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Questions or Concerns???

• Ask your Facilitator for Guidance

• Email or schedule a call with your Professor one on one

• Reach out to your Classmates

• Post your Questions on the Discussion Board

• Raise questions during the Live Class

• Send an email to all concerned

• Ironically, some of my most successful students professionally never received an A in the 
course.  Instead, they took the concepts and ideas from the course and applied them to 
their future endeavors.

Never waste time worrying about something that can be resolved quickly!
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Upcoming Due Dates:  Mark your Calendar
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Looking Ahead:  October Calendar

V.A. Greiman Copyright (c) 2020



Team Leaders in this Class - A3

• Team 1 - Anna Gabriela Garcia Esquivel

• Team 2 – Xiumen Zhang 

• Team 3 – Xueyang Long

• Team 4 – Danlin Wang

• Team 5 – Jiaxin Zhao

• Team 6 – Amish Shah Nishil

• Team 7 – Chih Chun Chen

• Team 8 – Jiaming Li

Copyright (c) 2020 Virginia A. Greiman



Dinner

Function

Hall

Band Caterer Tickets

Select

Location

Arrange

Space

Select

Band
Select

Food

Pay

Rental

Fee

Setup

Sound

System

Develop

Budget

Setup

And

Cleanup

Design

Tickets

Sell

Tickets

WBS for Charitable Dinner
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The WBS
1 Kitchen

1.1 Initial Planning

1.1.1 Conduct Client Meetings

1.1.2 Establish Colors & Fixtures

1.1.3 Measure, Budget, and obtain Approval

1.1.4 Obtain Permits

1.2 Hire Contractors

1.3 Order Everything

1.4 Delivery of Materials

1.4.1 Receive Materials

1.4.2 Inspect and Accept materials

1.4.3 Carry out Alterations

1.4.4 Demolition

1.4.5 Reconstruction

1.4.5.1 Floor, Doors and Windows

1.4.5.2 Electrical & Plumbing

1.4.5.3 Install Cabinets

1.4.5.4 Install Appliances

1.5 Client Walk-Through and Approval

V.A. Greiman (c) Copyright 2019



WBS – Process Oriented - Graphical

Software 
Release 

1. Design 2. Build 3. Test 4. Release

1.1 System

1.2 Build 1

1.3 Build 2

1.4 Doc.

3.1 Test B1

3.2 Test B2

3.3 Test System

2.1 Build 1

2.2 Build 2

2.3 Integrate System

2.4 Write Doc. 3.4 Test Doc.

4.1 Release System

4.2 Release Doc.



WBS – Outline or Tabular Format 

Software Release

1. Software

1.1 Build 1

1.2 Build 2

1.3 Integration

1.4 Testing

1.4.1 Functional

1.4.2 User

2. Documentation

3. Training

3.1 User

3.2 Technical Support

3.3 Call Center

4. Project Management



Team 1 – Find My Paws



Team 2:  Amazon Global Store



Team 3 – COVID 19 Tracing App



Team 4 – Boston Local Information App



Team 5 – Portable Charger



Team 6 – Tracing App



Team 7 – Tik Tok



Team 8 – Immersive VR Learning System



Team 8:  Outline



Sample Scope and Charter

Most Common Omissions

1. References for your article – 3 to 4 articles relevant to your Assignment 
including at least one scholarly article.

Jones, D. (2018) How to develop a project charter, International Journal of 
Project Management 3 (2) 456 – 472.

2. Risks and Risk Mitigation

3.  Success Factors

V.A. Greiman Copyright (c) 2020
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Lecture 5 Agenda
• Project Networks

• Calculating Earliest Times (Forward Pass)

• Calculating Latest Times (Backward Pass)

• Calculating Slack and Critical Path

• Activities: Define Activities

• Sequence Activities

• Different Kinds of Activity Sequencing Relationships

• Types of Dependencies and their Effect on Activity Sequencing

• Project Network Diagrams

• Critical Path

• Relation to PMBOK® Guide





WBS  Decomposition 

Make

Invitations

1.2

Design

1.2.1
E-Mail

1.2.2

Layout

1.2.1.1

Mail Merge

1.2.2

Tabulate RSVPs

1.2.3
Use the Work Package level to 

populate schedule



Develop the Project Schedule

• Start with the WBS and add the information 
regarding durations, availability, and sequence 
(dependency)

plus

Bake

Cake

Frost

Cake

duration sequence

availability



The Project Network (or network diagram)

• A flow chart that graphically depicts the 
sequence, interdependencies, and start and 
finish times of the project

• It will reveal two key things about your project:

• The critical path (or paths)*

• Tasks that have float (aka slack) time

*”Critical” refers only to time. All tasks are critical or they 

wouldn’t be on the WBS and thus in the network!



Terminology
Path: 

A sequence of connected, dependent 

activities.

Parallel (Concurrent) Activities: 

Activities that can occur at the same time. (If 

desired)
C

A B D



Event

A point in time when an 

activity is started or 

completed 

It does not consume time

Milestones are events



Burst Activity

An activity that has more than one 

activity immediately following it 

(more than one dependency arrow 

flowing from it).

B

D

A C



Merge Activity

An activity that has more than one 

activity immediately following it 

(more than one dependency arrow 

flowing from it).

B

D

AC





Critical Path

The critical path is the 

network path(s) that has 

(have) the least slack in 

common.



Critical Path

– the longest path through the network that 

allows for the completion of all activities

– the shortest expected time in which the entire 

project can be completed. Delays on the 

critical path will delay completion of the 

entire project.

C

A B
D

T=3

T=5



Critical Path ~ 10%

– Assign best people to critical activities

– Prioritize (and eliminate) critical activities

– Risk assessment on critical activities

– Visit people working on critical activities

– Can I borrow Joe?

– Overtime, technology

– Schedule changes ±

– Roll up non criticals

C

A B D

T=3

T=5



Basic Network Rules

Networks typically flow from left to right.

An activity cannot begin until all of its 
predecessor activities are complete.

Arrows indicate precedence and flow and can 
cross over each other.

Identify each activity with a unique number; 
this number must be greater than its 
predecessors.

Looping is not allowed.

Conditional statements are not allowed.

Use common start and stop nodes.



Lags

The minimum amount of time a 

dependent activity must be 

delayed to begin or end.

–Lengthy activities are broken 

down to reduce the delay in the 

start of successor activities.



MS Project
http://www.customguide.com/pdf/project-quick-reference-2007.pdf



MS Project

http://www.customguide.com/pdf/project-quick-reference-2007.pdf



Adding sequence

38

Make

Invitations

1.2

Design

1.2.1

Print

1.2.2

Mail

1.2.3

Layout

1.2.1.1

Pre-Press

1.2.2

The following packages are networked in sequence ..

Layout, Pre-Press, Print and Mail.



Building the network

39

1.2.1.1

Start

1.2.2 …1.2.3

…



From Work Package to Network 

A

B D

C

Finish
Start

40

A and B execute in 

parallel

Project does not Finish 

unless C and D both 

are complete



Constructing a Project Network

Activity or task: 

An element of the project 
that requires time

A

C

B D

A, B and C 

are activities

Milestones are shown as diamonds and do 

NOT consume any time.

Start and Finish are examples of Milestones



The all-knowing, all-important “Arrow”

D cannot start until 
A, B, and C have 
been completed

A

C

B D

42



Path

A sequence of connected, dependent activities.

C

A B D

43

There are two paths 

– ACD and ABD



Parallel Activities

Activities that can occur at the same time. (If desired)

C

A B D

44

B and C can 

run at the 

same time

time



Bursts and Merges

45

B

D

A C

B

D

AC

Burst

Merge



Simple Example with Burst & Merge

Activity Predecessor Time

A None 5

B A 15

C A 10

D B,C 30

B

DA

C

Note: Start and End milestones are not always shown 

You should gain the skill of going from the table on the left to the diagram on the right, in 

particular if you are interested in attaining the PMP® credential.



Goal – Calculate the Critical Path

Activity Predecessor Time

A None 5

B A 15

C A 10

D B,C 30

B

DA

C

47



Basic Network Rules

• Networks typically flow from left to right.  Time is 
generally represented left to right, but not on a detailed 
scale.  TIME comes later.  COST comes last – in 
general.

• An activity cannot begin until all of its predecessor 
activities are complete.

• Arrows indicate precedence and flow and can cross 
over each other.

48



Basic Network Rules

• Identify each activity with a unique name, often in 
exercises these will be letters.

• Looping is not allowed.

• Conditional statements (if-then) are not allowed.  
That’s for flow charts.  Network Diagrams are NOT 
flow charts, they are drawings showing sequences 
of activities to get to an end date.

• Use common start and stop nodes.



A

C

B

50

No.  Nope.  Don’t do that.



Arrows May Cross

A

C

B

D

51

This 

is OK



Network Computation Process

• Forward Pass Yields the Earliest Times

• How soon can the activity start?

• Earliest start — ES

• How soon can the activity finish?

• Earliest finish — EF

52



Network Computation Process

Backward Pass — yields the Latest Times

• How late can the activity start?

• Latest start — LS

• How late can the activity finish?

• Latest finish — LF

• Which activities represent the critical path?

• How long can the task be delayed?

•Slack or float — F
53



ES EF

LS LFF

DUR

Task Name

Early Start Duration Early Finish

Late Start Float/Slack Late Finish

A common notation for labeling tasks with detail



Forward Pass Computation*

• Add activity times along each path in the network (ES + 
Duration = EF).

• Carry the early finish (EF) to the next activity where it 
becomes its early start (ES) unless…

• The next succeeding activity is a merge activity, in which case 
the largest EF of all preceding activities is selected.

55

*In the “1” method I will show you , instead of starting at “Day 0” or “Week 0” 

we start with Day 1 or week 1, so we’ll subtract 1 from this total in the 

forward pass.  This will become clearer in the upcoming animation.



Backward Pass Computation

• Subtract activity times along each path in the network (LF -
Duration = LS).

• Carry the late start (LS) to the next activity where it becomes 
its late finish (LF) unless

• The next succeeding activity is a burst activity, in which case 
the smallest LF of all preceding activities is selected.

56

*In the “1” method I will show you , instead of starting at “Day 0” or “Week 0” 

we start with Day 1 or week 1, so we’ll add 1 from this total in the backward 

pass.  This will become clearer in the upcoming animation.



Determining Slack (or Float)

• Slack (or Float)

• The amount of time an activity can be 
delayed after the start of a longer parallel 
activity or activities.

• Total slack

• The amount of time an activity can be 
delayed without delaying the entire project.

57



Dependencies

• Usually are “finish to start”

• Show how the tasks relate

• i.e. First coat must be dry before second coat is applied

(finish) (start)



FF: Your main course 

must finish cooking at 

the same time as the 

side dish finishes. 

SF: (very rare): I won’t finish eating the donut until you start pouring the coffee.

FS: You finish opening the 

milk carton before you start

pouring it.

SS: You start your 

coffee at the same time 

you start your toast.

Precedence Relationships

(Dependencies)

http://images.google.com/imgres?imgurl=http://theodorakis.net/images/tenderloin.jpg&imgrefurl=http://theodorakis.net/recipes/tenderloin.html&h=150&w=200&sz=5&tbnid=XCk9JErPB50J:&tbnh=74&tbnw=99&hl=en&start=6&prev=/images?q%3Droast%2Bbeef%26svnum%3D10%26hl%3Den%26lr%3D%26safe%3Doff%26rls%3DGGLB,GGLB:1969-53,GGLB:en
http://images.google.com/imgres?imgurl=http://i7.photobucket.com/albums/y261/TruckerJimbo/ph02761j.jpg&imgrefurl=http://www.wheresgeorge.info/showthread.php?goto%3Dlastpost%26t%3D17402&h=301&w=388&sz=15&tbnid=cbkqOJu1c2wJ:&tbnh=92&tbnw=119&hl=en&start=59&prev=/images?q%3Dbaked%2Bpotato%26start%3D40%26svnum%3D10%26hl%3Den%26lr%3D%26safe%3Doff%26rls%3DGGLB,GGLB:1969-53,GGLB:en%26sa%3DN
http://www.coffeebeanshop.com/shop/images/pouring.jpg
http://images.google.com/imgres?imgurl=http://www.fotosearch.com/comp/DSN/DSN105/1765897.jpg&imgrefurl=http://www.fotosearch.com/DSN105/1765897/&h=200&w=300&sz=12&tbnid=7yX5w2ymORNAUM:&tbnh=74&tbnw=111&hl=en&start=2&prev=/images?q%3Ddonut%2Bbite%26svnum%3D10%26hl%3Den%26lr%3D%26safe%3Doff%26rls%3DGGLB,GGLB:1969-53,GGLB:en%26sa%3DN
http://images.google.com/imgres?imgurl=http://www.dsf.health.state.pa.us/health/lib/health/Milk_Carton.jpg&imgrefurl=http://www.dsf.health.state.pa.us/health/cwp/view.asp?a%3D179%26Q%3D237100%26&h=456&w=266&sz=39&tbnid=XRB5b52tIDoJ:&tbnh=124&tbnw=72&hl=en&start=1&prev=/images?q%3DMilk%2Bcarton%26svnum%3D10%26hl%3Den%26lr%3D%26safe%3Doff%26rls%3DGGLB,GGLB:1969-53,GGLB:en
http://images.google.com/imgres?imgurl=http://www.trengovestudios.com/images/milkrasp.jpg&imgrefurl=http://www.trengovestudios.com/rent/rent5.shtml&h=400&w=625&sz=106&tbnid=bqshHrqSRCcJ:&tbnh=85&tbnw=134&hl=en&start=5&prev=/images?q%3Dpour%2Bmilk%26svnum%3D10%26hl%3Den%26lr%3D%26safe%3Doff%26rls%3DGGLB,GGLB:1969-53,GGLB:en
http://images.google.com/imgres?imgurl=http://www.kitchen-universe.com/images/BUM-Coffee-Thermal-Brewer.jpg&imgrefurl=http://www.kitchen-universe.com/detail.aspx?s%3Dshopping%26ID%3D2401&h=285&w=285&sz=11&tbnid=f7vrirk5Q_IJ:&tbnh=110&tbnw=110&hl=en&start=15&prev=/images?q%3Dcoffee%2Bbrewer%26svnum%3D10%26hl%3Den%26lr%3D%26safe%3Doff%26rls%3DGGLB,GGLB:1969-53,GGLB:en
http://images.google.com/imgres?imgurl=http://www.seanbonner.com/blog/archives/toast.jpg&imgrefurl=http://www.seanbonner.com/blog/archives/001157.php&h=403&w=482&sz=31&tbnid=N0V4Mz1O0wyiNM:&tbnh=105&tbnw=126&hl=en&start=2&prev=/images?q%3Dtoast%26svnum%3D10%26hl%3Den%26lr%3D%26safe%3Doff%26rls%3DGGLB,GGLB:1969-53,GGLB:en


List of Tasks – creating the network diagram

Task Name Duration Predecessors

Start 0 None

A 6 Start

B 4 Start

C 7 A and B

D 8 B

E 5 C and D

End 0 E



A C

B D

Start EndE

Duration: 6 Duration: 7

Duration: 5

Duration: 4 Duration: 8

A basic network diagram



A
Duration: 6

C
Duration: 7

E
Duration: 5

B
Duration: 4

D
Duration: 8

Path   Start - A – C – E - End has duration 18

So the longest path through the network is Start-A-C-E-End.  This is the 

critical path, and the shortest time in which the overall project can be 

completed is 18.  

Path   Start - B – C – E - End has duration 16

Path   Start - B – D – E - End has duration 17

Note: this slide is intended to be viewed in PowerPoint SlideShow mode
A basic network diagram – finding the critical path

The critical path is usually highlighted in bold or in red.

Start
End



0
A C

B D

Start EndE

1 66 7

5

4 8

7 13

14 18

1 4 5 12

1 6 07 13

014 18

16 1312 5

Key

Early Start Duration Early Finish

Late Start Float/Slack Late FinishThis slide is intended to be viewed in Powerpoint SlideShow mode
This slide uses the CPM 1 method

Observe that the critical path will have float of 0

Calculating the forward and backward pass



Critical Path

• The network path(s) that has (have) the least slack in 
common.

• It is the longest path through the network. 

• The tasks on the Critical Path are critical from a TIME 
perspective

• More than one Critical Path is possible especially in large 
projects.  This introduces more risk because more tasks are 
time-critical to the project’s end-date.  

64



The Big Dig Fort Point 
Channel
Source:
Greiman, V. A. (2013) 
Megaproject 
Management:  
Lessons on Risk and 
Project Management 
from the Big Dig, John 
Wiley & Sons, 
Publisher, Hoboken, 
NJ



Critical Path
• the longest path through the network that allows for the 

completion of all activities

• the shortest expected time in which the entire project can be 
completed. Delays on the critical path will delay completion of 
the entire project.

C

A B
D

T=3

T=5



Critical Path ~ 10%

• Assign best people to critical activities

• Prioritize (and eliminate) critical activities

• Risk assessment on critical activities

• Visit people working on critical activities

• Can I borrow Joe?

• Overtime, technology

• Schedule changes ±

• Roll up non criticals C

A B D

T=3

T=5



Ref: Wikipedia (2014)

Free Float versus Total Float (or Float…or 
Slack)

• Reminder: Float = Slack = Total Float

• Free float is different 

• FREE FLOAT is the amount of time you can delay a task without delaying 
subsequent tasks on that path.  It is free of the critical path.



Total Float versus Free Float

•Free Float: the amount of time (float) an activity on the schedule network diagram can be freely

delayed without affecting the early start of the of following/successor activity 

•Free Float is also for activities NOT on the critical path 

•Free Float can only be non-zero when two or more activities have a common successor activity 

•Free Float = ES of successor activity – EF where ES = Early Start, EF = Early Finish

•Total Float: the total amount of time (float) an activity on the schedule network diagram can be 

delayed without affecting the project finish date 

•Total Float is for activities NOT on the critical path 

•Total Float = LF – EF (or LS – ES)

where ES = Early Start, EF = Early Finish, LS = Late Start, LF = Late Finish

Credit: https://edward-designer.com/web/free-float-vs-total-float-for-pmp-exam

https://edward-designer.com/web/free-float-vs-total-float-for-pmp-exam


Other Dependencies

• A mandatory dependency is based on the nature of the work.

• A discretionary dependency is based on a best practice or preferred way of 
doing something.

• An external dependency is based on relationships outside the project.

70



Extended Network Techniques: Laddering

• Activities are further decomposed into pieces 
of work that may be able to start early (lead) 
and prevent or reduce delay of the work

71



Example of Laddering

Dig 

Trench

Lay 

Pipe

Fill 

Trench

If you have three workers (resources), each assigned to one task, 

waiting for the first task (Dig Trench)  to be 100% complete before 

you start the next task (Lay Pipe) is too restrictive – and this would 

promulgate through the network to Fill Trench.



Example of Laddering

73

Dig 1/3 

Trench

Joe

Lay 1/3 

Pipe

Peter

Fill 1/3 

Trench

Mary

Dig 2nd part 

Trench

Joe

Lay 2nd/3 

Pipe 

Peter

Dig 3rd part 

of Trench

Joe

So when the first task (dig hole)  is 33% complete 

you start the next task (lay pipe), and so forth.



Extended Network Techniques: Lags

Definition of a Lag: The minimum amount of 
time a dependent (successor) activity must be 
delayed to begin or end. 

• Make this easy to understand by thinking 
about it in natural terms: glue drying, 
grass growing, cement hardening

• Lengthy activities are broken down to 
reduce the delay in the start of successor 
activities.
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Use of Lags Finish-to-Start Lag

Typical:

e.g., Ordering Materials

• Order Activity is 1 day

• Material takes 5 days to arrive

•Then you assemble in one Day. 

Order

1 Day

Assemble

1 Day
5 Days

75

Project Duration is LONG but Effort is only 2 days.



Use of Lags

Start-to-Start Relationship

Assemble cannot begin until 5 days after Order begins.  You 

can begin Assemble after a portion of the items (if they’re 

the right ones) arrive.

e.g., pipe laying, partial design

Order

Assemble5 Days

76



Use of Lags

Finish-to-Finish Relationship

The finish of Assemble

depends on the finish of 

the Order.

Assemble cannot finish 

any earlier than 5 days 

after Ordering is 

complete

Order

Assemble

5 Day



Start-to-Finish  Relationship

Assemble cannot end until 5 days 

after Ordering has started.

(Because information to Assemble 

is available after the first 5 days of 

Ordering.)

Order

Assemble

5 Days

78

Use of Lags



Next Week: Week 6

Lecture 6: Cost Estimation and Schedule Estimation

Zoom Room Meetings 4:30 – 5:15

Today you will work on Team Assignment 3 

in the Live Class!

For Assignment 3 your will prepare the 

network diagram by hand incorporating the 

WBS activities into your schedule.


