Critical Path Analysis

Critical path analysis ("CPA") is a widely-used project management tool that uses network analysis to help project managers to handle complex and time-sensitive operations.

Introduction

Many larger businesses get involved in projects that are complex and involve significant investment and risk. As the complexity and risk increases it becomes even more necessary to identify the relationships between the activities involved and to work out the most efficient way of completing the project.

The essential technique for using CPA is to construct a model of the project that includes the following:
· A list of all activities required to complete the project
· The time (duration) that each activity will take to completion
· The dependencies between the activities

Using this information, CPA calculates:
· The longest path of planned activities to the end of the project
· The earliest and latest that each activity can start and finish without making the project longer

This process determines which activities are "critical" (i.e., on the longest path) and which have "total float" (i.e. can be delayed without making the project longer).

In project management, a critical path is:

The sequence of project activities which add up to the longest overall duration

The critical path determines the shortest time possible to complete the project.

Any delay of an activity on the critical path directly impacts the planned project completion date (i.e. there is no float on the critical path).

Illustration of CPA

Here is worked example to illustrate how the critical path for a project is determined.

Conventions in drawing the network

The main components of a network analysis are summarised below:
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Example network diagram

Consider the following series of activities in a business planning to launch a new product:
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Have a go at drawing the diagram for this example:

Laid out in the correct sequence of activities, the network diagram would look like this before we calculate the EST and LFT for each activity:
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The next step is to calculate the EST for each activity.

For example:

The EST for task B is 2 months – the time taken to conduct market research (task A)

To calculate the EST for task C, we add the 2 months for task A to the 4 months for designing the product concept (task B) = 6 months

The remaining ESTs can then be added to the network diagram:
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The LFTs show the latest time an activity must be completed by to avoid a delay to the project. LFTs are calculated by looking right to left on the network diagram. So:
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Highlight on here the critical path:
Evaluating CPA

The main advantages and disadvantages of a business using CPA can be summarised as follows:

Advantages of CPA

· Most importantly – helps reduce the risk and costs of complex projects
· Encourages careful assessment of the requirements of each activity in a project
· Help spot which activities have some slack ("float") and could therefore transfer some resources = better allocation of resources
· A decision-making tool and a planning tool – all in one!
· Provides managers with a useful overview of a complex project
· Links well with other aspects of business planning, including cash flow forecasting and budgeting

Disadvantages of CPA

· Reliability of CPA largely based on accurate estimates and assumptions made
· CPA does not guarantee the success of a project – that still needs to be managed properly
· Resources may not actually be as flexible as management hope when they come to address the network float
· Too many activities may the network diagram too complicated. Activities might themselves have to be broken down into mini-projects
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A Figure 17.5 Network of activities needed to launch a new product

Author advice

Note that, although the sequence
of events in the network may not
change, the critical path can
change because it is dependent
on the timings of the activities.
For example, in Figure 17.5 an
increase in the duration of F from
20 days to 30 days will lead to a
change in the critical path (from
A-B-C-D-K to E-F-G-H-K].
Overall, the duration of the
project will increase from 59 days

to 61 days.

Assessing the value of network analysis in
strategic implementation

Network analysis is a valuable tool in ensuring that strategic

implementation is managed effectively. It can assist a business in planning

anew strategy in the most cost-effective and timely way. Furthermore,

close monitoring of the progress of a project can ensure that modifications

are made to the network in response to any internal and external changes.
However, its value may be reduced if certain problems occur. The potential
benefits and problems that can influence the overall value of network 397
analysis are explained below.

Benefits of network analysis (critical path analysis)

Use of network analysis brings many advantages to a business, if the system
operates smoothly.

@ Network analysis allows a business to improve the efficiency of its
resources. 1f a business can reduce the time taken to complete a project,
it can translate these savings in time into cost savings. In turn, this will
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increase the competitiveness of a business, particularly if cost or speed of
completion is a vital factor in the eyes of the customers,

@ The process lets a business know precisely when activities are scheduled
10 take place. This assists a business in its resource planning and stock
ordering. This should improve the efficiency of resources, such as labour,
2s it enables a business to make sure that the use of labour corresponds
1o the available supply.

@ If necessary, a business can use critical path analysis (CPA) to investigate
changes in resources or sequencing that would improve efficiency. For
example, additional resources can be transferred from a non-critical
activity o one on the critical path. This will reduce the time taken on the
critical path and therefore reduce the overall duration of the project

@ CPA can be used to help control and review. Monitoring of progress
against the original plan will identify any delays and allow a business to
take steps 1o rectify the problem

@ Network analysis forces managers to engage in detailed planning, This
helps a business to reduce the risk of delays.

® A business’s relationships with its customers can be improved, as CPA can
provide detailed information on the schedule for completion of a project.

@ During the operation of the project, CPA can be used to calculate the
likely impact of any delays that are unavoidable

@ Critical path analysis helps a firm to estimate the minimum time within
which it is possible to complete a project (through identifying the
critical path),

@ By identifying the (critical) activities that cannot be delayed without
delaying the completion of a project, CPA gives a firm the opportunity to
focus its attention on the more ‘important’ tasks.

@ The network helps an organisation to calculate the extent to which other
(non-critical) activities can be delayed. This reduces the possibility of a
project failing because a delay in a non-critical activity suddenly becomes
significant and causes that activity to be on the critical path

® Critical path analysis allows a firm to plan when it needs particular
resources. This means that the firm can avoid holding unnecessary stock

Fact file
i Critical path analysis at Unilever

{ Unilever is a company that has benefited from using CPA to obtain an
integrated view of its projects. A network constructed to plan the

Practice exercise 2
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they may miss opportunities to reduce the overall time of a
failing to identify the scope for flexibiliy.

@ As every activity in a network is strictly timetabled, it can lea
inefficiency if a crucial activity is delayed. This can happen i
such as the construction of a building, where subcontractors
suppliers will plan their workloads around the original netwe
delay can lead to the project coming to a halt because, for ex:
crane hire company has agreed to hire its crane to another cc
the electricians are working on another firm's building

@ Complex activities may be difficult to represent accurately on
(In practice, businesses use computer modelling to construct
complex networks, but these need to be understood by the

@ CPA relies on estimates of the expected duration of activities.
inaccurate, the whole process may break down. As major pre
as the Channel Tunnel or the proposed HS2 train link, are of
offs, it is possible that the firm has no prior experience in thi
field. Consequently, the probability of producing an accurate,
timings is low. A

@ CPA encourages businesses to focus on the speed of completi |
project, rather than other elements such as quality and flexib|/
meeting customers’ needs. |

Total: 35 marks

What is meant by the term ‘network analysis”? (3 marks)

What is meant by the term ‘critical path’? (3 marks)

In a network, what is represented by’

a) anode (circle)? (2 marks)
b) aline? 2 marks)
Distinguish between the EST and the LST. (3 marks)
What is a prerequisite? 2 marks)
What is meant by the term ‘float? 2 marks)

Explain three advantages to a business of using critical path

PN
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resources. This means that the firm can avoid holding unnecessary stock.

: Fact file

Critical path analysis at Unilever

i Unilever is a company that has benefited from using CPA to obtain an

i integrated view of its projects. A network constructed to plan the

i release of a new food product shows that, at different stages of the
 network, the critical path activities are, on the whole, marketing
department responsibilities. However, at particular points of time,

: production, packaging and distribution activities are on the critical path.
Consequently, Unilever managers know when it is most vital to monitor
: the progress of particular departments.

Problems of using network analysis (critical path analysis)
Although CPA is a useful tool, its use can lead to difficulties:

® It can encourage rigidity. On paper, CPA works best with fixed times
for each activity and a fixed sequence of activities. This may encourage
managers to see these timings and this sequence as unchangeable, so

SO S S

b) aline?

Distinguish between the
‘What is a prerequisite?
‘What is meant by the te

Explain three advantage
analysis.

Explain three problems
path analysis.
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they may miss opportunities to reduce the overall time of a project by
failing to identify the scope for flexibility.

® As every activity in a network is strictly timetabled, it can lead to greater

inefficiency if a crucial activity is delayed. This can happen in projects
such as the construction of a building, where subcontractors and
suppliers will plan their workloads around the original network. Any
delay can lead to the project coming to a halt because, for example, the
crane hire company has agreed to hire its crane to another company or
the electricians are working on another firm’s building.

Complex activities may be difficult to represent accurately on a network.
(In practice, businesses use computer modelling to construct highly
complex networks, but these need to be understood by the manager.)
CPA relies on estimates of the expected duration of activities. If these are
inaccurate, the whole process may break down. As major projects, such
as the Channel Tunnel or the proposed HS2 train link, are often one-
offs, it is possible that the firm has no prior experience in this particular
field. Consequently, the probability of producing an accurate forecast of
timings is low.

CPA encourages businesses to focus on the speed of completion of a
project, rather than other elements such as quality and flexibility in
meeting customers needs.
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Here is worked example to illustrate how the critical path for a project is determined.

[Conventions in drawing the network

he main components of a network analysis are summarised below}

Component | Description

Node A circle that represents a point in time where an activity is started or
finished. The node (circle) is split into three sections:

The left half of the circle is the unique node (activity)
number — the network diagram draws these in order
The top right section shows the earliest start time
(EST) that an activity can commence based on the
completion of the previous activity

The bottom right section shows the latest finish time
(LFT) by which the previous activity must be
completed

Activities An activity is something that takes time. An activity is shown on the network
as a line, linking the nodes (circles). A description of the activity, or a letter
representing the activity, is usually shown above the relevant line

Duration The length of time it takes to complete an activity — shown as a number of
the relevant units (e.g. hours, days) under the activity line

Example network diagram

Consider the following series of activities in a business planning to launch a new product:

Task | Activity

Order Duration
(months)

Edexcel Paper 3 (2017) -
UK Health & Fitness
Industry

Collections.

TEACHING POWERPOINTS

Edexcel A Level Business (Year
2) Teacher PowerPoint
Presentations

Topic-by-topic editable

PowerPoint presentations

on the Year 2 teaching

content for Edexcel A

Level Business.
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TEACHING POWERPOINTS
AQA A Level Business Year 1
(AS) Teacher PowerPoint
Presentations

Editable topic-by-topic
PowerPoints explaining
every topic for Units 3.1 -
3.6 of AQA A Level
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Duration The length of time it takes to complete an activity — shown as a number of
the relevant units (e.g. hours, days) under the activity line

TEACHING POWERPOINTS
AQA A Level Business Year 1
Example network diagram (AS) Teacher PowerPoint

Presentations
Consider the following series of activities in a business planning to launch a new product:

Editable topic-by-topic

PowerPoints explaining
Task | Activity Order Duration . "
every topic for Units 3.1 -
(months)
3.6 of AQA A Level
A Conduct customer research Starting activity 2 .
Business.
B Design product concept Begin when A complete 4
C Design and test product prototype Begin when B complete 2 SR (A7w)
D Develop and test production tooling | Begin when C complete 3
E Notify suppliers of requirements Begin when C complete 1 More premium resources >
F Commence production Begin when D complete 3
G Conduct launch promotion Begin when F complete 1

Teaching Vacancies

Laid out in the correct sequence of activities, the network diagram would look like this

before we calculate the EST and LFT for each activity: Teacher of Mathematics w
© 8 days left to apply

D
@ 2 )@ ‘ {\ : {m s >€\ g { Lh:rBEC:M S:‘.huu"
2 4 2 E 3 1 ottinghamshire
L/ : L/ 9

Teacher of Computer w
The next step is to calculate the EST for each activity. Science

The Becket School,
For example: Nottinghamshire

The EST for task B is 2 months — the time taken to conduct market research (task A) -
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Task | Activity Order Duration
(months)

A Conduct customer research Starting activity 2

B Design product concept Begin when A complete 4

C Design and test product prototype Begin when B complete 2

D Develop and test production tooling | Begin when C complete 3

E Notify suppliers of requirements Begin when C complete 1

F Commence production Begin when D complete 3

G Conduct launch promotion Begin when F complete 1

out

L: the correct sequence of acti
before we calculate the EST and LFT for each aci

(D DHPHDHDHDHD

The next step is to calculate the EST for each activity.

mw|o

For example:
The EST for task B is 2 months - the time taken to conduct market research (task A)

To calculate the EST for task C, we add the 2 months for task A to the 4 months for
designing the product concept (task B) = 6 months

The remaining ESTs can then be added to the network diagram:

Editable topic-by-topic -
PowerPoints explaining

every topic for Units 3.1 -

3.6 of AQA A Level

Business.

£100.00 (+vaT)

More premium resources >
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Teacher of Mathematics w

8 days left to apply

The Becket School,
Nottinghamshire

Teacher of Computer w
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The Becket School,
Nottinghamshire

BTEC Business (First and
National) CPD Presenter
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Politics Contributor
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The LFTs show the latest time an activity must be completed by to avoid a delay to the
project. LFTs are calculated by looking right to left on the network diagram. So:
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Evaluating CPA

The main advantages and disadvantages of a business using CPA can be summarised as
follows:





image5.png
/W0 Weebly - Website Creati x Y &8 Bee Business Bee Cricsl X ) % Criica Path Analysis | . X\ (33 Morgan Crump - Outioe. X

<« C | ® www.tutor2u.net/business/reference/critical-path-analysis ax|s

Apps @ 12c58n732IDV.URL- @ 12c58n73a [ Facebooklogo M Football BB Free Hotmail [ Suggested Sites 8, amazoncouk [J mainpageasp-ng=1: [ Imported From I {8 The Prate Bay - Powe [} New Tab. [B Shenfield Email » | [ Other bookmarks
RBRRAT RO ‘
Teacher of Computer w
The next step is to calculate the EST for each activity. Science
The Becket School,
For example: Nottinghamshire

The EST for task B is 2 months - the time taken to conduct market research (task A)

BTEC Business (First and
National) CPD Presenter
tutor2u, Various
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Evaluating CPA

The main advantages and disadvantages of a business using CPA can be summarised as
follows: -





