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About the StudentGuide

This Student Guide is designed to supplement the presentatidAroject Planning, Scheduling, and Contrtil
includes

1 PowerPoint slides
ThePowerPoint presentation highlights the key points, concepts, illustrations and diagrams associated with
the course. This guide contains a grab of each slide in that presentation.

1 student learning objectives
The presentation is divided into a number ofdess. Each lesson is then further subdivided into a number of
topics. A topic is standlone piece of instruction that has a specific, demonstrable learning objective. You
should begin each lesson by taking a moment to review the objectives.

1 supplementarynotes
Qupplementary notes appear with each slide, adding detail to what has been covered in the presentation. It
is recommended that you review these notes following each presentation.
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Topic 1: Introduction to Project Time and Cost Management
Topic 2: Defining a Project Deliverable
Topic 3: Work Breakdown Structures

Topic 4: Producing and Using a Projeetiverable

Student learning objectives

After completing this lesson, you should be able to
1 explain the basis of time and cost management and describe what elements are key to project planning
9 describe how a work breakdown structure is used as antito developing a project plan

1 use a work breakdown structure and define work deliverables
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Figure based on the Project Management InstitleGuide to the Project Management BodKobwledge, (PMBOK®
Guide) Fourth Edition, Project Management Institute, Inc., 2008.
PMBOK is a registered mark of the Project Management Institute, Inc.

A project team is likely to deal with some or all of the following in the course of a typaakt:

1 scope, cost, and schedule objectives
1 contract terms and conditions
1 resource assignments

However, project managers continually face balancing the triple consttginject scope, time, and costwhen
planning any project. Project quality dep#sion the balance between these three constraints. High quality projects
deliver required results within scope, on time, and within budget.

Scope, time and cost plans are all part of the project management plan; the formal, approved document used to guide
both project execution and project control. (To view a sample Projestddement Plan, sekools & Templates
handout)

6 Lesson 1: Definition of Project Work
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Project scope may refer to a product or a service
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Figure based on the Project Management InstitleGuide to thé’roject Management Body of Knowledge, (PMBOK®
Guide) Fourth Edition, Project Management Institute, Inc., 2008.

Sequence of Activities:

Collect Requirementstpefine ScopdtCreate WBShHVerify ScopdControl Scope

Project scope management is made up of a number of processes that define and control what work is included in the
project. These definitions are taken from tHRMBOK® Guid8cope Managemergrocesses includes the following:

f Collect Requirementss the processdRSFAYA Y3 YR R20dzYSyidAy3a aidl1SK2tR:
objectives.

1 Define Scopeas the process of developing a detailed description of the project and product

1 CGeate WBSs the process of subdividing project deliverables prmject work into smaller, more
manageable components

1 Verify Scopéasthe process oformalizing acceptance of the completed project deliverables

1 Control Scopes the process of monitoring the status of the project and product scope and manatanges
of the scope baseline

Lesson 1: Definition of Project Work 7
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Project scope may refer to a product or a servitkark breakdown structures (WB%xe one of the most important
tools in project management and are issued in the project planning phase. The WBS presents a definition of the
project scope in the form of work packages.

If the initial requirements of a project change as it progresses,répresents a change in the scope of the project.
Similarly, if there are any changes to the project watiardless ohow small or largeor whether they were
specifically requested or not, these also represent a change in project scope.

Scope changesan make a project larger or smaller. They can also affect the timeline and cost of the project. These
changes in scope are commonly referred tsagpe creepln a nutshellscope creep is the change or growth of
project scope

Scope creep occurs mdsequently during the later stages of a project, such as programming and testing, rather than

during the earlier stages, such as design. This is a result of the project team gaining more knowledge of any early
problems and developing solutions to them.

8 Lesson 1: Definition of Project Work
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Collect Requirements

* Project success is directly related to good requirements
gathering.

e A requirement is a condition or capability needed by a
stakeholder to solve a problem or achieve an objective.

* A good requirement is complete, correct, unambiguous,
verifiable, necessary, feasible, and prioritized

Collecting requirements is essential to the success of the project. According to the International Institute of Business
AnalysisBusiness Analysis Body of Knowledge, NS |j dzA NBEYSy G Aa ab O2yRAGAZY 2NJ O
a1 SK2tRSNJ G2 a2t @S | LINRPofSY 2N I OKAS@GS |y 202S8S00GA03S
WBS, schedules, test cases, and ultimate customer expectations. Requirements sheliditdd, validated, specified,

and verified.

The project manager must understand that characteristics of a good requirement are:
1 Complete:the requirement gives a detailed description of what is needed.
1 Correct:the requirement should be appropriate toeet the goals of the project and accurately describes the
aiGl1SK2f RSNRa SELISOGHGAZY D
1 Unambiguousthe requirement should be written so that all readers arrive at a single consistent
interpretation.
Verifiable:the requirement should be testable.
Necessay: the requirement must be necessary to support at least one of the project goals.
Feasiblethe requirement must be possible to achieve for a reasonable cost.
Prioritized:the requirement must be put in a priority ranking.

=A =4 -4 =4

Lesson 1: Definition of Project Work 9
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Figure based on the Project Management InstititeGuide to the Project Management Body of Knowledge, (PMBOK®
Guidg ¢ Fourth Edition, Project Management Institute, Inc., 2008.

Project Time Management:

Define Activities MgSequence ActivitiefhEstimate Activity ResourcdhEstimate Activity Durations
MPevelop Schedul€xControl Schedule

tftFyyAy3d A& F LINRP2SOG YIylI3ISNRa Yl 22N NBalLl2yaAroArtAdeo LT
that the project manager will work him/herself out of a job because the project can run itself. However in reality, this
is highly unkely. Few projects are completed without some conflict or tradiefor the project manager to resolve.

The stable elements of planning in any project are cost and time. Project time management includes those processes
needed to accomplish timely compieh of a projectProject time management processes include the following:

These definitions are taken from tiEMBOK® GuidBroject time management processes include the following:
1 Define Activitiesg identifying the specifiactionsto be performedto produce the project deliverables
1 Sequencing Activitieg identifying and documentingelationships among the project activities

1 Estimate Activity Resourcesestimatingthe type and quantities of material, people, equipment, or supplies
required to perform each activity

1 Estimate Activity Durationg approximating the number of work periods needed to complete individual
activities with estimated resources

1 Develop Schedule analyzing activity sequences, duratiom&source requirementsand scheduleonstraints
to create the project schedule

1 Control Schedule& monitoring the status of the project to update project progress and managing changes to
the schedule baseline

10 Lesson 1: Definition of Project Work
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On some projed, particularly smaller ones, the processes of activity sequencing, activity duration estimating, and
schedule development are so tightly linked that they are viewed as a single process that can be performed by an
individual over a relatively short periaaf time.

All welkmanaged projects, including large government projects, adhere to the time management processes of activity
definition, activity sequencing, activity resource estimating, activity duration estimating, schedule development, and
schedule catrol.

Lesson 1: Definition of Project Work 11
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= “The project time management processes and their
associated tools and techniques are documented in a
schedule management plan. The schedule
management plan is contained in, or is a subsidiary
plan of, the project management plan.”*

FRMQIIT Sone Tage it S

This planning effort sets out the format and establishes criteria for the development and control of the project
schedule.

The main task of the planning effort is to define the project scope. This is achieved usgink) lereakdown structure
(WBS) which is a deliverableriented hierarchy of decomposed project components that organizes and defines the
total scope of the projet.

The project time management planning function produces a developed project schedule and schedule management
plan that is contained iror is a subsidiary plan gahe project management plan.

This schedule management plan may be formal or infortighly detailed or broadly framed, depending on the
needs of the project.

12 Lesson 1: Definition of Project Work
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Figure based on the Project Management InstititeGuide to the Project Management Body of Knowledge, (PMBOK®

Guide ¢ Fourth Edition, Project Management Institute, Inc., 2008.

Sequence of Activities:

[ 24l
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. dzR3ISG Ay 3

t

Project cost management includes the processes involved in planning, controlling, and managing costs so that a
project can be completed within the approved budget. It can be broken down into the following three processes:

9 cost estimatingc developing an approximation of the costs and resources needed to complete project

activities

1 cost budgetingg aggregating theestimated costs of individual activities or work packages to establish a cost

baseline fothe total project

1 cost controlq influencing variations in the factors that create additional costs and controlling changes to the

project budget

Project cost maagement is mainly concerned with the cost of the resources, labor, and equipment required to
complete project activities. It should also consider the effect of project decisions on the cost of using the product. For
example, limiting the number of desigaviews can reduce the cost of the project at the expense of an increase in the

Odza i2YSNDa 2LISNIdAy3a Oz2adaod

Lesson 1: Definition of Project Work
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= Project Cost Management can include additional processes
and numerous general management techniques.

= Project Cost Management should consider the information
needs of the project stakeholders.

= Project Cost Management often includes meeting the goal of
more than one program.

)

In many application areas, the work of predicting and analyzing &2 & LISOG A @S FAY Il yOA Il £ LISNF 2 NX

product is done outside the project.
In other application areas, such as capital facilities projects, project cost management also includes this work.

When these predictions and analyses are includedjgat cost management encompasses additional processes and
numerous general management technigues, sucheisrn on investment discounted cash flowearned valueand
investment payback analysis

Project cost management should consider the informatioedsof the project stakeholders. Different stakeholders
measure project costs in different ways and at different times. For example, the cost of an acquired item can be
measured when the actual cost is incurred, or the actual cost can be recorded foctpro@unting purposes.

Representative bodies in large governments generally assign funds to programs rather than individual projects. Each
project must be funded by one or more of these programs.

It isgenerallypossible that a single project can cabtite to the goals of more than one program. This is particularly
common in transportation infrastructure projects. A readdening project could be combined with pavement
rehabilitation or seismic retrofitting, for example, even though each individualepid work would be budgeted as a
separate program.

Aprogram is a group of related ogoing projects that are managed in a coordinated way
Similar situations are common wherever new facilities are budgeted separately from rehabilitaienetallymakes

sense to have a new contractor perform both the new work and the rehabilitation at a particular location, as this
minimizes the overhead cost and the disruption to the occupants of the facility.

14 Lesson 1: Definition of Project Work
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Question

Both schedules and budgets are necessary parts of any
project plan.

What do you think is the backbone of any good schedule
or budget?

The backbone of any good schedule or budget is armetided work breakdown structure that includes all
work packages to fulfill the scope of the project requirements. A-weeihded work breakdown structure
has the following characteristics:

91 the entirescope of work is included

9 the agreed work packages can be associated with both a cost (i.e. resourcing, materials, etc.) and a
time (i.e. a start and finish time can be interpreted)

91 the work package can be identified at the lowest level and each precésliabis within the scope
of the project

Effective time and cost management is necessary to create aoweided WBS, which in turn is necessary

for successful completion of the project. As each time and cost management process is completed, the WBS
is ydated and refined. The main processes of time management are activity definition, duration

estimation, schedule development, and control. The main processes of cost management are estimation,
budgeting, and control.

Lesson 1: Definition of Project Work 15
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Figure based on the Project Management InstititeGuide to the Project Management Body of Knowledge, (PMBOK®
Guide)g Fourth Edition, Project Management Institute, Inc., 2008.

Objective of the WBS

Thework breakdown structure (WBS¥ a deliverableoriented hierarchy of decomposed project components that
organizes and defines the total scope of the project.

It is a representation of the detailed project scope statement that specifies the work to be carried out in the project.
Theelements of the WBS assist stakeholders in viewing the end product of the project. The work at thelémekst
WBS component is estimated, scheduled, and tracked.

Adeliverableis any measurable, tangible, verifiable outcome, result, or item that mugrbéuced to complete a
project or part of the project.

Deliverables are linked tmilestonesin that a milestone is any significant event in the projestually completion of a
major deliverable.

Awork packages a deliverale at the lowest level ahe WBS$andcan be used tdelp evaluate accomplishments.
Work packages should be natural subdivisions of effdianned according to the way the work will be done. However,
when work packages are relatively short, littherm assessment of wofk-progress is require@nd the evaluation of
status is possible mainly on the basis of work package completions

The longer the work packages, the more difficult anthjective the workn-process assessment becomes, unless the
packages are subdivided by olfjge indicators such as discrete milestones with-pesigned budget values or
completion percentages.

To get a correct balance for defining a work packageg8thkour rule of thumbcan be used. identifieswork
packages wherehe duration ofactivities when possiblbe between 8 and 80 hours. Anything that exceeds this is not
a single activityand stould be further decomposed when possible.

16 Lesson 1: Definition of Project Work



C2LAABOSFAYAY I | t NECBSYUQRGEE AISNI 6t S

Decomposition is a planning technique that subdivides project
scope and project deliverables into smaller, manageable
components, until the project work associated with
accomplishing the project scope and providing the deliverables
is defined in sufficient detail to support executing, monitoring,
and controlling the work.

10

Sefean & maken Mo e Cloany o AVSOE® Code

Defining Deliverables througecomposition

Decompositioninvolves subdividing the major project deliverablesob deliverablegnto smaller, more manageable
components until the deliverables are defined in sufficient detail to support development of project activities
(planning, executing, conthing, and closing).

Decomposition involves the following major stépsdentifying a deliverable:

91 Identifiesthe major deliverablesof the project, including project managemeand its associated activities.
These deliverables should identify the entire scope of the projeathing should be omitted.

The major deliverables should always be defined in terms of how the project will actually be organized. For
example, the phases of the project life cycle rbayused as the first level of decomposition with the project
deliverables repeated at the second level.

1 Decidingwhetheradequate cost and duration estimatesan be developed at this level of detail for each
deliverable.

Note, however, thatlhe meaning badequatemay change over the course of the projeBecomposition of a
deliverable that will be produced far in the future may not be possible.

LRSYGATeAY3 (KS 58tAQOSNIG6tSQa /2YLRySyia

The components of the deliverable need to be described in terniangfible, verifiable results in order to allow
performance measurement.

Lesson 1: Definition of Project Work 17



7

C2LIASOSTAYYAY I | t NP2SO0G 5StABSNIoftS 06002y

As with the major component§  OK R S f chnh8nidtstéed t0 Be defined in terms of how the work of the
project will beorganized and accomplished.

Tangible, verifiable results can include servijesswell as products. For example, status reporting could be described
as weekly status reports.

In summaryproject deliverables must be defined in sufficient detail to support development of project actiBijes.
decomposing major project deliverables into components and naming them, it is possible to create a series of
activities that can be estimated, schddd, and tracked. These activities are known as work packages, and are the
lowest level component of a WBS

18 Lesson 1: Definition of Project Work



A WBS provides

= 3 deliverable-oriented grouping of project components that
organizes and defines the total scope of the project

= 3 way to develop or confirm a common understanding of
project scope

* anincreasingly detailed description of the project deliverables
with each descending level

A WBS dictionary is a collection of component descriptions.
11

Work Breakdown Structure

A WBS is a deliverabteiented grouping of project components that organizes defines the total scope of the
project. Any work notn the WBS is outside the scope of the project.

It isused to develop or confirm a common understanding of progattpe. Each descending lewgthin the WBS
shows & increasingly detailed descriptiari the projectdeliverables.

A WBS is normally presented in the form of a chart. The WBS should not, however, be confused with the method of
presentation. Simply drawing an unstructured activity list in chart form does not make it a WBS.

Each item in th&VBS is usually assigned a unique identifier, which is used to provide a structure for a hierarchical
summation of costs and resources. The items at the lowest level of the WBS may be referred to as work packages,
particularly in organizations that folloearned value management practices. These packages can be decomposed
further, if necessary, into activities. The activities can then be sequenced and estimated to create the project schedule.

Work component descriptions are often collected in a WBS diatian

A WBS dictionary will typically include
1 work package descriptions
1 other planning information
U schedule dates
U cost budgets
U staff assignments

Lesson 1: Definition of Project Work 19
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The followings a fictionakase studyhat illustrates how in major infrastructure projects distinct project phases and

life cycles must be completed before a project proceeds.

Read the case study and then complete the exercise that follows it.

The Georgia Rail Project

Introduction

Traffic flow, congestion, and pollution are major issues for the state of Georgia. According to statistics gathered over
the past ten years,

f
f
f
f
f

f

the number of licensed drivers has increased by 44%
on average, 21% extra people travel into the major cities leetw8:00 am and 1:00 am each working day
there has been a 47% increase in the use of automobiles during a working week
automobile ownership was increased by 7% per year

over 77% of Georgia drivers now travel alone to work, whereas just over 14% avedlazgrpool facility, and

4% avail of public transport
incidents of crashes are up 4%

Project History

DS2NBAIFIQa GNIXyalLR2NI ySSRa
which led to the publication of aansport strategy report in 1997.

K @S 0SSy dzyRSNJ 02y

a

A

R

The report found that the public did not consider the current public transportation system to be an adequate
alternative to auto transport, resulting in a high reliance on the car.

20
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Based on this, the report suggested that the state incorporate a series of measures into its transportation policy:

1 review the current public transportation system and invest in new and alternative modes of public
transportation in urban commuter aas

1 encourage and educate auto users so they see the benefits of alternative transportation with an emphasis on
NB R dzO A W f A H dfioeS ¢

After a period of discussion among various government bodies and other stakeholders, a congriitéagesport 2000

¢ was formed in 1999 to investigate the different alternatives. The committee evaluated alternatives based on expert
opinion and historical information, as well as public opinion. The committee also identified the public as a key
stakeholder in any transpaation project and sought their opinion.

For historical data and expert opinion, the committee looked to developments in Arizona, where afstheeart,

$1.13 billion project proposes to link three cities (Phoenix, Tempe, and Mesa) by rail. Fundezl Ayztina state
government and the three cities, the Central Phoenix/East Valley Light Rail Transit system is scheduled for completion
in August 2007. However, due to the success of the project, parts of the rail line will open to the commuter population
in December 2006 and April 2007

The Central Phoenix/East Valley Light Rail Transit system has the capacity to transport around 5000 passengers in each
direction every hour. A private company will operate the system under ayBee franchise.

Project Roposal

In late 2000, the Transport 2000 committee proposed the establishment of-basdd public transportation system
between the major urban cities of the state. The objective was to provide a speedy, efficient, araifeoste
commuter system, &wing the state population to travel within and between urban districts.

The committee detailed their plans to the state by breaking down the project specification into three sections:

f dzZNBFy NIAf &deadasSyy tAy1l St Oghtrdidegsteny GodzaAiySaaé I NBI

1 inter-city connection: provide rail segments that will join each urban rail system

1 vendor management: identified as a key aspect for the success of the project
¢KS 3I20SNYYSYyid | OOSLIGESR YdzOK 27T { Kthe naprstdmbiing Sdekas tiedA RSy
budget. The state did not accept that the committee could justify the level of investment required for the project with
AdzFFAOASYG Gly3AaotS o0SySTFAGA® LG RAR y2i ntroGHekcominikde i t K 2
reporting.

After lengthy discussion and analysis, the committee was dishanded #00it with its findings and proposals sitting
Ay GKS 3I2@0SNYy2Nna 2FFA0So

Project Implementation Alternative

During 2002, the statistics continued tost an increase in auto use coupled with a slight increase in road fatalities.

The state authorities accepted that the Transport 2000 proposal should be reexamined, although a thorough feasibility
study would first be required. In late 2002, a feasibilégmn was established to present project implementation
alternatives. The objective for the team was to highlight implementation objectives, alternatives, and critical success
factors.

! Information on Phoenix Rail System sourced from article in PM Network 2004 (Admed H. Chilmeran, PMP; Keep
Costs under Control; PM NETWORK, FEB 2004)
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Matching business angroject objectives

The feasibility team, in collaboration with government bodies, identified the business and strategic objectives:

No. Business Objective Strategic Objective
. 1. Minimize traffic congestion
1 tReduce :he amount of people using auto 2 Minimize road fatalities
ranspor 3. Increase public transportation options
LA = .ooa < o a | 1. Minimize traffi ngestion
' LJANY RSAVPBRYGHBGKS O € tratiic congestio .
2 . 2. Increase appeal of state for new business
transportation system location
Provide a reliable and efficient serviteall L. Increase cqmmuter confidence in public
3 individuals to accommodate both professiong ransportation
) 2. Increase appeal of state for new business
and private use allocation

=

Establish a system that will generate revenue Profit orientated
for the government 2. Maximize sales potential

The feasibility team, like the previous committee, identified the public as a key factor in the success of any public
service project.

The public was broken into three categories:

1 public users: potential customerstiidirect access to the rail system

1 impacted users: people directly impacted by the construction of the railway system (i.e. land or property
owners along the rail routes)

1 operating users: rail operators that will work and maintain the system and pravisigoport function to the
public users
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The project objectives can be summarized as follews:

Project Business Objective . — .
S Project Objective Description
Objective No. | No. J ) P
1 123 Provide lightrail systemwithin major urban areas that will facilitate
o professional and private commuters
5 4 Provide a rail system between major urban areas that will facilitate
professional and private commuters
3 123 Provide a transportation system that will reduce thember of auto
o users
4 1234 Implementc in a seamless fashiana new system that has minimal
e impact on current operations
5 34 Educate public on transportation alternatives to ensure each individ
' understands new system
6 1 Provide transportatiorsystem that is cost effective and geared towar
profits

The feasibility team evaluated specialized contractors to recruit a team to establish detailed specification around the
structural aspects of the project. The government also allocated a budgevéstiin highly capable individuals who
could provide a complete structural solution.

Project Implementation

Specialists recruited by the feasibility team subsequently presented a work breakdown structure (WBS) for the project,
which subdivides the projéevork into the major elements and then their sitlements. For example, a major

StSYSyid 2F 62N)] Aa (GKS OAGAfk(iINXrO|l 62N}z 6KAOK A& adzmR
rail vehicles, the traction power/overhead contagtstem, fare collection machines, and light rail transit signals and
communications. Other work elements, such as the station finishes, are treated as whole contract units.

The specialists developed the lower tiers of the WBS hierarchy in isolation.rattiee provides flexibility and full
control over respective responsibilities:

WBS level & program: local and federal programs identified
WBSlevel2ZLINRE 2SO0GY GKS LINRP2SOGQa YIFI22N) 62N St SYSyida
WBS level 8 project units: the main units/packages asgted with each project
WBS level 4 sections: the main sections of each unit
WBS level § contract: the main contracts that can be offered
WBS level @ contract unit: level of work effort required, such as engineering and
project management

=A =4 =4 -4 -4 -4

The specialist team proposed that once the contracts and contract units were identified, the project could then be
outsourced to different contractors, including, most likely, a consortium.
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Project Management

The feasibility team has proposed that a dedicated project management team be established within the government.
The team would have total control over budgets and schedules and would report directly to the state legislature.

The contro] planning, and management of the project present complex logistical issues. The scheme may entail
numerous individual contract packages, which will require coordination.

At a very early stage, the feasibility team settled the key project management nlgisets

1 effective and efficient communication of information
1 utilization of thorough project control techniques
1 efficient and widely understood procurement and contractor processes

This standardization is necessary to ensure that all contractors arergorkiunison. To furnish timely and accurate
cost reports, the project control team needs a comprehensive system that integrates cost and schedule, provides
reporting capabilities consistent with the project requirements, and improves operating efficiency.

The system has to be capable of processing and analyzing a vast amount of incoming monthly cost data quickly and
accurately. Also, the team could use integrated systems to perform risk and schedule simulation analysis where the
relationship between thechedule and cost is not always clear.

Although technology has simplified data collection and scheduling, the feasibility team has identified that
professionals must carefully study and analyze the system output to provide a logical, meaningful explafrtiton
causes of any cost and schedule variances. In this way, sound project control methodologies reduce cost overruns,
control cost growth, help meet project schedule objectives, and ultimately satisfy the client's expectations.

Feasibility Report

The feasibility team completed their study on schedule with an outline of strategy, detailed recommendations, and a
list of preferred suppliers.

The main outcomes from the team are the following:

1 The lightrail system should be piloted in one city. Basedlmnrelative success of the pilot and after a period

2F a0dzaG2YAT FGA2yésY GKS OGNIXyaLRNIIFIGAZ2Y AYAGAFGABS Oy
9 Contractor participation is a key aspect to the success of the project, and the government should establish

and work witha set of preferred suppliers.
I The government should establish a detailed project management office that has the authority to manage and

control the project and report to senior government officials.

The feasibility team gave the green light for the pmjédased on these recommendations.
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Exercise: Producing a Project Deliverable

13

You are about to commence the planning phase for the light rail system project. Because it is such a large project, the
team has decided to break up tipdanning according to various functions. You have been requested to identify the

work involved in surveying and reviewing the site of the light rail system, including the delivery of preliminary designs
that can be used to award a fixguice contract toa civikdesign vendor.

Your first task is to define the scope of work through a work breakdown structure.
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Figure based on the Project Management InstititeGuide to the Project Management Body of Knowledge, (PMBOK®
Guide ¢ FourthEdition, Project Management Institute, Inc., 2008.
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The lesson is now completed and the following topics have been covered:

Topic 1: Introduction to Project Time and Cost Management
1 Projectscope managemenis made up of a number of processes that define and control the work that is
included in the project. These processes includkect requirements define scope, create WBS, verify scqpe
andcontrol scope

TtflryyAy3a Aa | LINE 2 S dily. INplojgck pladnidis perfofmed®chidedtys tharldt i & A 0
conceivable that the project can run itself. Projéiote managementprocesses includdefine activities
sequence activitiesestimate activity resourcesestimate activity duration develop stiedule, control
schedule

1 Projectcost managementncludes the processes involved in planning, controlling, and managing costs so that
a project can be completed within the approved budget: Thesesatinate costsdetermine budget and
control costs

The accumulation of the outputs from scope, time and cost are the core plans of the project management plan.

From this topic you shoulthke awaythe following points:

9 different processes are required to deliver schedules and budgets

1 scope, time, and costre the significant components of the project management plan

91 there are specific processes associated with scope management, time management, and cost management

Topic 2: Defining a Project Deliverable
1 Thework breakdown structure (WBS} a deliverableoriented hierarchy of decomposed project components
that organizes and defines the total scope of the project.

1 The WBS presentsveork packagewhich is a deliverable at the lowest level of the WBS, and can be used to
help evaluate accomighments.

1 Decompositioninvolves subdividing the major project deliverablesuob deliverableinto smaller, more
manageable components until the deliverables are defined in sufficient detail to support development of
project activities

1 A WBS is usethrough decomposition, to define the project scope and hence the project deliverable

From this topic you shoulthke awaythe following points:

9 the work breakdown structure is the basis of scheduling and budgeting

9 adeliverable is a piece of work thatrchegiven a costscheduled, and controlled

9 adeliverable (or work package) is the basis of a schedule and budget. These are the activities that are
sequenced and estimated.
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Topic 3: Work Breakdown Structures
1 A WBS is a deliverabteiented grouping of project components that organizes and defines the total scope of
the project.

1 Any work not in the WBS is outside the scope of the project.

From this topic you shoulhke awaythe following points:

1 the WBS is tool that delivers work packages, using thel&ur rule to define a work package

9 the WBS is a structure / template that will allow you to decompose projects into work packagassémple

WBS, sedools and Templateésandouf

Topic 4: Producing andgihg a Project Deliverable
1 An exercise is presented to demonstrate the delivery of a WBS

9 The exercise objective is to link project scope with work deliverables. The result of the exercise is a work
breakdown structure

From this topic you shoulidke awaythe following:
f awork breakdown structure forasbSOG A2y 2F (GKS WDS2NHAF [A3IKAG wkAfQ LI
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Topic 1: Logic Diagrams

Topic 2: Activity Sequeimg Templates (Activity on Nojle

Topic 3: Activity Relationships for Precedence Diagramming Methods
Topic 4: Precedence Diagramming Method

Topic 5: Producing an Activity Sequence

Topc 6: Guidelines to Estimation

Topic 7: Activity Resource Requirements

Student learning objectives

After completing this lesson, you should be able to

1 describe the basis of a project schedule and the link between a work breakdown structurepesjdci
schedule

91 outline the different sequencing tools that are available
91 describe the different types of activity relationships that exist

1 explain what precedence diagramming methods are and how they can be used to understand project
duration and flejbility

1 use a precedence diagramming method to deliver a project schedule with durations and flexibility
9 define the principles behind time and cost estimation

91 describe how to establish a resource requirement profile before scheduling activities
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Logic Diagrams

The first step in the planning process is to determine the logical flow of all project activities from the beginning to the

end of the project. This is done using a logic diagram.

Alogic diagramalso known as aroject network diagram,is a schematic display of the logical relationships of project
activities. Project activities are presented as boxes connected by arrowed lines that point from left to right. In this way,
a procedure or sequence for undertakingjacts activities is presented.

Here is an example of a basic activity list for selecting a vendor for a generic government project; along with a
corresponding logic diagram that shows the sequence of work and the relationships between activities:

Activity List:
ﬁCtht}" Activity Activity
umber Predecessor

1 Identify Vendors 4
2 Identify Contract Requirements -
3 Interview Vendors 4
4 Advertise Proposal 2
5 Select Vendors 1.3
6 Sign Contract 5!
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Network Diagram:
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Characteristics of a logic diagram include

= 3sequence of adjacent points connected by lines

= adirected path that presents an end-to-end cycle of project
activities

= anumber of paths and chains taken directly from the activity
list

» 3 process developed on paper to indicate a starting point for
project time planning

" 3 series of boxes each of which is an event box

15

Logic diagrams are probably the most difficult figures to construct. They are developed to illustrate the inductive and
deductive reasoningecessary to achieve some objective within a given timeframe. The major difficulty in developing
logic diagrams is the inability to answer such key questions as: What happens if something goes wrong? Can | quantify
Fyeg LINI 2F GKS RAFINIYQA YIFI22NJ St SySyidak

Logic diagrams are constructed similarly to bar charts on the supposition that nothing will go wrong and are usually
accompanied by detailed questions, possibly in a checklist format, that require answering. The following questions
would be representatie of those that might be asked on a government R&D project based around the introduction of
web-based payroll system:

1 What documentation must be released to start the described activity and possibly the elements within each
activity?

1 What information is equired before this documentation can be released? (What prior activities must be

completed, work designed, studies finalized, etc.?)

What are the completion, or success, criteria for the activity?

What are the alternatives for each phase of the progrdrauccess is not achieved?

What other activities are directly dependent on the result of this activity?

What other activities or inputs are required to perform this activity?

What are the key decision points, if any, during the activity?

What documentation signifies completion of the activity (i.e. report, drawing, etc.)?

What management approval is required for final documentation?

= =4 —a 8 -8 _a_9
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When connecting activities in a sequence, consider

» what precedes and succeeds the current activity?

» what activities can be carried out atthe same time as the
current activity?

16

Logic diagrams display the relationships between project activities in a logicalrseqWhen connecting these
activities in a sequence, it is necessary for the planner to continually ask the following questions:

1 what activities must be done before the activity | am currently considering? In other words, what precedes
this activity?

1 what activity can be started after the activity that | am considering? What succeeds this activity?

1 what activities can be carried out at the same time as the activity | am considering?
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Each activity has successoand apredecessqrcollectively known as dependencies. When activities occur at the same
time as the activity being considered, they are said tabecurrent

For example, the above slide displays the logic diagram for selecting a vendaefoergcpiece of work Several
pieces of informatiortanbe interpreted from the diagram.

For example, etivity 2 is a predecessor of activity 4 because you have to identify contract requirements pefore
advertise. Also, &ivity 1 is concurrent witkactivity 3 because you identify and interview vendors at the same.time
Activity 6 is a successor to activity 5 because you have to select vendors before you sign contracts with them

The logic diagrarshownhere alsadisplaysa start node and a finish node as circular.

Logic diagrams are useful purely as starting points for visualizing the sequence of activities from the presented activity
list.
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Three types of logic dependencies are

* mandatory
= discretionary

» external

18

Dependency Determination
Logicadependencies can be maatbry, discretionary, or external.

I Mandatory dependencies

Also known as hard logitheseare inherent in the nature of the work being done. Mandatory dependencies
often involve physical limitationsfor example, it would be imp&sible to test a product before it has been
assembled.

91 Discretionary dependencies

Also known as preferred or soft logityeseare generally defined by the project management team during
the process of establishing the sequence of activities. Theyasecon knowledge of

i

i

best practiceg activities are sequenced with knowledge of what is considered best practice

some unusual aspect of the projegtvhere a specific sequence is desired, even though there are other
acceptable sequences

preferredactivity sequenceg based on previous experience of a successful project performing the same
type of work

obligations¢ which are particularly useful for projects with large procurements. On many government
projects, the main product of the project is mhased from the private sector. Some governments can
obligate the funds for these contracts if the contract is signed before the end of the fiscal year. This
obligation places the contract funds into a separate account that can be used only for thécspecif

contract. The planning of such obligations can be considered based on the discretion of the project team.
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1 External dependencies

These are dependencies thiadve interfaces with other projects or with ngmrojectactivities. An example is
the beginning of a project in an unknown territory, where you may need to account for the political situation.

Determining project dependencies is an important part of constructing a logic diagram. Only when you understand the

dependencies, and therefore the successor and predecessor to each activity, will you be able to arrange all project
activities in a logical sequence.
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Exercise: Constructing a Logic Diagram

18

You are about to commence the planning phase forlitjet rail system project. Due to the large nature of the project,
the project team has decided to break up the planning according to the various functions. You are requested to
identify the work that would be involved in surveying and reviewing the diteelight rail system and to deliver
preliminary designs that can then be used to award a fipede contract to a civil design vendor.

Your first task was to define the scope of work through a work breakdown structure. This is completed, and you are
now requested tcextract the activitiesandconstruct a logic diagranwith these activities.
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Perform Site Survey and Design

I
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Activity PR Activity
Number Predecessor
1 Identify Scope of Site Reviews -
2 Environmental Review of Sites 1,4
3 Perform Site Surveys 1,4,5
4 Identify Vendors to Perform Surveys -
5 Identify Rail Sites -
6 Architecture Review 3
7 Review Surveys 2,3,6
8 Agree on Design Scope 7
9 Identify Vendors to Perform Design Contract 1
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Network Diagram
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A logic or networldiagram shows a sequence of work, including whether activities can be done at the same time or

have to be done in a particular order. In addition, network diagrams have the following characteristics:

1 they include durations in the form of start and finidates for each activity

1 they can show whether the timing of a particular activity is crucial to finishing the project by a given

completion date (i.e. critical path)

1 they can demonstrate milestones and in turn can be used to control project progress

Thee is one typeof networkdiagram that icommonly used; activity-on-node AON)

Activity On Node

Activity on Node (AONis a diagramming method that uses boxes or rectangles (nodes) to represent activities and
connects them with arrows that show depegrcies. AONwhich was introduced by two major corporations (DuPont
and Sperry Road)is the more popular type of diagram that defines the paths and activities that are critical to the

project, and is associated with the critical path method (CPM).

AONincludes four types of dependencies or precedence relationships:

1 finish-to-start ¢ the start of the work of the successor depends on the completion of the work of the

predecessor (this is the most commonly used type of logical relationship)

1 finish-to-finish ¢ the completion of the work of the successor depends on the completion of the work of the

predecessor

40
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9 start-to-start ¢ the start of the work of the successor depends on the starhefwork of the predecessor
(these relationships are rarely used and only by professional scheduling engineers)

9 start-to-finish ¢ the completion of the successor depends on the start of the predecessor

Startto-start, finishto-finish, or startto-finishrelationships can produce unexpected results because these types of
relationships have not been consistently implemented.
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Understanding Network Template [——
- & 1A
Early Start Duration Early Finish
Activity Code & Name
Late Start Float Late Finish
21
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Network templates

Standardized networks can be used in preparing project network diagrams. They can include an entire project or only
a portion¢ subnet or fragment; of it. Subnets are particularly useful when a project includes several identical or

nearly idenical features, such as floors on a higge office building.

The slide illustrates a network template, commonly known as a precedence diagramming method.
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When examining angetwork, the relationships should be analyzed and categorized. In the example of selecting a
vendor, it can be assumed that as soon as the contract requirements are formulated, the vendor may be identified.
Hence this is a statb-start relationship.

In addition, as soon as the vendor is identified, the interviews can be finished, giving adifisish relationship.

The network diagram shown on the slide does not change the logic of the preceding example, but rather presents the
logic using differentypes of relationships:

f finish-to-start: this is often the default / inherent relationship that exists in logic diagrams and are presented
as nonhighlighted connections in the graphics

start-to-start
finish-to-finish

1
1
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Precedence diagramming method (PDM)

= AQN network logic diagram with time added

» Calculating project duration
# start and early finishes (forward pass)
# critical path (backward pass)

24

Precedence Diagramming Method

Theprecedence diagramming method (PDNM)a way of constructing a project network diagram that employs boxes
or rectangles (nodes) to represent the activities and connects them with arrows that show the dependencies.
Essentially, it is an AON network logic diagram with time added.

To calculag project duration using a PDM, you identify the early start and early finishes using a calculation known as

forward pass. A similar calculation, known as backward pass, is used to calculate the critical path for the project with
the float of each activity
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= Forward Pass

= Backward Pass

Forward Pass

Forward pass is the calculation of tharly startandearly finish dategor the uncompleted portions of all network
activities.

Backward Pass
Backward pass is the calculationlate finish datesndlate start datedor the uncompleted portions of all network

activities. It is determined by working backwards through tieéwork logicfrom the LIN2 2 éh@dat@. &he end date
may be calculated in forward passor set by the custmer or sponsor.
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What is forward pass?

Forward pass is the calculation of the early start and
early finish dates for the uncompleted portions

of all network activities.

26
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Forward Pass

1 Early Start Dateln the critical path method, the early start date is the earliest possible point in time at which the
uncompleted portions of an activity (or a projecn start, based on the network logic and any schedule
constraints. Early start dates can change as the project progresses and changes are made to the project plan.

1 Early Finish Datdn thecritical path methodthe early finish date is the earliest isle point in time at which

the uncompleted portions of aactivity (or aproject) can finish, based on theetwork logicand any schedule
constraints. Early finish dates can change as the project progresses and changes are magedjet¢hplan
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[ Ssiiake a look athree examples of forward pass.

I Forward pass ith a finishto-start date: The early finish of the preceding activity becomes the early start of the
succeeding awvity. An example isctivity § which has an early start that is the sansethe early finish of activity
5(i.e. 45 days).

1 Forward pass ith a startto-start date: The early start of the preceding activity becomes the early start of the
succeeding activity. An example igigity 4, which has an early start that is the same as the early start of activity

2 (i.e. 0 days).

 Forward pass ith a finishto-finish date: The early finish of the preceding activity becomes the early finish of the

succeeding activity. An example igigity 3, which has an early finish that is the same as the early finish of activity

4 (i.e. 25 days). In this case, the early start of activity 3 is 5 days (i.e. early finish of 28ldetion of 20 days)

The rule for the forward pass is to always take the highest preceding constraint.

The duration for this schedule is 50 days, as illustrated on the slide, and below:

5 [20]25

0 [15]15 0 [25]25

48
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What is backward pass?

Backward pass is the calculation of late finish dates and
late start dates for the uncompleted portions of all

network activities.

28
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Definition is taken from the Glossary BMBOK Guide

Backward Pass

1 Late Start Dateln thecritical path method the late start date is the latest possible point in time thataativity
may begin without delaying a specifietlestone(usually the projecfinishdate).

1 Late Finish Dateln thecritical path method the late finish date is the latest possible point in time thatativity
may be completed without delaying a specifimilestone(usually the projecfinish date.

1 Float Float is the amount of time that aactivity may be delayed from itearly startwithout delaying the project

finish date Float is a mathematical calculation and can change aprtject progresses and changes are made to
the project plan Float is alsgalledslack total float, and path float.
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I Backward passith a finishto-start date: The late start of the succeeding activity becomes the late finish of
the preceding activity. An example is actiwtywhich has a late finish that is the same as the late start of
activity 6(i.e. 45 days).

I Backward passiih a startto-start date: The late start of the succeeding activity becomes the late start of
the preceding activity. An example is activity 2, which has a late start that is the same as the late start of
activity 4 (i.e. 0 days). In this case, the late firo§ activity 2 is 15 days (i.e. late start of O days + duration of

15 days).

1 Backward passith a finishto-finish date: The late finish of the succeeding activity becomes the late finish of
the preceding activity. An example is activity 4, which haseafinish that is the same as the late start of
activity 3 if the constraint with activity 1 was not present (i.e. 35 days).

. Y

5 [20]25

1510 [35

4

0 [15]15

0 [25]25

0/[0][15

0/[0][25

25| 0 |35

3 |,

Lzsholss
1 .

35[10[45

45| 5 |50

vy

35[0 |45

45] 0 |50

The rule for the backward pass is to always take the lowest succeeding constraint.
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Float is calculated for each activity by identifying the difference between late starts and late finishes. If these are the
same, the float is zero, which indicates a critical activity. Remembefltstis the amount of time that aactivity

may be delayed from itsarly startwithout delaying the projecfinish date For example activity 3 can be delayed 10
days without affecting the overall project duration. This float is calculated by subtracting the late start time from the
early start tine for activity 3.

In summary, the precedence diagramming method (PDM) combines a network logic diagram with estimated durations
for each activity:

1,
1§

rI
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Activity . Activity :
N Actiuty Predecessor Duration
1 Identify Vendors 4 10
2 Identify Contract Requirements - 15
3 Interview Vendors 4 20
4 Advertise Proposal 2 25
5 Select Vendors 1,3 10
6 Sign Contract 5 5
5 |20]25
15[ 0 [35
o|15|15 0 |25|254 35[10[45 45] 5 [50
— —
0fo]15 0]o]2s 35[0 45 45] 0 [50

g

25| 0 [35

The network diagram can in turn be used as the basis for a project schedule, which is part of the project management
plan. As we have seen, this network templébestratesproject duration of 50 days.

52
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Exercise: Producing an Activity Sequence

31

You are about to commence the planning phase for the light rail system project. Due to the large nature of the project,
the project team has decided to break up the planning according to the various functions. You are requested to
identify the work that would be involved in surveying and reviewing the site of the light rail system and to deliver
preliminary designs that can then be used to award a figede contract to a civil design vendor.

A logic diagram, sequencing the identifiactivities is in place. You have been requesteddentify the project
duration and the critical path given the following activity durations

Activity List:

Activity Pre:t;t;\gi.ysor (i:l:'\z:;i:)

Identify Scope of Site Reviews - 1

Environmental Review of Sites 1,4 3

Perform Site Surveys 1,4,5 3

Identify Vendors to Perform Surveys - 3

Identify Rail Sites - 2

Architecture Review 3 2

Review Surveys 2,3,6 1

Agree on Design Scope 7 6

Identify Vendors to Perform Design Contract 1 2
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§ days to complete installation
$30,000 for product launch
"J.\“ 10 people to complete design

Reliable estimates are a key element of a good schedule and cost baseline plan. Because there is no exact science for
making estimates, it is important to have a thorough understanding of the definitions and guidelines that are
available.

Estimate

Anestimate is an assessment of the likely quantitative result of a project. It is usually applied to project costs and
durations and should always include some indication of accuracy (e.g., £x percent). An estimate is generally used with
a modifier (e.g., prathinary, conceptual, feasibility), and some application areas have specific modifiers that imply
particular accuracy ranges (e.g., ordgrmagnitude estimate, budget estimate, and definitive estimate in engineering
and construction projects).

Time Estimaihg

Time estimatings the process of developing project activity durations for input to schedules based on project scope
and resource information. An estimate is frequently progressively elaborated and can be assumed to be progressively
more accurate. T@an members most familiar with the nature of a specific activity should make, or at least approve, an
estimate.

Elapsed time may need to be factored into estimates for the number of work periods required to complete an activity.
For example, if concrete dag for a construction project requires four days of elapsed time, it may require from two

to four work periods, based on a) which day of the week it begins, and b) whether weekend days are treated as work
periods.

This issue can be handled using compized scheduling software that employs alternative wpdkiod calendars.
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Cost Estimating

Cost estimatings the process of developing an approximation (estimate) of the costs of the resources required to

complete project activities. This process includes identifying and considering various costing alternatives. For example,

the costestimating process musecy 8 A RSNJ 6 KSGKSNJ F RRAGAZ2YFE 62N] RdzZNAYy3 | L
the expected savings in the production phase of the project.

A distinction should be drawn between cost and price estimating:

1 cost estimating involves developing an assesst of the likely quantitative result of a projecthe cost of
providing a product or service

1 price estimating is a business decision that uses the cost estimate as one of many factors to decide how much to
charge for the product or service

58 Lesson 2: Sequencing Project W



¢ 2 LINQOITAYOA & wSaz2dzNOS wSljdzZANBYSyda

RACI Chart Person
Activity A B C D E
Define A R | ! |
Design | A R C C
Develop | A R = C
Test A | | R |

R = Responsible A = Accountable C =Consult | = Inform
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Figure based on PMBOK® Guide, FigiiePage 221.

Activity Resource Estimating

Activity resource estimatinds the process of determining what physical resources (people, equipment, and materials)
are required for a prject, what quantities of each resource should be used, and when the resource will be available to
perform project activities. This process must be closely coordinated with cost estimating.

Role and Responsibility Assignments

At the outset of any projecproject roles (who does what) and responsibilities (who decides what) need to be
assigned to the appropriate project stakeholders. Project roles and responsibilities, which may vary over time, should
be closely linked to the project scope definitionteSponsibility assignment matrix (RAMas illustrated on the slide,

is frequently used to make this link. RAMs are developed at various levels for projects. For examphesehiRgAM

defines which group or unit is responsible for each component of thek\wreakdown structure, whereas lowdavel

RAMs are used within the group to assign roles and responsibilities for specific activities to individual members of the
group.

Resource Availability

Up-to-date and accurate knowledge about resource availgbiditnecessary for activity resource estimating.
Assumptions made about the availability of each resowursach as the amount and type of resource, its location, and
the time periods of availabilitg should be documented. Resource descriptions can vaey the course of a project.
For example, in the early phases of an engineering design project, available people resources may include large
numbers of junior and senior engineers, with the pool limited in later stages of the project to individuals who hav
gained specific experience in the earlier phases.

Activity Resource Requirements

The output of the activity resource estimating process is a descriptiactofity resource requirements, the types

and quantities of resources needed for each actiiitg work package. The estimated resources for each work
package are determined by aggregating these requirements. Resources requirements foddnwigheomponents of
the work breakdown structure can then be worked out based on the Iderzl valueswith the schedule

development process determining when the resources are needed (see lesson 3 for a discussion of the schedule
development process).
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Government HR Systems

The civil service distinguishgevernmenthuman capital managemenfrom that in the private sectorGovernment
Extension to A Guide to the PMBOK® Guide Third Ed@tiapter 9. In an elected government, policies are likely to
change from one election to another. Equally, the availghilf project resources may be affected by the tenure of
elected officialsor appointed civil servants

Civil servants hold office from one administration to another, and remain politically neutral. As a guarantee of this
neutrality, they have tenure itheir positions. Consequently, project managers in the civil service do not usually
choose their staff the project manager must create a viable performing team from what he or she is given. Thus
project managers need to master teambuilding skills, uni@des the different personality types, and motivate these
individuals to produce a functioning team.
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The lesson is now completed and the following topics have been covered:
Topic 1: Logic Diagrams

1 The first step in the planning process is to determine the logical flow of all project activities from the beginning
to the end of the project.

1 This is done usinglagic diagranwhere each activity hassuccessoand apredecessoy collectively known &
dependencies.

1 The logical dependencies can be mandatory, discretionary, or external and is the starting point in developing a
project schedule

From this topic you shoulthke awaythe following points:

1 alogic diagramepresentsthe connection betwer a WBS (i.e. work packages) and a schedule. It is the
sequence of work packages (also referred to as activities) that is the backbone of any schedule.

9 to construct a logic diagram, a project manager must determine the flow of all project activitieg) taginal
dependencies into consideration

Topic 2: Activity Sequencing Templates ti&ity on Node)

1 Activity-on-node (AON) is the most common activity sequencing method used.

U  AONis a diagramming method that usasdes to represent activitiegnd connects them with
arrows that show dependencies.

U It defines the paths and activities that are critical to the project, and is associated with the critical
path method (CPM).

G  AON includes four types of dependencies or precedence relationdimh-to-start, finish-to-
finish, startto-start, start-to-finish.

U An AON is the basis for the precedence diagramming method

I The precedence diagramming method is an intuitive and popular means of sequencing and scheduling
activities

From this topic you shodltake awaythe following points:
1 the AONdiagramming method can be represented usingetwork template and is known as thprecedence
diagramming method

Topic 3: Activity Relationships for Precedence Diagramming Methods
1 Thefinish-to-start relationshipis usually the default hiherent relationship that exisnh logic diagrams.
1 The other typical relationships agtart-to-start andfinish-to-finish and are used to shorten project durations
by allowing activities to occur in parallel. Théaet method isstart-to-finish which is not frequently used.
From this topic you shoulke awaythe following point:

1 several different types of relationships are used in sequencing activities includingtbirésrt, startto-start,
finish-to-finish,and startto-finish
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Topic 4: Precedence Diagramming Method

1 Theprecedence diagramming method (PDMdmbines a network logic diagram with estimated durations for
each activity. Two algorithms are used to calculation thequtofiuration:

0 Forward passs the calculation of thearly startandearly finish dategor the uncompleted portions
of all network activities.

U Backward Pasis the calculation ofate finish datesindlate start datedor the uncompleted
portions of allnetwork activities.

Thefloat is the amount of time that aactivity may be delayed from itsarly startwithout delaying the
projectfinish date

From this topic you shoulhke awaythe following points:

9 forward pass and backward pass are algorithusad to calculate early starts, early finishes, late starts and late
finishes for each activity in a network diagram

9 once the various durations for an activity are calculated, a project manager can then construct a project
sequence using the precedence giiamming template and identify activity floats

Topic 5: Producing an Activity Sequence

1 An exercise is presented to demonstrate the production of an activity sequence. It uses an activity sequence
from the Georgia Light Rail project

From this topic ya shouldtake awaythe following points:

9 to construct a project sequence, a project manager uses the precedence diagramming template (for an
example @ the template, seélools & Templatesandoud

Topic 6: Guidelines to Estimation

1 Anestimateis an assssment of the likely cost or time result of a project.

U Time estimatings the process of developing project activity durations for input to schedules based
on project scope and resource information

U Cost estimatings the process of developing an approxtioa (estimate) of the costs of the

resources required to complete project activities. This process includes identifying and considering
various costing alternatives.

From this topic you shoulhke awaythe following point:

1 estimation is a significani@ement of effective planning, scheduling and control, and is applicable to time and
cost management
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Topic 7: Activity Resource Requirements

9 Activity resource estimatings the process of determining what physical resources are required for a project,
what quantities of each resource should be used, and when the resource will be available to perform project
activities.

1 The output of the activity resource estimating pess is a description afctivity resource requirements, the
types and quantities of resources needed for each activity in a work package.

1 Upto-date and accurate knowledge abouwsource availabilityis necessary for activity resource estimating.
Assumpions made about the availability of each resource should be documented and resource descriptions
can vary over the course of a project.

From this topic you shoulthke awaythe following points:

1 a responsibility assignment matrix is a means of idemtifybles and assigning responsibilities for resources
(for a sample responsibility dgament matrix, sedools & Templatesandoud
1 effective identification of resources is a key element in establishing budgets and schedules
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Topic 1: Developing a Project Schedule
Topic 2: Critical Path Method (CPM)
Topic 3: Leads and Lags

Topic 4: Schedule Compression

Topic 5: Resource Leveling

Student learning objectives

After completing this lesson, you should be able to
1 explain how critical path methodology is used to develop project schedules
91 describe the difference between a lead and a lag
9 describe the different components of a project schedule and the application of calendar time
1 explain schedule compression and describe how it is used in project management planning
9 define resource levaig algorithms and how they are used in project management planning

1 use different schedule development tools and techniques to deliver a project schedule
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= A project management plan is a formal, approved document
that defines how the project is executed, monitored, and
controlled.

* A project schedule lists planned dates for performing activities
and meeting milestones identified in the project management
plan

34
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Definition is taken from the Glossary BMBOK Guide

Project Management Plan versus Project Schedule

A project management plans a formal, approved document used to manage project execution and control. The
primary use of the project management plan is to document all plans and facilitate communicatiorgamo
stakeholders with approved scope, cost and schedule baselines. The components of a project management plan

include:

=4 =4 -8 _4_8_8_9_9a._-2_-9_-29_-2._-.2_-2

project charter

project scope statement

work breakdown structure

scope management plan

master project schedule
schedule management plan
project cost baseline

cost management plan

project risk management plan
project quality management plan
procurement management plan
project communication management plan
project change management plan
project staffing management plan

Aproject scheduldists planned dates for performing activities and meeting milestones identified in the project
management plan.

66

Lesson 3: Schedule Developm



¢2LIAO MY 5S@St2LAYy3a | tNR2SOU { OKSRdz S

Project Schedule Development

Developing a project schedule involves analyzing project actggyences, durations, and resource requirements to
determine start and finish dates for project activities. Start and finish dates must be realistic if the project is to finish
as scheduled.

The main inputs in the schedule development process are caferadal constraints (including constraints specific to
government projects).

1 Calendars
Project and resource calendars identify periods when work can take place.

Project calendaraffect all resourcesg for example, some projects take place only during normal business
hours, whereas other projects include day and night shifts.

Resource calendagdfect a specific resource or category of resourGésr example, a project team mersb
may be on vacation or certain categories of workers may only be available on certain days of the week.

Application of calendars to project schedules is accomplished through the use of software applications, where
the project is allocating resources aadtivities. With the Georgia Light Rail project, it may be that project
resources will not work weekends or public holidays. This is reflected in the project schedule using a calendar
of available and noiavailable times.

i Constraints

Constraints limitaJN2 2S00 YI yIF 3SYSyid GSFHYQa 2LiAz2yad ¢KS (g2
considered during schedule development are imposed dates and key events or major milestones.

U Imposed dates

These dates are used to restrict project start or finish dates so that they occur either no earlier than a
ALISOAFASR RIFIGS 2NJy2 tFGSNJ GKIY | &aLISOATASR RIGSd
constraints are the most commonly usedposed dates. Situations where imposed dates impact project
schedules are weather restrictions on outdoor activities or restricted delivery dates for materials from

third parties.

U Key events or major milestones

These are significant project events that mark the completion of certain deliverables by a specified date.
Project stakeholders often request that such dates be included in the schedule. Once scheduled, these
dates become expected and may only be changih great difficulty.

Milestones are often used to indicate interfaces with work that is outsitiat linked tog the scope of
the project.

Government projects face another constraint in the form of the annual budget dgoleefnment

Extension to th®MBOK® Guide Third EditipA0). Elected officials typically approve budgets that last

F2NJ 2yS FAAOFE &SIF NI F G [Iprovisions$ha refufre finds$oNaB speéniNadg thet dza S
end of a fiscal year, any project delays can causéaeof funding if work moves from one fiscal year

into the next.

Lesson 3: Schedule Development 67



¢2 LA O

MY 5S@St2LIAy3 I tNB2SOU

= The project schedule is generally presented graphically, using

one or more of the below formats:

* Project Network Diagram
* BarCharts

* MKilestone Charts

* Gantt Charts

35

Project Schedule

Theproject schedulds the main output from schedule development and includes at least the planned start and
expected finish dates for each project activity. The project schedule, which is a preliminary schedule until resource
assignments have been confirmed, is presented in summary form (the master schedule) or in detail.

The project schedule is generally peaged graphically, using one or more of the following formats:

68
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project network diagrams

bar charts

milestone charts

Gantt charts
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Figure based on PMBOK® Guide, Figtiré, >age 158.

Bar chartsindicate activity start and end dates, as well as expected durations. Bar charts are easy to read and are

often used in management presentations.

Lesson 3: Schedule Development
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Milestone Charts
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Figure based on PMBOK® Guide, Figtiré, #age 158.

Milestone chartsare similar to bar charts, but they only show the scheduled start or completion of major deliverables

and key external interfaces.

A milestone is an activity with zero duration. Milestones are generally associated with significant aveimizs

project start

project finish

deliverables or reports
availability of product items, etc.

= =4 —a -8

A milestone should be associated with significant deliverables or events in a project.

70

Lesson 3: Schedule Developrr



¢2LIAO MY 5S@St2LAYy3a | tNR2SOU { OKSRdz S

- 5N

Tack Nare tuten S Frish Prodecessors | [Jerwary ~  (Fetrawy = [Meoh :
27216361 1004 1701 2401 3101 107402 1002 12002 2802 07,60 1403

1

2 = Project Vender Wdas SEMNE i P —

3 Propct St Ddws SHOUCOS SeOUNRS "o

‘ Kertty Cortact Bourmests 15ys Mon 000105 £ 200106 3

) Advertee Propossl Hdeys Mon (0105 FaOMOR0S 455

5 Fisrvew ersrs Vows M 100105 Fa 040205 &F .

7 ietty Verr: 10ys MnOTAR0S  Fo 18005 § =

8 Seinct Vardirs 10dsys Mn 210205 FAOKCH0S 67 -

9 Sgn Cortrcts Sdoys Mon (705 £ 110005 & =

0 PotFro Odwe FAIIGR05 FA110305 9 onm

38

TR aaed o0 AVSOKT Sone. Fgare GIA Pagelia
Figure based oRMBOK® Guide, Figurd 4, Page 158.

Bar charts and milestone charts are subsets of the Gantt chart.

TheGantt chartis connected to the WBS as both reflect project activities. The WBS presents work packages, which can
be decomposed further into spedfproject activities. A Gantt chart presents these project activities in a sequenced
and logical fashion, with associated time and resource estimates.

A Gantt chart is an ideal way of presenting a network schedule. The slide illustrates a project ribagoaikn with
date information added.
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Figure based on PMBOK® Guide, Figtiré, #age 158.

The Citical Path Method (CPM)

Thecritical pathis the series of activities that determines the duration of a project. In a deterministic model, the
critical path is defined as those activities with float less than or equal to a specified value, often zero. It is thte longes
path through the project.

Critical path method (CPM} a network analysis technique used to predict project duration by analyzing which
sequence of activities (which path) has the least amount of scheduling flexibility (the least amount of float). Early
dates are calculated by mea of a forward pass, using a specified start date. Late dates are calculated by means of a
backward pass, starting from a specified completion date (usually the forwarecplsdated project early finish

date).

CPM calculates the theoretical early datk start and finish times for all project activities without taking into account
resource limitations. The resulting times indicate the time periods within which the activity could be scheduled given
resource limits and other known constraints. Calculadarly and late times are the same on the critical path because
float is zero. On nowritical paths, the schedule flexibility is called total float and is calculated using the difference
between early and late times.
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Figure based on PMBOK® Guide, Figtir¢, #age 158.

Critical Chain

Theschedule networkis initially built using activity logic, required dependencies, and defined constraints. Then the
critical path is calculated and identified. Resouagailability is assigned, and the resoudréven result is then
determined. This result often alters the critical path, and this change must be managed.

Thecritical chainis defined as the longest chain@épendentevents where the dependency is either task or resource
related. This is the longest chain that is most likely to impact the overall duration of the project. Critical chain is about
understanding how resources and tasks can impact on project duration®\ehgiating potential time reductions

given these interactions.

If resource availability is not a constraint, then a project's critical chain becomes the same as its critical path. It
aggregates the large amountof contingency added to any project inffers, to prdect due-date performance.

To avoid wasting this contingency through bad multitasking or poorly syncledimigegration, criticalleain has

evolved into a management style where project planners attempt to understand the behavioral aspduets

schedule and attempt to implement new behaviors to make significant time reductions. It uses buffer management
instead of earned value management to assess the performance of a project.

Earned value management technique does not distingyistgress on the critical path. Whereas the critical chain
methodology is all about understand the optimal fit of time, contingency and resourcing for the project schedule.
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Leads and Lags

Aleadis a modification of éogical relationshighat allows an acceleration of the succestask For example, in a
finish-to-start dependency with a teday lead, the successactivity can start ten days before the predecessor has
finished.

Alagis a modification of ogicalrelationshipthat directs a delay in the successask For example, in a finisto-
start dependency with a teday lag, the successactivity cannot start until ten days after the predecessor has
finished. Such a lag might be required between orderipieae of equipment and installing or using it.

In the example shown on the slide, the project team decides on the following after analyzing the project network:

1 afiveRFe f1 3 A&
late applications to arrive.

NBIjdzA NBER 0S3G6SSy daAyidSNIisllewsyoBan@?@ Sy R2 NA €

1 athreeRlII @ fSIFIR A& ARSYUGUATASR 0Si06SSy aairdayiaya GKS 02y i N
believes that preparatory work can be started on the contract during the time of selecting the \#endor
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:::‘v;teyr Activity Duration L::;: J
1 Identify Vendors 10 -
2 Identify Contract Requirements 15 -
3 Interview Vendors 20 5
4 Advertise Proposal 25 -
5 Select Vendors 10 -
6 Sign Contract 5 -3

The activity list (showing leads and lags) can be transferred into a network diagram with project duration of 47 days
(see slide)

TheGantt chartdisplayed below is thequivalent of the network diagram with tHeads and lags.

D [Task Name DurationStart  [Finish  Predecessorjq \Aug7,"11 'Send, '11 0ct2,'11 Oct30
s lw s [1T m[F T ]s | wls
0 [Project Vendor Mdays 8/1/11  10/4/11 5 0%
1 Project Start Odays  8/1/11  8/1/11
? Identify Contract Requiremen 15days 8/1/11  8/19/11 1
3 Advertise Proposal Bdays 8/1/11  92/11 2SS
4 IdentifyVendors days 8/15/11 9/9/11  3FF+5days
5 Interview Vendors 10days 9/5/11 9/16/11 3
6 Select Vendors 10days 9/19/11 9/30/11 45
7 Sign Confracts Sdays 9/28/11 10/4/11 6FS-3days !
8 Project Finish Odays 10/4/11 10/4/11 7 ¢10/4
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Schedule development techniques include

= schedule analysis

= duration compression
* simulation

= resource leveling

* project management software

Schedule development entails determining the start and finish dates for project activities. It involves analyzing activity
sequences, activity durations, and resource requirements to createcaunrate project schedule.

It makes use of the following techniques:

1 schedule analysig used to calculate the theoretical time period of the project, which is the early start and
finish dates of all project activities given resource limitations and other known constraints

1 duration compressiorg; a special form of mathematical analysis ti@s to shorten the project schedule
without changing the project scope. There are two major duration compression techniques, crashing and fast
tracking:

0 crashinginvolves analyzing cost and schedule tradeoffs to determine how, if at all, the greatest
amount of compression can be obtained for the least incremental cost

U fast trackinginvolves conducting activities in parallel that would normally be done in sequence (e.g.,
starting to write code on a software project before the design is complete

9 simulation ¢ used to calculate multiple project durations with different sets of activity assumptions

1 resource leveling; used to balance resource allocation (e.g. allocating additional resources to a project to
ensure that its duration is in line with ¢horiginal estimate)

1 project management software; used to help automate certain tasks, for example the calculation of
mathematical analysis, and to help create alternative schedules quickly

Schedule compression uses many of these techniques.

76 Lesson 3: Schedule Developrr



¢ 2 LIA K SIRY&GESt 2 098y i1 QRO

Schedule Analysis Techniques
Critical Path Method
Critical Chain Method

= Resource Leveling

What-if-analysis

The most widely known schedule analysis techniques are

A critical path method (CPM)
CPM calculates a single, deterministic early and late start and finish date for each activity. This is based on
specified, sequentiaietwork logic and a single duration estimate. The aim of CPM is in calculating float to
determine which activities have the least scheduling flexibility.

A critical chain method
Critical Chain Method modifies the schedule to level ealézcated resourcealong the critical pathThis
often results in a different critical path than before adding resources to the activities. Another feature of the
critical chain method is the use of buffers. The project buffer is added at the end of the project as a
contingency for schedule slippage. Additional buffers called feeding buffers are inserted to those activities
that feed the critical path to protect against schedule slippage that feeds the critical path.
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Schedule Compression Techniques

® Crashing —the reduction of project duration with an
increase in budget.

aa
Rl

Cofrrion 4 makes fom e Coany o A0S Sude

Definition is taken from the Glossary BMBOK Guide

Duration Compression Crashing

Crashingnvolves analyzing cost and schedule tradeoffs to determine how, if at all, the greatest amount of
compression can be obtained for the least incremental cBsashing does not always result in a viable alternative and
it may in fact increase cost.

Theactivities on the critical pathare examined to understand where time savings can be made. While this results in
project time saving, the budget is impactedwasy often time savings result in increased resources, materials or
equipment.

Using the CPM approach, project managers can determine the cost of speeding up or crashing certain phases of a
project. To do this, it is necessary to calculate the normal expected time for each activity and the crashing cost per unit
time. CPM charts, wbh are closely related to PERT charts, show the visual representation of the effects of crashing.

Only those activities on the critical path are considered, starting with the activities for which the crashing cost per unit
time is lowest.

If the criticd path consists of four activities, the first activity to be crashed is the one with the lowest crashing cost. The
activity with the next lowest crashing cost is crashed next and so on.

When an activity is crashed, there is a strong possibility thatvacréical path will be developed, which may include
those elements that were bypassed because they were not on the original critical path.
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Schedule Compression Techniques

= Fasttracking — a reduction in project schedule with an
increase in risk.

4s

Sefrian & Tken o e Cloany of SMIOH® Code

Definition is taken from the Glossary BMBOK® Guide

Duration Compressiorg, Fast Tracking

[ SGQa FaadzyS YIyl3aSySyi ¢rakSa G2 1SSL) 6GKS SyR RIFGS 27
lack of adequate funding. How can this be accomplished without sacrificing quality? The answastisreckthe
project.

Fast trackingnvolves conducting activities in parallel that would normally be done in sequence (e.g., starting to write
code on a software project before the design is complete).

Fasttracking a job can accelerate the schedule fmguires that additional risks be taken. If the risks materialize, then

either the end date will slip or expensive rework will be needed. Almost all prdjgan companies fadrack
projects, but there is danger when fastacking becomes a way of life.
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Simulation

* Monte Carlo analysis is a simulation algorithm

* |t is based on random number generation where the
algorithm presents a distribution of data between selected
limits.

46

Simulation

Project management uses simulation to calculate multiple project durations with different sets of activity
assumptions. Monte Carlo analysis, a common simulation technique, involves defitisigkaution of probable
results for each project activity and using the results to calculate a distribution of probable results for the total.project

Monte Carlo analysis is based on random number generation where the algorithm presents a distrilbatida o
between selected limits.

Here isa samplestrategy for combining critical chain and simulation methoda waythat can be very éneficial to
project maragement:

develop thework breakdown structureand activity network diagram in the usual way

obtain quality judgmentsabout activity completion times and resource requirements. This is usually achieved

by interviewing the best available experts. These judgments should be expressed as protiabiliytions.

Breaking apart important contingenciesa good way to obtain a better representation and a more realistic

estimate.

1 understand thatlearningis essential to improving future judgments. A graphic of actual outcomes versus
estimates is an excellent feedback tool.

1 develop aproject model Asavailable resources permit, shorten the project management schedule to conduct
more activities in parallel (being careful to recognize resource conflicts andtashtng inefficiencies).

1 provideactivity leaderswith convenient access to the project mdd&he project manager should be

especially involved in monitoring ongoing activities and alerting workgroups to be prepared as work on critical

activities approaches.

f
f
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Exercise: Compressing a Schedule

47

T ———————————

You are in the middle of the planning phdse the light rail system project. Due to the large nature of the project, the
team has decided to break up the planning according to various functions. You have been asked to identify the work
that would be involved in surveying and reviewing the sitéhef light rail system and delivering preliminary designs

that can then be used to award a fix@dice contract to a ciwtlesign vendor.

The following are the list of identified activities atigk corresponding network diagram critical path:
1 step 1: exanine the list of identified activities and corresponding network diagram critical path
1 step 2: reducéhe duration of this project t& weeks
1 sep 3:ending point of tke exercise is whethe activities that can be compressed in the logic diagram

Activity List:
Activity Activity Duration
Number (weeks)

Identify Scope of Site Reviews

Environmental Review of Sites

Perform Site Surveys

Identify Vendors to Perform Surveys

Identify Rail Sites

Architecture Review

Review Surveys

Agree on Design Scope

QIO N[N H|WIN| =

Identify Vendors to Perform Design Contract

ND=2INNWWW|—
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Network diagram:

0[3[3 . [3]3]6
4 2
o/o[3 5[2[8
—[8][1]9 9/615

o[l i =l 7 =2zl 8
1 L.3|3|6 6/2[8 o] o]
2[2]3 3 . § |—"18l0]9 9|05

3[0[6 6/0[8
o[2]2 r
5
TEIE 1[2]3

9

13/12[15

82 Lesson 3: Schedule Developm



Lesson 3: Schedule Development

83



OESNDAAS 22N)] aKSS

84 Lesson 3: Schedule Developrr



¢2LIAO pY wSaz2dzNOS [ S@St Ay3

&
Resources
Scope

48

Resource Leveling

Resource leveling (also known as the resodrased method) is any form aktwork analysisn which scheduling
decisions gtart andfinish date$ are determined byesource management concerr{g.g., limited resource availability
or difficult-to-manage changes in resource levels). Resource leveling frequently results in a project duration that is

longer than the preliminary schedule

Reallocating resources from namitical to critical activigs is a common way to bring the schedule back, or as close as
possible, to the originally intended overall duration. In addition, using extended working hours or different
technologies can help shorten durations that have extended the preliminary sché@detracking can also be used

to reduce the overall project duration.

Some projects have finite arattitical project resourceshat must be scheduled in reverse from the project ending

date. This is known asverse resource allocaticsthedulingAs w6 Q @ S
schedule to account for limited resources.

t SINYSRZ

0KS ONRGAOL ¢

Successful project management is both an art and a science that attempts to control corporate resources within the
constraints of time, cost, and performanddost projects are unigue activities for which there may not be reasonable
standards for forward planning. As a result, the project manager may find it extremely difficult to stay within the time

costperformance triangle shown in the slide.

Resource Redtements

The duration of most activities is significantly influenced by the resources assigned to them. For example, two people
working together may be able to complete a design activity in half the time it takes either of them individually. A
person worlkng half time on an activity will generally take at least twice as much time as the same person working full

time.

Lesson 3: Schedule Development
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As additional resources are added, projects can experience communication overload, which reduces\ptydu
Production tends to improve proportionally less than the increase in resource.

In this example, the following resources are available for the project:

ACtiVity Activity Duration| Resources
Number

1 Identify Vendors 10 2

2 Identify Contract Requirements 15 3

3 Interview VVendors 20 a

4 Advertise Proposal 25 3

5 Select Vendors 10 2

6 Sign Contract 5 1

And when applied to the following project network, the resulting resource profile is

10 | 20 |30
3 -
,ﬁ 15| 5 [35
+5
ol15|15 o|25|25 (35 [10 [45 | [ |[42 [ 5 [47
2 4 - 5 —> 6 -
0015 0025 | 35[0 [45 42 [0 |47
25 (10 |35
1 Jrom—
250 |35

Thecart below depicts the number of resources needed per week based on the network diagram.

Resources per Week
Activities 5 10 15 20 25 30 35 40 45 47
1 2 2
2 3 3 3
3 4 4 4 4
4 3 3 3 3 3
5 2 2
6 1 1
Total 6 6 10 7 7 6 2 2 3 1
g 12
3 10
S 8
E‘é 6
e 4
2 2
§ o | | l—|
= 5 10 15 20 25 30 35 40 45 47

Time (weeks)
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The lesson is now completed and the following topics have been covered:
Topic 1: Developing a Project Schedule

1 Aproject management plans a formal, approved document used to manage project execution and
control. This contain a list of project plans ranging from project charters, scope statement to cost
and schedule management plans

9 Aproject schedule which is part of the projeechanagement plan, lists planned dates for performing
activities and meeting milestones identified in the project management plan.

1 The project schedule is generally presented graphically, using one or more of the following formats:
project network diagramspar charts, milestone charts, Gantt charts

From this topic you shouldke awaythe following points:

1 several different tools and techniques (kararts, milestone charts, and Gantt charts) are associated
with a project schedule

9 the Work Breakdown Stature is the origin of the work that makes up each of these tools and
techniques

Topic 2: Critical Path Method (CPM)

9 Critical path method (CPM¥ a network analysis technique used to predict project duration by
analyzing which sequence of activities {géhpath) has the least amount of scheduling flexibility (the
least amount of float).

9 Thecritical chainis defined as the longest chain of dependant events where the dependency is
either task or resource related.

From this topic you shoulidke awaythe following points:

1 a project manager identifies the critical path using the precedence diagramming method template

1 critical chain is about understanding how resources and tasks can impact on project durations, and
evaluating potential time reductions giveénese interactions

Topic 3: Leads and Lags

1 Aleadis a modification of ¢ogical relationshighat allows an acceleration of the succestsk A
lagis a modification of éogical relationshigghat directs a delay in the succesdask

From this topic you shouldke awaythe following point:

1 leads and lags apply to the precedence diagramming method and are used to modify logical
relationships between activities
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Topic 4: Schedule Compression

9 The schedule delopment process uses the following corapsion / analysis techniques:

U schedule analysig used to calculate the theoretical time period of the project, which is the
early start and finish dates of all project activities given resource limitations aredt oth
known constraints

U duration compressiort, a special form of mathematical analysis that tries to shorten the
project schedule without changing the project scope. There are two major duration
compression techniguesrashing andast tracking.

U simulation ¢ used to calculate multiple project durations with different sets of activity
assumptions

0 resource leveling; used to balance resource allocation (e.g. allocating additional resources
to a project to ensure that its duration is in line with the originaireate)

0 project management software; used to help automate certain tasks, for example the
calculation of mathematical analysis, and to help create alternative schedules quickly

From this topic you shouldke awaythe following points:

9 there are a numbeof schedule compression technigues available to project managers, including
crashing (reducing project duration with an increase in cost) andfasking (reducing project
duration with an increase in risk)

9 the exercise asked to reduce the project dimatwithout increasing cost, so risk was increased. This
resulted in fastracking the project by changing activity relationships (i.e. from fitosbtart to
start-to-start)

Topic 5: Resource Leveling
9 Resource levelingalso known as the resourdgased method) is any form oktwork analysisn
which scheduling decisionstért andfinish date$ are determined by resource management

concerns (e.g., limited resource availability or diffitatmanage changes in resourlevels).

A combination of the various techniques can be used to find the optimal project duration with the
correct balance of resources and appropriate budget

From this topic you shouldke awaythe following point:

1 there are various types of resourteveling, each of which can be applied to find the optimal fit
between resources and project durations
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Topic 1: Parametric Modeling Estimation
Topic 2: Analogous Estimation
Topic 3: Bottorrup Estimation

Topic 4: Program Evaluation Review Technique

Topic 5: Delivering a Projecitinate

Student learning objectives

After completing this lesson, you should be able to
1 define parametric modeling and explain how it can be used in project planning
9 define analogous estimation and explain how it can be used in project planning
1 define bottomup estimation and explain how it can be used in project planning

1 define threepoint estimation and explain how to use it to statistically evaluate schedules or
budgets

9 use estimation tools and techniques to present expected project costslarations
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= Parametric modeling estimation uses project parameters in a
mathematical model to predict project costs

= Parametric models can be simple or complex

= Cost=x * Resources +y * Materials + z * Overheads

48

Parametric modelinguses the characteristics (parameters) of a project in a mathematical model to predict project
costs. Models may be simple or complex, depending on the nature of the project. For example, a residential
construction project could use a simple model to detére the cost of the project per square foot of living space. A
more complex model would be appropriate for a software development projectift®duction of webbased
systems for payroll systemt)at involves many different adjustment factors that et be accounted for in the
model.

An example of a simple parametric modeCisst = 40 * Resources + 40 * Materials + 20 * Overhedatss model
shows that the key drivers are resources and materials when establishing a cost estimate. The fact@tedssiboi
the variables are weightings that demonstrate their relative impact.

Parametric models are most likely to be reliable when

9 historical information used to develop the model is accurate.
1 parameters used in the model are readily quantifiable.
1 themodel is scalable (i.e., it works for large as well as small projects).

Parametric modelings particularly applicable to environments where the nature of the project work is repetitive (i.e.
manufacturing of systems)
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* Analogous estimation uses the cost of previous, similar
projects to estimate the cost of a current project

* |tis generally less costly but less accurate than other cost
estimation techniques

* |ts reliability can be increased when
» previous projects are similarinfact

» estimates are prepared by experts

50

Analogous estimation also calledop-down estimating involves using the actual cost of a previous, similar project as
the basis for estimating the cost of the current project. It is often used in the early phases of a project when there is a
limited amount of detailed information available.

Analogous edmation is a form of expert judgment about potential resource requirements that can be made available
from such sources as other units within the performing organization, consultants, professional and technical
associations, or industry groups. It is lesstly than other techniques because it is based on existing information.
However, it is also generally less accurate becaus#agities between projects carot be guaranteed. The process is
most likely to be reliablevhen

1 previous projects are similan fact and not just in appearance.
1 individuals or groups preparing estimates have the required expertise.
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= Bottom-up estimation involves estimating the cost of
individual project activities and aggregating results to get total

project cost

* |n bottom-up estimation, smaller activities increase both the
cost and accuracy of the estimation process

T

51

Bottom-up estimationinvolves estimating the cost of individual project activities or work packages and then

summarizing individual estimates to get a project total.

Bottom+up estimation is dependent on a waliructured work breakdown structure (WBS). The low level of tHBSW

presents activities/work packages that can be associated with a time and cost estimate.

Lesson 4: Time and Cost Estimation
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Figure based oRMBOK® Guid€Eigure 5, Page 119.

As the lowlevel components of the WBS are estimated, they can be accumulated to present estimates at various
levels. The WBS with estimates can also be referred tocastebreakdown structure (CBS)

When it is not possible to estimate the cost of a @ex activity with a reasonable degree of confidence, the work
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dependencies between activities, the pattern of resource usage needs to be reflected in the estimated requirements
of the activity and these estimates need to be documented.

The size and complexity of an individual acfivit work package determines the size and accuracy of botipm
estimation: smaller activities increase both the cost and accuracy of the estimation process.
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estimate originally used in critical path method (CPM)PERT, estimates of completion time are obtdif@ each

activity in the form of three points:

1 most likely¢ the calculated activity duration given the likely available resources and their productivity,
realistic expectations regarding the availability of these resources, dependencies on otheappatticand
interruptions on the type of activities

9 optimistic ¢ the calculated activity duration based on a bestse scenario of what is described in the most
likely estimate

1 pessimisticg the calculated activity duration based on a wecsise scenariofavhat is described in the most
likely estimate

An activity duration estimate constructed using some average of the three estimated durations can provide a more
accurate estimate than the single point most likely estimate.
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= PERT allows for three-point estimation and critical path
analysis

54

PERT Requirements

When PERT was first developed, it consisted of a number of basic requirefanéxample, the individual
tasks undertaken to complete a project must be clear so that they can be sequenced as part of a schedule.

These events and activities are sequenced on the network using a highly logical set of ground rules that
allow the detemination of critical paths.

Time estimates are calculated for each activity on a thway basig optimistic, most likely, and
pessimistic. These figures should be estimated by the person(s) most familiar with the activity.

PERT'extensive planning (i.e. threway basis) helps identify critical path analysis independencies that can
be used to indicate where the greatest effort is required to keep a project on schedule. The probability of
meeting deadlines by developing alternatiaups is another application. For example, the probability of
achieving the desired result can be compared against the pessimistic and optimistic estimates.

Thethree-way basis for estimatior{optimistic, most likely, and pessimistic) is used to derivexgrected

time. PERT is used for R&D projects where the risks in calculating time durations have a high variability, and
is the basis for variance simulation.
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Functional managers are required teatuate situations and submit their best estimates when calculating the elapsed
time between events. These estimates are more reliable if the manager has a large volume of historical data to work

from. In the case of nonepetitive activities, functional mnagers must base their estimates on three possible

assumptions related to the completion time:

1 themost optimistic completion timeg assumes that everything will go according to plan and that difficulties
will be keot to a minimum

I themost pessimisticompletion time ¢ assumes that everything will not go according to plan and the

maximum numier of difficulties will develop

1 themost likely completion timeg thisis the time that most often occurs when this event occurs ynames

To combine these thretmes into a single expression for expected time, two more assumptions must be made:

1 dandard deviation is onsixthof the time requirement range

This assumption is based on the probability theory, where the end points of a curve are three standatible
from the mean.

The standard deviation is a measure of uncertainty. It can also be defined as the difference between the forecast
and the actual. The higher the standard deviation is, the greater the risk or variance associated with the project.

1 the probability of distribution of the time required to perform an activity must beregpible as a beta

distribution
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PERT uses the following expressions to find the expected time between events:

te = expected time
to + 4tm + tp P
le = 5 10 = most optimistic time
P = most pessimistic tim

tm = most likely time

In order to calculate the probability of completing the project on time, the standard deviation of each activity can be
obtained from this expression:

tp - to
O'te = p— O = standard deviation of expected time

6

Another expression that can be used is variance (v), which is the square of the standard deviation. This expression is
useful when comparing expected values.
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PERT Example

Actvity A Duraton

Number Optimistic Most LikelyPessimistic
1 Identify Vendors 5 10 27
2 Identfy Contract Requirements 15 15 B
3 Interview Vendors 5 20 3
4 Advertise Proposal 2 25 36
5 Select Vendors 10 10 46
6 Sign Contract d 5 pi)

57
_ —

The followirg are the optimistic, most likely, and pessimistic estimates available for a project to sign a contract:

Activity Activity Duration
Number Optimistic [Most LikelyIPessimistic
1 Identify Viendors 5 10 27
2 Identify Contract Requirements 15 15 33
3 Interview Vendors 5 20 23
4 Advertise Proposal 20 25 36
5 Select Vendors 10 10 46
6 Sign Contract 5 5 29
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PERT Example - . . - —
GIA
Number Optinistic Most Likely| Pessinistc| Expected | Devion

1 Idensdy Vendors 3 0 | 21 | 12 | 37 |
2 Identiy Contract Requirements 15 5 % | 18 | 30 |
3 Interview Vendors 3 2 B | 8 | 30
4 Advertise Proposal 2 5 | % | % | 21 |
: Select Vendors 10 0] % | 16 | 60
: Sign Contract 3 : IR 40
S8
_ —

Given this data, and the application of PERT, the expected durations can be calculated tisingn + tp / 6and the
standard deviation usintp ¢to / 6:

:ﬁtnl‘vblg Actviy IDuration . Slandzfrd
Optimistic (Most Likely| Pessimistic| Expected | Deviation

1 |dentify Vendors 5 10 21 12 3.7

2 |dentify Contract Requirements 15 15 33 18 30

3 Interview Vendors 5 20 23 18 30

4 Advertise Proposal 20 25 36 26 2.7

5 Select Vendors 10 10 46 16 6.0

6 Sign Contract 5 5 29 9 40

100
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When the project expected duration applied, the project network is as follows, with extended project duration of 60
days.
1318 |31
3
20| 7 |38
+5
0/18[18 0 (26 |26 il (381654 51]9 |60
2 4 > 5 6
0|0|18 0|0|26 38|0|54 51|0|60
26[12[38
1 Uil
260 (38

This indicates that there is a time risk associated with this network. For example, the duration for selecting vendors is
between 10 days (optimistically) and 46 dgpessimistically). The expected duration is 16 days. However, this may be
an activity that requires contingency. Contingency is discussed in detail in lesson 5 topic 1.
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Exercise: Delivering a Project Estimate

59

You are in the middle of thglanning phase for the light rail system project. You have been requested to identify the
work that would be involved in surveying and reviewing the site of the light rail system and delivering preliminary
designs that can then be used to award a fixgite contract to a civillesign vendor.

The list of identified activities and the corresponding network diagram with critical path are displayed on the next
page.

You need to update the estimate for the time duration of the project. The current time e8r@ae one point (i.e.
most likely), but your project stakeholders would like to see the expedtedtion, using the following formulae:

1 tofind the expected time ) between events

le = expected time
to + 4tm + tp P
le = ) 10 = most optimistic time
P = most pessimistic tim

tm = most likely time
9 the standard deviation of each activity

tp - to
Ot = P- 0 O = standard deviation of expected time
6
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Activity List:
Activity Activity Duration
Number Optimistic| Most Likely| Pessimistiq Expected
1 Identify Scope of Site Reviews 1 1 7
2 Environmental Review of Sites 3 3 3
3 Perform Site Surveys 3 3 9
4 Identify Vendors to Perform Surveys 1 3 5
5 Identify Rail Sites 1 2 3
6 Architecture Review 1 2 9
7 Review Surveys 1 1 1
8 Agree on Design Scope 4 6 8
9 Identify Vendors to Perform Design Contract 2 2 8
Network Diagram:
o[3[3H—.[3[3]6
4 2
0jo[3 5[2[8
—[8]1]9 9615
| o[1]1 .
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The lesson is now completed and the following topics have been covered:
Topic 1: Parametric Modelingstimation

9 Parametric modelinguses the characteristics (parameters) of a project in a mathematical model to
predict project costs.

From this topic you shoulidke awaythe following point:
9 parametric models @ used b estimate durations and costs
Topic 2: Analogous Estimation

9 Analogous estimationalso calledop-down estimating involves using the actual cost of a previous,
similar project as the basis for estimating the cost of the current project.

1 Itis often used in the early phases of a project when there is a limited amount of detailed
information available

From this topic you shoulidke awaythe following point:
1 previous project experience is a legitimate basis from which to estimate dosatind costs

Topic 3: Bottomup Estimation

1 Bottom-up estimationinvolves estimating the cost of individual project activities or work packages
and then summarizing individual estimates to get a project total.

9 Itis dependent on a wefitructuredwork breakdown structure (WBS)

From this topic you shoulidke awaythe following point:
1 a work breakdown structure template can be used to estimate durations and costs

Topic 4: Program Evaluation Review Technique

1 Program Evaluation and Review Technique (PER&Yalculation method thatises a weighted
average duration estimate to determine activity duratiofibe estimates of completion time are
obtained for each activity in the form of three points:

0 most likely
0 optimistic
0 pessimistic
1 To combine these three times into a single expressiorfpected time it is assumed thadtandard

deviationis onesixth of the time requirement range, and the probability of distribution of the time
required to perform an actity must be expressible as a beta distribution.
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From this topic you shoulidke awaythe following points:
9 the Program Evaluation and Review Technique uses the following formulae:

U to find theexpected timebetween events:

le = expected time
to + 4tm + tp P
le = 5 0 = most optimistic time
P = most pessimistic tim

tm = most likely time
U the standard deviationof each activity can be obtained from this expression:

tp - to
Ot = -0 O = standard deviation of expected time

6

Topic 5: Delivering a Project Estimate
1 An exercise is presented to demonstrate the calculation and delivery of a projecaéstim
From this topic you shouléke awaythe following point:

1 the PERT formulae can be used to deliver an expected project duration using the precedence
diagramming method template

Lesson 4: Time and Cost Estimation 10k&
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Topic 1: Allocating Contingency
Topic 2: Cost Budgeting and Baseline

Topic 3: Presenting a Cost and Schedule Baseline

Studentlearning objectives

After completing this lesson, you should be able to
9 describe what cost and time contingency is and explain how to apply it
9 define what a cost budget is and how to construct one
1 use the cost estimates to structure a cost baseline

1 understand a cost and schedule baseline and explain how to produce them
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Probabiity of ¢
Occurrence . Contngency

Possible Durasons

Contingency Activities

Project teams can choose to incorporatentingency time or cost into an overall schedule or budget to allow for
schedule risk For example, the contingency time can be a percentage of the estimated activity duration, a fixed
number of work periods, or it can be developed by quantitative risk analysige$he/etime or cost can be used
completely or partially, ath can later be reduced or eliminated as more precise information about the project
becomes available. Threserve time or cosshould be documented along with other data and assumptions.

Time contingency on critical path activitiesill affect the overalproject duration, whereas contingency on ron
critical path activities may move them onto the critical path and, in turn, affect project duration. This has an impact on
the project deliverables and milestones.

Many estimators include contingeneylowances for cost and time in activity estimates. There is an inherent problem
with this approach, specifically, of not identifying the original activity estimates and thereby enabling the typical
human response of consuming all assigned time and budget.

One possible solution to this problem is to combine the contingency time and resources, including cost for a group of
related activities, into a single contingency activity (or contingency buffer) that is intentionally placed directly on the
path for tha group of activities.

The diagram in the slide shows the expected funding for the project. The project manager can be invaluable in
providing the information necessary to support funding requests that will ensure a positive funding flow in advance of
expenditures.

Many projects, particularly larger ones, haweltiple cost baselineso measure different aspects of cost

performance. For example, management will require that the project manager track internal costs (employee labor)
separately from externatosts (subcontractors and construction materials).
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Private sector budget processes are very similar to the government budget processes. They must respond
quickly to market challenges from competitors. Theref@mgd private firms frequently delegate detailed

budget decisions to smaller cost centers. The manager of each cost center has clear performancé measures
make profit, satisfy customers, and obey the law.

Lesson 5: The Project Budget 10¢
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Adjusting Contingency Activity
= Adjusting contingency activity means

» the activity variances for the related activities are more accurate as
they are based on the original estimates

» the contingency used or unused can also be measured in time, cost,
and resource consumption

» Results in clarification of contingency time, cost, and
resources

61

=—~ e e —

Asthe activities progress through execution, it is possible to adjust the contingency activity, as measured by the time,
cost, and resource consumption of the activities.

This means that the activity variances for the related activities are more accigdhey are based on the original
estimates, and the contingency used or unused can also be measured in time, cost, and resource consumption.

By usingcontingency activitiesn this way, there is a resultant clarification of contingency time, cost, araliress.
These contingency activities can follow on from each activity for which a significant contingency is needed or as a
composite contingency for all activities in a work package.

110
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Risk

Contingency reserves the amount of money or time needed above the estimate to reduce the risk of overruns of
project objectives to a level acceptable to the organization.

Contingency reserves are budgeted costs that can be used at the direction of the project manader o deal with
FyGAOALI G§SRXE o0dzi y2G OSNIFAYyS S@Syiaod ¢KSAS NS alyz2sy

Contingency reserves are usually assigned at the work package level as a zero duration summary activity, spanning the
start to the end & the work package subetwork.

On the next page, the optimistic, most likely and pessimistic estimates are displayed for the project to sign a contract.
Given this data, and thapplication of PERTthe expected durations and standard deviation can Heuwated.
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activity. (The standard deviation is a measure of the dispersion of possible outcomes.)
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:E::‘\gteyr Actviy — 'Duration — Star'lda’rd
Optimistic Most Likely| Pessimistic) Expected | Deviation
1 |dentify Vendors 5 10 27 12 3.7
2 Identify Contract Requirements 15 15 33 18 30
3 Interview Vendors 5 2 23 18 30
4 Advertise Proposal 2 25 36 2 21
5 Select Vendors 10 10 46 16 6.0
b Sign Contract 5 5 2 9 40

Contingency should be allocated to thigiaity within the expected and pessimistic boundaries (i.e. 16 weeks to 46

weeks).

Based on PERT calculations, the higher the duration of the activity, the less risk is associated with it and in turn, the
higher the confidence of completing the activiiyor this activity, an extra 12 weeks is alloweske table below. This
is a selection based on high standard deviation associated with tidtacThe project can select:

I one standard deviation of contingency = 6 weeks

1 two standard deviation of contgency = 12 weeks

1 three standard deviation of contingency = 18 weeks

Activi L Duration . New
Numbtgr Activity Optimistic| Most Likely| Pessimistiq Expected Contingency Expected
1 Identify Vendors 5 10 27 12 - 12
2 Identify Contract Requirements 15 15 33 18 - 18
3 Interview Vendors 5 20 23 18 - 18
4 Advertise Proposal 20 25 36 26 - 26
5 Select Vendors 10 10 46 16 12 28
6 Sign Contract 5 5 29 9 - 9
112 Lesson 5: The Project Bud
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The project duration is now 72 weeks with the applied contingency:
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Simulation and Monte Carlo Analysis

= Simulation involves the calculation of multiple project
durations with different sets of activity assumptions

= Monte Carlo Analysis involves a distribution of probable
results defined for each activity and used to calculate a
distribution of probable results for the total project

63

In the context of contingency activities, one of the most important techniques is that of simul&iimlation
involves the calculation of multiple project durations with different sets of activity assumptions. The most common
simulation technique is Mae Carlo Analysis.

Monte Carlo simulation provides an alternative calculation method when there are
1 many significant uncertainties and contingencies
1 outcome probability distributions are required to compare rigesusvalue profiles
1 complex profiling ofime and cost distributions
Monte Carlo is a random number generating algorithm that is the basis of simulatioMdnta Carlo Analysisa

distribution of probable results is defined for each activity and used to calculate a distribution of probablis ffor
the total project.

114 Lesson 5: The Project Bud



¢C2LIAO HY [/ 2a0 . dzRISGAY3A YR .l aStays

Funding Requirements

Cumulative Values

Time

64

Figee 2080207 AMIL® Sule, Fgure T8 agelTe

Figure based oRMBOK® Guig€igure 76, Page 178.

Cost estimatings the development of an approximation (estimate) of the costs of the resources needed to complete
project activities. In approximating cost, the estimator first needs to consider the causes of variation of the final
estimate for purposes of better manangj the project.

When a project is performed under contract, care should be taken to distinguish between cost estimating and pricing.
Cost estimating involves developing an assessment of the likely quantitative result whereas pricing is the value that is
placed on a market commodity. An estimate is the initial basis for deriving a price, however, a number of iterations of
understanding the accuracy of estimates should be completed before presenting a price. A normal occurrence is with
contracting, where ammber of iterations of functionality / job estimation are performed before delivering a final

price.

Cost Estimates

Cost estimatesare quantitative assessments of the likely costs of the resources required to complete project
activities.

Costs need tde estimated for all resources that will be charged to the project.

These include labor, materials, supplies, and special categories such as an inflation allowance or cost reserve to
projects such as the implementation ofveting systems in the state @eorgia, upgrading of the state employees
retirement system or implementation of a unified state employee email system

Cost estimates are generally expressed in units of currency to facilitate comparisons both within and across projects.

In some cases, thestimator may employ units of measure, such as staff hours or staff days, along with their cost
estimates tofacilitate appropriate management control
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Cost estimates may need to be refined during the peoje reflect the additional detail available. In some application
areas, there are guidelines for when such refinements should be made and what degree of accuracy is expected. It

takes account of appropriate risk response planning, such as contingemsy pla

116 Lesson 5: The Project Bud

O

N A



¢C2LIAO HY [/ 2a0 . dzRISGAY3A YR .l aStays

Tasks for the Estimator

= The estimator needs to figure out:

» how much it will cost

» how much the organization will charge

e5

Theestimator needs to figure out
1 how much it will cost the performing organization to provide the product or service
1 how much the performing organization will charge for the product or service
Cost estimating also involveadentifying and considering various costing alternativesor example, in most
application areas, additional work during a design phase is widely held to have the potential for reducing the cost of

the production phase. The sbestimating process must take into account whether or not the cost of the additional
design work will be offset by the expected savings.
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WBS

Resource Rates

Resource Requirements -

Activity Duration Estimates /

Cost

Estimation J

Estimating Publications

Historical Information

Chart of Accounts

Risks

66

Cost estimating involves developing an approximation (estinté)e costs of the resources needed to complete

project activities.

Estimation is a skill acquired over tinRroject managers can achieve more realistic estimates if they take certain

items into consideration. These include

I the Work Breakdown Structure; thisis used to organize the cost estimates and to ensure that attiiiied

work has been estimated

I resourcerequirementscthe types of resources (people, equipment, materials) and the quantities required to

perform project activities

I resourceratesc the individual or group preparing the estimates must know the unit rates (e.g., staff cost per
hour, bulk material cost perubic yard) for each resource to calculate project costs. If actual rates are not

known, the rates themselves may have to be estimated

T activity duration estimates¢ thesewill affect cost estimates on any project where the project budget
includes an allwance for the cost of financing (i.e., interest charges).

The tools and techniques involved in estimating casttude

I analogous estimating; uses the cost of previous, similar projects to estimate the cost of a similar project

1 parametric modelingg uses project parameters in a mathematical model to predict project costs

118
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1 bottom-up estimatingg involves estimating the cost of individual project activities and aggregating results to
get total project cost

1 computerized tools¢ project management software, spreadsheets, simulation and statistical tools are all
widely used to assist with cost estimation

1 other cost estimating methodsg, for example vendor bid analysis
9 estimating publications¢ commerciallyavailable data on cost estimating

9 historicalinformation ¢ information on the cost of many categories of resources is often available from one
or more of the following sources:

U project filesg¢ one or more of the organizations involved in the project magintain records of previous
project results that are detailed enough to aid in developing cost estimates. In some application areas,
individual team members may maintain such records

U commercial costestimating databaseg historical information is often\ailable commercially

U project team knowledgeg the individual members of the project team may remember previous actuals
or estimates. While such recollections may be useful, they are generally far less reliable than
documented results.

1 chart of accounts; a chart of accounts describes the coding structure used by the performing organization to
report financial information in its general ledger. Project cost estimates must be assigned to the correct
accounting category.

1 risksc the project team consideti@formation on risks when producing cost estimates, since risks (either

threats or opportunities) can have a significant impact on cost. The project team considers the extent to
which the effect of risk is included in the cost estimates for each activity.
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Risk
— Estimating publications
E Government
Resour emen -
_— Estimates :
il Program obj
Historical Information / \
Business objectives

Representative bodies in large governments usually assign funds to programs rather than to individual [@egects (
Government Extension to the PMBOK® Guide Third Editiapter ). They set the rulefor how funds are to be

divided among individual programs. If the representative body budgets by program, each project must be funded from
one or more of these programs.

Similar situations are common wherever new facilities are budgeted separately fioabitigation. It generally makes
sense to have a single contractor carry out both the new work and the rehabilitation at a particular location. This
minimizes the overhead cost of developing and managing multiple contracts, as well as minimizing thedisoup
the occupants of the facility.
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Split Funding by Program

* Thismeans that a single project receives financial
contributions from more than one program

* The methods of split funding by program are:
» defined elements of work
» defined contribution
» percentage split

=]

On government projects, there are several additional tools used when cost budg8tivgrhiment Extension to the

PMBOK® Guide Third Editi@hapter J. Thesenclude:

1 split funding by program
1 matching funds
1 split funding by fiscal year

Split fundingmeans that a single project receives financial contributions from more than one program.

There are three possible metls of split funding by program.

1 DefinedElements of Work

In the Defined Elements of o¥k method, each program only pays for the elements that it wants. To the

representative body, this would appear to make it the best choice. This method requires a detailed manual
accounting system, however, bause an automated system can seldom discern which elements are being worked
on. Such a manual process is prone to inaccuracy, requires a large commitment of time for reporting and auditing,
and has increased costs that generally outweigh the slight isere@athe accuracy of charges.

The Defined Elements of &k method also requires a far more detailed WBS than the other two methods. To

Ol LJidzNB S+ OK LINEINI YQa LERNIA2y | OOdzNY (St e

mapsuniquely to a set of WBS elements. This level of detail is generally far greater than what is needed to

manage the project.
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1 Defined Contribution
The Defined @ntribution method does not require an amendmetatthe WBS. Usually, it is established as a
GLISNDSyGF3IS aLX Adéd 2KSy GKS fAYAG Aa NBFOKSR FT2NJ GKS
payment by the ristbearing program. If the project is completed within budget, the change never occurs.
1 Percentage Split
Percentage it is the simplest approach. The contribution of each program is estimated at the start of the
project. On the basis of that estimate, each program bears its percentage of the project cost. As programs fund

many projectsyariances on one project will probably be counterbalanced by opposite variances on other
projects.
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Matching Funds

* are a form of split funding by program
= ensure commitment

= can be apportioned several ways

€9

Matching fundsare a form of split funding by program. When governments delegate project selection to lowe
representative bodies, they often require those lower bodies to pay a portion of the project cost. This is designed to
ensure that the lower government is committed to the project. Matching funds may be apportioned on a percentage
basis or as a definedntribution.
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Split Funding by Fiscal Year

Projects spanning different fiscal years require funding in each
fiscal year in which there is project work

Split funding

= can be decreased through obligations, if the representative
body allows them

= can have the disadvantage of drawing attention away from
the overall multiyear cost of the project

If a project begins in one fiscal year and ends in another, it will figeding from the budget of each fiscglear in
which there is project work. This split funding by fiscal year catielseesased through obligations, if the representative
body allows them.

Funding by fiscal year requires that project managers plan their work by fiscal year with great care. This is particularly
true in large governments with many levels of review.

Forturately, funds are generally appropriated to programs rather than individual projects. This means that project
managers can use funds from projects that underrun their fiscal year budgets to fund the overruns in other projects.
These are fiscal year variasgeot variances in the total cost of the project.

However fiscal year fundingcan occasionally have the opposite effect to what is intended. While annual budgets are
intended to establish limits on the executive, a focus on fiscal years can alsoatteation away from overall mukHi

year costs. This can result in projects incurring large overall cost overruns without the representative body being
aware of the fact. To avoid this problem, representative bodies should demand multiyear reports.
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Cumulative Values

Time

Cost Aggregation

The activity cost estimates are aggregated by work packages in accordance with the WBS. The work
package cost estimates are then progressively aggregated for the higher component levels of thedVBS

ultimately for the entire project.

Cost Baseline

The cost baseline is a tinphased budget that is used to measure and monitor overall cost performance on
the project. It is developed by summing the estimated costs by period and is usually displ#yedarm

of an Scurve.

Lesson 5: The Project Budget

125



.
<,
Py
—~—
O
A
0))
Py
o
N
(0))

¢ 2 LIAOCE SSND NSRSy Ay || [ 240

Exercise: Presenting a Cost and Schedule Baseline

~J
~

You are in the middle of the planning phase for the light rail system project. You have being requested to identify the
cost that would be involved in surveyiagd reviewing the site of the light rail system with the delivery of preliminary
designs that can then be used to award a fixgite contract to a civtlesign vendor.

The following are the list of activities from the work breakdown structure (includikmected durations)the latest
network diagram, and a table of estimated costs.

Your assignment i® present a cosbaselinebudgetthat represents the agreed price for this projeptys the rate at
which the budget will be spent over time
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Duration Estimates
Activity Activity Duration
Number Optimistic [Most Likely| Pessimistic Expected
1 Identify Scope of Site Reviews 1 1 7 2.0
2 Environmental Review of Sites 3 3 3 3.0
3 Perform Site Surveys 3 3 9 4.0
4 Identify Vendors to Perform Surveys 1 3 5 3.0
5 Identify Rail Sites 1 2 3 2.0
6 Architecture Review 1 2 9 3.0
7 Review Surveys 1 1 1 1.0
8 Agree on Design Scope 4 6 8 6.0
9 Identify Vendors to Perform Design Contract 2 2 8 3.0
Network Diagram with Duration Applied
0[3[3 ——.[3[3]6
4 2
o[o[s 714 [10
1001 [11 116 [17
ol2]2 - o
L L. 3[al7 — ?|3h0_,...10|0|11 11]o 17
1]1]3 3 > 6
3|0|7
ol2]2 l—‘ o] 7|00
5
113 2315
9
1412[17
Cost Estimates
Activity Activity Duration
Number Optimistic |Most Likely|Pessimisti Expected
1 Identify Scope of Site Reviews $1,000 | $1,000 | $1,000 $1,000
2 Environmental Review of Sites $3,000 | $5,000 | $8,000 $5,167
3 Perform Site Surveys $5,000 |$10.000 |$25.000 | $11.667
4 Identify Vendors to Perform Surveys $5,000 | $5,000 |$10,000 | $5.,833
5 Identify Rail Sites $1,000 | $1,000 | $1,000 $1,000
6 Architecture Review $1.000 | $1,000 | $1.000 $1,000
7 Review Surveys $500 $500 $1,000 $583
8 Agree on Design Scope $10,000 | $13,000 |$30,000 | $15,333
9 Identify Vendors to Perform Design Contract | $5000 | $5.000 |$10.000 | $5.833
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Activity No. Activity Expected 1 6 9
1 |dentify Scope of Site Reviews $1,000.00
2 Environmental Review of Sites $5,166.61
3 Perform Site Surveys $11,666.61
4 |dentify Vendors to Perform Surveys $5,833.3
5 |dentify Rail Sites $1,000.00
6 Architecture Review $850.00
7 Review Surveys $583.33
8 Agree on Design Scope $15,333.3
9 |dentify Vendors to Perform Design Contragt ~ $5,833.3
weekly
Activity No. Activity Expected 10 11 12 13 14 15 16 Total
1 Identify Scope of Site Reviews $1,000.0(
2 Environmental Review of Sites $5,166.61
3 Perform Site Surveys $11,666.61
4 Identify Vendors to Perform Surveys $5,833.33
5 dentify Rail Sites $1,000.04
6 Architecture Review $850.00
7 Review Surveys $583.33
8 Agree on Design Scope $15,333.3
9 |dentify Vendors to Perform Design Contragt ~~ $5,833.33
weekly
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The lesson is now completed and the following topics have been covered:
Topic 1: Allocating Contingency

9 Project teams can choose to incorporate contingency time or cost into an overall schedule or budget
to allow for schedule risk.

1 As the activitieprogress through execution, it is possible to adjust the contingency activity, as
measured by the time, cost, and resource consumption of the activities.

9 Contingency reservés the amount of money or time needed above the estimate to reduce the risk
of overruns of project objectives to a level acceptable to the organization.

From this topic you shoulike awaythe following point:
1 PERT (oint estimation) can be used to demonstrate contingency allocation with a range of data
(i.e. optimistic and pessistic) to understand contingency

Topic 2: Cost Budgeting and Baseline

1 Cost estimatings the development of an approximation (estimate) of the costs of the resources
needed to complete project activities.

9 Estimation is a skill acquired over time. Certidems can contribute in presenting realistic estimates.
These include: thevork breakdown structure, resource requirements, resource rates, and activity
duration estimates

9 The tools and techniques involved in estimating costs inciudgogous estimahg, parametric
modeling, bottomup estimating, computerized tools, estimating publications, historical
Information, project files, commercial coststimating databases, project team knowledge, chart
of accountsandrisks.

1 On government projects, therare several additional tools used when cost budgeting. These include
split funding by program, matching fundgndsplit funding by fiscal year.

From this topic you shoulike awaythe following poins:
9 a cost budget is the aggregation of cost estimatgainst project durations
9 a cost baseline is an agreed cost budget

Topic 3: Presenting a Cost and Schedule Baseline

1 An exercise is presented to demonstrate how to present a cost and schedule baseline

From this topic you shoulidke awaythe following point:
i several tools and techniques can be used to generate a cost budget and baseline
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Topic 1: Using Cost and Schedule Baselines to Control Projects
Topic 2: Project Performance Measurement

Topic 3: Forecasting Project Completion

Student learning objectives

After completing this lesson, you should be able to

1 explain thesignificance of the cost baseline and how it is used to measure project schedule and
budget performance

1 describe efficient tools and techniques for controlling project performance

91 describe how earned value can be used as a tool and technique to cortterlies and
budgets

1 explain how to use performance measurement tools and techniques to forecast project
completion
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Cost Baseline

Cost (5)

Cost budgeting involves allocating the overall cost estimates to individual activities or work packages to establish a
cost baseline for measuring project performance.

The cost baseline is a timguzhased budget that is used to measure and monitor costquenance on a project. It is
developed by summing estimated costs by period. It is usually displayed in the form-cliareS

Schedule and cost control are the processes that are used to control changes to both the schedule and budget
respectively Schedule control involves
T influencing the factors that create schedule changes to ensure that changes are agreed upon

I determining that the schedule has changed

managing the actual changes when and as they occur

Schedule control must be thoroughly intaged with the other control processes, such as cost control, scope change
control, and quality control.

Two importantoutputs from schedule controare
I schedule updateg, anychangesto the schedule information used to manage a project. Any changes$ beus
communicated to appropriate stakeholders. Schedule updatesatsprequire changes to other aspects of a

project plan.

f revisionsg anychanges to the schedule start and finish dates in the approved project schedule. Revisions are
typically incorporated in response to scope changes or changes to estimates.

132 Lesson 6: Controlling the Project F
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Inputs Outputs
Project management Plan Cost ‘ Perfomance Measurement

Budget Forecasts
Change Requests

Cost Baseline Changes -
Work Performance Control

Tgee Based o AVADL® Gude. Fgue TA Page st

Figurebased orPMBOK® Guig€igure 78, Page 180.

Cost controlinvolves

1 influencingthe factors that create changes to the cost baseline to ensure that changes are agreed upon
1 determining that thecost baselinehas changed
 managingthe actual changes as amchen they occur

Cost control activitiesnclude

9 monitoring cost performance to identify and understand variances (both positive and negative) from plan
 making sure that all necessary changes are recorded correctly in the cost baseline

1 preventingincorrect, inappropriate, or unauthorized changes from being included in the cost baseline

1 informing stakeholders about authorized changes

9 taking necessary action to bring expected costs within acceptable limits

Cost control must be thoroughly integratedth the other control processes, such as scope change control, schedule
control, and quality control. For example, the wrong response to cost variances can result in quality or schedule
problems, or lead to an unacceptable level of risk later in the ptoje

Two importantoutputs from cost controlare

9 revised cost estimateg these are changes to the cost information used to manage a project. Project
managers must notify relevant stakeholders when such changes are required. Revised cost estimates may
require changes to other aspects of a project plan.
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 budget updates; theseare changes to an approved cost baseline that are required in response to scope
changes. Cost variances may be so severerdimselinings required to provide a realistic measure of
performance.
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Corrective action

= anything done to bring expected future project performance
in line with the project plan

Project performance reviews

= compare various factors related to project activities to assess
the activities’ and overall project performance

Managing and maintaining cost and schedule control allows project managers to perform two important, related
functions: taking corrective action and conducting project performance reviews.

Corrective actioris anything done to bring expected future project performance in line with the project plan.

In the area of time management, corrective action often involves expediting: taking special action to ensure
completion of an activity on time or with the legstssible delay. It also frequently requires ramuse analysis to
identify the cause of the variation.

Schedule recovery can be planned and executed for activities delineated in the schedule and need not only address
the activity causing the deviation.

Project performance review® 2 Y LI NB @ NA2dza FF Oi2N&BE NBfFGISR (2 LINR2SOi
and the overall project performance. Comparisons made include

1 planned start time versus actual start time

1 planned completion time vesus actual completion time

1 number of early starts versus late starts

i activities over running and under running budget

1 milestones due and milestones met
Performance reviews are generally used in conjunction with one or more of the following performepwéng
techniques:

9 variance analysig involves comparing actual project results to planned or expected results. Cost and

schedule variances are the most frequently analyzed, but variances from plan in the areas of scope, resource,
quality, and risk areften of equal or greater importance.
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9 trend analysis; involves examining project results over time to determine if performance is improving or
deteriorating

1 earned value analysig involves comparing planned results to actual performance results and actual costs
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Performance measurement techniques

* Earned Value
» planned value
» earned value
» actual costs

Performance measurement techniques are used to assess the magnitude of any variances in project performance. The
earnedvalue management (EVMgchnique is used to compare the value of work completed at the original allocated
budget amount to both the budgeted cost of the work planned, and to the actual cost for completed work. EVM is
particularly useful for cost control.

There are two primary methods of measurement;

il

measurable effortc discrete increments of work with a definable schedule for accomplishment, whose
compktion produces tangible results

level of effort ¢ work that does not lend itself to subdivision indiscrete scheduled increments of work, such
as progct support and project control

Earned value (EV) analysis calculates three key values for each project activity:

f

planned value (PV§ the total budgeted planned amount to be spent on an activity up tedain point in

time. The budgeted cost for work scheduled is the budgeted amount of cost for work scheduled to be
accomplished, plus the amount or level of effort or apportioned effort scheduled to be accomplished in a given
time period.

actual cost (AC)¢ the total cost incurred in achieving work on the activity during a certain period of time. AC
must correspond in definition and coverage to the budgeted amount for PV and EV. The actual cost for work
performed is the amount reported as actually expeddn completing the work accomplished within a given
time period.

EV¢ the budgeted amount for the work actually completed. Budget cost for work performed is the budgeted

amount of cost for completed work, plus budgeted for level of effort or apportiosfoit activity completed
within a given time period.
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Figure based oRMBOK® Guid€&igure 7, Page 183.

Project managers use these three values in combination to determine whether or not work is being achieved as

planned. The most commonly used measures are

I cost variance (CV) [CV = EXAC]
I schedule variance (SV) [SV =ERV]

CV and SV can be converted to efficiency indicators to reflect the cost and schedule performance of any project. SV
will ultimately = 0 when the project is completed because all of the planned values will have been earned.

The most frequently used caosfficiency indicator is the Cost Performance IndéR( = EV/ACACPNalue less than
1.0 indicates a cost overrun of the estimates, whereas a value greater than 1.0 indicates a cost under run of the

estimates.

The Schedule Performance Ind&PI1 = EV/PNis used to estimate the completion date and is sometimes used in
conjunction with theCPlto forecast the project completion estimates.

Scurves are used to display cumulatiZz&'data for a project that is over budget and behind the work plan (worst

cae).

Earned value analysis in the various forms integrates scope, cost (or resource), and schedule measures to enable the
project management team determine project performance.
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Example

Six weeks into theroject, you find that the actual costs are $16,256 and only 85% of the required work has been
completed. The following graph demonstrates the status of the project:

50,000.00

45,000.00 ot

40,000.00 /
35,000.00

30,000.00 i = .
// —— Cost Baseline
25,000.00 =4
// Actual Cost
20,000.00 /4
! ’ /2 — - — Earned Value
15,000.00
10,000.00 /

5.000.00 Vs
0.00 /
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

From this information it is apparent that the situation is not good. However, only the CPI and SPI show the exact
position:

Schedule Variance = ERV $-4,575.00
Schedule Performance Index = EV/PV 85

= $25,925/$30,500 '

Cost Variance = EVAC $6,014.00
Cost Performance Index = EV/AC

= $25,925/$36,514 71

From this data, it is clear that the project is behind schedule and-bwdget.
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Forecasting Terms & Techniques - Project Completion

* estimate at completion (EAC)
» forecasts the most likely total project costs based on project

performance and risk quantification

= estimate to complete (ETC)

» is the cost estimate for remaining work and is used to forecast the
project cost at completion

* budget at completion (BAC)
> is the sum of the total budgets for a project

78

Most projects will have someone responsible for performing work on project controls, management controls and so
on. Anytime the physical work was actually accomplished on payment invoices being processed prior to paying a
supplier, the cost engineer is liting a simple form adarned value He or she is focusing on the critical relationship
between the actual costs being expended against the physical work actually done on the project.

A st centerwill focus on thetrue cost performance what we got ...for what we spent. The earned value concept
requires that a project performance measurement plan be created, callegldmed value typically defined with
use of the project's scheduling system, and then the earned value measuredtafaiptanned value, also with use
of the project's scheduling system.

The physical earned value performed is then related to the actual costs spent to accomplish the physical work,
providing a measure of the project's true cost performance.

Earned valutJNE @A RS & LINR 2SOG Y I ywashiSgUBuzzeér thit Kourlds, all@éwird$the2no takeSthe NI &
necessary corrective action should the project be spending more than it is physically accomplishing.

Such warning signals become available to manage¢mg®rarly as 15 to 20 percent into a new project, in ample time
to take corrective measures to alter an unfavorable outcome.

Anestimate at completion (EAGbrecasts the most likely total project costs based on project performance and risk
quantification.
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EAC forecasting techniques include some variation of the following:

I EAC= actual costs to date plus a new estimate for all remaining work
This technique is used when past performance indicatestti@briginal estimating assumptions were

fundamentally flawed, or that they are no longer relevant to a change in conditions.
Formula EAC = AC + ETC

 ETG- the amount of money and time that is required to complete the project from the actual cost
Formula:EAGAC

EAGC= actual costs to date plus remaining buddg@&Cc EV)
This technique is used when current variances are regarded as atypical and the project management
team expectations are that similar variances will not occur in the future.
Formula: EAC = AC + BAEV

I EAC= actual cost to date plus the remaining project budd@ACc EV) modified by a performance factor,
frequently the cumulative cost performance indeXR)

This technique is used when current variances are regarded as ltgpitaure variances.
Formula:EAC = AC + ((BAEV)/CPIY, this CPI is the cumulative CPI

Each of these techniques can be the correct approach for any given project and will provide the project management
team with a signal if the EAC forecasts extaeceptable tolerances.
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Example
To complete our analysis of the status of a project, we must calculate the budget at completion (BAC) and the
estimate at completion (EAC). The parameters for diniglysis can be determined by asking the following questions
for the Georgia Light Rail project:
1 how much work should be done to get the preliminary designs completed®., what is the PV?
1 how much work is completed at the present moment?.e., whatis the EV?
1 how much did the actual completed work done cost?.e., what is the AC?
1 what was the total job of completing the preliminary designs supposed to cast?., what is the BAC?
The BAC is the sum of the total budgets allocated to the prajed is equivalent to the final point on the project
baseline. For the Georgia Light Rail project, the BAC to deliver the preliminary designs is approximately $50,000. It is

what the project effort should cost.

The estimate at completion identifies eiththe hours or the dollars that represent a realistic appraisal of the work
when performed. It is equal to the sum of all costs to date, plus the estimate of all remaining work.

At week 4, the AC is $16,256 and the EV is $11,617. Using the currenteasisygarded as typical of future
variances, the formula AC + ((BAEV)/CPI) can be used to determine the EAC (where the CPl is 0.71 or 71%)

The EACis AC  + (BBQ)/CPI)
$16,256 + (($50,000$11,617) / 0.71)
$16,256 + $54,061
$70,317

The EAC indicated the amount of dollars required to complete the project. The estimate at completion is the best
estimate of the total cost of the project as it is based on current performance

It is a periodic evaluation of project status, usually on a monthly basis or until a significant change has been identified.
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Exercise: Earned Value (2)

80

You are in the middle of the plannimdpase for the light raisystem project. You have beeequested to identify the
cost that would be involved in surveying and reviewing the site of the light rail system with the delivery of preliminary
designs that can then be used to award a fixegite contract to a cividesign vendor.

The budget at completion is $47,500.
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After 7 weeks, the planned value is $30,000 with the actual cost running at $33,000 and the earned value at $27,000.
However atweek 11, the planned value is $32,000 and the actual costs is $34,000 with the earned value at $30,000.

Use the following table and formulas to comment on the performance of the project between week 7 and week11.

CPI = EV/IAC
SPI = EV/PV

Estimate thecost at completion (referenced as estimate at completion (EAC)) at week 11 using the fer@ik AC +
((BACg EV)/CPI)
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