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The process of planning and controlling the development

of system

. within a specified time frame
. at a minimum cost

. with the right functionality.

A project managehmas the primary responsibility for managing
the hundreds of tasks and roles that need to be carefully
coordinated.

Nowadays, project management is an actual profession, and
analysts spend years working on projects prior to tackling the
management of them.

There also is a variety of project management software
available likeMicrosoft ProjectPlan View andPMOffice that
support project management activities.

Although training and software are available to help project
managers, unreasonable demands set by project sponsors al
business managers can make project management very
difficult.
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» A critical success factor for project management is to sttt
a realistic assessment of the work that needs to be accomplighed
and then manage the project according to that assessment.

« This can be achieved by carefully following the four steps:

— identifying the project size,
— creating and managing the workplan,
— staffing the project,
— coordinating project activities.
* The project manager ultimately creates
— aworkplan,
— staffing plan,
— standards list,
which are used and refined throughout the entire SDLC.

IDENTIFYING PROJECT SIZE

The science of project management is in making
trade-offs among three important concepts:
— the size of the system
« in terms of what it does
— the time to complete the project
« when the project will be finished
— the cost of the project.

Think of these three things as interdependent levers
that the project manager controls throughout the
SDLC.

IDENTIFYING PROJECT SIZE

* Whenever one lever is pulled, the other two levers are affacted
some way.

For example, if a project manager needs to readjust a deadlimg
earlier date, then the only solution is
— to decrease the size of the system
« by eliminating some of its functions
— or to increase costs
< by adding more people or having them work overtime

« Often, a project manager will have to work with the project spohsor
to change the goals of the project,

— such as developing a system with less functignaliextending the
deadline for the final system,

so that the project has reasonable goals that can be met.
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IDENTIFYING PROJECT SIZE

» Therefore, in the beginning of the project, the manager needs

to estimate each of these levers and then continuously asses$

how to roll out the project in a way that meets the
organization’s needs.

» Estimatioris the process of assigning projected values for tim
and effort, and it can be performed manually or with the help
of an estimation software package.

» The estimates developed at the start of a project are usually
based on a range of possible values

— e.g., the design phase will take three to fourtimon

» and gradually become more specific as the project moves

forward
— e.g., the design phase will be completed on Magch

IDENTIFYING PROJECT SIZE

» The numbers used to calculate these estimates can

come from several sources. They can be

— provided with the methodology that is used,

— taken from projects with similar tasks and
technologies,

— provided by experienced developers.

* One of the greatest strengths of systems consulting
firms is the past experience that they offer to a
project;

— they have estimates and methodologies that haare be

developed and honed over time and applied to
hundreds of projects.

Estimating the time required to build a system

¢ The simplest method ust®e amount of time spent in the
planning phasto predict the time required for the entire
project.

* Theideais that

— asimple project will require little planning

— a complex project will require more planning,

so using the amount of time spent in the planpimase is

a reasonable way to estimate overall project time

requirements.

With this approach, you take the time spent in the

planning phase and use industry standard percesntage

calculate estimates for the other SDLC phases

Industry standards suggest that a typical business applicatio
system spends

— 15 percenbf its effort in the planning phase,

— 20 percenin the analysis phase,

— 35 percenin the design phase,

— 30 percenin the implementation phase.

» This would suggest that if a project takes four months in the
planning phase, then the rest of the project likely will take a tdtal
of 22.66 person-months (4 +0.15 = 22.66).

* These same industry percentages are then used to estimate the
amount of time in each phase.

« The obvious limitation of this approach is that it can be difficult

to take into account the specifics of your individual project,

which may be simpler or more difficult than the typical project|
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» Estimating Project Time Using tidanning Phase
Approach

Planning Analysis Design Implementation

Typical industry 15% 20% 35% 30%

standards for

business

applications
Estimates based Actual: Estimated: Estimated: Estimated:

on actual figures 4 person- 5.33 person- 9.33 person- 8 person-

for first stages months months months months

of SDLC

» The second approach to estimation isfthretion
point approach
* uses a three-step process:

— First, the project manager estimates the sizkeof t
project in terms of the number of lines of coderker
system will require.

— This size estimate is then converted into the arnof
effort required to develop the system in termshef t
number of person-months.

— The estimated effort is then converted into ameged
schedule time in terms of the number of months from
start to finish.




Estimate system size

« Estimating Project Time
USing theFunction (function points and
lines of code)
Point Approach l

Estimate effort required
(person-months)

l

Estimate time required
(months)

Step 1: Estimate System Size

» The size of a project is estimated usingction
points

— a concept developed in 1979 by Allen Albrecht of
IBM.

A function pointis a measure of program size that is
based on the system’s number and complexity of
— inputs,
— outputs,
— queries,
— files,
— program interfaces.

Function Point-Estimation Worksheet

» To calculate the function points for a project, components are|
listed on a worksheet to represent the major elements of the
system.

System Components:

T ey
Inputs 6 3x3 2x4 Ix6 23
Outputs 19 4x4 10x5 5x7 101
Queries 10 7x3 0x4 3x%6 39
Files 15 0x7 15x10 0x15 150
Program Interfaces 3 1x5 0x7 2x10 |25
Total Unadjusted Function Points (TUFP): 338

Function Point-Estimation Worksheet

» For example, data-entry screens are kinds of inputs, reports a
outputs, and database queries are kinds of queries.

« The project manager records the total number of each compo
that the system will include, and then (s)he breaks down the
number to show the number of components that have low,
medium, and high complexity.

« In the figure, there are nineteen outputs that need to be develq
for the system, four of which have low complexity, ten that ha
medium complexity, and five that are very complex.

« After each line is filled in, a total number of points are caledlat
per line by multiplying each number by a complexity index.

* The line totals are added up to determinddhe unadjusted
function points (TUFPjor the project
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Function Point-Estimation Worksheet

Thecomplexityof the overall system is greatefmmiciss

than the sum of its parts.

Heavy use configuration

Transaction rate.

Things like the familiarity of the project team ===
p———

with the business area and the technology that """

will be used to implement the project also Mgy,

influence how complex a project will be. Mulipl s

— A project that is very complex for a team with ditt| |Performance

experience might have little complexity for a team bisibued funciions

Online data entry

with lots of experience.

To create a more realistic size for the project &

Reusabilty

number of additional system factors, such as

Operational case

— end-user efficiency, reusability, data communicatigiigs

are assessed in terms of their effect on the Tt procesing compleiy e
project’s complexity.

Function Point-Estimation Worksheet

Data communications

Overall System:
0 = no effect on processing complexity ransaction rate
3 = great effect on processing complexitigguser effiiency

Heavy use configuration

Complex processing

Installation ease

Adjusted Processing Complexity ~Mtielesies
(APC):
0.65+(0.01x7)=0.72

Performance

Distributed functions

Online data entry

Online update

Total Adjusted Function Points
(TAFP):
0.72 (APC) x 338 (TUFP) = 243

Reusability

Operational ease

Extensibility
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Total Processing Complexity (PO):




Function Point-Estimation Worksheet

These assessments are totaled and placed into a formula to
calculate amdjusted project complexity (APC) score

The TUFP value is multiplied by the APC value to determine
the ultimate size of the project in termsaftal adjusted function
points(TAFP)

This number should give the project manager a reasonable idea
as to how big the project will be.
Sometimes a shortcut is used to determine the complexity of the
project.

— Instead of calculating the complexity for the &dtbrs listed in
the Figure, project managers choose to assign &vaRie that
ranges from 0.65 for very simple systems to 1.00rformal”
systems to as much as 1.35 for complex systemsaiiiply the
value to the TUFP score.

« In the Planning Phase, the exact nature of the syster]
has not yet been determined,
— so it is impossible to know exactly how many irgyut
outputs, and so forth will be in the system.
— It is up to the project manager to make an ingfefit
guess.
» Some people feel that using function points early on
in a project is not practical for this reason.
* However, It is likely that function points can be a
useful tool for understanding a project’s size at any
point in the SDLC.
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Later in the project, once more is known about the

system,

— the project manager will revise the estimatesgigirs
better knowledge to produce more accurate results.

Once you have estimated the number of function

points, you need to convert the number of function

points into the lines of code that will be required to

build the system.

The number of lines of code depends on the

programming language you choose to use.

— Following figure presents a very rough conversion
guide for some popular languages.

Converting from Function Points to Lines of Code

Approximate Number of Lines

of Code per Function Point

C 130
COBOL 110
Java 55
CH 50
Turbo Pascal 50
Visual Basic 30
PowerBuilder 15
HTML 15

Packages (e.g., Access, Excel) 10-40

Source: Capers Jones, Software Productivity Reseatphiwww.spr.com

For example, the system discussed earlier has 243 function
points.

If you were to develop the system in COBOL, it would
typically require approximately 26,730 lines of code to write it
Conversely, if you were to use Visual Basic, it typically would
take 7,290 lines of code.

If you could develop the system using a package such as Exde
or Access, it would take between 2,430 and 9,720 lines of
code.

There is a great range for packages, because different packapes
enable you to do different things, and not all systems can be
built using certain packages.

» Sometimes you end up writing lots of extra code to do some
simple function because the package does not have the
capabilities you need.

* There is also a very important message from the data in the
figure in slide 22.

« Since there is a direct relationship between lines of code and
the amount of effort and time required to develop a system,

— the choice of development language has a signtficapact on
the time and cost of projects.




Step 2: Estimate Effort Required

15Kasim2k11
* Once an understanding is reached about the size of the systefn
the next step is

— to estimate the effort that is required to build i

« Effortis a function of the system size combined with
production rates

— how much work someone can complete in a given.time

* Much research has been done on software production rates.

— One of the most popular algorithms, @@COMO
(COnstructiveCOst MOdel), was designed by Barry W. Boehm
to convert a lines-of-code estimate into a persomimestimate.

— There are different versions of the COCOMO molat vary
based on the complexity of the softwate size of the system,
the experience of the developers, and the typefofare you are
developing.

Step 2: Estimate Effort Required

For small to moderate-size business software projects (i.e.,
100,000 lines of code and ten or fewer programmers), the
model is quite simple:

effort (in person-months) = 1.4 x thousands of lioksode
For example,

— let's suppose that we were going to develop anlessisoftware
system requiring 10,000 lines of code.

This project would typically take 14 person-months to
complete.

If the system in figure in slides 15-17 were developed in
COBOL (which equates to 26,730 lines of code),

— it would require about 37.42 person-months ofréffo

COCOMOs

* http://cost.jsc.nasa.gov/ICOCOMO.htmi#COCOMO
— This model is based on Barry Boehm's COCOMO. This
is the top-level model, Basic COCOMO, which is
applicable to the large majority of software prigec
— However, this model is obsolete and should onlydesl
for demonstration purposes.
— Following model (COCOMO Il model at USGniversity
of Southern California)) should be used for real estimates.
» http://csse.usc.edu/csse/research/COCOMOIl/cocomo_main.html

COCOMOs

COCOPRGmplements Boehm's COCOMO technique for estimatingscos
of software projects. It supports the intermediate COCQ#bdel, and
allows automatic calibration of the model to a castiiny database.
COOLSoftuses a hybrid of intermediate and detailed versions of
COCOMO. This allows for the reuse of existing code gttgsment of new
code, the purchase and integration of third party codehamhivare
integration.

Costaiis a software cost estimation tool based on COCOM6bftware
project manager can use Costar to produce estimatgzojat's duration,
staffing levels, effort, and cost. Costar is an &téve tool that permits
managers to make trade-offs and experiment with wiatalyses to arrive
at the optimal project plan.

Revised Intermediate COCOMO (REVIi§)available for downloading
from theUS Air Force Cost Analysis Agency (AFCAA)

TAMU COCOMOis an on-line version of COCOMO from Texas A&M
University.

Step 3: Estimate Time Required

» Once the effort is understood, the optimal schedule
for the project can be estimated.

* Historical data or estimation software can be used ag
aids,
or one rule of thumb is to determine schedule using
the following equation:
— schedule time (months) = 3.0 x person-mofiths

¢ This equation is widely used, although the specific
numbers vary
— e.g., some estimators may use 3.5 or 2.5 instead o

Step 3: Estimate Time Required

The equation suggests that a project that has an effg
of 14 person-months should be scheduled to take a
little more than 7 months to complete.

Considering the figure in slides 15-17 example,

— the 37.42 person-months would require a littler @
months.

It is important to note that this estimate is for the
analysis, design, and implementation phases;
— it does not include the planning phase.
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Creating and Managing the
Workplan

Y

»
Once a project manager has a general idea of the size and
approximate schedule for the project,
(s)he createswaorkplan

which is a dynamic schedule that records and keeps track of
all of the tasks that need to be accomplished overdhese
of the project.

» Theworkplanlists each task, along with important information
about it, such as
— when it needs to be completed, Name of the task
— the person assigned to do the work start date
— any deliverables that will result ™"

Workplan Information Example

Parform economic feasibilit
Jan 05, 2003
Jen 19, 2003

Person assigned to the task Project sponsor; Mary Sith

* The level of detail and the amoulpeierbies
of information captured by the §Tf - f;
workplandepend on the needs ~ feoures hatareneeded
of the project

— the detail usually increases as the project pssge

» Usually, theworkplanis the main component of the project
management software.

Cost-benefit analysis

Spreadsheet software
16 hours
14.5 hours

Estimated time

Actual time

« To create avorkplan the project manager

— identifies the tasks that need to be accomplished

— determines how long they will take.

Then the tasks are organized withiwerkplanand
presented graphically using

— Gantt chart.

— PERT chart.

All of these techniques help a project manager
understand and manage the project’s progress over
time.

Identify Tasks

« The overall objectives for the system should be listed
on the system request,
— Identifying all of the tasks that need to be acgplished
to meet those objectives is the project manageb's j
* One approach for identifying tasks is
— to get a list of tasks that has already been dpeel and
to modify it.
* There arestandard lists of tasker methodologiesthat
are available for use as a starting point.
— A methodologyis a formalized approach to
implementing the SDLC
« i.e., itis a list of steps and deliverables.

A project manager can take an existing methodology
select the steps and deliverables that apply to the
current project, and add them to the workplan.

If an existing methodology is not available within the
organization, methodologies can be purchased from
consultants or vendors, or books can serve as
guidance.

Using an existing methodology is the most popular
way to create a workplan because most organization
have a methodology that they use for projects.

v

« If a project manager prefers to begin from scratch, (s)he ean ug
astructuredtopdownapproach whereby high-level tasks are
first defined and then these are broken down into subtasks.

— For example, next figure shows a list of high-letasks that are
needed to implement a new IT training class.

— Some of the main steps in the process includdifglieny vendors,
creating and administering a survey, and buildiexy mlassrooms.

— Each step is then broken down in turn and numbered
hierarchical fashion.

— There are eight subtasks for creating and adrariigt a survey,
and there are three subtasks that comprise thewenitial survey
task.

— Alist of tasks hierarchically numbered in thisyws called avork
breakdown structure (WBSjnd it is the backbone of the project
workplan.




Duration

Task Name (in weeks) Dependency Status
1 Identify vendors 2 Complete
2 Review training materials 6 1 Complete
3 Compare vendors 2 2 In Progress » The number of tasks and level of detail depend on th
4 Negotiate with vendors 3 3 Open H H H
y S " complexity and size of the project.
5 Develop communications information 4 1 In Progress
6 Disseminate information 2 5 Open » The larger the project, the more important it become:
7 Create and administer survey 4 6 Open . . .
i Create inlal survey ] Open to define tasks at a low level of detail so that essentid
72 Review initial survey 1 74 Open steps are not overlooked.
7.2.1 Review by Director of IT Training 1 Open
7.2.2 Review by Project Sponsor 1 Open
7.23 Review by Representative Trainee 1 Open
73 Pilot test initial survey 1 7.1 Open
74 Incorporate survey changes 1 72,73 Open
75 Create distribution list 0.5 Open
76 Send survey to distribution list 0.5 74,75 Open
7.7 Send follow-up message 0.5 7.6 Open
78 Collect completed surveys 1 7.6 Open
8 Analyze results and choose vendor 2 4,7 Open
9 Build new classrooms 1 1 In Progress
10 Develop course options 3 8,9 Open 37 38|
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* There are two basic approaches to organizing

breakdowrstructure:
— by SDLC phase
— by product.

» For example, if a firm decided that it needed to develop a We
site, the firm could create a work breakdown structure based
the SDLC phases:

— planning, analysis, design, and implementation.
— In this case, a typical task that would take ptaweng planning
would be feasibility analysis.
— This task would be broken down into the differgmtes of
feasibility analysis:
« technical, economic, and organizational.
« Each of these would be further broken down inseteof subtasks.

« Alternatively, the firm could organize theorkplanalong the
lines of the different products to be developed.

« For example, in the case of a Web site, the products could
include

— applets, application servers, database serversatfmis sets of
Web pages to be designed, a site map, and so on.

« Then these would be further decomposed into the different
tasks associated with the phases of the SDLC.

« Previous figure depicts the tasks necessary for creating a new
IT training class.

« Either way, once the overall structure is determined, tasks are
identified and included in the work breakdown structure of the|
Workplan.

40

The Project Workplan

« the mechanism that is used to manage the tasks that are liste
in the work breakdown structure.
« Itis the project manager’s primary tool for managing the
project.
— the project manager can tell
« if the project is ahead or behind schedule,
« how well the project was estimated,
« what changes need to be made to meet the praadiide.
Basically, theworkplanis a table that lists all of the tasks in the
work breakdown structure along with important task
information, such as
— the people who are assigned to perform the tasks,
— the actual hours that the tasks took, and
— the variances between estimated and actual compleéties

41

The Project Workplan

« At a minimum, the information should include
— the duration of the task,
— the current statuses of the tasks (i.e., openplig),
— thetask dependencies

« which occur when one task cannot be performed anéther task is
completed.

« Key milestonegsor important dates, are also identified on the
workplan. important milestones could be
— presentations to the approval committee,
— the start of end-user training, a company retreat,
— the due date of the system prototype

42|




Gantt Chart

* A horizontal bar chart
— shows the same task information as the project
workplan, but in a graphical way.
* Sometimes a picture really is worth a thousand wordp

— the Gantt chart can communicate the high-levélista
of a project much faster and easier than the wonkpla

— a spreadsheet package,
— graphics software (e.g., Microsoft VISIO),
— a project management package.

43

 Creating a Gantt chart is simple and can be done usihg

Gantt Chart

* Tasks are listed as rows in the chart,
» Timeis listed across the top in increments based on the needq of
the projects.

— A short project may be divided into hours or days;

— A medium-sized project may be represented usireksver months.
» Horizontal bars are drawn to represent the duration of each ta

— the bar's beginning and end mark exactly whertable will begin

and end.
« As people work on tasks, the appropriate barsilie in proportionately to
how much of the task is finished.

* Too many tasks on a Gantt chart can become confusing,

— it's best to limit the number of tasks to arounerty to thirty.

« If there are more tasks, break them down intoasHstand create Gantt charts
for each level of detail.

X
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Identify Tue
vendors 1/1/03 (1/14/03
2 [Review 6wks | Wed | Tue
training 11/03 |2/11/03
materials
3 |Compare 2wks | Wed | Tue |2
vendors 2/12/03 | 2/25/03
4 |Negotiate 3wks | Wed | Tue |3
Iwith 2/26/03 | 3/18/03
vendors
5 |Develop awks | Wed | Tue |1
icati 1/15/03 | 2/11/03
6 |Disseminate 2wks | Wed | Tue |5
i i 2/12/03 | 2/25/03
7 |Create and 4wks | Wed | Tue |6
administer 2/26/03 | 3/25/03
survey
8 [Analyzeresults | 2wks | Wed | Tue 4,7
and choose 3/26/03 | 4/8/03 Alan
9 [Build new Mwks | Wed | Tue |[1 David
classioom 1/15/03 | 4/1/03
10| Develop 3wks | Wed | Tue |8,9
course 4/9/03 | 4/29/03 D
loptions
45

Gantt Chart

There are many things a project manager can see by looking

quickly at a Gantt chart.

— How long tasks are and how far along they are

— Which tasks are sequential, which tasks occureasame time, and
which tasks overlap in some way.

There are a few special notations that can be placed on a Garjtt

chart.

— Project milestones are shown using upside-dowandtes or
diamonds.

— Arrows are drawn between the task bars to shdwdegendencies.
— Sometimes, the names of people assigned to esichrelisted next
to the task bars to show what human resourcesbresm allocated

to each task.
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PERT Chart

* ProgramEvaluation andReview Techniqudays out
the project tasks in a flowchart.

* anetwork analysis technique
— can be used when the individual task time estisnate

fairly uncertain.

* Instead of simply putting a point estimate for the
duration estimate, PERT uses three time estimates:
— optimistic,
— most likely,
— pessimistic.

47

PERT Chart

« It then combines the three estimates into a single weighted

average estimate using the following formula:
PERT weighted average =
optimistic estimate + (4 x most likely estimate) +@ssimistic estimate
6

* The PERT chart is drawn as a node and arc type of graph thgt
shows the time estimates in the nodes and the task dependefcies
on the arcs.

» Each node represents an individual task, and a line connectirjg
two nodes represents the dependency between two tasks.

« Usually partially completed tasks are displayed with a diagon
line through the node, and completed tasks contain crossed lipes.

as|
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PERT Chart

the best way to communicate task dependencies

— because they lay out the tasks in the order in which they
need to be completed.

The Critical Path Method (CPM) simply allows the

identification of the critical path in the network.

— The critical path is the longest path from the project
inception to completion.

— The critical path shows all of the tasks that must be
completed on schedule for a project as a whole to finish o|
schedule.

If any of the tasks on the critical path takes longer
than expected, the entire project will fall behind.

PERT Chart

» Each task on the critical path is a critical task.
— CPM can be used with or without PERT.

» The benefit of using project management software
packages like Microsoft Project is that the workplan
can be input once, and then the software can display
the information in many different formats.

* You can toggle between the workplan, a Gantt chart,
and a PERT chart depending on your project
management needs.

Refining Estimates

The estimates that are produced during the planning
phase will need to be refined as the project progress
This does not mean that estimates were poorly done
the start of the project,

— itis virtually impossible to develop an exact
assessment of the project’s schedule before tHgsima
and design phases are conducted.

A project manager should expect to be satisfied with
broad ranges of estimates

— that become more and more specific as the preject’
product becomes better defined.

at

The Hurricane Model

« Estimating what an IS development project will costyhong it will take,
and what the final system will actually do follow&wricane model

Project Stage

The Hurricane Model

When storms and hurricanes first appear in the

Atlantic or Pacific, forecasters

— watch their behavior

— attempt to predict when and where the stormshitill
and what damage they will do when they arrive.

As storms move closer to North America, forecaster:

— refine their tracks

— develop better predictions about where and whey th
are most likely to hit and their force when they do

The predictions become more and more accurate ag

the storms approach a coast, until they finally arrive.

54]




The Hurricane Model

 In the Planning Phase when a system is first requested,
— the project sponsor and project manager attenpetict
« how long the SDLC will take,
+ how much it will cost,
« what it will ultimately do when it is delivered.€i, its functionality).
— However, the estimates are based on very lititeverge of the
system.
* As the system moves into the Analysis Phase,
— more information is gathered,
— the system concept is developed,
— the estimates become even more accurate andeprecis
* As the system moves closer to completion,
— the accuracy and precision increase until the §iystem is
delivered

The Hurricane Model

Estimated
schedule time .+ -

Project schedule time
(Time needed to complete project)

Size of circle
indicates
estimated cost

Planning phase
(project plan)

Analysis phase
(system proposal)

Design phaso
(system specification)

Stage at which estimate is made

Implementation phase
(system installation)

Margins of Error in Cost and Time Estimates

« According to one of the leading experts in software
development,

— a well-done project plan (prepared at the entief t
planning phase) has a 100 percent margin of ewror f
project cost

— 25 percent margin of error for schedule time.

« In other words, if a carefully done project plan
estimates that a project will cost $100,000 and take
twenty weeks,

— the project will actually cost between $0 and $200
— take between fifteen and twenty-five weeks.

Phase Deliverable

Typical Margins of Error for
Well-Done Estimates

Cost (%)

Planning phase System request 400

Project plan 100
Analysis phase System proposal 50
Design phase System specifications 25

Source: Barry W. Boehm and colleagues, “Cost Models for Future Software Life Cycle Processes: COCOMO 2.0,”
in J. D. Arthur and 5. M. Henry (editors) Annals of Software Engineering Special Volume on Software Process and

Product Measurement, Amsterdam: |. C. Baltzer AG Science Publishers, 1995.

Schedule Time (%)

60
25
15
10

« Itis important to note that these margins of eagply only to well-done

plans; a plan developed without much care has a much gnesatgin of error.

What happens if you overshoot an estimate ?

— e.g., the Analysis Phase ends up lasting two weeksr than
expected?

There are number of ways to adjust future estimates.
If the project team finishes a step ahead of schedule,

— most project managers shift the deadlines soontrebsame
amount

— but do not adjust the promised completion date.

The challenge, however, occurs when the project team is late]i

meeting a scheduled date.

Next slide presents three possible responses to missed sche
dates.

If you assume the rest of the project is
simpler than the part that was late
and is also simpler than believed
when the original schedule esti-
mates were made, you can make up
lost time:

If you assume the rest of the project is
simpler than the part that was late
and is no more complex than the
original estimate assumed, you can't
make up the lost time, but you will
not lose time on the rest of the
project.

If you assume that the rest of the
project is as complex as the part
that was late (your original esti-
mates too optimistic), then all the
scheduled dates in the future
underestimate the real time
required by the same percentage
as the part that was late.

Actions

Do not change schedule.

Increase the entire schedule by the
total amount of time that you are
behind (e.g., if you missed the
scheduled date by two weeks, move
the rest of the schedule dates to two
weeks later). If you included padded
time at the end of the project in the
original schedule, you may not have
to change the promised system
delivery date; you'll just Use up the
padded timo.

Increase the entire schedule by the
percentage of weeks that you are
behind (e.g., if you are two weeks
late on part of the project that was
supposed to take eight weeks, you
need to increase all remaining
time estimates by 25 percent). If
this moves the new delivery date
beyond what is acceptable to the
project sponsor, the scope of the
project must be reduced.

Level of Risk

High risk

Moderate risk

Low risk
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¢ Itis recommend that if an estimate proves too
optimistic early in the project,
— do not expect to make up for lost time

« very few projects end up doing this.

¢ Instead, change your future estimates to include an
increase similar to the one that was experienced.

« For example, if the first phase was completed 10
percent over schedule,
— increase the rest of your estimates by 10 percent.

Scope Management

 Itis assumed that a project will be safe from scheduling
problems because it is carefully estimated and planned.
* However, schedule and cost overruns occurs after the projec
underway as a result e€ope creep
« Scope creep happens when new requirements are added to the
project after the original project scope was defined and frozer].
« It can happen for many reasons:
— users may suddenly understand the potential afehesystem
and realize new functionality that would be useful;
— developers may discover interesting capabilitestiich they
become very attached;
— asenior manager may decide to let this systemastip new
strategy that was developed at a recent board mgeeti

S

Scope Management

« After the project begins, it becomes increasingly difficult to
address changing requirements.

» Therefore, the project manager plays a critical role in
managing this change to keep scope creep to a minimum.

« The keys are to identify the requirements as well as possible
the beginning of the project and to apply analysis techniques
effectively.

— For example, if needs are fuzzy at the projeatseg a
combination of intensive meetings with the usexs @mtotyping
could be used so that users experience the recgiitsrand
better visualize how the system could support theéds.

« In fact, the use of meetings and prototyping has been found t

reduce scope creep to less than 5 percent on a typical projecy.

63,

=]

Scope Management

« Sometimes changes cannot be incorporated into the
present system even though they truly would be
beneficial.

« In this case, these additions to scope should be
recorded as future enhancements to the system.
The project manager can offer to provide functionalit

in future releases of the system, thus getting around
telling someone no.

Managing Scope

* Scope creep -- a major cause of development
problems

— JAD and prototyping
— Formal change approval
— Charging for changes

Timeboxing

» So far, projects that are task oriented have been
described.
— projects that have a schedule that is driven byahks
that need to be accomplished,
« so the greater number of tasks and requiremérdphger
the project will take.
« Some companies have little patience for developmer]
projects that take a long time,

* They take dime-oriented approadhat places
meeting a deadline above delivering functionality.

—
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Timeboxing

¢ In many software applications;
— most users rely on only a small subset of their
capabilities.
* In developing a system;

— typically 75 percent of a system can be provided
relatively quickly,

— the remaining 25 percent of the functionality
demanding most of the time.

Timeboxing

« To resolve this incongruency,
— timeboxingis employed,

« especially when using rapid application developn(BAD)
methodologies.

¢ This technique sets a fixed deadline for a project and
delivers the system by that deadline no matter what,
even if functionality needs to be reduced.

» Timeboxing ensures that project teams don’t get hunj
up on the final finishing touches that can drag out
indefinitely.

« |t satisfies the business by providing a product within
a relatively fast time frame.

68|

Timeboxing

* There are several steps to implement timeboxing
project.

 First, set the date of delivery for the proposed goals.

— The deadline should not be impossible to meet,
« so it is best to let the project team determineafiste due date.

* Next, build the core of the system to be delivered;

— you will find that timeboxing helps create a sense of urgengy
and helps keep the focus on the most important features.

Because the schedule is absolutely fixed,

— functionality that cannot be completed needs to be postpofed.

« It helps if the team prioritizes a list of featuregdvehand to keep
track of what functionality the users absolutely need.

on

D

Timeboxing

¢ Quality cannot be compromised, regardless of other
constraints,

— so it is important that the time allocated to activities is not
shortened unless the requirements are changed
« e.g., don't reduce the time allocated to testing withedticing
features.
« At the end of the time period, a highquality system is|
delivered;

— likely, future iterations will be needed to makenges
and enhancements, and theeboxingapproach can be
used once again.

Timeboxing

* Fixed deadline
— Make deadline possible
— Set by development group

* Reduced functionality, if necessary

« Fewer “finishing touches”

Steps for Timeboxing

1. Set the date for system delivery.

2. Prioritize the functionality that needs to be included ih
the system.

3. Build the core of the system (the functionality ranked
as most important).

4. Postpone functionality that cannot be provided within
the time frame.

5. Deliver the system with core functionality.

6. Repeat steps 3 through 5, to add refinements and
enhancements.

12



Evolutionary Work Breakdown Structures and Iterative Workpl ans

* Most approaches to developing conventional WBSs tend to
have three underlying problems:

1. They tend to be focused on the design of the information
system being developed.

— As such, the creation of the WBS forces the deasitipn of the
system design and the tasks associated with cgetndesign of
the system prematurely.

— Where the problem domain is well understood, tyiregy
structure of the workplan to the product to be m@anakes
sense.

— However, in cases where the problem domain isvett
understood, the analyst must commit to the ardhitecf the
system being developed before the requirementsecdyistem
are fully understood.

Evolutionary Work Breakdown Structures and Iterative Workpl ans

2. They tend to force too many levels of detail very early on in tHe
SDLC for large projects or they tend to allow too few levels of]
detail for small projects.

— Since the primary purposes of a WBS is to allogt estimation
and scheduling to take place, in conventional aggres to
planning, the WBS must be done “correctly and cetgly” at
the beginning of the SDLC.

« To say the least, this is a very difficult taslatromplish with any degree
of validity.

— In such cases, it is no wonder why cost and sdeeghtimation
for many information systems development projestsitto be
wildly inaccurate.

Evolutionary Work Breakdown Structures and Iterative Workpl ans

3. Since they are project specific, they are very difficult to
compare across projects.

— This leads to ineffective learning across the izzion.

— Without some standard approach to create WB&sdifficult
for project managers to learn from previous prejesanaged by
others.

— This tends to encourage the “reinventing of wHestsl allows
managers to make the same mistakes that previonagees
have made.

Evolutionary WBSallow the analyst to address all
three of these problems by allowing the development

of aniterative workplan

Evolutionary Work Breakdown Structures and Iterative Workpl ans

« 1st, they are organized in a standard manner across|all
projects: by
— workflows,
— phases,
— tasks.

» This decouples the structure of an evolutionary WBS
from the structure of the design of the product.

» This prevents prematurely committing to a specific
architecture of a new system.

Evolutionary Work Breakdown Structures and Iterative Workpl ans

« 2nd, evolutionary WBSs are created in an incremental and
iterative manner.
— The first evolutionary WBS is typically only dofa the aspects
of the project understood by the analyst.
— Later on, as the analyst understands more abeevibiving
development process, more details are added WBf®.
— This encourages a more realistic view of both andtschedule
estimation.
 3rd, since the structure of an evolutionary WBS is not tied to
any specific project, evolutionary WBSs enable the comparis
of the current project to earlier projects.
— This supports learning from past successes ahuldsi

=

Evolutionary Work Breakdown Structures and Iterative Workpl ans

major points listed in the WBS.
* Next, each workflow is decomposed along the phases of the
enhanced Unified Process.

completed to create the deliverables associated with the phase]

* The tasks listed for each workflow is dependent upon the level pf
activity on the workflow during each phase.

— For example, typical activities for the inceptjoimase of the
requirements workflow would be to interview stakieleos, develop
vision document, and develop use cases, while #rerprobably no
tasks associated with the inception phase of tkeeatipns and
support workflow.

« In the case of the enhanced Unified Process, the workflows arg the

» After that, each phase is decomposed along the tasks that are jo be

13



Evolutionary WBS Template for the Enhanced Unified Process

1. Business Modeling
a. Inception
b. Elaboration
c. Construction
d. Transition
. Production
II. Requirements
a. Inception
b. Elaboration
c. Construction
d. Transition
. Production
111 Analysis
a. Inception
b. Elaboration
c. Construction
. Transition
e. Production
IV. Design
a. Inception
b. Elaboration
c. Construction
d. Transition
e. Production
V. Implementation

a. Inception
b. Elaboration
c. Construction
d. Transition
e. Production
VI Test
a. Inception
b. Elaboration
c. Construction
d. Transition
e. Production
VIl Deployment
a. Inception
b. Elaboration
c. Construction
d. Transition
e. Production
VIII. Configuration and
Change Management
a. Inception
b. Elaboration
c. Construction
d. Transition
e. Production
IX. Project Management

a. Inception
b. Elaboration
¢. Construction
d. Transition
e. Production

X. Environment
a. Inception
b. Elaboration
<. Construction
d. Transition
e. Production

X1. Operations and Support

a. Inception
b. Elaboration
<. Construction
d. Transition
e. Production
XIlL Infrastructure
Management
a. Inception
b. Elaboration
<. Construction
d. Transition
e. Production

Evolutionary Work Breakdown Structures and Iterative Workpl ans

» Using minimized approach, the first evolutionary WBS would
only focus on
— the planning step,
— requirements-gathering and use-case development step,
— the first build.
 After the first build is completed, a new incremental version o
the WBS would be created to take into account the informatio
that flowed from the first build back to the requirements-
determination and use-case development step,
— which, in turn, flowed back into the planning step
* The new WBS would then address these issues and issues
related to the second build.
This iterative planning process would continue until the syste
was completed or the project was abandoned.

80}
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Evolutionary WBS Template for the MOOSAD Approach

1. Planning
1.1. First Build
1.2. Second Build

3.1.1. Analysis

3.1.2. Design

3.1.3. Implementation
3.2. Second Build

3.2.1. Analysis

3.2.2. Design

3.2.3. Implementation

1.3. Nth Build

2. Requirements Gathering
and Use Case Development
2.1. First Build
2.2. Second Build 3.3. Nth Build
3.3.1. Analysis
3.3.2. Design
3.3.3. Implementation

2.3, Nth Build
3. Builds

3.1. First Build 4. Installation

Staffing the Project

& Y
< Y

includes determining
how many people should be assigned to the project,
matching people’s skills with the needs of the project,
motivating them to meet the project’s objectives,
minimizing the conflict that will occur over time.

» The deliverable for this part of project management i$

— a staffing plan,

< which describes the number and kinds of people wilio

work on the project,

— the overall reporting structure,

— the project charter,

« which describes the project’s objectives and rules

Key Definitions

* Thestaffing plan
— describes the kinds of people working on the ptoje
» Theproject charter
— describes the project’s objectives and rules
¢ A functional lead
— manages a group of analysts
* A technical lead

— oversees progress of programmers and technidfal sta
members

14



Staffing Plan

 Iststep to staffing
— determining the average number of staff needethéor
project.
» To calculate this figure,
— divide thetotal person-months of effoply theoptimal
schedule
* So to complete a 40 person-month project in 10thema
team should have an average of four full-time sta&mbers,
* However, this may change over time as differpeclists
enter and leave the team (e.g., business analysts,
programmers, technical writers).

» Adding more staff to a project to shorten the project’y
length does not translate into increased productivity;
— staff size and productivity share a disproportionatg
relationship,
* mainly because a large number of staff membel
is more difficult to coordinate.
— The more a team grows, the more difficult it
becomes to manage.

n

« For example,
— To work on a two person project team is easy

. s
i
Two-person team

« the team members share a single line of
communication.

— But adding two people increases the number of
communication lines to six,

|_ L I’F

W

Four-person team

— greater increases lead to even more dramatic gair]
in communication complexity.

7,

I

L
Complexity =n!/{( n-r)!xr!
wherer = 2

Eight-person team

* One way to reduce efficiency losses on teams is
— to understand the complexity that is created imivers
— to build in areporting structuréhat tempers its effects.
» The rule of thumb is to keep team sizes under eight {
ten people;
— therefore, if more people are needed, create suiste
— In this way, the project manager can keep the
communication effective within small teams,

< which in turn communicate to a contact at a hideeel in
the project.

o
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After the project manager understands how many ped

are needed for the project,
— (s)he createsstaffing plan

« lists the roles that are required for the progea the proposed

reporting structure for the project.
Typically, a project will have one project manager
— who oversees the overall progress of the developme
effort,

« with the core of the team comprising the varioyees of analysts,
A functional leads assigned to manage a group of
analysts,
Technical leadbversees the progress of a group of
programmers and more technical staff members.

91,

ple

Possible reporting structures

There are many structures for project teams;
One possible configuration of a project team of a project tean]

Project
manager

Technical |

lead

!—‘—\

Programmer |

Functional |

!—’—\

Analyst Analyst Analyst I

Programmer I

After the roles are defined and the structure is in place, tjeqbr
manager needs to think about which people can fill each role,

— Often, one person fills more than one role oncget team. o

=

technical skills

« People have technical skills and interpersonal skills,
— both are important on a project.
» Technical skills are useful
— when working with technical tasks
¢ e.g., programming in Java
— in trying to understand the various roles that
technology plays in the particular project

* e.g., how a Web server should be configured of#ses of a
projected number of hits from customers.

interpersonal skills

Interpersonal skills include interpersonal and communication
abilities that are used when dealing with

— business users,

— senior management executives,

— other members of the project team.

They are patrticularly critical when performing the
requirements-determination activities and when addressing
organizational feasibility issues.

Each project will require unique technical and interpersonal
skills.

— For example, a Web-based project may requirerieter
experience or Java programming knowledge, or ayigh
controversial project may need analysts who arécpdarly
adept at managing political or volatile situations.

« Ideally, project roles are filled with people
— who have the right skills for the job

* However, the people who fit the roles best may not be
available;
— they may be working on other projects,
— they may not exist in the company.

» Therefore, assigning project team members really is a
combination of finding people
— with the appropriate skill sets
— who are available.

* When the skills of the available project team members do not
match what is actually required by the project, the project
manager has several options to improve the situation.

People can be pulled off other projects, and resources can bg
shuffled around.
— This is the most disruptive approach from the oigion’s
perspective.
Another approach is to use outside help—such as a consulta
or contractor—to train team members and start them off on th
right foot.
Training classes are usually available for both technical and
interpersonal instruction, if time is available.
Mentoring may also be an option;
— aproject team member can be sent to work on enstimilar
project so that (s)he can return with skills tolgpp the current
job.

O =
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Motivation

Assigning people to tasks isn’t enough;
— Project managers need to motivate the people ke the project
a success.

« Motivation has been found to be the number-onieénte on people’s
performance, but determining how to motivate tlertean be quite
difficult.

* You may think that good project managers motivate their staff
by rewarding them with money and bonuses,

— but most project managers agree that this isahtething that
should be done.

* The more often you reward team members with money, the
more they expect it
— and most times monetary motivation won't work.

Motivation

Assuming that team members are paid a fair salary, technical
employees on project teams are much more motivated by

— recognition,

— achievement,

— the work itself,

— responsibility,

— advancement,

— the chance to learn new skills.

If you feel like you need to give some kind of reward for
motivational purposes, try a pizza or free dinner, or even a kirjd
letter or award.

— They often have much more effective results.

some motivational don'ts that should be avoided to ensure that migation on the
project is as high as possible

Don'ts Reasons

Assign unrealistic deadlines Few people will work hard if they realize that a deadline is
impossible to meet.

Ignore good efforts People will work harder if they feel like their work is
appreciated. Often, all it takes is public praise for a job well

done.

Create a low-quality product Few people can be proud of working on a project that is

of low quality.
Give everyone on the project If everyone is given the same reward, then high-quality
a raise people will believe that mediocrity is rewarded—and they
will resent it.
Make an important decision
without the team’s input

Buy-in is very important. If the project manager needs to
make a decision that greatly affects the members of her
team, she should involve them in the decision-making
process.

Maintain poor working conditions A project team needs a good working environment or

motivation will go down the tubes. This includes lighting,

desk space, technology, privacy from interruptions, and ref-
erence resources.

Source: Adapted Rapid Development, Redmond, WA: Microsoft Press, 1996, by from Steve McConnell.

Handling Conflict

« The third component of staffing is organizing the
project to minimize conflict among group members.
Group cohesiveness

— the attraction that members feel to the grouptand
other members

contributes more to productivity than do project
members’ individual capabilities or experiences.
Some good measures to avoid conflict:

— Clearly defining the roles on the project

— Holding team members accountable for their tasks

Some project managers developreject chartethat
lists the project’'s norms and ground 109

Handling Conflict

» The third component of staffing is organizing the
project to minimize conflict among group members.
* Group cohesiveness

— the attraction that members feel to the grouptand
other members

contributes more to productivity than do project
members’ individual capabilities or experiences.

* Some good measures to avoid conflict:
— Clearly defining the roles on the project
— Holding team members accountable for their tasks

» Some project managers developraject chartethat
lists the project’s norms and ground 101

Conflict Avoidance Strategies

* Some good measures to avoid conflict:
— Clearly defining the roles on the project
— Holding team members accountable for their tasks
— Some project managers develggraject chartethat
lists the project’'s norms and ground rules.

« For example, the charter may describe when thiegirteam
should be at work, when staff meetings will be haflv the
group will communicate with each other, and thecpoures
for updating the workplan as tasks are completed

— Develop schedule commitments ahead of time
— Forecast other priorities and their possible irhpac
the project

102]
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Coordinating Project Activities

A
¥

continues throughout the entire project until a system is
delivered to the project sponsor and end users.

ensure that the project stays on track and that the chance of]
failure is kept at a minimum.

Coordinating Project Activities

The act of coordinating project activities continues throughou
the entire project until a system is delivered to

— the project sponsor
— the end users.
This step includes

— putting efficient development practices in pland anitigating
risk.

These activities occur over the course of the entire SDLC,
but it is at this point in the project when the project manager
needs to put them in place.

These activities ensure that the project stays on track and tha
the chance of failure is kept at a minimum.

CASE Tools

Lower CASE

Upper CASE

Integrated CASE (I-CASE)

105|

CASE Tools

a category of software that automates all or pattief
development process.

« Some CASE software packages are primarily used
during the analysis phase to create integrated
diagrams of the system and to store information
regarding the system components

— often calledupper CASE

others are design-phase tools that create the diagrams
and then generate code for database tables and sysfem
functionality

— often calledower CASE

106

CASE Tools

« Integrated CASKI-CASE) contains functionality
found in both upper-CASE and lower-CASE tools in
that
— it supports tasks that happen throughout the SDLC.

* CASE comes in a wide assortment of flavors in term
of complexity and functionality

« there are many good programs available in the
marketplace,

— such as the Visible Analyst Workbench, Oracle
Designer/2000, Rational Rose, and the Logic Works
suite.

CASE Tools

» Benefits to using CASE:
— tasks are much faster to complete and alter,
— development information is centralized,
— information is illustrated through diagrams,
< which typically are easier to understand.
» Potentially, CASE can
— reduce maintenance costs,
— improve software quality,
— enforce discipline,

* some project teams even use CASE to assess the
magnitude of changes to the project.

108]
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CASE Components

Screen
Designs

N

CASE Repository

Procedural Metadata

Logic

109

CASE Components

¢ The central component of any CASE tool is
— theCASE repository
« known as the information repository or data diuigy.
— CASE repositorytores the diagrams and other project
information, such as screen and report designs,
— It keeps track of how the diagrams fit together.

* For example, most CASE tools will warn you if yplace a
field on a screen design that doesn't exist in ytata model.

their tasks using CASE.

110)

Standards

* Members of a project team need to work together
* When people work together, things can get confusing.
— For example, people sometimes get reassignee imitidle of a
project.

« Itis important that their project knowledge doet leave with them and
that their replacements can get up to speed quickly

* One way to make certain that everyone is on the same page
performing tasks in the same way and following the same
procedures is

— to createstandardshat the project team must follow.

» Standards can range from formal rules for naming files to
forms that must be completed when goals are reached to
programming guidelines.

111

some examples of the types of standards

Types of Standards Examples

Documentation standards The date and project name should appear as a header on

all documentation.

All margins should be set to 1 inch.

All deliverables should be added to the project binder and
recorded in its table of contents.

All modules of code should include a header that lists the
programmer, last date of update, and a short description of
the purpose of the code.

Coding standards

Indentation should be used to indicate loops, if-then-else
statements, and case statements.

On average, every program should include one line of
comments for every five lines of code.

Procedural standards Record actual task progress in the work plan every Monday

morning by 10 AM.
Report to project update meeting on Fridays at 3:30 Pm.
All changes to a requirements document must be approved
by the project manager.

112]

some examples of the types of standards

Specification requirement standards ~ Name of program to be created
Description of the program’s purpose
Special calculations that need to be computed
Business rules that must be incorporated into the program
Pseudocode
Due date

User interface design standards Labels will appear in boldface text, left-justified, and

followed by a colon.

The tab order of the screen will move from top left to
bottom right.

Accelerator keys will be provided for all updatable fields.

113

Standards

* When a team forms standards and then follows them, the
project can be completed faster
— because task coordination becomes less complex.
« Standards work best when they are
— created at the beginning of each major phaseegbithject
— well communicated to the entire project team.
 As the team moves forward, new standards are added when
necessary.
» Some standards are applied to the entire SDLC
— e.g., file-naming conventions, status reporting
« others are only appropriate for certain tasks
— e.g., programming guidelines

¢ As the project evolves, project team members perform
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Documentation

« The final technique that project teams put in place
— during the planning phase

¢ Includes detailed information about the tasks of the
SDLC.

 Stored inproject bindethat contains
— all the deliverables

— all the internal communication that takes place
« the history of the project.

115

Documentation

¢ Waiting until the last minute to create documentation
— A poor project management practice
— leads to an undocumented system that no one
understands.

« For example, many problems that companies had
updating their systems to handle the year 2000 crisig
were the result of the lack of documentation.

» Good project teams learn to document the system’s

history as it evolves while the details are still frash i
their memory.

116

Setting up your documentation

» get some binders and include dividers

— to separate content according to the major phafgbe project.
» An additional divider for

— internal communication, such as

— the minutes from status meetings,

— written standards,

— letters to and from the business users,

— adictionary of relevant business terms.
» As the project moves forward,

— place the deliverables from each task into thgeptdinder with
descriptions
« so that someone outside of the project will beablunderstand it,
— keep a table of contents up to date with the conket is added.
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Risk management

« the process of assessing and addressing the risks thiat
are associated with developing a project.

« Many things can cause risks:
— weak personnel,
— scope creep,
— poor design,
— overly optimistic estimates.
* The project team must be aware of potential risks

— so that problems can be avoided or controlled well
ahead of time.

118]

Risk management

* Project teams createrigk assessmena document that

— tracks potential risks along with an evaluatiorhef
likelihood of the risk and its potential impact the project

« A paragraph or two is also included that explains
potential ways that the risk can be addressed.
* There are many options:
— risks could be
« publicized,
« avoided, or
« even eliminated
— by dealing with its root cause.

119

Sample Risk Assessment

Risk Assessment

RISK #1: The development of this system likely will be slowed con-

siderably because project team members have not pro-
grammed in Java prior to this project.

Likelihood of risk: High probability of risk.

Potential impact on the project:

This risk likely will increase the time to complete program-
ming tasks by 50 percent.

Ways to address this risk:

It is very important that time and resources are allocated to up-front training in Java for the
programmers who are used for this project. Adequate training will reduce the initial leaming
curve for Java when programming begins. Additionally, outside Java expertise should be
brought in for at least some part of the early programming tasks. This person should be used to
provide experiential knowledge to the project team so that JAVA-related issues (of which
novice Java programmers would be unaware) are overcome.

RISK #2:

120)
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Risk management

« For example, imagine that a project team plans to use|
new technology but its members have identified a risk
the fact that its members do not have the right technic
skills.

* They believe that tasks may take much longer to perfd

because of a high learning curve.

* One plan of attack could be to eliminate the root causq
the risk

— the lack of technical experience by team members

by finding time and resources that are needed to provi
proper training to the team.

in

m
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Risk management

« Most project managers keep abreast of potential risks
even prioritizing them according to their magnitude an
importance.

« Over time, the list of risks will change as some itemes
removed and others surface.

» The best project managers, however, work hard to ke
risks from having an impact on the schedule and cost
associated with the project.
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