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Project Management Process

+ Project
= Unique, one—time operational activity or effort

Planning

Manager

B
jj Quiallty manager

Work Breakdown Structure

Responsibility Assignment Matrix
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Project Management Process
(cont.)

Gantt Chart
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Project Management Process

(cont.)

s M T W T F b

Stay on Schedule

Risk Analysis
and Quality Control

UL

57

Cost Control
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Project Elements

+ Objective

¢ Scope

¢ Contract requirements

¢+ Schedules

¢+ Resources

¢ Personnel

¢ Control

+ Risk and problem analysis
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Project Team and Project Manager

¢ Project team

= made up of individuals from various areas
and departments within a company

+ Matrix organization

s a team structure with members from
functional areas, depending on skills
required

* Project manager
= Most important member of project team
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Scope Statement and Work
Breakdown Structure

¢ Scope statement

s 8 document that provides an
understanding, justification, and expected
result of a project

¢ Statement of work

s Written description of objectives of a
project

* Work breakdown structure (WBS)

s breaks down a projec.:t. i.nto components,
c:opyrigh%@%ﬁ%%@%o@sﬂl& activities, and tasks



Computerized Order
Processing System

Hardware ‘ Software/System Personnel ‘

Installation Testin il Development Testin Trainin Changeover Recruitin lob Orientati
8 Testing P 8 g g 2 B rientation

Area Prep Connections | Performance CuSt(z)frtﬂ“i/;;fion Software | Software| Customers Interviews | Individual Goals
EnTgeiZZ/er Wiring Modifications System System Suppliers Testing Group Objectives

Wiring s System Software System

I | | |

Connections Monitors Hardware Software
Work Breakdown Structure for Computer Order rdiare

Processing System Project
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Responsibility Assignment Matrix

OBS Units

WABS Activities—Hardware/Installation

1.1.1
Area Prep

1.1.2
Tech/Engineer

1.1.3
Wiring

1.1.4
Connections

Hardware engineering

3

1

1

Systems engineering

Software engineering

Technical support

o | | —

Electrical staff

Hardware vendor

Quality manager

W | G| |

Customer/supplier
liaison

Level of responsibility: T = overall responsibility
2 = performance responsibility

3 = support
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¢ QOrganizational
Breakdown
Structure (OBS)

= a chart that
shows which
organizational
units are
responsible for
work items

+ Responsibility
Assignment
Matrix (RAM)

= Shows who is
responsible for
work in a
project
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Global and Diversity Issues 1n
Project Management

* |n existing global business environment,
project teams are formed from different
genders, cultures, ethnicities, etc.

¢ |n global projects diversity among team
members can add an extra dimension to
project planning

¢ Cultural research and communication are
Important elements in planning process
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Project Scheduling

* Steps ¢ Techniques

s Define activities = Gantt chart

= Sequence « CPM/PERT
activities = Microsoft Project

s Estimate time
s Develop schedule
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Gantt Chart

¢ Graph or bar chart with a bar for each
project activity that shows passage of
time

+ Provides visual display of project
schedule

+ Slack

» amount of time an activity can be delayed
without delaying the project
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Example of Gantt Chart

Month
0 . 2 . 4 . 6 . 8 . 10

Activity

Design house
financing

Lay foundation

Order and
receive
materials

Build house

Select paint

Select carpet

Finish work -

Month
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Project Control

Time management
Cost management
Quality management

Performance management

s Earned Value Analysis

e a standard procedure for numerically measuring a
project’s progress, forecasting its completion date
and cost and measuring schedule and budget
variation

¢ Communication
¢ Enterprise project management

* 6 o o
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CPM/PERT

¢ Critical Path Method (CPM)
= DuPont & Remington—Rand (1956)
= Deterministic task times
= Activity—on—node network construction

+ Project Evaluation and Review Technique
(PERT)
= US Navy, Booz, Allen & Hamilton
= Multiple task time estimates; probabilistic
= Activity—on—arrow network construction
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Project Network

¢ Activity—on—node (AON)

= nodes represent
activities, and arrows
show precedence
relationships

¢ Activity—on—arrow
(AOA)

= arrows represent
activities and nodes are
events for points in time

¢ Event

Node

Branch

= completion or beginning
of an activity in a project

¢ Dummy

= tWO or more activities
cOpyrigf&%@%g%a@jgg %%@, ftart

anAd an
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AOA Project Network for
a House

Lay
foundation

3
: Design house Order and
and obtain receive Select

financing materials  paint

Build Finish
work
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Concurrent Activities

Lay foundation

o@P-e

Order material

(a) Incorrect precedence
relationship

Lay

foundation

Order material

(b) Correct precedence
relationship
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AON Network for House
Building Project

Lay foundations

Build house

/4
Finish work

Select carpet

Design house
and obtain
financing

Order and receive

materials Select paint
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Critical Path

A: 1-2-4-7 o
3+2+3+1=9months + Critical path
B: 1-2-5-6-7 = Longest path
3+2+1+1+1=8months through a network
C: 1-3-4-7 . .
3+ 1+3+1=8months = Minimum project
D:  1-3-5-6-7 completion time
3+1+1+1+1=7 months

Copyright 2009 John Wiley & Sons, Inc. 9-21



Activity Start Times

Start at 5 months

/4
N at 9 months

Start at 6 months

Start at 3 months
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Node Configuration

Earliest start

—

Activity number
% :
2

\_

Activity duration
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Earliest finish

Latest finish

| atest start

9-23




Activity Scheduling

¢ Earliest start time (ES)
= earliest time an activity can start
= ES = maximum EF of immediate predecessors

¢ Forward pass

= starts at beginning of CPM/PERT network to
determine earliest activity times

¢ Earliest finish time (EF)

= earliest time an activity can finish
= earliest start time plus activity time
n EF: ES + ZL
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Earliest Activity Start and
Finish Times

Lay foundations

Build house
ﬁ 3 |5 /
Q \ 415 |8

N3
ﬁ 0 |3 Ta 1o
1 ]

Design house .
and obtain ﬁ 6 | 7 inish work
financing ﬁ 3 | 4
\1 /5|5 |6
Select carpet

Order and receive &

materials Select pain
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Activity Scheduling (cont.)

¢ |atest start time (LS)

= Latest time an activity can start without delaying
critical path time

m [ S=LF -7
¢ |atest finish time (LF)

= |atest time an activity can be completed without
delaying critical path time

= LF = minimum LS of immediate predecessors

¢ Backward pass

s Determines latest activity times by starting at the
end of CPM/PERT network and working forward
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Latest Activity Start and
Finish Times

Lay foundations

Build house
ﬁs 5 /

415 |8
Q 3|5 |~

\3|5 |8
ﬁ O = 718 |9
NIERE \1]8 |9

Design house .
and obtain ﬁ 6 | 7 inish work
financing ﬁ 3 5
\1]4 |5 /5|5 |6

Order and receive & 6 |7
materials Select pain

Select carpet
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Activity Slack

Activity LS ES LF EF Slack S
*1 0 0 3 3 0
*2 3 3 5 5 0
3 4 3 3 4 1
*4 3 5 8 8 0
5 6 5 7 6 1
6 7 6 8 7 1
*7 8 8 9 9 0
* Critical Path
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Probabilistic Time Estimates

+ Beta distribution

s a probability distribution traditionally used in

CPM/PERT

where

Mean (expected time): t=

a+4m + b

6

2
b-a
Variance: o2 ={ 6 J

a = optimistic estimate

m = most likely time estimate
b = pessimistic time estimate
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Examples of Beta Distributions

) : ) |
E . £ r
T L T C
o )
b |
a m t b a t m b
Time Time
) |
£ l
= I
Q I
I
I
a m=t b
Time
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Project Network with Probabilistic
Time Estimates: Example

Equipment

installation Equipment testing
n nd modification
: debugging

System
development

ManDs

testing Finish
Position W I
g Job Training

changeover

W
Orientation
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Activity Time Estimates

TIME ESTIMATES (WKS) MEAN TIME VARIANCE
ACTIVITY  « m b t 62
1 6 8 10 8 0.44
2 3 6 9 6 1.00
3 1 3 5 3 0.44
4 2 4 12 5 2.78
5 2 3 4 3 0.11
6 3 4 5 4 0.11
7 2 2 2 2 0.00
8 3 7 11 7 1.78
9 2 4 6 4 0.44
10 1 4 7 4 1.00
11 1 10 13 9 4.00
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Activity Early, Late Times,
and Slack

ACTIVITY t 62 ES EF LS LF S
1 8 0.44 0 8 1 9 1
2 6 1.00 0 6 0 6 0
3 3 0.44 0 3 2 5 2
4 5 2.78 8 13 16 21 8
5 3 0.11 6 9 6 9 0
6 4 0.11 3 7 5 9 2
7 2 0.00 3 5 14 16 11
8 7 1.78 9 16 9 16 0
9 4 0.44 9 13 12 16 3

10 A 1.00 13 17 21 25 8
11 9 400 16 25 16 25 0
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Earliest, Latest, and Slack

13

——

s | [a|s
3

6 [
-
B

Critical Path

9<\mw
/8l9 |16 \1]o |3

16

=

13

N
/m 16| 25
9

16

\9 16|25
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Total project variance

62 — 622 + 652 + 682 + 6112
c =1.00+0.11+1.78 + 4.00
= 6.89 weeks
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E3 Microsoft Excel - Exhibit9.1.ProjectManagement.xls
] pe E& View Insst Fomat Took Dsta OMTooks Window Help
DY SRY LB B8 MB e -3, A

26 2% | I ¥ g | wdreol with Chanos : 3
154 - fe
EEEEs T EeEsEeEs EeEs e EeEsEs B B 2020202 [EEEEE e | (e =
1 |Project Management OM Studert - Example 9.1 =
2] | Inpurt activities, time and v p Click
_3_.5"19"3 .| on “Find Critical Path" to display the critical path o the Gamtt
5 | Time esGmates Calculations
B |Ac Label Optimistic | MostLikely | Pessimistic Mean Std dev Varlance
Tl 1 Equip. install, .00 .00 10.00 .00 67 .44
B 1 '@m 00 00 9.00 00 00 00
By 3 Posilion recruit .00 .00 5.00 .00 67 .44
10 4 Equip. lesting 2.00 00 12.00 .00 ) 7
11 Manual testin 2.00 3.00 400 .00 . A
12] Job fraining 3.00 4.00 500 4.00 ; 0.1
i) Orientation 2.00 2.00 2.00 200 00 0.00
148 |oystem taining_l 3.00 7.00 11.00 7.00 33 1.78
| Syste 2.00 4.00 6.00 4.00 0.67 0.44
1.00 4.00 7.00 4.00 1.00 1.00
1.00 1 13.00 9.00 2.00 4.00
Activity Predecessor
Find Critical Path Gantt Chart
— Critical Path
n [ ————-]
e
3 —
S
E T |
5 [ -] I
[ B &5 == |
'
] 7 3
1
000 500 000 g0 2000 2500 30.00
| Critical Path
36| Task | EarliestStart |EarliestFinish| Latest Start | Latest Finish | Activity Slack | Varlance
371 000 8.000 1,000 000 1.000
3] 2 000 5.000 0.000 000 0.000 1.000
39| 3 .000 3.000 2.000 .oon 2.000
40 | 4 .000 13.000 16.000 21.000 8.000
LAl 5 .000 9.000 6.000 9.000 0.000 0.111
42 ,000 7.000 5.000 3,000 2.000
43 | ] .000 5.000 14.000 16.000 11.000
4 8 1000 16.000 9.000 16,000 0.000 1.778
45 9 9.000 13.000 12.000 16.000 000
46 10 13.000 17.000 21.000 25.000 .000
47 | 1 16.000 25.000 16.000 25.000 .000 4.000
48 | Project Completion Time 25 Project variance 6.889
49 | [ Project std.dev 2625
50
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Probabilistic Network Analysis

Determine probability that project is
completed within specified time

where
H1 = t, = project mean time
o = project standard deviation
x = proposed project time
Z = number of standard deviations x
is from mean
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Normal Distribution of
Project Time

Probability

II -____A______

Time

t
"QN
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Southern Textile Example

What is the probability that the project is completed
within 30 weeks?

P(x < 30 weeks)

o2 =6.89 weeks Z = %
o = «\/ 6.89 _ 30-25
o = 2.62 weeks L
=1.91

#=25 x=30 Time (weeks)

From Table A.1, (appendix A) a Z score of 1.91 corresponds to a
probability of 0.4719. Thus P(30) = 0.4719 + 0.5000 = 0.9719
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Southern Textile Example

What is the probability that the project is completed
within 22 weeks?

o2 =6.89 weeks A

o =4/6.89 _22-25

o =2.62 weeks

P(x < 22 week

x=22 pu=25 Time
(weeks)

From Table A.1 (appendix A) a Z score of -1.14 corresponds to a
probability of 0.3729. Thus P(22) = 0.5000 - 0.3729 = 0.1271
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Microsoit Project

¢ Popular software package for project
management and CPM/PERT analysis

+ Relatively easy to use
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Microsoft Project (cont.)

Type a question for heip @180

i.: P+ = w!ﬂd =5 & . | AR Tasks &

Click on tasks

schedule your project’s

First step; Eaydansi.,

Imgtructions for complating thae

Start date [ PR

Dafing general working times
Listths tazks in the projact

Cwgenize tankn into phases
Sehadule vasks

Link te or attach mors tazk

Infarm asion

Add columan of custem information
St deadlines and constrain tasks

Afear plansing your tasks, yeu con
0 b tha Ragourcas sras o build
our profect’s tearm and assign
people to tasks.
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Microsoft Project (cont.)

Click on “Format” then “Timescale”
to scale Gantt chart.

Create precedence :
relationships; B o
click on predecessor | e §°
activity, then o
holding “Ctrl” key, e _ |
click on successor = il Gantt chart;
activity. " “:mmmm:m ' Precedence click on “View”
o | relationships to activate
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Microsoft Project (cont.)

Click on “View”
then Network Diagram

B Microsoft Project - Fanibit9.4.House Building Pr

= [2]X
Type a question For help & ﬂx

SR Lok o tagen R = O F

o o 3
7\ s SN L
Oftan a task's start or finish M_L L‘W___"“;@“__ Build m : m_“'ﬂll
depends on the start or finish of - B L R R i wimow o2 g e K 4 o = amm E 7
anothir task. You can schadule Fami: 127000 Dir: 3 mam Fnar U0 O 2oom Tnar; 4208 D 3 mam Fanal S0 Dars 1a
these dependent tasks by linking Paa . Az 7y
em.

‘J Hint
Link dependent taghs P T | ol TR i
©On the right, select the tasks that bl W T i ¥ EERiww peiiee
you want to link: L T [ Y g g T T e

Click here to create a

finish to start link,

Click hare to create a Order matetials

start to start link.

W= ) Critical path
Click here to create a e e e

R
finish to finish link,

in red
st it erbibabos

Done
@ Mare Information
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Microsoft Project (cont.)

Exhibit9.5.House Building Project.mpp

D, | 5o g5 a5 L] @ [ 3 | NoGroup = @&

- =)k

Type aguestionforhelp & @ X

Tasks =i

Plan and schedule your project’s
tasks by clicking an item below,
Clicking an item displays tools and
instructions for completing that
stap,

Set 3 date to schedule from

Define general working times

List the tazks in the project
Organize tasks into phases
Schedule tasks

Link to or attach more task
information

Add columns of custom information
Set deadlines and constrain tasks

After planning your tasks, you can
go to the Resources sres to build
wour project’s team and assign
people to tasks.

Design and finance Lay foundation

Start: 12f10f07 ID: 2

Build house

B Start: 2{4/08 I 4

[»

Finish: 2/1/08 Dur: 2 mons

Res:

Finish: 4f25/08  Dur: 3 mons

Res:

Select paint

Select carpet

; » Start: 2/4j08 ID: 5

Start: 3/3/08  ID: 6

Finish: 2/29/08  Dur: 1 mon

Res:

Finish: 3/28/08  Dur: 1 mon

Res:

Order materials

b Start: 12/10/07  ID: 3

Finich: 1/4/08  Dur: Lmon

Res:
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Microsoft Project (cont.)

General |Predecemrs| Resowrces | Advanced |  motes | custom Fields |
[Design and finance Duration: [3mo - I Estimated
Enter 7 ComP]etion = = I”ngl?fﬂ? o ke 2
(2]
™ Hide task bar

™ Roll up Gantt bar to summary
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Microsoft Project (cont.)

t - Exhibit9.7.House Building Project.mpp

BlcH Fomst T Pec Wi e

43 (=

E =X

-8 x

Type a question For help

| Plan and sehaduls your project’'s

tasks by clicking an item below,
Clicking an itern displays tools snd
instructions for completing that
£tep,

Set a date to schedule from

Define general working times

List the vazks in the project
Organize tasks into phases
Schedule tasks

Link to or atrach more task
information

Add columnsz of custom inform ation
Set deadlines and constrain tasks

After planning your tasks, you can
go o the Resources ared to build
your project’s team and assign
people to tasks,

Fiish  |Predecassors

NS @

Design and finance 3 mons
Ley fourdation | 2mans
Ordermaterials | 1 mon
Build house | 3mans
Select pairt © 1mon
Select carpet 1mon
Finish work 1mon

| Mon $A7AT
Mon 124007
Man 124007

Mon 2/4/08
Mon 24008

Mon 3/308
Mon 428008

Fri 127007
Fri 2108 1
Fri1/4/08 1

Fri 4125108 2,3

Fri 2129008 23

Fri 3126/08 |5

Fri52308 46

Activities 1, 2 and 3
100% complete

Wi [ g [Winy [ | 3 A [Se5

Black bars show
degree of completion
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PERT Analysis with
Microsoft Project

Click on PERT Entry
Sheet to enter 3
time estimates

Typa & questian for hekp

-
No Greap sl pim e Bl s e = 5 gour| ai =8 «|B ([ ) o ek - e

chaduls your prejuct’s 1 B wis Bwks 0 wis
asks b -:II:kInqdin ilummm : 2 Ik & wks Iwks
i) wn ftam displays Tools an
ergtlons for compluting that 3 1wk Iwks Swhs
4 2wiz 4 whs 12 whs
tata schsdubs from S 2wis dwke §whes
whing genaral working timas 8 3 wie 4 wiks S iy
List tha tagks bn thy project T. 2wis 2whs 2whs
3 Chrganiza tagks ints phages L] Iwie 7 whs 11 whe
Click on PERT ‘ R
Link to or smach more task 1
il 10 | Finsidebuggng | 20 dis? 1wk 4 whs 7 whe
11 Syrem EhaRGRT A5 daya? 1wk 10 whs 13wk

Add celumns of custom information
Eat dasdlinag and constrain tasks

calculator to compute
activity duration s e o

il
your projece’s team and assign

peopie to tazks.
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PERT Analysis with
Microsoft Project (cont.)

e

Microsoft Project - Exhi

- =5
Tvpe a question for help = '8 3¢
All Tasks

Plan and schedule your project's ETl| Equipment installation 1 days 1 1 i 1
tasks by clicking an item below. 1 | | " 7| Mon BN7ARF Fri1R07
€licking an item displays tools and 2 | System developmenl = 30 days? Mon9M707 Fri 1002607
instructions for complating that =1
step. 3 | Position recruiting | 15days? Mon SAT707 Fri 10/507

2| Ecuipment festing 25days? Mon 1141207  Fri121407 1
et » date w0 schadule from s | anyal testing | 15days?| Mon 10/28007  Fri 1116107 2
Dafiagonrdl Working s 5 | Job trakning 20days? Mon 10807  Frit10207 3
Listthe tazks in the project K3 5 T 10 i. lﬁ:‘l‘ﬂm?l Fritonan? 3
Organize tasks into phases . -a 1 . : - -
Schedule tasks =" System irairing 1 ST, Mmﬁf‘lm_ Fra .1’55
Link to or attach more task | System testing 20days?) Mon 111907 Fri12/1407 158
information 10| Final debugging 20days? Mon 120707 Fri111/08 4
Add columns of custom information 1" Systemn changeover i 45days?  Mon 1/7/08 Fri3n s 7,89
Set deadlines and constrain tasks 1
Afeer planning your tasks, you can
go to the Resources area to build
your project's team and assign
people to tasks.

| Duration

| Stert

Finish  |Predecessors |
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PERT Analysis with
Microsoft Project (cont.)

Microsoft Project - Exhibit9.10.0rder Processing System.mpp

Type a questic)

All Tas!

Suwt: 112 e |4 St LIRS oon

Plan and schedule your project’s
tasks by clicking an item below.

Clicking an item displays tools and b Bt oI 0 X R IS O e
Instructions for completing that Asii s i

step.

Set 3 date to schedule from
Define general working times
Listthe tasks in the project
Organize tasks into phases
Schedule tasks

Link to or attach more task
information

System training System changeover
et IUWO7 K B o (] [T
st 408 Our: 35 dwys? 37708 Oue: 45 dwys?

Add columng of custom infermation

Set deadlines and constrain tasks

After planning your tasks, you can
90 to the Resources araa to build
your project's team and assign

people ro tasks, System development
= .-i.f o2 - . -
7 Our; 30 daps
Position recruiting _ Jobtraining
o i1/8e 3 s WURAY KLoAa | 4
Fiisfc W00 Dz 15 dm? ol A 2407 Qe N dis?
R A,
Orientation
T ) | J
i WUIET O W s
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Project Crashing

¢ Crashing

s reducing project time by expending additional
resources

¢ Crash time
= an amount of time an activity is reduced

¢ Crash cost
s COSt of reducing activity time

¢ Goal
s reduce project duration at minimum cost
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Project Network for Building
a House
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Normal Time and Cost
vs. Crash Time and Cost

$7,000 |-
$6,000 |-
Crash cost
$5,000 / ——————— Crashed activity
| Slope = crash cost per week
$4,000 |- I . per
|
$3000 e — — — — = = — N el Normal activity

$2.000 Normal cost

$1,000 |-

Normal time

L | | |
0 2 4 6 8 10 12 14 Weeks
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Project Crashing: Example

NORMAL  CRASH ALLTgleAALBLE CRASH
TIME TIME NORMAL CRASH CRASHTIME COSTPER
ACTIVITY  (WEEKS) (WEEKS) COST COST (WEEKS) WEEK
1 12 7 $3,000 $5,000 5 $400
2 8 5 2,000 3,500 3 500
3 4 3 4,000 7,000 1 3,000
4 12 9 50,000 71,000 3 7,000
5 4 1 500 1,100 3 200
6 4 1 500 1,100 3 200
7 4 3 15,000 22,000 1 7,000

$75,000 $110,700
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$400

Project Duration:

36 weeks

\ 4/ FROM ...

TO...

Project Duration:
31 weeks
Additional Cost:
$2000
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Time-Cost Relationship

= Crashing costs increase as project
duration decreases

* |ndirect costs increase as project
duration increases

= Reduce project length as long as
crashing costs are less than indirect
costs
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Time-Cost Tradeotf

Minimum cost = optimal project time ;
Total project cost
Indirect cost
D
e T
3 |
(&)
|
|
|
| Direct cost
|
< Crashing Time

Project duration
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