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Chapter 6

Cost M anagement

6.1 Introduction

Cost is one of the three pillars supporting project success or failure, the other two being schedule and performance.
Projects that go significantly “over budget” are often terminated without achieving the project goals because
stakeholders simply run out of money or perceive additional expenditures as “throwing good money after bad.”
Projects that stay within budget are the exception, not the rule. A project manager who can control costs while
achieving performance and schedule goals should be viewed as somewhat of a hero, especially when we consider
that cost, performance, and schedule are closely interrel ated.

The level of effort and expertise needed to perform good cost management are seldom appreciated. Too often, there
is the pressure to come up with estimates within too short a period of time. When this happens, there is not enough
time to gather adequate historical data, select appropriate estimating methods, consider alternatives, or carefully
apply proper methods. The result is estimates that lean heavily toward guesswork. The problem is exacerbated by
the fact that estimates are often not viewed as estimates but more as actual measurements made by some time trav-
eler from the future. Estimates, once stated, have a tendency to be considered facts. Project managers must remem-
ber that estimates are the best .

quesses by esimators under Project Cost Management
various forms of pressure and

with personal biases. They / \

must aso be aware of how ~ N N
others perceive these esti- | Resource | Cost | Budgeting | Cost
mates. Planning Estimating 9 9 Control

Cost management consists of

the four main activities or Figure6-1 Cost Management Processes

processes shown in Figure 6-

1. It requires an understand-

ing of costs far beyond the concepts of money and numbers. Cost of itself can be only measured, not controlled.
Costs are one-dimensional representations of three-dimensional objects traveling through a fourth dimension, time.
The real-world things that cost represents are people, materials, equipment, facilities, transportation, etc. Cost is
used to monitor performance or use of real things but it must be remembered that management of those real things
determines cost, and not vice versa.

6.2 Process Description

The first three cost management processes are completed, with the exception of updates, during the project planning
phase. The final process, controlling costs, is ongoing throughout the remainder of the project. Each of these proc-
is summarized below.

6.2.1 Resource Planning

Cost management is begun by planning the resources that will be used to execute the project. Figure 6-2 shows the
inputs, tools, and product of this process. All the tasks needed to achieve the project goals are identified by analyz-
ing the deliverables described in the Work Breakdown Structure (WBS). The planners use this along with historical
information from previous similar projects, available resources, and activity duration estimates to develop resource
requirements. It isimportant to get experienced people involved with this activity, as noted by the “expert judgment”
listed under Tools. They will know what works and what doesn’t work.
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Figure 6-2 Resource Planning Elements[1]

In trying to match up resources with tasks and keep costs in line, the planners will need to look at alternatives in
timing and choosing resources. They will need to refer back to project scope and organizational policies to ensure
plans meet with these two guidelines.

Except for very small projects, trying to plan without good project management software is tedious and subject to
errors, both in forgetting to cover all tasks and in resource and cost calculations.

The output of this process is a description of the resources needed, when they are needed, and for how long. This
will include all types of resources, people, facilities, equipment, and materials. Once there is a resource plan, the
process of estimating begins.

6.2.2 Estimating Costs

Estimating is the process of determining the expected costs of the project. It is a broad science with many branches
and severa popular, and sometimes disparate, methods. There are overall strategies to determining the cost of the
overall project, aswell asindividual methods of estimating costs of specific types of activity. Several of these can be
found in the resources listed at the end of the chapter. In most software development projects the majority of the cost
pertains to staffing. In this case, knowledge of the pay rates (including overhead) of the people working on the proj-
ect, and being able to accurately estimate the number of people needed and the time necessary to complete their
work will produce afairly accurate project cost estimate. Unfortunately, thisis not as ssmple as it sounds. Most proj-
ect estimates are derived by summing the estimates for individual project elements. Several general approaches to
estimating costs for project elements are presented here. [3] Your choice of approach will depend on the time, re-
sources, and historical project data available to you. The cost estimating process elements are shown in Figure 6-3.
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Figure 6-3 Cost Estimating Elements|[1]

Cost estimating uses the resource requirements, resource cost rates, and the activity duration estimates to calculate
cost estimates for each activity. Estimating publications, historical information, and risk information are used to help
determine which strategies and methods would yield the most accurate estimates. A chart of accounts may be
needed to assign costs to different accounting categories. A final, but very important, input to the estimating process
isthe WBS. Carefully comparing activity estimates to the activities listed in the WBS will serve as a reality check
and discover tasks that may have been overlooked or forgotten.

The tools used to perform the actual estimating can be one or more of severa types. The major estimating ap-
proaches shown in Figure 6-3 are discussed here. While other approaches are used, they can usually be classed as
variations of these. One caution that applies to all estimating approaches: If the assumptions used in developing the
estimates are not correct, any conclusions based on the assumptions will not be correct either.

6.2.2.1 Bottom-Up Estimating

Bottom-up estimating consists of examining each individual work package or activity and estimating its costs for
labor, materials, facilities, equipment, etc. This method is usually time consuming and laborious but usually results
in accurate estimates if well prepared, detailed input documents are used. [3]

6.2.2.2 Analogous Estimating

Analogous estimating, also known as top-down estimating, uses historical cost data from a similar project or activi-
ties to estimate the overall project cost. It is often used where information about the project is limited, especially in
the early phases. Analogous estimating is less costly than other methods but it requires expert judgment and true
similarity between the current and previous projects to obtain acceptable accuracy. [1]

6.2.2.3 Parametric Estimating

Parametric estimating uses mathematical models, rules of thumb, or Cost Estimating Relationships (CERS) to esti-
mate project element costs. CERs are relationships between cost and measurements of work, such as the cost per
line of code. [3] Parametric estimating is usually faster and easier to perform than bottom-up methods but it is only
accurate if the correct model or CER is used in the appropriate manner.

6.2.2.4 Design-to-Cost Estimating

Design-to-cost methods are based on cost unit goals as an input to the estimating process. Tradeoffs are made in
performance and other systems design parameters to achieve lower overall system costs. A variation of this method
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is cost-as-the-independent-variable, where the estimators start with a fixed system-level budget and work back-
wards, prioritizing and selecting requirements to bring the project scope within budget constraints. [3]

6.2.25 Computer Tools

Computer tools are used extensively to assist in cost estimation. These range from spreadsheets and project man-
agement software to specialized simulation and estimating tools. Computer tools reduce the incidence of calculation
errors, speed up the estimation process, and allow consideration of multiple costing alternatives. [1] One of the more
widely used computer tools for estimating software development costs is the Constructive Cost Model (COCOMO).
The software and users manual are available for download without cost (see COCOMO in the Resources.) How-
ever, please note that most computer tools for developing estimates for software development use either lines of
code or function points as input data. 1f the number of lines of code or function points cannot be accurately esti-
mated, the output of the tools will not be accurate. The best use of tools is to derive ranges of estimates and gain
understanding of the sensitivities of those ranges to changes in various input parameters.

The outputs of the estimating process include the project cost estimates, along with the details used to derive those
estimates. The details usually define the tasks by references to the WBS. They also include a description of how the
cost was derived, any assumptions made, and a range for estimate (e.g. $20,000 +/- $2000.) Another output of the
estimating process is the Cost Management Plan. This plan describes how cost variances will be managed, and may
be formal or informal. [1] The following information may be considered for inclusion in the plan:

e Cost and cost-related data to be collected and analyzed.

»  Frequency of data collection and analysis.

»  Sources of cost-related data

*  Methods of analysis.

» Individuals and organizations involved in the process, along with their responsibilities and duties.
» Limits of acceptable variance between actual costs and the baseline.

»  Theauthority and interaction of the cost control process with the change control process.

»  Procedures and responsihilities for dealing with unacceptable cost variances.

6.2.3 Cost Budgeting

Once the costs have been estimated for each WBS task, and all these put together for an overall project cost, a proj-
ect budget or cost baseline must be constructed. The budget is a spending plan, detailing how and at what rate the
project funding will be spent. The budgeting process elements are shown in Figure 6-4. All project activities are not
performed at once, resources are finite, and funding will probably be spread out over time. Cost estimates, WBS
tasks, resource availability, and expected funding must all be integrated with the project schedule in a plan to apply
funds to resources and tasks. Budgeting is a balancing act to ensure the rate of spending closely parallels the re-
source availability and funding, while not exceeding either. At the same time, task performance schedules must be
followed so that all tasks are funded and completed before or by the end of the project schedule.
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Figure 6-4 Cost Budgeting Elements|[1]

The spending plan forms the cost baseline, which will be one of the primary measures of project health and per-
formance. Deviations from this cost baseline are magjor warning signs requiring management intervention to bring
the project back on track.

Varioustools and techniques are available to assist in the budgeting process. Most of these are implemented in some
form of computer software. Budgeting is usually a mgjor part of project management software.

6.2.4 Cost Control

Cost contral is the final step of the cost management process but it continues through the end of the project. It isa
major element of project success and consists of efforts to track spending and ensure it stays within the limits of the
cost baseline. The following activities make up the cost control process: [1]

e Monitor project spending to ensure it stays within the baseline plan for spending rates and totals.

»  When spending varies from the plan determine the cause of variance, remembering that the variance may
be aresult of incorrect assumptions made when the original cost estimate was devel oped.

»  Change the execution of the project to bring the spending back in line within acceptable limits, or recognize
that the original estimate was incorrect, and either obtain additional funding or reduce the scope of the
project.

»  Prevent unapproved changes to the project and cost baseline.
When it is not possible to maintain the current cost baseline, the cost control process expands to include these ac-
tivities: [2]
»  Manage the process to change the baseline to allow for the new realities of the project (or incorrectly esti-
mated original realities.)
» Accurately record authorized changes in the cost baseline.

» Inform stakeholders of changes.

Theinput, tool, and product elements of the cost control process are shown in Figure 6-5.
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Figure6-5 Cost Control Elements[1]

The cost control process compares cost performance reports with the cost baseline to detect variances. Guidance on
what constitutes unacceptable variance and how to deal with variance can be found in the cost management plan,
developed during the estimation activities. Few projects are completed without changes being suggested or re-
guested. All change requests should run the gauntlet of cost control to weigh their advantages against their impact to
project costs.

Cost contral tools include performance measurement techniques, a working cost change control system, and com-
puter based tools. A powerful technique used with considerable success in projectsis Earned Value M anagement,
if used appropriately. It requires a fully defined project up front and bottom-up cost estimates, but it can provide
accurate and reliable indication of cost performance as early as 15% into the project. [4]

The outputs of cost control includes products which are ongoing throughout the life of the project: revised cost esti-
mates, budget updates, corrective actions, and estimates of what the total project cost will be at completion. Correc-
tive actions can involve anything that incurs cost, or even updating the cost baseline to realign with project realities
or changes in scope. Cost data necessary to project closeout are also collected throughout the life of he project and
summarized at the end. A final product, extremely important to future efforts, is a compilation of lessons learned
during the execution of the project. [1]

6.3 Cost Management Checklist

This checklist is provided as to assist you in cost management. Consider your answers carefully to determine
whether you need to examine the situation and take action.

U 1. Iscost management planning part of your project planning process?

U 2. Haveyou established aformal, documented cost management process?

U 3. Do you have a complete and detailed WBS, including management areas (See Mil-HDBK-881, Appendix H)?
U 4. Do you have historical information, including costs, from previous similar projects?

U 5. Haveyou identified all sources of coststo your project (i.e. different types of labor, materials, supplies,
equipment, etc.)?

6. Have you identified proven and applicable estimating methods, models, and/or guides?

7. Have you selected computer software to assist you in estimating, budgeting, tracking, and controlling costs?
8. Do you havejustifiable reasons for selecting your methods, models, guides, and software?

9. Are cost issues adequately addressed in your risk management plan?

O 000 Oo

10. Do you have a working change control processin place?
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O 11. Doesthe change control process adequately address cost impact?
O 12. Do your estimates cover all tasksin the WBS?

U 13. Do you understand your project’s funding profile, i.e. how much funding will be provided? At what inter-
vals? How sureis the funding?

O

14. Have you devel oped a viable cost baseline that is synchronized with the project schedule and funding pro-
file?

15. Do you have adequate flexibility in the cost baseline?

16. Do you have a plan/process for dealing with variances between cost performance and the baseline?

O 0O

17. Have you considered incorporating earned val ue management into your cost management efforts?

0 18. Areyou keeping records of your cost management activity for future efforts?

6.4 References
[1] Guideto the Project Management Body of Knowledge, A, Chapter 7, Project Management I nstitute, 2000.
[2] Baker, Sunny and Kim, Complete Idiot’s Guide to Project Management, 2ed., Chapter 15, Alpha Books, 2000.

[3] Chapman, James R., Cost Estimating, 1997, Principle Based Project Management website:
www.hyperthot.com/project.htm

[4] Femming and Koppelman, “Earned Value Project Management, A Powerful Tool For Software Projects,”
Crosstalk, July 1998: www.stsc.hill.af.mil/crosstalk/1998/jul/value.asp

6.5 Resources
Air Force Cost Analysis Agency (AFCAA): www.saffm.hg.af.mil/afcaal
Air Force Cost Reference Documents. www.saffm.hg.af.mil/af caa/reference.html
Cost Tools: www.saffm.hg.af.mil/af caa/model S'/model s.html
Chapman, James R., Principle Based Project Management website: www.hyperthot.com/project.htm

Constructive Cost Model (COCOMO), information and software, University of Southern California, Center for
Software Engineering: http://sunset.usc.edu/research/ COCOM Ol I/index.html

Crosstalk Magazine: www.stsc.hill.af.mil/crosstalk/

— “Metrics Tools: Software Cost Estimation”: _www.stsc.hill.af.mil/crosstalk/1995/jun/metrics.asp

— “Cost Realism Methodology for Software-Intensive Source Selection Activities’:
www.stsc.hill.af.mil/crosstalk/1995/jun/cost.asp

— “Earned Vaue Project Management”: www.stsc.hill.af.mil/crosstalk/1998/jul/value.asp

— “Pattern-Based Architecture: Bridging Software Reuse and Cost Management” :
www.stsc.hill.af.mil/crosstal k/1995/mar/pattern.asp

— “Does Calibration Improve Predictive Accuracy”: www.stsc.hill.af.mil/crosstal k/2000/apr/ferens.asp

—  “Project Recovery... It Can be Done”: www.stsc.hill.af.mil/crosstalk/2002/jan/lipke.asp

—  “Driving Quality Through Parametrics’: www.stsc.hill.af.mil/crosstalk/1998/nov/galorath.asp

— “Future Trends, Implicationsin Cost Estimation Models’:
www.stsc.hill.af.mil/crosstalk/2000/apr/boehm.asp

— Practical Software Measurement, Performance-Based Earned Value”:
www.stsc.hill.af.mil/crosstalk/2001/sep/sol omon.asp

—  “New Air Force Software Metrics Policy”: www.stsc.hill.af.mil/crosstalk/1994/apr/xt94d04a.asp

- “Statistical Process Control Meets Earned Value”: www.stsc.hill.af.mil/crosstal k/2000/jun/lipke.asp

Guidelines for the Successful Acquisition and Management of Software-Intensive Systems (GSAM), Version 3.0,
Chapter 13, OO-ALC/TISE, May 2000. Download at: www.stsc.hill.af.mil/gsam/quid.asp
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MIL-HDBK-881, Work Breakdown Structure:
www.acq.osd.mil/pm/newpolicy/wbs/mil _hdbk 881/mil hdbk 881.htm
http://web2.deskbook.osd.mil/reflib/DDOD/003EH/001/003EH001IDOC.HTM

NASA, Parametric Cost Estimating Handbook, 2 ed. Online version: www.jsc.nasa.gov/bu2/PCEHHTML /pceh.htm
Download and print version: www.jsc.nasa.gov/bu2/NCEH/index.htm

Parametric Estimating Handbook:
http://web2.deskbook.osd.mil/reflib/DDOD/005EYV/001/005EV 001DOC.HTM#T 2

Practical Software and Systems Measurement Support Center: www.psmsc.com

Software Cost Estimation Website: www.ecfc.u-net.com/cost/index.htm

Software Technology Support Center Course: Life Cycle Software Project Management, Estimation, earned value,
etc., 9 October 2001.

Xanadu, Slides on software project estimation:
http://xanadu.bmth.ac.uk/staff/kphal p/students/bsi/predict/tsld002.htm
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