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[bookmark: _Toc425141953]Project 
A project is work which has a clear beginning and a clear end. Most projects consist of multiple activities which have to be completed either simultaneously (at the same time) or sequentially (one after the other). In case a project consists of many activities which are worked on simultaneously and sequentially, it can be very complex and difficult to manage. Therefore, we use project management tools to make the job of managing projects easier and more predictable. 
[bookmark: _Toc425141954]Gantt chart
A very popular tool is a Gantt chart. This is a table showing activities in rows and time in columns. Horizontal bars show when an activity should start and be completed. 
[bookmark: _Toc425141955]Example 1
An airline carries out many activities every time an airplane lands at an airport. These activities are shown in the following Gantt chart:
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	Passenger Baggage claim
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Baggage Container offload
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Fueling Pumping
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Fueling Engine injection water
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Container offload 
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Servicing Main cabin door
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Servicing Aft cabin Door
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Lavatory cleaning Aft, center, forward
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Drinking water Loading
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Cleaning First class section
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Cleaning Economy class section
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Cargo Container loading 
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Cabin check 
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	Time (Minutes)
	0
	
	
	
	
	10
	
	
	
	
	20
	
	
	
	
	30
	
	
	
	
	40




The Gantt chart shows clearly that the entire process of turning an airplane around takes about 40 minutes. It shows what activities are preceded and succeeded by other activities. Also, it shows which activities act as a bottleneck (activities that slow down the entire project). 
[bookmark: _Toc425141956]Example 1
MPF has the following activities as part of a project to install new equipment in their factory:
	Activity
	Description
	Time of activity (weeks)
	Immediate Predecessor

	A
	Build components
	2
	-

	B
	Modify roof and floor 
	3
	-

	C
	Construct stack 
	2
	A

	D
	Pour concrete and frame
	4
	A, B

	E
	Build burner
	4
	C

	F
	Install pollution control system
	3
	C

	G
	Install air pollution device
	5
	D, E

	H
	Inspect and test
	2
	F, G



How long will the entire project take (at least)?
The Gantt chart would look something like this. 
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[bookmark: _Toc425141957]Activities on Nodes and Activities on Arrows Diagrams
Very often, Gantt charts cannot contain enough information for the project manager. Therefore, we can use diagrams of nodes and arrows. There are two approaches: AON (Activities On Nodes) and AOA (Activities On Arrows). 
[bookmark: _Toc425141958]Activities on Nodes
This is the most common method in which each activity is represented by a node (circle) and arrows show the relationship between activities. The disadvantage of AON is that sometimes you need a starting or ending node. 
[bookmark: _Toc425141959]Example 2
Using the MPF information, we can draw the AON diagram for the installation project.
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[bookmark: _Toc425141960]Activities on Arrows
Using this method, activities are represented as arrows and nodes are the connection between activities. The disadvantage of this method is that sometimes you need dummy (fake) activities. 
[bookmark: _Toc425141961]Example 3
Taking the same information from Example 1, we can draw the AOA diagram.A
B
C
D
F
E
G
H









[bookmark: _Toc425141962]Critical Path Analysis
Some activities in the project are more critical (important) than others because if those critical activities are delayed, the entire project completion will be delayed. Conversely, if critical activities are completed quicker, the entire project will be completed quicker. Therefore, it is important to identify the critical activities of the project using the critical path analysis. 
To carry out a critical path analysis we will add more information to each node (or arrow):
B
Name of activity
Duration of activity
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[bookmark: _Toc425141963]Earliest start: 		The time (day, week, month, year etc.) when the activity can start at its earliest. 
[bookmark: _Toc425141964]Earliest finish: 	The time when the activity can be finished at earliest (ES+duration).
[bookmark: _Toc425141965]Latest Start: 	The time when the activity can start at its latest without delaying other activities (latest finish – duration)
[bookmark: _Toc425141966]Latest Finish: 	The time when the activity can be finished at its latest without delaying other activities. 
[bookmark: _Toc425141967]Forward Pass	
To calculate the completion time of the project, we will fill in all the earliest start and earliest finish numbers. This is called doing the forward pass. 
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[bookmark: _Toc425141968]Backward Pass
To find out what activities are critical (cannot be delayed or else the entire project will be delayed) and which have slack time (have extra time), we do the backward pass by filling in the latest start and latest finish numbers working backwards from the last activity to the first. We can conclude that the critical path is A, C, E, G, H. 
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[bookmark: _Toc425141969]
Project Crashing
Crashing a project means that you spend extra money to complete your project quicker. You do this by shortening activities on the critical path. Only by shortening the critical path you can shorten the completion time of the project. 
The first step in project crashing is to calculate the crash cost of one period for all activities. The second step is to select the cheapest activity to crash by one period (on the critical path). Keep on crashing the cheapest activities until you have reached your target completion time. 
[bookmark: _Toc425141970]Example 4
Using the same activities as example 3, the following information is given about cost of each activity. The normal completion time is 15 weeks, but we want to complete the project in only 13. 
	Activity
	Normal Time
	Crash Time
	Normal Cost
	Crash Cost
	Crash Cost Per Week

	A
	2
	1
	22,000
	22,750
	750

	B
	3
	1
	30,000
	34,000
	2,000

	C
	2
	1
	26,000
	27,000
	1,000

	D
	4
	3
	48,000
	49,000
	1,000

	E
	4
	2
	58,000
	58,000
	1,000

	F
	3
	2
	30,000
	30,500
	500

	G
	5
	2
	80,000
	84,500
	1,500

	H
	2
	1
	16,000
	19,000
	3,000



Now we chose the first activity to crash:
The cheapest activity on the critical path is A and we can crash this activity by only one week. So we crash it in our diagram and see what changes. 
After crashing activity A, we crash the next cheapest activity on the critical path: G.
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[bookmark: _Toc425141971]Question 1
Use Activities on Nodes (AON) and Activities on Arrows (AOA) to draw the project diagram for the following project.
	Activity
	Time (weeks)
	Predecessor

	J
	10
	-

	K
	8
	-

	L
	6
	J

	M
	3
	J

	N
	2
	K, M

	O
	7
	L, N

	P
	5
	K, M
















[bookmark: _Toc425141972]Question 2
DFA is designing and producing a race car. The following activities have to be done to complete the project. Create an AON network for these activities. Do the forward pass and backward pass to determine the critical path and slack times. 
	Activity
	Immediate Predecessor
	Time (weeks) 

	A
	-
	6

	B
	-
	7

	C
	A
	3

	D
	A
	2

	E
	B
	4

	F
	B
	6

	G
	C, E
	10

	H
	C, E
	7



















[bookmark: _Toc425141973]Question 3
A hot dog shop is building a new kitchen. The following activities are required. 
	Activity
	Normal Time
	Crash Time
	Normal Cost
	Crash Cost
	Immediate Predecessor 

	A
	3
	2
	1000
	1600
	-

	B
	2
	1
	2000
	2700
	-

	C
	1
	1
	300
	300
	-

	D
	7
	3
	1300
	1600
	A

	E
	6
	3
	850
	1000
	B

	F
	2
	1
	4000
	5000
	C

	G
	4
	2
	1500
	2000
	D, E



a) What is the project completion date? What is the critical path?
b) How much does it cost to crash the project to 10 weeks?
c) How much does it cost to crash the project to 7 weeks? 
d) Can you crash the project to 6 weeks?
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