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1.0
Purpose

The purpose of these guidelines is to provide Information and Information Technology (I&IT) project managers, project analysts and PMO staff with an understanding of the project cost estimates recommended at each phase of the I&IT project life cycle. This document is also intended to better inform fiscal planning branches and executive decision makers of what is feasible in terms of I&IT project cost estimation at the various controllership and decision points.  
I&IT cost estimation is a part of the daily work of every I&IT project and program in the OPS. The goal of these cost estimation guidelines and related tools is to take a first step in improving OPS-wide I&IT cost estimation capacity through introducing common approaches and tools.  These guidelines should be viewed as a first step only in a gradual process of improving OPS-wide I&IT organizational capacity in this regard.  
The content of the document has been developed in order to assist project teams in planning and costing new projects, and refining these project costs throughout the project life cycle.  Project cost estimation is a critical enabler of the Gating process whose aim is to improve I&IT project controllership and project success.  For this reason, these guidelines and related tools are posted on the I&IT Controllership Branch website: http://intra.cio.gov.on.ca/controllership/index.htm. 
The following guidance on cost estimation is provided in this document:
· Introduction to the practice of cost estimation 
· Cost estimation and the OPS allocations process
· Recommended cost estimation approaches 
· Cost estimation practices and tools

 2.0
Cost Estimates and the OPS Planning Cycle
A project cost estimate is a prediction of the expected cost required to complete a project.  Cost estimates can and should be made at various points throughout the project life cycle to assist in effective project planning and management.  A cost estimate is almost always calculated as a range – an estimate of the lowest possible cost and the highest possible cost – at a given point in time using the best information on hand. A cost estimate made early in the project is typically used as input into a business case seeking approval for the project.  As more and more actual costs come in, a project estimate improves in accuracy until full actual costs are known at the conclusion of the project. 
In contrast, the OPS planning and allocations process determines funding flowed at a ministry and program level.  A project might accrue costs within a program or across several programs, often including recoveries made between the ministry and its cluster for I&IT services rendered.  If funding is required for a project, the request is addressed at a program level, with an appointed program area project sponsor. Through the OPS Gateway Review Process, a request for I&IT Project approval occurs at Gate 1 through the submission of a Business Case, TB/MB-20, or Results-based Plan (RbP) Activity Note (see <insert Controllership URL here> for information regarding the Gateway Review Process).  

If a project request is approved, funding is flowed to the project at a program allocation level. The project tracks its actual costs versus its projections, throughout its life, and reports these numbers (and any variances) to program project sponsors, who in turn regularly submit financial updates to fiscal and controllership functions within the ministry. I&IT Controllership receives quarterly financial reports on I&IT projects over $10 million through the Major Projects Report (MPR); I&IT Clusters and programs may request similar information from smaller projects as well. 

Project cost estimates and actuals fall into the following three cost categories that are tracked by the project manager at a project level, and by IFIS, at a program level: 
· Personnel – project staff and backfills, both existing and net new
· Procurements – goods (software, hardware, infrastructure, etc) and services (integrator, consultants, trainers, etc)

· Facilities – leases and furnishing for project team

The discipline of cost estimation can help OPS I&IT project managers conduct better estimates of the projected cost of a given project in the early phases of the project in order to provide higher quality funding data to decision makers. With each subsequent phase of a project, cost estimation tools and techniques can assist project managers with project cost controllership and decision support. 
3.0
Introduction to the Practice of Cost Estimation

Project cost estimation includes techniques and tools that can be used to predict and verify the costs associated with OPS Information and Information Technology (I&IT) projects. Cost estimation enables project controllership through both the proper management of project budgets and through improving decision making capabilities, both of which are necessary for project control. In the absence of repeatable cost estimation techniques and best practices there is little basis for assessing project performance or return on investment across a portfolio of projects. 

Cost estimation is a critical tool in enabling projects to obtain the appropriate level of funding upon approval, and providing support to project control throughout the project life cycle. The outputs of such models are inputs into such financial/business decisions and processes as:

· Obtaining initial project approval 
· Developing a project budget

· Procuring project-related services

· Project tracking and reporting

At a high level, here’s how it works:

1. The starting point for project cost estimation is the size of the I&IT project deliverable(s) based on user requirements. The size estimate is determined in terms of: source lines of code, function points, XXX or YYY.  

2. Once the size of the project has been determined, the estimate can be produced based on the specific attributes of the project which can either be supplied by the user or obtained from an estimating tool’s knowledge base of comparable projects. Project attributes fall into the following four types: 
· Technology – e.g., programming language; reusable artifacts available
· Personnel – e.g., experience of development team, staffing constraints
· Processes – e.g., project methodology

· Environment – e.g., rate at which project requirements may change
3. The project size determines the estimate of effort and schedule, factored up or down by the specific attributes of the project (listed above), which essentially act as risk multipliers.  
4. The cost estimate is based on costs applied to the estimate of effort and the project schedule and includes consideration of: license fees, salaries, procurement costs, capital and lease costs, etc.  
Once a cost estimate is prepared, the project manager will review the schedule and cost estimates with the project sponsor, or client.  A defensible estimate can be a powerful vehicle in allowing the project manager to clearly demonstrate to the client, the precise impact of schedule and funding adjustments to the project duration, cost, size and quality of the deliverables.  A cost estimate can be refined and revisited iteratively throughout the project life cycle as additional user requirements are provided, actual costs determined, scope changed or project attributes revised. 
4.0
Cost Estimate Recommendations by Gate 

4.1
Continuous Refinement of Estimates

Project cost estimates become more and more refined, or accurate, with every phase of the project life cycle. This is because greater project definition – of deliverables, user requirements, and procurements – brings greater certainty to estimates of final project size, schedule and cost.  Figure 1 below illustrates this concept of continuous refinement of project deliverables and costs mapped against the gates of the OPS Gateway Review Process. 
Figure 1Continuous Refinement of Project Cost Estimations Throughout Project Life Cycle 
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At the beginning of a project, a cost estimate naturally entails a high degree of uncertainty.  Such an estimate should be used for the purpose of screening or feasibility, perhaps as part of a Project Portfolio Management (PPM) approach.  As deliverables become defined, requirements completed, procurements landed, project costs become more and more refined.  It is at this stage of a project, when the detailed design is complete, that the project estimate becomes a truly good predictor of the final actual project costs.  And, of course, 100% project cost accuracy is only possible upon project close-out when all costs are known.
4.2
Cost Estimates Recommended for Each Gate

Table 1 below provides recommendations for the types of cost estimates ideally suited for each gate of the project life cycle and the accuracy range expected. Each of these cost estimate types are defined below, in Section 4.3.
Table 1 Cost Estimate Recommendations for Each Gate of the Gateway Review Process

	Gate
	Project Phase 
	Recommended Cost Estimate Type at Each Gate 
	Accuracy

Range

	0
	Concept
	Rough order of Magnitude
	± 50 – 100%

	1
	Concept
	Order of Magnitude 

	± 25 – 75%

	2
	Definition


	Order of Magnitude 
	± 25 – 75%

	3
	Planning
	Budgetary


	± 15 – 50%

	4
	Implementation


	Refined
	± 10 – 25%

	5
	Close-Out
	Definitive


	Actuals


4.3
Cost Estimate Types

There are five different types of I&IT project cost estimates generally agreed upon by practitioners, in increasing order of refinement:

· Rough order of magnitude

· Order of magnitude 

· Budgetary 

· Refined

· Definitive 

These estimate types vary in their precision and information used to generate them.  As a result, they are each applied at different points in the project life cycle.  
4.1.1
Rough Order of Magnitude 
Rough order of magnitude estimates are generated early in the concept phase, at Gate 0, before an idea is approved. This high level estimate supports the kind of initial project scoping and options analysis conducted as part of a Project Portfolio Management (PPM) approach. A rough order of magnitude estimate is developed by a project manager with the help of subject matter experts (e.g., Information Technology Services (ITS), program sponsor, consultants) and can be developed using data driven software tools (see Section 5 for further discussion of such tools). This preliminary estimate is often based on very limited information, such as project or product design parameters, and requires relatively little time and effort to generate.  As a result however, such estimates are also the least accurate, ranging from -50% to +100%.  
4.1.2
Order of Magnitude
Order of magnitude estimates are typically refined rough order of magnitude estimates, developed near the end of the concept phase as part of a business case in anticipation of Gate 1 project approval and possibly further refined during the definition phase preceding Gate 2. An order of magnitude estimate is developed by a project manager with the help of subject matter experts (e.g., Information Technology Services (ITS), program sponsor, consultants) and can be developed using data driven software tools (see Section 5 for further discussion of such tools).  This early estimate is based on limited information, such as project or product design parameters, further informed by preliminary architectural scoping, and detailed identification of resources (personnel, goods and services) as mandated by OPS funding request requirements.  The accuracy range for this type of estimate is wide, ranging from -25% to +75%.  
4.1.3
Budgetary 
Budgetary estimates are developed during the planning phase when deliverables become more defined, requirements completed, and procurements landed. It is at this stage of a project, at Gate 3, when the detailed design is complete, that the project estimate becomes a truly good predictor of the final actual project costs.  In the case of multi-year projects, a budgetary estimate is done in order to plan annualized expenditures or to formulate budgets at the work package level.  This type of estimate is derived from a combination of actual personnel, goods and service costs as well as deliverable design information and has an accuracy ranging from -10% to +25%.  
4.1.4
Refined 
Refined estimates are only possible during the implementation phase, where a significant percentage of actual costs are in hand, reducing uncertainty to such a level so as to provide a cost estimate in the range of  -5% to +10%.  This type of estimate is derived from a combination of actual personnel, goods and service costs as well as remaining projections of implementation costs.  Because the implementation phase is the most substantive phase in terms of percentage of total project costs, a project manager will likely be required to maintain definitive estimates through several reporting cycles as a means of project control (i.e., tracking variances and project performance)  An increasing percentage of actual costs versus project costs will be gathered as Gate 4 is approached. 
4.1.5
Definitive 
Definitive estimates consist of the actual cost of the project, generated upon conclusion of the closeout phase, in anticipation of Gate 5. This type of estimate is done by adding up the total cost of all personnel, goods and services procured.  Ongoing support and maintenance required after project closeout should not be included in this figure. Definitive estimates can be used to assess the accuracy of prior estimates, provide details for close-out reports, and assess project or procurement effectiveness.   
In Section 5, general guidelines are provided on how to develop each of the cost estimates discussed here. 

5.0 Cost Estimation Approaches

5.1
Cost Estimation Approaches Recommended by Gate
While Section 4 recommended the type of cost estimates that should be generated for each project phase, or Gate, this section goes on to suggest different approaches that can be used to generate the cost estimate itself.  There are four generally agreed upon approaches that can be used in the development of a cost estimate: 
· Parametric – Uses a mathematical model (almost always with software) to generate a cost estimate based on information including: project and deliverable size, project team attributes, technology used, and other environmental assessment factors.
· Analogous - Uses information regarding similar historic projects (often with the help of software) to generate a cost estimate.
· Top-Down - Uses subject matter expert experience and preliminary information to generate a high-level cost estimate based on project and product parameters.
· Bottom-Up – Uses accounting-driven information regarding personnel, goods and services to estimate costs; assumes a work breakdown structure (WBS) exists. 
Cost estimation approaches for each gate and cost estimate type are described in Table 2, below. This table simply builds upon Table 1 in Section 4, by adding a recommended approach, to each recommended cost estimate type. Each of these approaches is described in more detail below, in Section 5.2. 
Table 2  Cost Estimate Approaches for Each Type of Cost Estimate

	Gate
	Project Phase 
	Recommended Cost 
Estimate Type 
	Cost Estimate Approaches that can be used

	0
	Concept
.
	Rough order of Magnitude
	Top Down

Parametric

Analogous

	1
	Concept
	Order of Magnitude 


	Top Down

Parametric

Analogous

	2
	Definition


	Order of Magnitude 


	Top Down

Parametric



	3
	Planning
	Budgetary
	Bottom Up

	4
	Implementation


	Refined
	Bottom Up

	5
	Close-Out
	Definitive


	Bottom Up


5.2
Definitions for Each Cost Estimation Approach

There are four accepted approaches for cost estimation that, when used together, can provide a portfolio of estimation method choices. Different approaches are preferred for different types of cost estimates as described in Table 2.  However, it is a best practice to conduct more than one type of estimate to support key decisions points, particularly early in the project life cycle.  
A resource list of tools and techniques for each of the approaches described below, can be found in Appendix 2. 
5.2.1
Parametric Cost Estimation
Definition:  Parametric, or model-based estimation, uses mathematical equations/algorithms to generate the cost estimate. This process follows a set methodology and almost always involves the use of a software tool.  Project size, deliverable size, and various internal and external influencing factors are entered by the user into the software, which calibrates the cost estimate to reflect these variables. The calibration is based upon industry norms and/or the organization’s own experience, and can be calibrated against validated international data sets. The first step in the cost-estimation process is to identify the tasks required to successfully execute the project: a parametric costing tool can generate a work breakdown structure (WBS) as one of its deliverables. 
Parties Involved: Project Sponsor or Sponsor’s Representative, Business Analyst, IT Analyst, Subject Matter Experts
Inputs: 
· Target completion date (if one exists)

· Target budget (if one has been mandated)

· Deliverable size estimate (e.g., lines of code, function points)

· Preliminary scope statement with clearly defined and measurable end sate

· Preliminary I&IT and business environmental analysis

Process:

· Step 1: List all assumptions, project specific cost items, and user requirements

· Step 2: Enter assumptions and cost items into parametric software tool

· Step 3: Refine cost estimate with project sponsor

Outputs:

See Cost Estimation Outputs and the Basis for Project control – paul to provide

5.2.2
Analogous Cost Estimation

Definition:  An estimating technique that uses a comparative approach to derive an estimate. In other words, a new project being estimated is compared in size and complexity to other known projects and costs. This method allows for adjustments based historical records of an organization including lessons learned, productivity rates, and actual costs. Estimating by analogy is used at the preliminary stages of a project and must be later refined.  Analogous estimating requires the estimator to have some understanding of the historical data and also experience in similar projects. It is less useful when key parts of the new project differ from most of the projects from which the historical data are derived or when organizational history is poor. 
Parties Involved: Project Sponsor or Sponsor’s Representative, Business Analyst, IT Analyst, Subject Matter Expert(s), Architecture Consultation (if required), Consultation (if required)

Inputs: 

· Refined scope statement for the option being estimated with a clearly defined and measurable end state.

· High-level business benefits aligned with project key deliverables

· Refined IT and business environmental analysis

· Preliminary Threat Risk Assessment as it affects cost

· Preliminary Privacy Impact Assessment as it affects cost

· Refined target completion date (if one exists)

· Refined target budget (if one has been mandated)

· Other prior estimates and supporting documentation
Process:

· Step 1: Based on the best information and judgement available, identify and/or refine duration estimates for individual components of the project. Ensure that the whole project scope is identified
· Step 2: As more project information is known and the environment and risks are taken into account, the duration and/or resource estimates may need to be refined.  The values should be summed and risk adjusted given the most current information (and judgement) available. 

· Step 3: Infrastructure, architecture, and other experts should be pulled into a discussion to refine this figure.
· Step 4: Refine integration costs.
· Step 5: Determine operations and maintenance costs.
· Step 6: Revisit Assumptions. 
· Step 7: Aggregate the above estimation factors so that assumed rates are tied to the resources expected to do the work, durations are taken into account, and other cost items are added.  The resulting estimate should be compared to prior estimate results and/or alternative estimate approaches.

Output: 

· An intermediate level WBS with tasks defined at the summary task level including the following:

· Generic resources and roles assigned to complete each summary task

· Duration necessary to complete each summary task

· Cost to complete each summary task
· Updated total cost of the project
5.2.4
Top-Down Estimating 
Definition: This type of approach derives an estimate by developing an overview of the system without going into detail. Top-down estimating is often designed with the use of "black boxes" that keep the development details at a high level and make it easier to develop a preliminary cost estimate (i.e., based on person months for each major deliverable) at the engagement or business case level.  However, this is insufficient to allow for understanding of the elementary mechanisms to derive a more refined estimate.  There is a high degree of uncertainty in top down estimates. Top-down estimating requires some understanding of the architecture of the project deliverables. The cost of individual deliverables will be estimated generally by analogy or expert judgement. 

5.2.3
Bottom-Up Estimating 

Definition:  A project cost estimation approach that uses tasks and deliverables at the lowest level of the project plan and sums up the costs associated with each. The individual estimates are then aggregated for an overall estimate. Bottom-up estimating is resource-intensive, requiring detailed experience, knowledge, or understanding in the functional or design characteristics of the work packages of the proposed project. The focus on details makes it inapplicable to projects early in the life-cycle without a work breakdown structure.  A bottom-up estimate is built from prior actuals data, prior cost experiences and details regarding known cost components. 
Parties Involved:  Project Sponsor or Sponsor Representative, Project Team (programmers, architects, designers, technical specialists, etc), Business Analyst(s), IT Analyst(s), Subject Matter Expert(s)
Inputs:

· Definitive scope statement for the project being estimated with a clearly defined and measurable end state.

· Measurable and achievable business benefits aligned with project key deliverables

· Detailed IT and business environmental analysis

· Detailed Threat Risk Assessment as it affects cost

· Detailed Privacy Impact Assessment as it affects cost

· Target completion date (if one exists)

· Target budget (if one has been mandated)

· Prior estimate information and supporting documentation

· Past project information (related, similar project components)

· Project financial actuals: RFS results, RFP results and documentation

Process:
· Step 1:  Expand the work breakdown structure (WBS) fully.

· Step 2:  With the project team, the project manager can decompose the summary tasks into work packages and plan the duration and/or resource estimates may need to be refined.  This in-turn may lead to changes in the cost to deliver key milestone/deliverable.
· Step 3: Infrastructure, architecture, and other experts should be pulled into a discussion to refine this figure.
· Step 4: Refine integration costs.
· Step 5: Determine operations and maintenance costs.
· Step 6: Revisit Assumptions. 

Outputs:
· A fulsome WBS with tasks defined at the work package level.  The WBS should have the following:

· Actual resources and roles assigned to complete each subtask task

· Duration necessary to complete each sub task

· Cost to complete each sub task
· Updated total cost of the project

Appendix 1:  Common Cost Estimation Terms

Cost Control: A component of project control that relates to gathering, analyzing, reporting, and managing project costs on an on-going basis. This includes monitoring actual costs versus budget, variance analysis, integrated cost/schedule reporting, progress analysis, and corrective action.

Cost Element: A unit of costs or individual cost item in the form of direct labour, materials costs, and or burdened costs such as: FTE costs, consultant costs, and infrastructure costs.

Cost Incurred: Costs identified through the use of the accrual method of accounting; costs actually paid out. Costs include direct labour (FTE and consultants), direct materials, and all relevant indirect costs.

Cost Input: The costs (excluding indirect, general and administrative (G&A) expenses) which are directly related to the project during a cost accounting period.

Cost Management: Concerned with the effective financial control of the project through evaluating, estimating, budgeting, monitoring, analyzing, forecasting and reporting the cost information.

Full Cost: Represents a systematic approach for identifying, summing, and reporting the actual costs related to a service or product. It takes into account past and future outlays, overhead (oversight and support services) costs, and operating costs. 

Function Point:  A unit of measurement to express the amount of business functionality an information system provides to a user.
I&IT Project Cost: The incremental and attributable costs incurred by the managing organization(s) to complete the scope of work of an I&IT Project. This includes costs associated with managing, designing, building, testing, implementing, deploying and closing the scope of I&IT Project work. It does not include maintenance costs or any business transformation costs that are not directly attributable to the attainment of an I&IT project deliverable. 
Process: The sequence co-ordinated activities that occur to deliver a desired result. Tools and techniques generally are applied in the course of such process.

Source Lines of Code (SLOC) – SLOC counts the number of lines of executable code in the software as a measure of the project’s size. It is usual practice for this measure to exclude comment and other non-executable lines. What constitutes a source line is not as important as counting the source lines consistently from project to project.. 

Total Cost of Ownership: A financial estimate designed to help project managers and executives assess direct and indirect costs commonly related to software or hardware. It includes an assessment of development and production and maintenance costs. It is related to full cost accounting.
Use Case – A software development tool/format that lists and describes how users will be expected to use the system. There has been some work to use the number of use cases as a metric to express application size. An individual use case provides a scenario that portrays how the system and user (called actors) will achieve a specific result or function. A software application is typically made up of many use cases.  Use case actors may include systems, end users, clients, I&IT staff, or business users. Use cases are characteristically devoid of technical jargon so that end users, the business, or domain experts are able to make sense of them. Use cases are often co-authored by business analysts and end users and can be an important input to function point analysis.

Work Breakdown Structure (WBS): A project management technique for defining and organizing the total scope of a project, using a hierarchical tree structure. The first two levels define a set of planned outcomes that collectively and exclusively represent 100% of the project scope. A well-designed WBS makes it easy to assign any project activity to one and only one terminal element of the WBS.

Appendix 2
Resource List 
Top-Down Estimation Tools and Techniques

Techniques:

XXX

Tools:

XXXXX

Bottom-Up Estimation Tools and Techniques
Techniques:
XXX

Tools:

Link to: GSDC bottom-up costing tool
Other tools
Parametric Estimation Tools and Techniques

Techniques:

Link to a training course we audit and recommend to post through ITPC

COCOMO II – external training exists 

Tools:

Non-exhaustive list of parametric software vendors and some info about the tools
Analogous Estimation Tools and Techniques 
Techniques:

Link to a training course we audit and recommend to post through ITPC

Tools:

Non-exhaustive list of parametric software vendors and some info about the tools
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