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[bookmark: _Toc288037447]Purpose
This supplemental to the Schedule Management Plan template, provides greater detail on some scheduling topics discussed in the template, that may be new to some readers. Topics such as a High-level Milestone Schedule, a Deliverables-based Work Breakdown Structure, and Activity Duration Estimation are elaborated in this document. Additional scheduling resources are noted in Section 2. 

[bookmark: _Toc288037448]Schedule-Related Resources
Reference books available in the OSI PMO library or through the Project Management Institute (PMI) include: 

· Practical Standard for Work Breakdown Structures – Second Edition 
· Practice Standard for Scheduling
· Practice Standard for Earned Value Management 

Other useful books: 

· Earned Value Project Management - Third Edition, by Quentin W. Fleming
· Integrated Cost and Schedule Control in Project Management, by Ursula Kuehn, PMP

PMI offers a monthly scheduling forum to educate those in the scheduling field on the latest scheduling practices. See www.pmi-svc.org for details.

[bookmark: _Toc288037449]High-level Milestone Schedule
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]The High-Level Milestone Schedule (HMS) is a visual representation of the critical activities, milestones, and interfaces across the entire project, If known, critical dates dictated by higher authority are also be shown. The HMS is prepared and maintained as a single product that captures the plan for executing the acquisition strategy, including incremental approaches. 

The HMS is created during the Acquisition Phase or sooner to provide a high-level visual representation of the new project and the vertical integration of related deliverables from other existing or pending contracts. Consider including this document in the Request for Proposal to inform the bidder of expected events or milestone constraints and other contract interactions. Update the HMS during the course of the project if critical activities, interfaces, or dates change. 

Diagram 1 shows one example of a HMS vertically aligned with two supporting contracts for a fictitious Call Center project. The HMS in this example depicts critical activities across the project and is vertically aligned with related activities delivered during the fulfillment of Contract A and Contract B. 



The top of the diagram shows the State schedule of events known at the time the HMS is created. This diagram does not have actual dates next to the event indicators, but if they are known, they should be included. The value of the HMS is not minimized by lack of specific dates. Even general timeframes or simply the order of events will communicate a project story-line project to stakeholders, team members, and interfacing contractors. It also sets an expectation early on that each party understand their role and relative timing in the global picture. 

Continuing with Diagram 1, the Items on the top timeline are defined by the State and are the State’s responsibility to bring to completion. The two lower placed timelines show what Contractor A (Prime Contractor) and Contractor B (Sub to A, stand alone contractor, or another State organization) are responsible to provide for the project and when those items should be provided in order to complete the project on time. 

In the example, Contract A will deliver integrated call center hardware and software to the new project. Contract B will produce and deliver the call center script software to Contract A for hardware integration. The diagram illustrates the key events (or activities) between contracts A and B and how they support each other while interfacing with the State’s activities. 

If the State’s exact time frame for key events are undetermined and/or interfacing contracts may be in play or they may only be anticipated at that point, the HMS can still be drafted with estimated information and solidified as planning evolves. As dates or timing matures, the HMS can be formalized and included in the RFP. Contractor A should include this diagram in their RFP to Contract B. Additionally; key activities shown for Contract B to support the vertical integration should be reflected in the Integrated Master Schedule (IMS) for Contract A. 

[bookmark: _Toc288037450]Work Breakdown Structure 
The Work Breakdown Structure (WBS) is a tool used by the project manager to define the scope of a project and to give it cohesiveness so that the project can be managed as a unique one-time effort. The WBS shows the integration of all project activities and deliverables. It also distinguishes one project from another project in an organization that has multiple projects competing for the same limited resources. 
While the WBS looks like an organizational chart, it is not an org chart. While the organization chart represents people responsible for performing work, the WBS represents deliverables to be developed for a final system. In the same way that an organizational chart shows the relationship between people, the WBS shows the relationship between deliverables/work products. The term “deliverable” in this case does not necessarily mean “contracted” deliverable. It simply refers to a work product that is a component of the ultimate system the project is intended to produce. 

[bookmark: _Toc288037451]Deliverable-oriented WBS
The deliverable-oriented WBS defines project work in terms of components (physical or functional) that make up the deliverable. The deliverable-oriented is not prescriptive of methods. Methodology can change without any change to the planned outcomes. Planned outcomes or deliverables (which should be fairly rigid) should not be closely blended with actions and methods (which can be flexible). 
As a scope and schedule control tool, a deliverable-oriented WBS shows how much of the deliverable and scope has been completed during the project lifecycle. If a major setback occurs that requires the project to be delayed mid-stream or scope to be reduced, it is possible to clearly delineate the work associated with the different features of the product so the customer can choose what will be kept and what will be delayed for another time. The schedule can easily be subdivided at that point as it replicates the WBS, avoiding further loss of time or major schedule reconstruction.

The WBS can be formatted in several ways. The tree format is most helpful for showing the relationship between components. Diagram 4 illustrates a WBS for a project that intends to build a house as its final “system.” 


Diagram 2 – WBS for House-building Project




As you can see, the WBS is visually similar to the organizational chart, but each box on the WBS (called, an “element”) is titled with a name of a component or work product rather than a person or department. Here is a brief overview of the purpose of each level of a WBS. Diagram 5 reiterates.
The top of the chart is headed by the name of the Main Deliverable (final system) – House. 
The House is decomposed into the Major Deliverables (major elements in the scope of work) necessary to build the house. 
The major work products/deliverables are decomposed into the Sub-deliverables necessary to build the deliverables on the level above. 
The sub-deliverables are decomposed into the Activities necessary to build the sub-deliverable. 
The activities are decomposed into the Tasks that must be done to accomplish the activity. 
The tasks are decomposed into the Sub-tasks that must be done to complete the task above.
Diagram 3 – WBS Levels




A “deliverable” is not necessarily a “contracted” deliverable although it can be. It is simply a work product for the final system or a significant element of the final system. Level 2 elements represent the Major areas/work products in the scope of work that make up the project’s Main Deliverable shown on Level 1. 
It is a good idea to create a contracted deliverable for a Major Deliverable/element so that official sign-off is required by the State for such a major part of the final system. It drives the requirements development team to define the functional, technical, and interface requirements for this Major element. 
The Task level is the first level that can be quantified in hours of work and assigned to a member of the project team to complete. If the resource that will do the work still sees the element on that level as ambiguous or too broad to break into hours, then it is not yet at the Task level and requires further breakdown. 
Tasks and Sub-tasks are to be stated in the past tense as the outcome of the work rather than as the work effort itself since doing so enables the project team to define measureable entry and exit criteria for starting and ending the task. Defining the element as the work outcome also makes it easier to develop measurable specifications around work-product acceptance.  
The depth of decomposition is driven by the complexity of the deliverable on the level above and not all deliverables will be decomposed to the same number of levels. The project team must find the right balance of detail since the decomposition will ultimately convert into a project schedule which could be too large and cumbersome to efficiently manage. 
The customer should participate in the building the upper levels of the WBS. Beginning with the ultimate item the customer is purchasing (the project’s main deliverable), the customer and the project manager should thoroughly decompose the ultimate product, into its features and functionality down to the Activity level. The WBS will illustrate the full scope of customer expectations in the form of WBS elements. The customer should see exactly what they are “buying” when they look at the WBS. When the WBS is created without customer involvement, product/service features may be missed resulting in unexpected costs, scope creep, or a delayed finish date.

[bookmark: _Toc288037452]WBS Element Numbering
To further identify a WBS element and establish the relationships between elements, elements are numbered in descending order from the higher to lower levels. Higher level elements dictate the numerical identity of their sub-elements on the lower levels. Diagram 6 illustrates a numbering methodology applied to the same WBS for the house building project.


Diagram 4 – Numbered Elements for House WBS





[bookmark: _Toc288037453]Project WBS vs. Contract WBS
In situations where the state will obtain the final deliverable from a contractor, the state may develop a WBS down only to the degree that the customer can confirm that all components of “what” they are expecting to receive are in fact accounted for. This WBS may be decomposed down to the third level. This high-level WBS is known as a Project WBS. The Project WBS specifies the deliverable and its major sub-deliverables to reveal the entire scope of the deliverable (the “what”) without specifying the “how.” The contractor will decompose the fourth, fifth, sixth levels to reveal their unique approach to “how” the work will be accomplished. That work though is still stated in terms of the “deliverable” associated with the work. While there may not be a contracted deliverable for a task, as stated in a requirement, there should be a measureable outcome. The contractor’s WBS is known as the Contract WBS. Diagram 7 illustrates the composite WBS comprised of the Project WBS and the Contract WBS for the house building project illustrated in earlier diagrams.
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Diagram 5 – Combined Project and Contract WBS

          
                                                                                                                                           



In another example, Diagram 6 illustrates the Project and Contract WBS for a Licensing Software project. The Licensing Software is the Main Deliverable of the project. It is what the customer is buying. Level 2 shows the Major Deliverables to the Main Deliverables. In this case, the elements represent major modules within the licensing software. One Major Deliverable, the Appointment System is further decomposed into level 3 elements which are Sub Deliverables to the Appointment System. The Appointment System has two Sub Deliverables shown: The Calendar System and a Location Search component. The contractor has broken the Calendar System down into Activity, Tasks, and Sub Task (not shown) elements and each is stated as an outcome of the work rather than the work step or work method. 
As stated earlier, creating a Project WBS with the customer early on gives the customer the big picture of what they are “buying.” There are several benefits to making the Project WBS part of the contract by putting it into the RFP:
It clearly identifies what the State is buying in all its components
It enables everyone to cross check that requirements to make the system are not missing and fully represent the planned purchase
It sets up an expectation early on of how the schedule will look and how deliverables will be tracked
It saves time when integrating schedules because the State and the contractor will be using the same skeletal format as dictated by the Project WBS.
It holds the contractor accountable for what they produce rather than how they produce it. 

[bookmark: _Toc83456439][bookmark: _Toc288037454]Estimate Activity Durations
The best tool for capturing actual information in a manner that is useful for future estimating of work package effort is the deliverable-oriented WBS, in which each work package is a child or a lower-level component, part, or function that builds up to the components and modules of the deliverable of the project. This type of WBS produces information that is repeatable and can be correlated and traced, when needed, to a similar component part or functional module of the work package currently being estimated. The information can also be stored in a repository for estimating future projects. 

There are several methods for estimating the duration of a work package or task:
Analogy: Basing the estimate on information from a similar work package performed in the past.

Parametric: Basing the estimate on a number of similar data points in a work package that was performed in the past. 

Best Guess: Basing the estimate on the best guess of the person to perform the work. When the work is new and innovative, this may be the only approach.

When reliable data from the past is unavailable, the California Technology Agency (TA) recommends a duration calculation based on estimating 15 variables that can influence time on a project. See the TA website for the “Activity Duration Estimate Worksheet” tool. 

To identify the time risk associated with a work package, activity, or task, the Program Evaluation and Review Technique (PERT) developed by the U.S. Navy can be determine an expected range of time/risk for an estimate. The formula is:

PERT mean = (O+4ML+P) divided by 6
Where:
O =   Optimistic estimate
ML = Most likely estimate
P =    Pessimistic estimate

Asking the team member performing the work to provide all three pieces of information allows the team member to identify threats that may be beyond his control. It also enables the project manager to choose which estimate to use, but can see the impact to the schedule based on all three. The team member still gets the “most likely” time to complete the work and if the PERT mean was used for the schedule, the remaining time goes into management reserve to be used later if needed. Seeing the pessimistic estimate also allows the project manager to consider risk mitigation strategies that had the pessimistic estimate not been requested, may not have been identified in advance. 


[bookmark: _Toc288037455]WBS Dictionary
The WBS Dictionary is created and designed to help control what work is done and when, to prevent scope creep, and increase understanding of the effort for each task. Sometimes referred to as a task description, it helps the project by placing boundaries on what is included in the task (or work package). A WBS Dictionary may contain information similar to the following:

	WBS Dictionary (Task Description)

	Project Name _Build a House____
	Task No. 1.1.1.1.1.1
	Date Issued  1/6/11

	Person Assigned _Emma Watson__

	Task Description (what work is authorized)

Acquire soil testing services and have soil tested. Present findings of the soils report to Project Management together with recommendations for property layout.


	Quantified Goals and Objectives

Completion of soil testing for the property


	Production Description: Soils Report



	Acceptance Criteria:       Submission to project management of a complete and comprehensive soils report from a certified soils examiner which covers the entire property.


	Deliverables:  1) Proposed SOW and procurement document, 2) Proposed Evaluation method, 3) Final Evaluation Report, and 4) Final Soils Report


	Resources Assigned: Sandy Loam, Howard Mudd


	Duration:  60 days


	Cost:  $ 15,000


	Due Date:  3/20/2011


	Interdependencies:  Before this Task: _none__      After this Task _House Design Plan, Layout Design, tree work, sod work, driveway and foundation

	Approved by:  Project Manager ____________________    Date: _________
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