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7 Chapter 5: Project Management
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What is project management?

Structuring projects

Work breakdown structure
Project control charts

Earned Value Management (EVM)

Network-planning models




1. What is project management?

* Project : a series of related jobs usually directed toward
some major output and requiring a significant period of

time to perform.

« Project management: planning, directing, and controlling
resources (people, equipment, material) to meet the

technical, cost, and time constraints of the project.
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PITERERY

- REFTMRIERERAEFER(The outcome of task is
acceptable)

- {EF [90HA] E17(The task is completed as scheduled)

- (¥ [1EFEEZN] FE1T(The task is performed within the
planned budget)

- ERLEREIETPIHEESES Z&/\(The less impact on

the business operations)




SREHEAKXHE (BR)

1 EIRkEER (Initial)

2 FREIFEEL (Planning)
3  #{TPEER (Executing)
4 EiEPEER (Control)

5 45RFEER (Closing)
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2. Structuring projects ‘

a. Pure project

b. Functional project

c. Matrix project




Pure project

« Small and self-contained team works full time on the project

* Project manager has full authority over the project
« Team members report to one boss
* Lines of communication are shortened. Quick decision

« Team pride, motivation, and commitment are high
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But...

« Duplication of resources

« Team members are often both physically and psychologically

removed from headquarters

« The organization falls behind in its knowledge of new technology

due to weakened functional divisions

« Team members may worry about life-after-project, or the project

termination is delayed



Functional project

* The project is executed within a functional division

President

Research and
Development

Project Project Project Project Project Project Project Project Project
A B C D E F G H I

Engineering Manufacturing

Example, Project “B” is in the functional area of

Research and Development.




A team member can work on several projects
Technical expertise is maintained within the functional area
The functional area is a “home” after the project is completed

Critical mass of specialized knowledge




But...

» Aspects of the project that are not directly related to the functional

area get short-changed (less changes)

 Motivation of team members iIs often weak

* Needs of the client are secondary and are responded to slowly




Matrix project

« To blend properties of functional and pure project

structures

« The project manager decides what tasks and when they

will be performed

« Different projects borrow/share resources from functional

areas




Manager
Project A

Manager
Project B

Manager
Project C

Research and
Development

Engineering

Manufacturing

Marketing

\4

Y

Y




Enhanced communications between functional areas
Pinpointed responsibility

Duplication of resources is minimized

Functional “home” for team members

Policies of the parent organization are followed




But...
« Too many bosses
« Depends on project manager’s negotiating skills

« Potential for sub-optimization (FEPER{E()
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Design
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Game Design
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3. Work Breakdown Structure

A work breakdown structure defines the hierarchy of
project tasks, subtasks, and work packages

Level E-l-%: %}E_%EE_%&U Eggﬁ
-
I
1 Project 2 %EI,HH, Bl B E R IR
I | e e
(F75: TIEM—IRNE, SEses
2 RIEAE A PT R 2 A T { el

| .
RAEFS: 2T
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Optical simulator design

Optical design

Telescope design/fab

Telescope/simulator optical interface
Simulator zoom system design

Ancillary simulator optical component specification
System performance analysis

Overall system firmware and software control
Logic flow diagram generation and analysis
Basic control algorithm design

Far beam analyzer

System inter- and intra-alignment method design
Data recording and reduction requirements
System integration

Cost analysis

Cost/system schedule analysis

Cost/system performance analysis
Management

System design/engineering management
Program management

Long lead item procurement

Large optics

Target components

Detectors
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4. Project Control Charts

Charts provide an easily
understood visual
presentation.

Software can be used to
create the charts.

Gantt charts show, in a
graphic manner, the amount
of time involved and the
sequence of activities. Often
referred to as a bar chart.

Gantt Chart for
Activity
Contract - — — 1
negotiated
Contract — —

signed
Long lea
procurement
Manufacturing
schedules
Billof —— — —
materials
Shortlead — —
procurement
Material - — — |
specifications
Manufacturing -
plans

Single Activities

Start-up - — — —

2 4 6 8 10 12

Weeks after start of project

14

16

|
18

20




Project Report Samples

Cost and Performance Tracking Schedule

Total Program Cost Breakdown Divisional Breakdown of Costs and Labor Hours

Project 1 | | : Percentage of labor hours Percentage of cost
Total $ -
Project 2 ! | | 50 Manufacturing 40
Project 3 | |
[ projected |
I | — C;rJnE;IetEd : IE Finance E
Dollars $ a i m
ollars — Projected Engineerin
T —= 10| Engineering | 5
Overruns — 7 |
Total ;
o : i) Overhead 25
costs $ |
I
| E Personnel El
I
I L 1 |
- T &0 40 20 0 0 20 40
Time = Time —® | Tracking date line
Bar/Milestome Chart
Short lead ' '
procurement | 1. Purchasing order release
L l I 2. Invoices received
9 10 Ll 3. Malerial received

Weeks after start of project




« Gantt chart
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5. Earned Value Management (EVM) ‘

A technique for measuring project progress in an

objective manner

Has the ability to combine measurements of scope,

schedule, and cost in a project

Provides a method for evaluating the relative success

of a project at a point in time




Earned Value Management — Essential Features

Predefined earning
or costing rules to
guantify the
accomplishment of
work

A project plan that
identifies the A valuation of each
activities to be activity work
accomplished




Earned Value Management Charts

Budgeted costs (scheduled) and actual costs Costs of scheduled and performed work
—s— Budgeted Cost of Work Scheduled (BCWS) —=— Budgeted Cost of Work Scheduled (BCWS)
—+— Actual Cost { AC) —=— Budgeted Cost of Work Performed (BCWF)
200,000 $200,000
BCWS
150,000 $150,000
Behind
Schedule Schedule
S100,000 |- Project $100,000 - Variance (%)
AC  Tracking
£50,000 |- without 5 L Schedule
Earned Value 550,000 Wariance (Time)
Is Inconclusive
5¢}|IIIII_|III|| gole 00101111
1 2 3 4 5 6 7 8 9 1011 12 1 2 3 4 5 & 7 B 9 10 11 12
Time (weeks ime (weeks
e e Time (weeks) | Budgeted costs (scheduled and
Budgeted cost (work performed) and actual costs performed work) and actual costs
—*— Budgeted Cost of Work Performed (BCWF) —+— Budgeted Cost of Work Scheduled (BCWS)
—+— Actual Cost {AC) —— Budgeted Cost of Work Performed (BOWF)
$200.000 $200,00p Lt COR (AD)
BCWS
£150,000 $150,000
F100.000 - ) Cost $100,000
BCWP } Variance ($)
)
$50.000 5 AC  Under Budgel $50,000
5[] | | | | | | | | | | | 50
1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 & 7 & 9 10 11 12

Time (weeks)

Time {weeks)



Project Tracking without EVM

A simple comparison of just costs versus
budget does not tell the whole story

Without a
means of
quantifying how
much work has
been
accomplished,
costs are the
only available
information.

Chart A

‘ | =e— Budgeted Cost of Work Scheduled (BCWS)

(AC)

Project appears to
' be over budget in
weeks 1 — 4.
' Actual costs

exceed budget. BCWS
STO0000

$50,000 —/

Project
Tracking
without
Earned Value

Is Inconclusive
| | |

After week 5, the
project appears to
be under budget.

$0 .
1 2 3 4 5 6 7 8

Time (weeks)

9 10 11 12




Project Tracking with EVM

With pre-defined methods of quantifying the quantity of work

accomplished, EVM provides much more information.
Chart B

After week 6, the
/ project has fallen
behind schedule.

—+— Budgeted Cost of Work Performed (BCWP)

—e— Budgeted Cost of Work Scheduled (BCWS)
EVM provides
L0000

information .
Project is ahead of

about hedule i K
q
performance ¢ schedule in weeks Beind

according to 1-5. Schedule Schedule
$100,000 |

the schedule. T/w&wﬁ . Variance ($)
Schedule
$50,000 Variance (Time)

$0

1 2 3 4 5 6 7 8 9 10 11 12

Time (weeks)




Project Tracking with EVM

With pre-defined methods of quantifying the quantity of
work accomplished, EVM provides much more information.
Chart C

—e= Budgeted Cost of Work Performed (BCWP)
—e= Actual Cost (AC)

200,000 ~ : :
$ Project is under

budget in terms

$150,000 - of actual work

performed

$100,000 - Cost

BCWP ] Variance ($)
$50.000 /‘—fﬁ Under Budget

gol—L 1 0
1 2 3 4 5 6 7 8 9 10 11 12

Time (weeks)




Project Tracking with EVM

Chart D

—a— Budgeted Cost of Work Scheduled (BCWS)

—e= Budgeted Cost of Work Performed (BCWP)
—a=— Actual Cost (AC)

$200.000 =
_ _ _ BCWS
A comblned view gives an $150.000
overview of project performance
In terms of the original plan. §100,000
$50.,000
$0

1 2 3 4 5 6 7 8 9 10 11 12

Time (weeks)



Example 5.1

Earned Value Management

At time “X”, Activity Ais 100%
complete (budgeted cost was $18K).

At time “X”, Activity B is 80%

complete (budgeted cost was $10K).

At time “X”, Activity C is 70%
complete (budgeted cost was

_—— $20K). 80% of this activity
should be complete by now.

$40K

X
K
Activity A ~
$10K
Activity B
(Actual) 8[:-% $20K
Activity C
{Actuall} 70%—80% (Expected)
Activitv D

At time “X”, Activity D is 0%
complete (budgeted cost was

15%

$40K). 15% of this activity

X

— T
should be complete by now. e

-



Example 5.1 — Budgeted Cost of

Work Scheduled (BCWS)

- Activity A — 100% of $18K = $18K

- Activity B — 100% of $10K = $10K

« Activity C — 80% of $20K = $16K

« Activity D — 15% of $40K = $6K

« BCWS =$18K + $10K + $16K + $6K = $50K




Example 5.1 — Budgeted Cost of

Work Performed (BCWP)

« Activity A— 100% of $18K = $18K

« Activity B — 80% of $10K = $8K

« Activity C — 70% of $20K = $14K

« Activity D — 0% of $40K = $0K

« BCWP = $18K + $8K + $14K + $0K = $40K




Example 5.1 — Performance Measures

Schedule Variance: SV = BCWP — BCWS = $40K — $50K = —$10K

BCWP  $40K
BCWS  $50K

Schedule Performance Index: SPI =

Cost Variance: CV = BCWP — AC = $40K — $45K = —$5K

BCWP  $40K 0.89
AC  $45K €—

Cost Performance Index: CPI =

Actual cost of

$45K obtained
For performance indices: from accounting
CPI < 1 means costs are higher than planned records

CPI = 1 means costs are exactly as planned
CPI > 1 means costs are lower than planned -
47



6 . Network-planning models ‘

« PERT

« CPM




TEFEZMAT (program evaluation

and review technique, PERT)
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- EE (critical path) : TEPERTHIISEEFHRAVIEE
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Critical path method (CPM)

A project is made up of a sequence of activities that form

a network representing a project

The path taking longest time through this network of

activities is called the “critical path”

If any one of the activities in the critical path is delayed,

then the entire project is delayed.




Types of Critical Path Methods ‘

a) CPM with a Single Time Estimate

b) CPM with Three Activity Time Estimates

c) Time-Cost Models




A. CPM with a Single Time Estimate

Used when activity times are known with certainty

|dentify each activity to be done in the project and estimate how

long it will take to complete each activity.
« For example, A(1), B(2), C(1), D(1)

Determine the required sequence of activities and construct a

network reflecting the precedence relationships.



Immediate

Select company None
Obtain annual report
and perform ratio B A 2
analysis

Collect stock price
data and perform C A 1
technical analysis

Review data and

make a decision D B &C 1

WQ




3. Determine the critical path (from the beginning to the end of

the project)
A-B-D
A-C-D

4. Determine the early start/finish and late start/finish schedule

Early Early
start finish

Late Late
start finish







Example 5.2

CPM AcTivity DESIGNATIONS AND TIME ESTIMATES

IMMEDIATE TimE
ACTiviTY DESIGNATION PREDECESSORS (WeEEKS)
Design A = 21
Build prototype B A 5
Evaluate equipment C A 7
Test prototype D B 2
Write equipment report E C.D 5
Write methods report F C.D 8
Write final report G EF 2




Exhibit 4.5

28 36
e 36 36 38
26 28 33 36 . 38
28 ] '
> >
26 28 31 36

SLACK CALCULATIONS AND CRITICAL PATH DETERMINATIONS

AcCTiviTy LS—ES SLACK ON CRriTICAL PATH

A 0-0 0 | ol
B 21-21 0 »
(E 21-2] 0 »
D 26—26 0 »
E 31—-28 3

F 28—28 0 »
G 36—36 0 |




B. CPM with Three
Activity Time Estimates

« Used when activity times are uncertain

« Used to obtain the same information as the Single Time

Estimate model and probability information

« Referto pp. 145-146 for more steps.




a+4m+Db
6

Expected time(ET) =

2_(b—aj2
O 6
DT,

)y




Exhibit 5.8

Activity Expected Times and Variances

ExpeCTED TiMEs (ET)  ACTIVITY VARIANCES (07%)

ACTIVITY TimE ESTIMATES a+4m+b (b —da )3
ACTIVITY DESIGNATION @ m b 6 6
Design A 10 22 28 21 9
Build prototype B 4 4 10 5 1
Evaluate equipment C 4 6 14 7 2%
Test prototype D 1 2 3 2 5
Write report - 1 5 9 5 17
Write methods report F 7 8 9 8 5

Write final report G 2 2 2 2 0
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What is the probability of finishing
this project in less than 35 days?




p(t<D)

]

D=35 T.=38

D-T 35-38
Z= = =-.87
ZO'CPZ ~11.89

p(Z <-.87) =.1922, or 19.22 %

There is a 19.22% probability that this project

will be completed in less than 35 weeks.




C. Time-cost models

« Used when cost trade-off information is a major

consideration in planning

« Used to determine the least cost in reducing total

project time




Prepare a CPM-type network diagram
NC, NT, CT, CC

Determine the cost per unit of time

Compute the critical path

Shorten the critical path at the least cost

Plot project direct, indirect, and total cost curves and find the

minimum-cost schedule



Step 1. Prepare CPM Diagram with Activity Costs

Step 2. Determine Cost per Unit of Time

$10 CC,CT Activity A
5.2
h Activity g |-
cost
2 3.1
. 6 NC.NT
;5
$5, $9
| ]
| 2 3 4
$6, 58 Time ——>
Step 3. Compute the Critical Path
2 7
7 7 10
CC Crash cost 67 I 10
CT Crash time
NC Normal cost
NT Normal time 3 7




Exhibit 5.11

Calculation of Cost per Day to Expedite Each Activity

CC — NC COST PER DAY NUMBER OF DAYS ACTIVITY

ACTIVITY CC — NC NT - CT NT - CT TO EXPEDITE MAY BE SHORTENED
A $10 — $6 2 — 1 200 $4 1
2 -1
$18 — S9
B $18 — S9 B =2 Fe— $3 3
S8 — $6
(& $8 — $6 - $2 1
4:=:8 4-3
59 —$
D 59 — %5 3—1 928 $2 2

3—1




exhibit 4.9 | A. Calculation of Cost per Day to Expedite Each Activity

CC — NC Cost PER DAY  MAXiMuM NUMBER OF DAYS
ACTIVITY CC—NC NT-€CT NT —€T TO EXPEDITE AcTIvVITY MAY BE SHORTENED

Exhibit 4.9

A $10-8%6 21 $10 — $6 $4 1
5=

B $18-8%9 5-2 $18 — $9 $3 3
A

G $8-86 4-3 $8 — $6 $2 1
=3

D $9-85 3—1 $9 — 85 $2 2
g=1

B. Reducing the Project Completion Time One Day at a Time

CURRENT REMAINING NUMBER ~ COST PER Day LEeast-Cost ToraL Cost OF ProJECT
CRITICAL OF DAYS ACTIVITY TO EXPEDITE AcTIvITY TO  ALL ACTIVITIES ~ COMPLETION
PATH(S) MAY BE SHORTENED  EACH AcTIVITY  EXPEDITE IN NETWORK TiME
ABD All activity times and costs are normal. $26 10
ABD A-1, B-3, D-2 A-4, B-3, D-2 D 28 9
ABD A-1, B-3, D1 A-4, B-3, D-2 D 30 8
ABD A-1, B-3 A-4, B-3 B 33 7
S o= A-4,B-3,C-2 37 6
ABD ACD B-2,CAH B-3, C-2 B&C 42 5
ABD ACD B-1 B-3 B! 45 5

*To reduce the critical path by one day, reduce either A alone or B and C together at the same time
(either B or C by itself just modifies the critical path without shortening it).

"B and C must be crashed together to reduce the path by one day.

*Crashing activity B does not reduce the length of the project, so this additional cost would not be
incurred.




Cost

40
30
20

10

Project total costs

Project direct costs
L J
Project indirect costs .
° L J ® L J
! ! | | I |
5 6 7 8 9 10

Minimum cost schedule (days)







