schedule completion date is.  Reserve is a key factor to be considered when performing schedule risk assessments.  
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Figure 7-10:  Schedule Reserve Log Example
7.2.7
Validate Cost/Schedule Correlation

It is a requirement that the project schedule baseline should be consistent and directly correlate to the project budget baseline.  This correlation is essential to ensure that adequate resources are available to accomplish the work when it is scheduled.  Without this correlation and validation the project IMS loses credibility.  

Resource loaded schedules are recommended to ensure that cost/schedule correlation exists.  This process also provides a means for in-depth, integrated cost/schedule analysis, at all levels of detail.  Analysis using this type of integrated data can significantly aid management in determining whether or not the resources assigned are sufficient to complete the project on schedule and within budget and also prevent resource conflicts.  Resource loading of the IMS can only be accomplished through the use of an automated management tool that provides functionality for CPM schedule management and for the assignment of resources at individual task levels.  When this process is properly carried out, the capability for resource leveling and summarization will also be available to provide added assistance in the validation of cost/schedule correlation and sufficiency.  Figures 7-11 and 7-12 shown below, illustrate simple examples of detailed resource loading and the benefits this process brings to the management team in analyzing resource adequacy and assessing impacts to schedule forecasts.
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Figure 7-11:  Resource Loaded IMS with Resource Conflicts Example

[image: image14]
Figure 7-12:  Resource Loaded IMS with Resources Leveled to Resolve Conflicts

Another recommended analysis technique is a summary level cost/schedule correlation check (see Figure 7-13).  From a summary level perspective, this technique will provide insight that will aid the management team in determining if the resource plan is consistent with the schedule plan.  This process entails overlaying the project level budget/resource plan on top of the project timeline with only the major milestones indicated.  This graphic will clearly reflect budget/resource peeks in relationship to the key milestones and help management determine if the peeks are occurring at the appropriate time in the project plan.  For a typical development project, the resource peak should occur a short time prior to the Critical Design Review (CDR).  This is due to the required overlap of many skill types during the transition from hardware design to hardware fabrication and test.  If this analysis indicates the peek is too early or late the management team should review and adjust the budget/resource plan accordingly.
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Figure 7-13:  Summary Level Cost / Schedule Correlation Check Example
7.2.8
Schedule Risk Assessment (SRA)
Conducting an SRA is crucial during project formulation and on-going implementation analysis.   The SRA is an important analysis process that uses a specialized tool to evaluate the likelihood of the IMS being achievable.  This process will also provide completion probabilities for selected key events identified in the schedule.  Although there are various ways of evaluating schedule risks, a recommended technique is through the use of a proven probabilistic risk analysis tool with Monte Carlo functionality for computing project schedule data simulations based upon realistic confidence parameters assigned to tasks within the schedule.  The confidence parameters that are associated with schedule tasks include the minimum, maximum, and the most likely durations expected for each schedule task, as well as, an associated distribution profile.  This distribution profile, also known as the probability distribution function (PDF), models the likelihood of task durations between the minimum and maximum values.  As numerous simulations are executed and calculated, the schedule risk tool will factor into the Monte Carlo calculations the assigned confidence parameters and distribution profiles, and also utilize the assigned task interdependencies to provide probability percentages for completion dates of pre-selected key tasks within the IMS (see Figure 7-14).  These percentages will assist the management team in assessing the credibility of schedule data contained in the IMS.  The information generated by the probabilistic SRA also aids the management team in determining an adequate amount of schedule reserve to be included in the IMS before baselining.

It is extremely important for project P/S’s to collaborate with responsible technical team members to gain as much risk related information as possible for their tasks to assist in establishing realistic confidence parameters used in the SRA.  During this process it is also helpful to use the identified risks from the project’s formal risk management tracking system.  By relating the previously identified project risks to the appropriate tasks within the IMS more realism can be included in assigning task confidence parameters.  This collaboration will lead to a more accurate assessment of schedule risk not only prior to baselining, but also periodically throughout project implementation.  The reason for on-going SRA’s is that new risks may have been identified or existing risks may have changed, in turn changing the ultimate probability percentages. Many times as better information becomes available, or external delays occur, the risk assessment will also change.  Recommended intervals for conducting a SRA include: prior to baselining, at major milestone events, or phase changes, significant schedule changes are being considered, identified risk elements or parameters change significantly, annually, or as often as needed.  Appendix G titled “Schedule Risk Guide” discusses in more detail how to conduct an SRA. 
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Figure 7-14:  Schedule Risk Assessment (SRA) Example
7.2.9
Earned Value Schedule Analysis

Project performance data gained from an earned value management (EVM) system may provide additional management insight into schedule performance.  Remember that an EVM system operates by integrating the project’s budget plan with the approved schedule plan to provide an overall project performance measurement baseline (PMB).  As actual costs are accounted for, and actual schedule status is taken, an evaluation can be made as to whether the amount of dollars spent accomplished the amount of schedule planned. This calculation reflects the earned value performance (see Figure 7-15).
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Figure 7-15:  Schedule Performance Insight Through EVM Metrics
This process effectively integrates cost and schedule for each WBS element so that a schedule performance index (SPI) and a cost performance index (CPI) can be calculated to provide another means of gaining general insight into schedule and cost variances within the project (see Figure 7-16).  These indices are arrived at through the following formulas:

SPI = Earned / Planned

CPI = Earned / Spent
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Figure 7-16:  Schedule Analysis Through EVM Indicators
Combining the analysis of schedule total float (TF) values, cost performance index (CPI) values, and schedule performance index (SPI) values provides the analyst with a comprehensive performance view of the status of a project from a cost and schedule prospective.  The following tables provide a brief insight into how TF values and EVM indices can be effectively analyzed for common project scenarios.
	SPI
	TF
	Scenario

	>1
	>0
	Ahead of schedule.

	<1
	<0
	Behind schedule.

	>1
	<0
	Critical tasks behind, total work ahead (priority issue)

	<1
	>0
	Critical tasks ahead, but total work behind (priority issue)


Figure 7-17:  Schedule Analysis Utilizing Total Float and SPI 
While it true that Earned Value Analysis is another valuable management tool to help provide schedule insight into project health, it should always be used in conjunction with standard CPM schedule analysis techniques which gives the added perspectives of schedule slack and critical path identification.  Earned Value trends enable management teams to forecast total project costs and schedule and routinely monitor deviations from the baseline. This capability can ultimately help management achieve project completion on-schedule and within budget.
Chapter 8
Schedule Control

8.1
Overview

Schedule change control is a disciplined process for managing the baseline IMS. A recognized best practice for effective IMS change control is to include baseline revisions, changes due to schedule maintenance, and re-planning (new baseline) efforts. This ensures the project IMS includes all of the work authorized, and only the work authorized, necessary to meet the project objectives.  There are a number of general schedule controls that may be put in place, depending upon programmatic factors, project size, or complexity of the schedule.  Schedule change controls may include, but are not limited to, Schedule Change Boards (SCB), baseline revisions and re-planning resulting in a new baseline, and version control.
8.2
Best Practices
8.2.1
Baseline Change Control Process

Schedule Control provides a mechanism to change the project’s baseline and current operating schedules in a timely, disciplined manner.  Schedule Control is accomplished through Baseline Revisions, Baseline Resets, and Workaround Planning.  The Schedule Control process results in baseline schedule revisions, new baselines or baseline resets and workaround/recovery plans.

8.2.2
Baseline Revisions

Initial baseline schedules are formally documented in the FAD, PCA and Project Plan.  Whenever new work scope or other programmatic changes are identified that require a change to the baseline, a Configuration Change Request (CCR) is required.  This results in the following process being implemented:

· The responsible Technical Lead who originates a CCR should coordinate with the Schedule Office to determine if the proposed change affects his work element’s schedule or any other work element schedule.  This may require the preparation of “what-if” versions utilizing either the original baseline plan, the currently approved baseline plan, or the current updated schedule to assess the impact of the proposed change.

· The CCR must also document the “before” and “after” effect of the change on the baseline schedule.

· The CCR is reviewed by the Configuration Control Board (CCB) in accordance with the “Project Name” Configuration Management Plan.

· Once the CCR has been approved by the CCB, the project P/S(s) issues a schedule revision with a new revision letter designation assigned to the IMS and the baseline integrated schedule in the CPM based schedule database.

· The project P/S(s) should maintain a log/matrix of all revisions to the baseline schedule.

The project P/S(s) are responsible for originating CCR to revise the IMS, both for baseline revisions and baseline resets.
Changes to an IMS baseline that do not affect a major project milestone do not require a formal schedule revision or CCR.  Similarly, the baseline integrated schedule for future work can be adjusted at the discretion of the Technical Leads if it will more accurately reflect the technical approach for the effort, does not impact major project milestones, require an allocation of schedule reserve, and is consistent with the POP budget associated with the affected work element. 
8.2.3
Baseline Resets
While a new schedule baseline is established when a FAD or the PCA is released and Project Plans are approved at the Confirmation Review, the Project Manager should periodically assess the need for a completely new baseline schedule (i.e. baseline reset).  The logical point to conduct this assessment is during the annual Program Operating Plan (POP) cycle.  Caution should be exercised to control baseline resets to only those situations that truly necessitate a major replan.
Similarly, in those circumstances where the project’s existing baseline schedule is no longer achievable and measuring performance and tracking variances is not meaningful, the baseline schedule can be re-planned with the Project Manager’s approval and the Program Manager’s concurrence.  The replan results in a new baseline that eliminates all schedule variances, but still meets the original end date of the project.  If the replan affects Level I milestones (PCA, Project Plan, etc.) or will impact the overall cost of the Project, approval by the Program Manager and the HQ PE is required.

 “Partial” replans, or adjustments to selected portions of the baseline schedule, can be implemented for the same reasons as a full replan.  These also require the Project Manager’s approval.
8.2.4
Workaround Planning
As needed, alternative schedule approaches, or workaround plans, are developed in order to overcome actual or potential schedule problems and still meet the project schedule objectives.
Chapter 9
Schedule Reporting

9.1
Overview

Schedule reporting is the dissemination of meaningful information about the schedule’s overall status, progress to date, and forecast to complete (see figure 9-1).  Schedule reporting helps determine if the project’s objectives are being met.  The following sections in this chapter deal with various types of reports that may prove to be useful in managing a project or program.
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Figure 9-1:  Schedule Performance Reporting

9.2
Best Practices

After a WBS is built the reporting levels must be established.  The basic assumption that all WBS elements must report at the same level is not a valid assumption. Schedule reporting will vary based on the level of management interest of the elements contained in the program or project.  Higher volume (dollars or hours) or critical/risk items may require lower-level detailed reporting, while lower volume, non-critical/risk, or level-of-effort tasks may require only summary-level reporting.  In today’s programs where resources are pushed to the limit, having flexibility in reporting requirements is a valid approach. The list below reflects some of the key considerations to keep in mind when categorizing element risk levels for reporting requirements (refer also to Figure 7-1).

A High Risk item …

· Involves technological, manufacturing or other state-of-the-art advances or considerations

· Is critical from the standpoint of achieving project objectives, reliability, maintainability, safety, quality assurance or other such factors.

· Is an item that project management designates as requiring special attention.

· May be pushing the amount of time allowed for development/procurement.
The paragraphs that follow provide sound guidance for recommended project schedule reporting.  Caution should be taken to ensure schedule reporting requirements are consistent with overall schedule management requirements levied by NPR 7120.5.  While not specifically stated in NPR 7120.5, it is important that all Gantt-type schedule reports contain a clear and visible legend of symbols used within each report.  Due to the many different scheduling tools in use across NASA, and each having different symbol capabilities, it is not practical to require Agency-wide standardization.  It is more practical for programs/projects to establish schedule symbology standards for use within their respective organizations.  The real key is including a clear legend of symbols as part of each Gantt-type report to aid team members in accurately understanding the program/project schedules.          

9.2.1
Management Summary
Each project should develop and make available a one page, top level, Gantt-type summary document with WBS elements identified.  This document should reflect all contract and controlled milestones, major project phases (i.e., design, fabrication, integration, assembly, etc.) and all end item deliveries.   

9.2.2
Detailed Logic Network

Each project should develop and make available an automated logic network database referred to as the Integrated Master Schedule (IMS) consisting of schedule data for all WBS elements. The entire scope of work should be broken into schedule tasks and milestones at a consistent level of detail to allow discrete progress measurement and visibility into the overall development, fabrication, integration, assembly, test, and delivery phase of each end item deliverable. Additionally, all schedule tasks/milestones should be integrated with the appropriate sequence relationships to provide a total end-to-end logic network leading to each end-item delivery.  The IMS should contain all contract and controlled milestones, key subcontractor milestones, end item delivery dates, key data delivery dates, and key Government Furnished Property (GFP) need dates. The database should contain the appropriate task coding attributes necessary to provide sort, select, and summarization capabilities for, but not limited to, WBS element, project phase, and level-of-effort tasks. The IMS serves as the basis for identification of project critical paths as well as critical schedule analysis.
9.2.3
Critical Path Identification
Each project should develop and make available a report for project management use that identifies the critical schedule driver(s) for the project.  This report should be an extract from the IMS and include all tasks and milestones with (X) workdays or less of total slack (float) with “X” being a value determined by the project.  It is recommended that ten workdays of total slack be considered for critical path reports.  The report should be submitted in a waterfall format and organized in manner such that the path with the least amount of slack is delineated first and followed by each successive path according to total slack values.
9.2.4
Total Slack Report

Each project should develop and make available one or more total slack reports that show the history of slack for a particular area or group of activities.  This report may be used to show trends by WBS element, by milestone, or by any other logical grouping.  The report should show the total slack for each reporting period.  Reasons for total slack changes between reporting periods should be noted.  An example of this report is contained in the chapter on schedule assessment and analysis.

9.2.5
Schedule Risk

Each project should develop and make available a report indicating the probability of project completion within the approved timeframe.  The frequency of such reporting will be event driven.  Significant changes in technical risks, new emerging risks, retirement of risks previously identified, transition to a new project life cycle phase, baseline resets, and significant funding changes are all examples of events that may dictate the need for a schedule risk assessment.  A variation of the aforementioned report may by used to identify the necessary timeframe, to a specified level of confidence, to complete an effort.  An example of these types of reports can be found in the chapter on schedule assessment and analysis.
9.2.6
Schedule Reserve Metrics
Each project should develop and make available a report clearly showing the trend for schedule reserve usage over the life of the project.  Any change between reporting periods should also be clearly explained.  An example of this type of report can be found in the chapter on schedule assessment and analysis (see Figure 7-10).
9.2.7
Performance Trends

Each project should develop and make available a report clearly showing the trends relating to schedule performance.  Such trends should include accomplishments (planned finishes versus actual finishes), forecasts (planned starts versus actual starts), and workloads (cumulative starts and finishes, planned versus actual).  Any change between reporting periods should also be clearly explained.  Examples of these types of reports can be found in the chapter on schedule assessment and analysis.
Chapter 10
   Schedule Data and Lessons Learned Archival
10.1
Overview

Schedule data and lessons learned should be routinely archived in order to ensure important schedule information is not lost.  This information is essential for estimating, forecasting, and analysis efforts on current and future programs/projects.
10.2
Best Practices

10.2.1  
Lessons Learned

“Lessons learned” is a review of best practices, project insights, and client information.  As the project team disbands and new programs/projects begin, reviewing the lessons learned allows you to retain a record of the information gathered and generated through the project.

The end of a project is an opportunity to gather and record project information and share it with your stakeholders. 

A lessons-learned exercise helps you collect best practices and project data that you can share through reports, views, the World Wide Web, or other distributions. You can also use your data for future programs/projects by saving your file as a template. Properly following through with these last steps of a project closeout can positively affect the success of future projects. 

A lessons learned exercise documents best practices and how the project progressed, using information gathered from reports, discussions, or meetings. It includes information about a project's successes and failures, and can be used for a final team meeting, training on future projects, or recurring projects. Examining lessons learned provides an opportunity to answer questions like: 

· Was the project objective completed? 

· Was the work on time, within budget, and by specifications? 

· What can we do to improve future projects? 

· Were the stakeholders satisfied? 

A lessons-learned exercise also provides information for administrative closure and contract closeout.

This process should address all phases of the project, from inception to completion.  Careful attention should be given to tasks/activities that were very successful, as well as those that were not performed at all as planned.  Effective techniques should be carefully recorded and replicated, where practical.  Just as carefully, ineffective practices should be noted and avoided in the future.

Finally, there should be a process established to transfer this knowledge into a master database or repository.  This facilitates the use of this data by others in the organization that could benefit from it.  This master database may be maintained in business offices, systems management offices, or project analysis offices.

10.2.2   Historical Narrative

A historical narrative presents information in a meaningful format with content defined in the project mission. When you close a project, print the following reports to analyze task/milestone and resource information, start and finish dates, costs, and what happened versus what was scheduled to happen.  It is very important that actual task durations are recorded to enable more meaningful usage of this data later.
· Overview Reports: project Summary, Milestone, Top-Level tasks/activities 
· Cost Reports: Budget, Earned Value, Over-budget Tasks, Over-budget Resources 

Contract closeout ensures that the contractors' final scheduled work is completed and delivered and that billings or invoices are complete. At contract closeout, it's important to review schedules, changes, and contractor performance. 

The historical narrative should present a story of the project from beginning to end that highlights the major events.  Detailed data may be referred to, including direction as to how to retrieve that data.  The narrative will not capture every single detail, but provide others with enough information to determine if further research into the details will provide them with what they seek.

10.2.3
 Data Statistics

Schedule statistics are often of use to other P/Ss developing future projects.  Most of these statistics can be gleaned from routine data backups and change control documents, if properly maintained.  One approach in this area is to converse with others in the organization that are involved in schedule development, in order to ascertain the types of statistics that would be most useful for future development efforts.  Preparation and dissemination of a summary document during closeout is often a much more efficient use of time than later researching archives.

Another good practice is to make a “wish list” during the project, recording the types of schedule-related statistics you would have found helpful if they had been available.  During the course of the project, part of your effort should be directed toward, or at least cognizant of, accommodating this type of data collection at project completion.  

Yet another good practice is to follow the practices mentioned elsewhere in this guide.  Specifically, the use of change control, data structure, common naming conventions, and consistent data coding enhance the collection and analysis of data statistics.  By maintaining structure and discipline in the scheduling function, the quality of the data that can be mined can be improved, and the data is more easily and quickly acquired.
10.2.4
 Schedule Archives

Administrative closure is the process of documenting and archiving a project data in a timely manner, as well as formally accepting the project's product and lessons learned. It includes verifying scope, archiving or maintaining project information, and producing summary information about items such as cost, work, and tasks.

Electronically archived schedules can provide a wealth of information.  Care should be taken to properly label and store these data sets.  Perhaps the two most important versions of the project schedule would be the original baseline and the “as-built” schedule.  However, electronic schedule versions at key phase changes or events, or major baseline versions, also provide much useful information and should be archived.  

As is the case with the lessons learned, archived schedules should be placed within a master database or commonly accessible repository.
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· Actual Cost for Work Performed (ACWP) –   The costs actually incurred and recorded in accomplishing the work performed within a given time period.  (Actual costs include the direct cost plus the related indirect cost such as overhead, G&A, etc. allocated to the activity.)
· Baseline Schedule– the original approved plan plus or minus approved scope changes.
· Budgeted Cost for Work Performed (BCWP) (or Earned Value) –   The sum of the budgets for completed work packages and completed portions of open work packages, plus the applicable portion of the budgets for level of effort and apportioned effort.  This is the value in dollars of the work accomplished.
· Budgeted Cost for Work Scheduled (BCWS) (or Planned Value) –  The sum of the budgets for all work packages, planning packages, etc., scheduled to be accomplished (including in-process work packages), plus the amount of level of effort and apportioned effort scheduled to be accomplished within a given time period.  This is the value in dollars of planned work.  
· Commercial Off The Shelf (COTS) – a term usually used to describe purchased software (as opposed to customized or internally developed software).

· Contracting Officer (CO) – a person with the authority to enter into, administer, and/or terminate contracts and make related determinations and findings Contracting Officer’s Technical Representative (COTR) – person responsible to the CO for the contractor’s performance on a given contract.
· Cost Performance Index (CPI) –  An indicator of the cost efficiency of the work accomplished for the current period(s) or cumulative-to-date as derived by the formula: CPI equals BCWP divided by ACWP, i.e., Earned Value divided by Actual Cost Incurred.
· Critical Path –   The sequence of tasks that are tied together with network logic that have the longest overall duration from time now until project completion.  Any slippage of the tasks in the critical path will increase the duration.
· Data Requirements (DR) – a set of datum that is mandatory for the purpose specified.

· Data Requirements Document (DRD) – the document containing the DR.  

· Earned Value (EV) –  The budgeted value of work accomplished.  The value of completed work expressed in terms of the budget assigned to that work.  It is the sum of budgets for completed work packages and completed portions of open work packages, plus the appropriate portion of the budgets for level of effort and apportioned effort.  Also known as Budgeted Cost of Work Performed (BCWP).
· Estimate At Completion (EAC) –  Actual costs, plus the estimate of costs (direct and indirect) for authorized work remaining.
· Free Float (FF) – the amount of time a task may be delayed without impacting the start of its successor.

· Guide to the Project Management Body of Knowledge (PMBOK Guide) - a publication authored by the PMI that contains project management guidelines.  
· Integrated Master Schedule (IMS) –  An integrated schedule developed by logically networking all detailed program/project activities.  The highest level schedule is the Master Schedule supported by Intermediate Level Schedules and by lowest level detail schedules.
· Key Performance Parameters (KPP) – quantitative metrics selected by the PM in order to measure the effectiveness of the project in achieving their goals and the related mission success criteria.

· Lesson Learned - the significant knowledge or understanding gained through past or current programs and projects that is documented and collected to benefit current and future programs and projects.
· Level of Effort (LOE) – Effort of a general or supportive nature that does not produce definite end products.  

· Milestone - A milestone is an important event that has no duration.  Examples may include; PDR, CDR, and the completion of design activities.  Milestones are used in schedules for reporting and measuring performance.

· NASA Policy Directive (NPD) – HQ level document establishing NASA policy.
· NASA Procedural Requirements (NPR) – HQ level document that defines process requirements.

· National Aeronautics and Space Administration (NASA) – The U.S. government organization responsible for space and earth sciences, experimentation, and exploration.
· New Obligation Authority (NOA) – approval to obligate resources to the level specified.

· Organizational Breakdown Structure (OBS) –  A family-tree breakdown of the performing activity’s organization showing the organizational elements involved in performing the work.
· Performance Measurement Baseline (PMB) –  The time-phased budget plan against which  performance is measured.  It is formed by the budgets assigned to scheduled control account and the applicable indirect budgets.  For future effort, not planned to the control account level, the performance measurement baseline also includes budgets assigned to higher level WBS elements and undistributed budgets.  It equals the total allocated budget less management reserve.
· Planner/Scheduler (P/S)- The person who performs planning and scheduling functions for a project or program.  This person may be dedicated solely to this function or may share this function with other functions.
· Planning Packages (PP) – A logical aggregation of work within a control account, normally the far-term effort, that can be identified and budgeted in early baseline planning, but is not yet defined into work packages.

· Probability Distribution Function (PDF) – a statistical representation of the likelihood of a value occurring during simulation that is between the minimum and maximum values.
· Program - A strategic investment by a Mission Directorate (or Mission Support Office) that has defined goals, objectives, architecture, funding level, and a management structure that supports one or more projects.
· Project - A specific investment identified in a Program Plan having defined goals, objectives, requirements, life-cycle cost, a beginning, and an end.  
· Project Management Institute (PMI) – an international organization comprised of members of the project management community that share a common interest in promoting the development of the project management discipline.
· Project Operating Plan (POP) – a financial document that indicates planned expenditures or a funding request for future years for a project.

· Request For Proposal (RFP) – a procurement term that describes the package of information given to a contractor or contractors that are invited to submit bid packages for a given scope of work.
· Resource Leveling – the sequencing of tasks/activities, without violating network logic, for a given resource or resources in a manner that results in a more consistent level of demand for that resource or resources over the life cycle of the project.  
· Resource Loading – the act of recording resource requirements for a task/activity or a group of tasks/activities.
· Schedule Logic Network – A schedule format in which the activities and milestones are represented along with the interdependencies between activities.  It expresses the logic as to how the work scope will be accomplished.  Network schedules are the basis for critical path analysis, a method for identification and assessment of schedule priorities and impacts.
· Schedule Management - the establishment, monitoring, and maintenance of the baseline master schedule and derivative detailed schedules. It is composed of the establishment and operation of the system and includes (1) definition of format, content, symbology, and control processes, and (2) selection of key progress milestones and indices for measuring program and project performance and indicating problems.
· Scheduling Best Practices Guide (SBPG) – a collection of good scheduling practices and advice compiled by the P/Ss at NASA.

· Statement Of Work (SOW) – a document that contains a narrative description of the work scope for a project or program.
· Schedule Performance Index (SPI) -  An indicator of the schedule efficiency at which work has been performed to date.  SPI equals BCWP divided by BCWS, i.e., Earned Value divided by Planned (Budgeted) Value.
· Schedule Risk Assessment (SRA) – the process of performing a probabilistic risk assessment on a project schedule.  This type of schedule assessment is based on using monte carlo simulations that incorporate minimum, maximum, and most likely estimates for task durations. 
· Slack (Float) - These two terms, slack and float, are used interchangeably throughout this document and mean the same thing.  Both refer to the amount of time that a task or group of tasks may be delayed without impacting the start of a later task or group of tasks.  There are two types of float.  Free float refers to the amount of time a task can slip before impacting the early start date of its immediate successor(s).  Total float refers to the amount of time a task may slip before impacting project completion.
· Systems Management Office (SMO) – An organizational entity at MSFC responsible for systems engineering and engineering cost functions.
· Task (Activity) - In scheduling terms, a task or activity is the lowest level of detail shown in a schedule.  For the purposes of their use in this document, these two terms should be considered synonymous.
· Task Agreement (TA) – a written document describing the relationship between entities and scope of work each is responsible for accomplishing.
· Task/Activity – a discreet effort represented by a single row of data in a schedule.
· Total Float (TF) – the amount of time a task may be delayed without impacting the end date of a schedule.
· Work Breakdown Structure (WBS) -  A product-oriented hierarchical division of the hardware, software, services, and data required to produce the program/project's end product(s), structured according to the way the work will be performed, and reflective of the way in which program/ project costs, schedule, technical and risk data are to be accumulated, summarized, and reported.
· Work Breakdown Structure Dictionary - A document that describes the tasks associated with each WBS element, in product-oriented terms, and relates each element to the respective, progressively higher levels of the structure as well as to the contract Statement of Work.  May or may not be a contractual requirement.
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 1.
DPD NO.:  XXX
ISSUE:  Standard
2.
DRD NO.:  

 3.
DATA TYPE:  2
4.
DATE REVISED:  



5.
PAGE:  1/3
 6.
TITLE:  Project Integrated Master Schedule
 7.
DESCRIPTION/USE:  To provide the contractor’s time-phased plan, current status, key milestones, task interdependencies, and major development phases necessary to accomplish the total scope of work.  This schedule will be used to provide management insight into contractor status, potential problem areas, and critical path identification, which will serve as the basis for evaluating contractor performance.

 8.
OPR:  
9. DM:

10.
DISTRIBUTION:  Per Contracting Officer’s letter

11.
INITIAL SUBMISSION:  Preliminary with proposal.  Initial - first calendar month following the end of the first full month after Authority to Proceed (ATP).

12.
SUBMISSION FREQUENCY:  Monthly, no later than the 10th day of the calendar month following the end of the contractor’s calendar month.

13.
REMARKS:  The schedule will be baselined at some point after ATP as agreed to by both parties and not to exceed 90 days after ATP.  Reference is made to NPR 7120.5 (Current Revision), NASA Program and Project Management Processes and Requirements.   This document shall be used as a guide in preparation of the Project Schedules.

14.
INTERRELATIONSHIP: DRD for Work Breakdown Structure and Dictionary, and DRD for Project Management Plan
15.
DATA PREPARATION INFORMATION:

15.1
SCOPE:  The Project Schedule provides data for the assessment of contract schedule and logic network of the tasks to be performed.

15.2
APPLICABLE DOCUMENTS:


NPR 7120.5
NASA Program and Project Management Processes
15.3
CONTENTS:  The project schedule shall include tasks necessary to accomplish the total scope of work as defined in the work breakdown structure (WBS).  The schedule shall also include all logical relationships (interdependencies) between tasks.  Schedules shall contain the approved baseline schedule as well as current forecasted dates and shall be traceable to the approved Work Breakdown Structure (WBS).  All key milestones shall be clearly identified 
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and logically linked to related tasks.  The project schedule shall be created and maintained in management software that supports automated time phasing of tasks, a logic driven critical path, schedule assessment, and trend analysis capabilities.  Project Schedules and Logic Network shall be reported in four sections.  The following deliverables shall be extractions from the automated logic network database.  All data contained in the sections shall be consistent, statused monthly and based on the same cutoff date.


a.
Summary Schedule – One page, top level, Gantt-type summary document arranged by WBS that reflects all contract and controlled milestones, major project phases (i.e., design, fabrication, integration, assembly, etc.) and all end item deliveries.


b.
Logic Network Database – an automated logic network database consisting of schedule data for all WBS elements.  The entire scope of work shall be broken into schedule tasks and milestones at a consistent level of detail to allow discrete progress measurement and visibility into the overall development, fabrication, integration, assembly, test, and delivery phase of each end item deliverable.  Additionally, all schedule tasks/milestones shall be integrated with the appropriate sequence relationships to provide a total end-to-end logic network leading to each end item delivery.  This database shall contain all contract and controlled milestones, key subcontractor milestones, end item delivery dates, key data delivery dates, and key Government Furnished Property (GFP) need dates.  The database shall contain the appropriate task coding attributes necessary to provide sort, select, and summarization capabilities for, but not limited to, WBS element, project phase, and level-of-effort tasks.  The logic network database serves as the basis for identification of project critical paths as well as critical schedule analysis.


c.
Critical Path Report – This report shall be an extract from the Logic Network Database and include all tasks and milestones with 10 workdays or less of total slack (float).  The report shall be submitted in a waterfall format and organized in manner such that the path with least amount of slack is delineated first and followed by each successive path according to total slack values.


d.
Contractor Schedule Assessment Report – This report shall contain a count of the total number of tasks, milestones and non-detail (e.g., summary, hammock, rollup, etc.) activities contained in the schedule, a count of the number of completed tasks and milestones, a count of the number of tasks and milestones to be completed, a count of the number of tasks and milestones that have no predecessor and/or successor relationships, a count of the total number of tasks and milestones that have a total float (slack) value greater than 25% of the remaining duration of the total project schedule, a count of the total number of non-detail (e.g., summary, hammock, rollup, etc.) activities that 
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have any predecessor or successor logical relationships, and a count of the total number of tasks and milestones that have forced or fixed dates.  The report shall contain critical path narratives explaining changes and impacts to the critical paths listed in section c above.  The report shall contain narrative explanations for contract milestones and significant project milestones that have moved more than 45 calendar days into the future from their baseline dates.  Project milestones shall be identified and negotiated with the project office.  These narratives shall include a proposed work-around schedule detailing how the contractor plans to recover the lost schedule time.

15.4
FORMAT:  Submission of the deliverables in 15.3 shall be by standard hardcopy and electronic media.  Electronic media submittals shall be in native file format utilizing schedule management software approved by the project office.  A legend identifying the contractor’s schedule symbols used and their meaning shall be provided.

15.5
MAINTENANCE:  Changes shall be incorporated by change page or complete reissue.

Note to STD/MA-PS

Tailoring Note:

Special Tailoring Instructions from the OPR of this Standard DRD:

Special tailoring to this DRD should be incorporated only as-needed to meet unusual and/or specific project data needs and shall be coordinated with the responsible OPR.

NOTE:

These instructions on DRD applicability are not a part of the DRD and should not be included in a DPD.
1. Work Breakdown Structure (WBS) 

2. Scheduling Fundamentals

3. Critical Path Method (CPM) Scheduling Techniques

4. Logic Network Evaluation Techniques

5. Schedule Updates and Maintenance

6. Critical Path Identification and Analysis 

7. Schedule Trend Analysis 

8. Schedule Risk Identification 

9. Probabilistic Schedule Risk Assessment

10. Schedule Resource Loading and Leveling

11. Schedule Analysis with Earned Value Data
12. Project Scheduling/Case Studies

13. Schedule Reporting (Guidelines and Formats)

14. Schedule Baseline Maintenance and Control

15. Structuring and Coding of Schedule Data

16. Managing Schedule Reserve
17. Cost and Schedule Integration Techniques
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1 Purpose

1.1 The purpose of this document is to provide guidance for conducting schedule risk assessments, regardless of the schedule format used.

1.2 The results of this assessment should be reviewed within the project team in an effort to improve schedule quality and reduce schedule risk.  

2 Scope

2.1 This document may apply to any and all schedules submitted for assessment purposes, whether submission is voluntary or compulsory.

3 Definitions

3.1 Schedule Risk Assessment (SRA) – method whereby individual tasks in a project or program schedule are evaluated and certain risk parameters are defined for each, for the purpose of evaluating the schedule in its entirety.  

3.1.1 At a minimum, the parameters defined will include durations (minimum, most likely, maximum) and a probability distribution.

3.1.2 SRA, as defined in this document, is to include only project or program duration risk assessment and specifically does not include cost risk assessment at this time.  However, if it is assumed that cost risk is directly proportional to duration risk, the same methods and principles may be applied.

3.2 Probability Distribution (PD) – a risk parameter assigned to a schedule task that defines the likelihood of that task being completed between the minimum and maximum duration estimates.  

3.2.1 PD’s can be symmetrical (balanced) or asymmetrical (unbalanced).  The shape of the PDF determines how likely the task is to occur on or near its most likely duration and how close the most likely duration is to the minimum or maximum duration specified.

3.2.2 Normal and Uniform PD Functions (PDF) are symmetrical by definition.  Beta and Triangular PDF can be symmetrical or asymmetrical.  There are numerous other possible PD, but these are the most common.
3.2.2.1 Uniform – variations in task durations are equally likely from the minimum to the maximum duration range.  This PD is used for tasks where the duration is just as likely to be any value within a given range.  Assigning this PDF to a task implies that one is lacking confidence in the duration estimates, the task involves a low technology maturation level, there is a relatively high probability of risk materialization, or any combination of these factors is present.
3.2.2.2 Normal – variations in task durations are more likely near the “most likely” duration assigned and the probability of task duration other than the “most likely” decreases exponentially as the task duration moves farther from the “most likely” value.  This PD is used for tasks where the duration can be affected by a number of factors but it is unlikely that all of these factors would occur simultaneously and in agreement with each other resulting in either a combined favorable or unfavorable result.  The peak value will always be in the center of the range, regardless of the most likely estimate assigned to the task.  Assigning this PDF to a task characterizes it as one with a medium, or higher, level of confidence in the minimum and maximum estimates, and a fair-to-good understanding of the risks, but complexity or lack of technology creates some uncertainty in the most likely outcome.
3.2.2.3 Beta – the probability of task duration other than the most likely value decreases quickly from the peak (most likely) to the minimum or maximum duration.  This PDF is used when the duration of a task is affected by relatively few factors with little or no risk, or the risk are well-defined, understood, and mitigated.  Another defining characteristic would be a relatively high level of confidence in the duration estimates.  The peak value can be anywhere in the range.  Typically, the range of duration possibilities is relatively small.
3.2.2.4 Triangular - the probability of task duration other than the most likely value decreases linearly from the peak (most likely) to the minimum or maximum duration.  This PDF is used when the duration of a task is affected by either a few or many factors but can be affected drastically by any one of these factors and there is a medium to high level of confidence in the duration estimates.  The peak value can be anywhere in the range.  In most cases, this is the most appropriate PDF to use.
3.3 Probabilistic Branching – a method used to define the likelihood that one of a number of possible “chain of events” will occur depending upon the outcome of a task or string of tasks.
3.4 Conditional Processing – a method used to define the likelihood that in the event a situation occurs that meets defined criteria, task duration will be affected in a defined way.  Also referred to as an “If – Then – Else” statement.  
3.5 Correlated Risk – a method used to define the effect of a single risk factor shared between two or more task.  If the risk materializes, affecting one task, one or more other tasks will be affected in the same manner, either positively or negatively.  All of the affected tasks are said to be “correlated”.  
3.6 Sample – the exact value used for task duration for each calculation performed by the risk assessment software.  The sample value could fall anywhere in the range specified by the minimum and maximum durations, subject to the conditions of the type of sampling specified (defined later in this section).
3.7 Iteration – one scenario, as calculated by the risk assessment software by taking a single sample from each selected task and compiling the results.  Multiple iterations are used comparatively to determine the likelihood, or probability, of an event or events occurring in a given time frame.  Generally speaking, using a greater number of iterations increases the likelihood of a more accurate SRA, but there is a point at which further iterations add no value to the SRA. This number varies depending on how many scheduled tasks are being sampled and the sample ranges.
3.8 Risk+ - a COTS software package, developed and marketed by C/S Solutions that is an “add-on” for Microsoft Project (MSP).  Risk+ performs certain schedule risk functions and calculations and may be used to assess schedule risk for projects or programs that submit schedules in MSP format.
3.9 Monte Carlo 
3.9.1 A method of random sampling of possible outcomes for a range of values.  Monte Carlo sampling does not specify how many samples are to be taken within any given section of a PD or range of PD’s, but is truly random and may include the same sample from a given task range more than once or may exclude some areas or sections altogether.
3.9.2 The name of a software package, marketed by Primavera as an “add-on” to their scheduling software.  This package performs certain schedule risk functions and calculations and may be used to assess schedule risk for projects or programs that submit schedules in Primavera format.
3.10 Latin Hypercube Sampling (LHS) – a method of selecting statistical samples from equal partitions of each PD from each sampled task.  In LHS, a PD is divided into equal probability segments (not equal duration segments) and no single segment is sampled twice until each probability segment is sampled at least once.  
3.11 Expected Completion Date (ECD) – the date at which the probability of a task completing before or after is equally likely.  In other words, the task is 50% likely to finish by this date (or after this date).  Statistically, this is the median.

3.12 Most Likely Completion Date (MLCD) – the date at which a task completes the most number of times during simulation (iterative calculations).  This does not have to be a majority, only a plurality.  Statistically, this is the mode.

4 Background Information
4.1 Probabilistic risk assessment, by its very nature, is not an exact science.  While every effort is made to quantify variables wherever possible, some parameters are still quite subjective.  Listed below are the five (5) methods that can be used, in descending order of preference, to collect data used for SRA.

4.1.1 Data Interviews – This is the most preferred method of data collection because it takes into consideration the particular circumstances of the project being evaluated.  Performance issues, experience level of resources, and the operational environment are all variables that can be more accurately modeled by using this method.  This method also requires the most time and effort to be conducted effectively.  The result is the most accurate and valid SRA possible.

4.1.2 Historical Data – This method utilizes existing project data as well as data from similar projects and tasks.  Even when data interviews are conducted, if historical data is available, it should be used as a reference point.  The shortcoming of using this method is that it cannot accurately address project specific performance factors such as resource experience level and productivity.  Additionally, project operational environments are rarely identical, introducing another undefined variable into the SRA.

4.1.3 Grouping – By grouping together tasks that share similar characteristics, such as risks or duration, one can assign risk parameters to select groups.  In many cases, individual tasks cannot be objectively quantified.  In situations like these, tasks may be grouped into categories with each category assigned a discreet (specific) value or continuous (range) value.  These values may pertain to percentages, days, or some other unit of measure.  For categories with discreet values, this value may then be assigned to all tasks that are grouped into that category.  For categories with continuous values, an individual or group must determine the discreet value for each task subjectively.  The only required discreet value for each task is the most likely duration.  Categorical and range classification methods can be used to establish minimum and maximum values and the type of PD.

4.1.4 Blanketing – A single range of risk parameters may be applied to all tasks in a single project schedule.  Unless strongly supported by historical data from similar projects and tasks, this method lacks the validity obtained by using any of the other methods describe above.  However, this technique is the quickest available that retains some credibility.

4.1.5 Heuristic Estimates – Another way of stating this technique is to say “educated guess”.  Typically based on the analyst’s experience and other informal inputs, this method may have the undesired result of causing both analyst and results to be viewed as not credible.

4.2 The accuracy of a SRA is directly proportional to the:

4.2.1 Quality of the data provided by the project or program team.

4.2.2 Amount of time allocated to the assessment effort.

4.2.3 Synergies of the assessment and project/program teams (i.e. teamwork).

5 Prerequisites
5.1 Some external event creates the need to conduct a SRA.

5.1.1 HQ Review – any number of formal project reviews requested by HQ may necessitate the need for a SRA.

5.1.2 Center Review – senior center management may request a formal project review that would require a SRA.

5.1.3 Project Review – the project may perform a SRA for reasons of its own.

5.2 In addition to those events listed above, there are other times it is prudent to conduct a SRA.

5.2.1 Prior to establishing a baseline.

5.2.2 At key milestones or events, such as a phase change.

5.2.3 Significant changes to the schedule are being considered.

5.2.4 Identified risk elements change significantly.

5.2.5 At least annually, or more often if desired.

6 Process

6.1 Note: The SRA will be performed at the project level.

6.2 A schedule is designated for the purpose of performing a SRA.

6.2.1 To enhance the accuracy of the SRA, the schedule should, as much as practically possible:

6.2.1.1 Have no constraint dates.

6.2.1.2 Have a complete logic network with no open ends.

6.2.1.3 Be a complete representation of all work to be performed.

6.2.1.4 Be sufficiently detailed so as to represent each discreet task.

6.2.1.5 Have no tasks that would be so great in duration that they would be difficult to objectively measure progress on.

6.2.2 If any of the aforementioned conditions is not true for the schedule being assessed, the quality of the resulting assessment will be compromised.

6.3 One of the data collection methods described in section 5 above should be selected and agreed to by all involved parties.  Regardless of the method selected, the following should be recognized as a recommended practice.

6.3.1 Additional project or program information is gathered that pertains to the schedule to be assessed.  At a minimum, this information should consist of, if available at the time of the assessment:

6.3.1.1 A Statement of Work (SOW).

6.3.1.2 A WBS Dictionary.

6.3.1.3 A Risk Management Plan (RMP), project or program risk assessment, or some equivalent documentation that conveys the risks identified and their relative magnitude (likelihood vs. consequence).

6.3.1.4 A Project Plan.

6.4 An initial meeting between the project or program team and the assessment team is highly desirable.  This meeting should serve to align all involved parties.  A suggested list of agenda items for this meeting are:

6.4.1 What documents are available?

6.4.2 What is the basis for the RMP or equivalent documentation?

6.4.3 Does all documentation reflect the most current information?

6.4.4 Discuss each risk element identified and attempt to quantify the level of risk for each (either quantitatively or categorically).

6.4.5 Who are the points of contact (POC) for each risk element?  If possible, these POC should be attendees at this meeting.

6.4.6 What is the current Technology Readiness Level (TRL) for each program or project item or area?  What is the required TRL for each?  What is the status of the plan in each of these areas to resolve this gap, if one exists?

6.4.7 Where in the program or project life cycle is this program or project?  

6.4.8 What historical data is available for comparison?  Have there been other similar projects executed?  If so, how do the results compare with the plan for this program or project?  What is the status of the “gap” plan or plans in each area where the current plan significantly deviates from historical trends?

6.5 Once all pertinent information has been received and reviewed, risk parameters must be input into the SRA tool for each schedule task.

6.5.1 Clear the schedule data fields used by the SRA tool.

6.5.2 If one does not already exist, create a summary task representing the entire project.

6.5.3 For each task, specify a minimum, maximum, and most likely duration.

6.5.3.1 This data should be available as either a discreet value or a continuous (range) value, depending upon the method from section 5 that was used for data collection.    

6.5.3.2 It is very important to note that each of these parameters is to be established independently for each task.  Do not adjust these duration parameters based on what may or may not happen with other tasks in the schedule.  Those types of impacts will be addressed via Conditional Processing or Correlated Risk parameters.

6.5.3.3 To establish these values, one should have the answers to the following questions.  Remember that your answers to these questions at this point are to reflect consideration for only the performance of the task in question without the impact of other tasks.

6.5.3.3.1 What is the shortest possible or allowable duration?

6.5.3.3.2 What is the longest possible or allowable duration?

6.5.3.3.3 What is the most likely duration?

6.5.3.3.4 What is the program or project risk assessment for this task or task area?  

6.5.4 For each task, specify a PDF based upon known characteristics of the task, such as:

6.5.4.1 Is the range (optimistic to pessimistic) relatively large or small?

6.5.4.2 How likely is a duration value between the most likely and the minimum or maximum value?

6.5.4.3 Is the most likely duration in the center of the range of possible values?

6.5.4.4 How many risk factors (i.e. a few or many) does this particular task have?

6.5.4.5 What is the likelihood of multiple risk factors occurring simultaneously with this task?  What would be the cumulative affect if they did?

6.6 Specify any special conditions required to adequately address the risk profile of the program or project schedule.  The following parameters are not required but should be addressed where appropriate.

6.6.1 Probabilistic branching assigns risk parameters to tasks that share a common predecessor.  The initial parameters above are established as one would for any other scheduled task.  However, in the event that the outcome of the predecessor will result in only one of the successors being executed (with the other successor or successors being alternatives dependent upon the predecessor outcome), the analyst assigns a probability to each “branch” that reflects the likelihood of that branch being the one that will be executed.  For example, if the outcome of a predecessor task were equally likely to result in one of two possible successor alternatives, each successor branch would receive a 50% weighting in the probabilistic branching model.  

6.6.2 Conditional processing may be required for risk areas when task duration may be affected by external situations.  Typically, the duration of a task is dependent upon two factors; the resources available and the amount of work to be accomplished.  In certain circumstances it is possible that task duration may be affected by other factors, such as the time of year the task is performed.  For example, if a task named “Testing” is required to be performed when ambient temperatures are above 50 degrees Fahrenheit, a delay in a predecessor could cause this task to be delayed until the winter, when colder temperatures may extend the duration of the “Testing” task.  In this situation, you may want to define conditional processing that specifies an increase in the most likely or maximum duration (or both) in the event the predecessor finishes after a certain date.

6.6.3 Correlated risk factors address the relationship between two or more tasks with respect to some other event.  There are two possible effects, or correlations: what happens to one task or tasks is likely to happen to the other or others (a positive correlation); what happens to one task or tasks is likely to cause the opposite to happen to the other or others (a negative correlation).  The correlated risk model addresses either of these situations and allows one to adjust durations accordingly.

6.7 Just prior to performing risk analysis calculations, a copy of the schedule file containing all of the risk data should be made.  Certain tools used for SRA, when problems are encountered during the calculation phase, may inadvertently store random values in the schedule “Remaining Duration” field.  In the event this scenario occurs, it is highly advisable to revert to the back up copy and correct the problem prior to continuing the analysis.  

6.7.1 Some common situations that may create calculation inconsistencies or questionable results are: 

6.7.1.1 Constraints that do not permit schedule dates to move into the future; 

6.7.1.2 Date ranges so large they exceed the tool capability to calculate them; 

6.7.1.3 Minimum, maximum, and most likely values that violate the rules of logic, or are equal; 

6.7.1.4 Differing units of duration within the same schedule; 

6.7.1.5 Linked, inserted, external, or otherwise related tasks or schedules that have data fields that have become corrupted; 

6.7.1.6 Or fields customized within a schedule tool by a resident formula.

6.8 After all of the aforementioned risk parameters have been assigned at the task level, the risk analysis calculations can be performed.  In order to execute the analysis calculations, one may have to first select a summary task to represent the project as a whole (depending on the tool used), specify the number of iterations to perform, and specify the method of sampling to be used.

6.8.1 It may be desirable to have a single summary task selected for the purpose of collecting risk analysis data that represents the entire schedule.  However, the analyst may elect to select milestones in lieu of this approach.  Either of these techniques can provide a focal point for evaluating the project completion date probabilities.  Depending on the tool and options used for the SRA, you may have the option to create or select this summary task.  

6.8.2 There is no specific guide that indicates what the correct number of iterations should be in any given situation.  However, it the tool you are using offers a “preview task” function that indicates the normalized mean and the normalized SD during processing, or some equivalent, this can be used as an indication.  When these two curves converge and remain parallel for the remainder of iterations performed, this is a good indication that you have selected a sufficient number of iterations to obtain a reliable set of indications.  It is recommended to use a minimum of 500 iterations for all SRA.

6.8.3 Monte Carlo sampling is an entirely random method.  The greatest advantage of this technique is its speed.  The greatest disadvantage of this technique is the greater possibility of sampling error.  LHS typically results in a much smoother cumulative probability curve and reduces the sampling error possibilities of the Monte Carlo method.  However, LHS also requires additional time for this processing.  For schedules with less than 5000 activities, the processing time is not usually a significant factor; therefore the LHS technique would be preferred.

7 Results Analysis
7.1 Several reports can be prepared based on the results of the analysis calculations.  These may include, but are not limited to, an Analysis Histogram, a Critical Path Analysis, or a Sensitivity Analysis.  

7.1.1 Analysis Histogram – the most commonly used report.  This report displays the date range (earliest and latest completion date, with the ECD indicated) along the X-axis, frequency of occurrence along one Y-axis, and cumulative probability along another Y-axis.  The graphic area typically consists of a combination bar-line graph, with the line representing cumulative probability and the bars indicating, within duration intervals indicated, the frequency of occurrence.  This frequency refers to the number of times per iteration that the indicated date was the resultant finish date during simulation.  For example, a frequency of occurrence of 0.14 for a specific bar, on a histogram generated using 100 iterations, or samples, indicates the finish date of the task being analyzed was that date value 14 times during simulation.  If this bar also represents the single largest frequency of occurrence value, then it is also the MLCD.

7.1.1.1 The number of samples is synonymous with the number of iterations specified for the simulation.  In other words, in a scenario where 100 iterations are specified, each task is sampled 100 times.  Each iterative calculation uses one sample value from each task to estimate the outcome, with the resulting average being plotted as the sample mean.

7.1.1.2 The standard deviation (SD) is a plus or minus value relative to the sample mean (i.e. the displayed cumulative probability curve) that will include any individual sample value 68% of the time.   A smaller SD indicates a larger concentration of sample results near the mean.

7.1.1.3 The Confidence Interval is a value that indicates how close the sample mean would be to the real mean, if the real mean were known.  In other words, if instead of sampling, every possibility was calculated and the results plotted, the real mean (or actual cumulative probability curve) would be within the 95% Confidence Interval value (for the sample mean) 95% of the time.  More simply stated, the Confidence Interval is a measure of the accuracy, or level of confidence, we have that our sample mean is representative of the entire range of probabilities.

7.1.1.4 The Completion Probability Table indicates the likelihood that the task being viewed will complete on or before a given date.  Values at the extreme edges of a PD are less reliable than those closer to the center.  Executing a risk analysis calculation multiple times on a single schedule without changing any parameters can prove this.  The likely result of this exercise is that the SD and ECD should change only slightly, if at all, and the earliest and latest completion dates may change more substantially.  Therefore, a conclusion including a percentage of probability can be stated more confidently when the probability percentage is not at the extreme edge of the PD.  

7.1.2 Critical Path Analysis – this report should contain information such as the total float or slack, whether or not the task is critical under normal conditions, whether or not the task is critical when the risk parameters are applied, and the percentage of time the task is “risk critical” during simulation, if applicable.

7.1.3 Sensitivity Analysis – typically displayed in the form of a “tornado” chart, this report will list activities, in descending importance, whose durations have the greatest potential impact to the project or program completion date.  The graphic portion of the report will show a bar next to each task that indicates the possible range of project or program completion dates based on the risk parameters assigned to that task. 

7.2 The results of these analyses are reviewed with the appropriate project team members.  In most cases, this includes the project P/S and project manager, at a minimum.  The business manager, and others, may also be included as appropriate.  This review may result in feedback incorporation and additional analysis.  Once the results of this process are finalized, they are distributed to the appropriate project team members and to the appropriate personnel within the CFO Office.  

8 References
8.1 NPR 7120.5 “Program and Project Management Processes and Requirements”

8.2              “Risk + Users Guide” – C/S Solutions, Inc.

8.3 “Monte Carlo 3.0 for Primavera” – Primavera Systems, Inc.

8.4 “Advanced Quantitative Schedule Risk Analysis” – David T. Hulett, Ph.D.

8.5 “Schedule Risk Analysis Simplified” – David T. Hulett, Ph.D.

9 Figures
9.1 Flow Chart – SRA Process
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Schedule Management 

Reference Card

Purpose of a Schedule:

To provide a tool that supports the 

planning, directing, and controlling of a project in order to ensure its 

timely completion.

Scheduling Requirements:  

Key schedule requirements are found 

in NPR 7120.5c, “NASA Program and Project Management Processes 

and  Requirements”.

The Integrated Master Schedule (IMS)

provides the time-phased 

plan for the total program/project work scope.  It also serves as the 

foundation for cost & schedule integration and the Earned Value 

Management (EVM) baseline.

Benefits of an Integrated Master Schedule:  

• Provides a roadmap for achieving project objectives

• Integrates project tasks into a logical sequence

• Identifies project critical path & forecasted completion date

• Establishes time-phasing for budget planning

• Provides a baseline to measure performance against

• Provides a capability to identify problems early & “what-if” analysis

Schedule Network Logic Elements:

• Tasks & Milestones:  describes effort (keep discrete &  measurable)

• Relationships:  finish-to-start (preferred), start-to-start, finish-to-

finish, start-to-finish (rarely used)

• Durations:  length of task (use consistent time periods, measurable)

• Constraints:  fixed dates (use sparingly & only when valid reason 

exists / overrides logic when calculating slack)
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Key Scheduling Terms

Integrated Master Schedule (IMS) –

An integrated schedule developed 

by logically networking all detailed program/project activities. An IMS 

includes a baseline master summary, intermediate, and detailed 

schedules which provide the framework for time phasing and coordinating 

all efforts into a master plan to ensure that objectives are accomplished 

within the program/project commitments.  The IMS baseline also serves 

as the basis for development of the Performance Measurement Baseline 

(PMB) utilized in EVM.

Logic Network –

A model that reflects the planned project 

implementation and sequencing through the use of tasks/milestones, 

interdependencies, durations, and date constraints.

Task –

A defined piece of work (also called an activity) which has a 

specified duration and usually consumes resources.

Milestone –

A milestone is an important project event that has no duration 

and consumes no resources.

Predecessor –

A task or milestone that must occur either partially or 

totally prior to another task.

Successor –

A task or milestone that must follow either partially or totally

another task.

Constraint –

A fixed date assigned to a task or milestone to control when 

it starts or finishes.  (Note: Constraints override logic relationships)

Lag –

A period of time applied to a logic relationship between two tasks 

that delays the defined relationship execution.

Total Slack (Float) –

Total slack (float) refers to the amount of time a task 

may slip before impacting project completion.

WBS –

A product-oriented logical subdivision of the hardware, software, 

services, facilities, etc., that make up the total project scope of work.

Resource Loading –

The process of assigning specific people, materials, 

dollars, etc. to a task or milestone for purposes of estimating project cost 

and feasibility.

Baseline –

The agreed upon and approved schedule content that serves 

as the basis for performance and progress measurement during project 

implementation.

Critical Path –

The longest path of logically related tasks through the 

project’s logic network that contains the least amount of total slack. 
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1. Pre-Schedule Development

•Define & agree on project 

scope

•Establish a product-oriented 

WBS

•Establish project OBS

•Assemble authorizing project 

documentation & develop a 

Schedule Mgmt Plan (SMP)

•Select Scheduling tool 

Schedule Management Life Cycle 

2. IMS Development

•Create data coding, format 

structure subordinate to WBS

•Define tasks/milestones, 

apply task coding

•Develop network logic (e.g., 

predecessors, successors, 

lags, durations, and valid 

constraints)

•Establish schedule calendars

•Assign resources 

•Assess, validate, baseline 

3. Update & Maintenance

•Define update/maintenance 

rules & methods (ie; at-least 

monthly, use remaining 

duration, adjust logic, adjust 

durations, revise forecast 

starts/completes, etc.)  

•Make periodic data back-ups

4. Assess & Analyze IMS

•Establish Levels of insight 

required

•On-going validation of logic 

relationships, critical path 

analysis, analyze 

performance trends, validate 

cost/schedule correlation, 

EVM analysis

5. Baseline Control

•Establish control guidelines 

& processes

6. Reporting

•Identify required reports

•Implement “best practice”

reports

7. Lessons Learned

•Record & distribute lessons 

learned throughout project 

implementation

•Archive selected schedule 

documents at project 

completion

•Document notable schedule 

events 
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Program/Project Schedule Management Plan Outline
1. Introduction

1.1 Purpose

1.2 Scope

1.3 Background

2. Requirements

2.1 Program Schedule Management Approach

2.2 Program Schedule Management

2.2.1 Program Schedule Management Processes

2.3 Project Schedule Management

2.3.1 Project Schedule Management Processes

2.3.2 Project Schedule Management Plan (refer to Appendix C)
3. References

Appendices:
Appendix A
Acronyms

Appendix B
Definitions

Appendix C
Project Schedule Management Plan Template (Recommended template outline shown below)
(Appendix C - Template)  -  Project Schedule Management Plan Outline 
1. Introduction

1.1 Purpose

1.2 Reference Documents
2. Integrated Master Schedule (IMS) Approach

2.1 Schedule Automation

2.2 Master Logic Network

2.3 Baseline Management and Control

2.4 Contractor Schedules and Coordination

2.5 In-House Schedules and Coordination

2.6 External Organization(s) Schedules and Coordination

3. Project Schedule Management Organization

3.1 Roles and Responsibilities

4. Schedule Management Tool Considerations

4.1 Primary Scheduling Tools

4.2 Supporting Schedule Management and Analysis Tools

5.0
Project IMS Development Processes

5.1
NASA Schedule Management Handbook Guidance (Ref. Chapter 5)

5.2
Project Unique IMS Development Guidance (i.e.; coding, resource    planning, reserve planning, etc.) 

6.0 
Project IMS Status Updates and Maintenance

6.1
NASA Schedule Management Handbook Guidance (Ref. Chapter 6)

6.2
Project Unique IMS Status and Maintenance Guidance

7.0
Project IMS Assessment and Analysis

7.1
NASA Schedule Management Handbook Guidance (Ref. Chapter 7)

7.2
Project Unique IMS Assessment and Analysis Guidance

8.0
Project IMS Baseline Control

8.1
NASA Schedule Management Handbook Guidance (Ref. Chapter 8)

8.2
Project Unique IMS Baseline Control Guidance

9.0
Project IMS Reporting

9.1
NASA Schedule Management Handbook Guidance (Ref. Chapter 9)

9.2
Project Unique IMS Reporting Guidance

10.0
Schedule Data Archival & Lessons Learned Management

10.1
NASA Schedule Management Handbook Guidance (Ref. Chapter 10)

10.2
Project Unique IMS Data Archival & Lessons Learned Guidance

Appendices:

Appendix A 
Acronyms

Appendix B
Definitions
During the past twenty-five years numerous schedule management tools have been developed to satisfy the needs of a continually evolving project management environment.  While many of these tools were short lived, others have successfully stood the test of time with necessary upgrades to keep pace with new technology and management processes.  Automated schedule management tools that are commercially available and known to provide the functionality needed for satisfying NPR 7120.5 schedule requirements and the “best practices” contained in this document are listed below:

· Primavera/ Project Manager (P3e/c)

· Primavera/ SureTrack

· Microsoft Project 

· Welcom/Open Plan

· Dekker Trakker

· Artemis 9000

· AMS Realtime

· ASTA PowerProject

The above listing is by no means an exhaustive list.  New schedule management tools are continually being developed to provide enhanced functionality and effectiveness.  For this reason, it is recommended that both government and contract planner/schedulers across NASA should continually research and have an awareness of new scheduling tools that are being made available to potentially improve project performance.
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WBS 1.1.2.2 RTT B Assembly Risk Indicator





SCHEDULE VARIANCE REPORT





Date:   6/15/04


Project:   Research Rack #1


WBS #:	1.1.2  Avionics


	1.1.2.1  Master Controller


Schedule ID#:   536 


Description:   Power Control Assembly Complete 


Baseline:     7/30/04 


Forecast:     9/15/04 


Cause:  Cable connectors delivery date slipped 1 month by vendor


Corrective Action:   Locate and install temporary connectors to allow for powering-up of unit for testing as previously scheduled   









































Cost / Schedule Phasing Correlation at Summary Level 





� EMBED Excel.Sheet.8  ���





Resource peaks are too late in the project





Resource peaks typically occur just prior to CDR





$





Over


Budget











EAC





Management Reserve





Contract Budget Baseline





Time


Now





Planned Budget = BCWS





Completion 


Date





Schedule Variance





P


R


O


J


E


C


T


E


D





S


L


I


P


P


A


G


E





Earned Value =  


BCWP





Actual Cost = ACWP





Variance at Completion





Start


Date











Cost Variance





Top 5 Project Schedule Variances per EVM Analysis 





Page 1





Page 2





Page 4





Page 3





Collect Data





yes





Establish Data Collection Technique(s)





no





Correct problems





Does schedule meet integrity prerequisites?





Set minimum, maximum, most likely durations





Review w/ Project Team





Analyze Results





Perform risk analysis calculations





Evaluate for / assign values as required for special conditions (probabilistic branching, conditional processing, correlated risk factors)





Assign probability distribution curves





Event triggers need for SRA





� EMBED OrgPlusWOPX.4  ���





Baseline





Baseline





Current
















































































































































































































































































































































































PAGE  
1
CHECK THE MASTER LIST-VERIFY THAT THIS IS THE CORRECT VERSION BEFORE USE


_1163410421.xls
reserve

		FY04		FY04		FY04		FY04

		FY05		FY05		FY05		FY05

		FY06		FY06		FY06		FY06

		FY07		FY07		FY07		FY07

		FY08		FY08		FY08		FY08



ISTAR

X-43C

Program

Total

Reserve

3.342

6.128

0

73.6

2.4

6.795

7.2

83.3

1.74

8.68

9.7

82.5

0.321

4.617

44

55

0

1.875

44

21.3



Sheet4

				FY04		FY05		FY06		FY07		FY08

		ISTAR		3.342		2.4		1.74		0.321		0

		X-43C		6.128		6.795		8.68		4.617		1.875

		Program		0		7.2		9.7		44		44

		Total		73.6		83.3		82.5		55		21.3





ISTAR

		FY 02		FY 02

		FY03		FY03

		FY04		FY04

		FY05		FY05

		FY06		FY06

		FY07		FY07



&A

Page &P

NOA

FTEs

M$

FTEs

ISTAR

25.41

29

29.154

33

32.85

31

24.775

31

18

25

4

15



Sheet1

				FY 02		FY03		FY04		FY05		FY06		FY07

		NOA		25.41		29.154		32.85		24.775		18		4

		FTEs		29		33		31		31		25		15





RTA

		FY02		FY02

		FY03		FY03

		FY04		FY04

		FY05		FY05

		FY06		FY06

		FY07		FY07



&A

Page &P

NOA

FTEs

M$

FTEs

10.2

22

20.4

26

25.4

31

27

31

17

31

10

31



Sheet2

				FY02		FY03		FY04		FY05		FY06		FY07

		NOA		10.2		20.4		25.4		27		17		10

		FTEs		22		26		31		31		31		31





x43c

		FY 02		FY 02

		FY03		FY03

		FY04		FY04

		FY05		FY05

		FY06		FY06

		FY07		FY07

		FY08		FY08



NOA

FTEs

$M

12

40

21.1

68

25.6

80

40.6

80

57.9

80

45.9

80

23.1

79



Sheet3

				FY 02		FY03		FY04		FY05		FY06		FY07		FY08

		NOA		12		21.1		25.6		40.6		57.9		45.9		23.1

		FTEs		40		68		80		80		80		80		79






_1163503841

_1157440738.ppt




Where the schedule now stands

Actual data

What has been accomplished

Plan vs. actual

Prediction of future status and progress

Projections

Schedule

Performance

Reporting

Schedule Performance Reporting



Progress

Reporting



Status

Reporting



Forecasting








_1104047088.bin

