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Chapter 12
Network Analysis (TB Network Planning – 481 to end)

Network Planning
The process of project planning and control is greatly aided by the use of techniques which help project managers to handle its complexity and time-based nature. The simplest of these techniques is the Gantt chart 
Gantt charts are the simplest way to exhibit an overall project plan because they have excellent visual impact and are easy to understand. They are also useful for communicating project plans and status to senior managers as well as for day-to-day project control. 
The two network analysis methods we will examine are the critical path method (CPM) or analysis (CPA) and programme evaluation and review technique (PERT).
[bookmark: bookmark1]Critical path method (CPM)
As project complexity increases, so it becomes necessary to identify the relationships between activities. 

The critical path method models the project by clarifying the relationships between activities diagrammatically. 

Can illustrate this is by using arrows to represent each activity.

The logic of these relationships is shown as an arrow diagram, where each activity is represented by an arrow (the length of the arrows is not proportional to the duration of the activities).

This arrow diagram can be developed into a network diagram

Events are moments in time which occur at the start or finish of an activity. 

They have no duration and are of a definite recognisable nature. Networks of this type are composed only of activities and events

See figure 16.15 in TB












The rules for drawing this type of network diagram are fairly straightforward:

Rule 1 An event cannot be reached until all activities leading to it are complete. 
Rule 2 No activity can start until its tail event is reached. 
Rule 3 No two activities can have the same head and tail events.  They must be drawn using a dummy activity.
These have no duration and are usually shown as a dotted-line arrow
[bookmark: bookmark2]The critical path
In all network diagrams where the activities have some parallel relationships, there will be more than one sequence of activities which will lead from the start to the end of the project. 

These sequences of activities are called paths through the network. 

Each path will have a total duration which is the sum of all its activities. The path which has the longest sequence of activities is called the critical path of the network

It is called the critical path because any delay in any of the activities on this path will delay the whole project.

By drawing the network diagram we can:

· identify which are the particularly important activities;
· calculate the duration of the whole project


Calculating float
The flexibility to change the timings of activities, which is inherent in various parts of a project, as float. 

We can use the network diagram to calculate this for each activity. 

The procedure is relatively simple:

1. Calculate the earliest and latest event times for each event. The earliest event time (EET) is the very earliest the event could possibly occur if all preceding activities are completed as early as possible. The latest event time (LET) is the latest time that the event could possibly take place without delaying the whole project.

2. Calculate the 'time window' within which an activity must take place. This is the time between the EET of its tail event and the LET of its head event.

3. Compare the actual duration of the activity with the time window within which it must take place. The difference between them is the float of the activity.

Consider again the simple network example. 

The critical path is the sequence of activities a, b, c, f. We can calculate the EET and LET for each event as shown in Figure 16.17. If activity a starts at time 0 then earliest it can finish is 1 because it is a one-day activity. 

If activity b is started immediately, it will finish at day 3 (EET of tail event + duration, 1 + 2). 

Activity e can then start at day 3 and because it is of three days' duration it will finish at day 6. Activity e also has event number 5 as its head event so we must also calculate the EET of activity e's tail event.

The LETs can be calculated by using the reverse logic. If event number 6 must occur no later than day 7, the LET for event number 5 is day 6. 

Any later than this and the whole project will be delayed.

[bookmark: bookmark4]Activity on node networks
The network we have described so far uses arrows to represent activities and circles at the junctions or nodes of the arrows to represent events. 

This method is called the activity on arrow (AoA) method. 

An alternative method of drawing networks is the activity on node (AoN) method.

In the AoN representation, activities are drawn as boxes and arrows are used to define the relationships between them. 

There are three advantages to the AoN method:

· it is often easier to move from the basic logic of a project's relationships to a network diagram using AoN rather than using the AoA method

· AoN diagrams do not need dummy activities to maintain the logic of relationships

· most of the computer packages which are used in project planning and control use an AoN format.

An AoN network of the 'apartment decorating' project is shown in Figure 16.19












[bookmark: bookmark5]Programme evaluation and review technique (PERT)

The programme evaluation and review technique. 

Recognises that activity durations and costs in project management are not deterministic (fixed) and that probability theory can be applied to estimates, as was mentioned earlier. 

In this type of network each activity duration is estimated on an optimistic, a most likely and a pessimistic basis

If it is assumed that these time estimates are consistent with a beta probability distribution, the mean and variance of the distribution can be estimated as follows:

See figure 16.21 in TB














where
te	=	the expected time for the activity
to	=	the optimistic time for the activity
tl	=	the most likely time for the activity
tp	=	the pessimistic time for the activity
The variance of the distribution (V) can be calculated as follows: 



The time distribution of any path through a network will have a mean which is the sum of the means of the activities that make up the path and a variance which is a sum of their variances. 


The mean of the first activity = 2 + (4 x 3) + 5 = 3.17
					6

The variance of the first activity =     (5-212 = 0.25
36

The mean of the second activity = 


The variance of the second activity = 

			
The mean of the network distribution = 3.17 + 4.33 = 7.5


The variance of the network distribution = 0.25 + 0.44 = 0.69


It is generally assumed that the whole path will be normally distributed. The advantage of this extra information is that we can examine the 'riskiness' of each path through a network as well as its duration. 

The top path is the critical one; the distribution of its duration is 10.5 with a variance of 0.06 (therefore a standard deviation of 0.245). The distribution of the non-critical path has a mean of 9.67 and a variance of 0.66

The implication of this is that there is a chance that the non-critical path could in reality be critical. Although we will not discuss the probability calculations here, it is possible to determine the probability of any sub-critical path turning out to be critical when the project actually takes place. 

On a practical level, even if the probability calculations are judged not to be worth the effort involved, it is useful to be able to make an approximate assessment of the riskiness of each part of a network.
[bookmark: bookmark8]
Introducing resource constraints
The logic which governs network relationships is primarily derived from the technical details of the project as we have described.

The availability of resources may impose its own constraints, which can materially affect the relationships between activities

The resource schedule in Figure 16.23 has the non-critical activities starting as soon as possible. This results in a resource profile which varies from seven staff down to three. 

Even if seven staff are available, the project manager might want to even out the loading for organisational convenience.
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FIGURE 16.24 Resource profile of a network with non-critical activities delayed to fit resource constraints; in this case this effectively changes the network logic to make all activities critical

In order to achieve this it is necessary to require activity b to start only when activity a is completed. 

This is a logic constraint which, if it were included in the network, would change it.

[bookmark: bookmark9]Crashing networks
Crashing networks is the process of reducing time spans on critical path activities so that the project is completed in less time. Usually, crashing activities incurs extra cost. 

This can be as a result of:

· overtime working;
· additional resources, such as manpower;
· sub-contracting.

See Figure 16.25.  on 491 of the TB









For each activity the duration and normal cost are specified, together with the (reduced) duration and (increased) cost of crashing them. 

Not all activities are capable of being crashed; here activity e cannot be crashed. The critical path is the sequence of activities a, b, c, e. If the total project time is to be reduced, one of the activities on the critical path must be crashed. In order to decide which activity to crash, the 'cost slope' of each is calculated. 

This is the cost per time period of reducing durations. 

The most cost- effective way of shortening the whole project then is to crash the activity on the critical path which has the lowest cost slope.

The shape of the time-cost curve in Figure 16.25 is entirely typical. 

Initial savings come relatively inexpensively if the activities with the lowest cost slope are chosen. 

Later in the crashing sequence the more expensive activities need to be crashed and eventually two or more paths become jointly critical. Inevitably by that point, savings in time can come only from crashing two or more activities on parallel paths.
[bookmark: bookmark10]Computer-assisted project management
 For many years, since the emergence of computer-based modelling, increasingly sophisticated software for project planning and control has become available. 

Tedious computation necessary in network planning can relatively easily be performed by project planning models. All they need are the basic relationships between activities together with timing and resource requirements for each activity. 

Earliest and latest event times, float and other characteristics of a network can be presented, often in the form of a Gantt chart. 

The speed of computation allows for frequent updates to project plans. 

If updated information is both accurate and frequent, such computer-based system can also provide effective project control data.

The potential for using computer-based project management systems for communication within large and complex projects has been developed in so-called enterprise project management (EPM) systems.


Project control includes simple budgeting and cost management together with more sophisticated earned value control.

EPM also includes other elements.

Project modelling involves the use of project planning methods to: 

· explore alternative approaches to a project, 

· identifying where failure might occur and exploring the changes to the project which may have to be made under alternative future scenarios. 

· Project portfolio analysis acknowledges that, for many organisations, several projects have to be managed simultaneously. Usually these share common resources. Delays in one activity within a project may not only affect other activities in that project, they may also have an impact on completely different projects which are relying on the same resource. 
[bookmark: _GoBack]
· Integrated EPM systems can help to communicate, both within a project and to outside organisations which may be contributing to the project. Much of this communication facility is web-based. 


Project portals can allow all stakeholders to transact activities and gain a clear view of the current status of a project. Automatic notification of significant milestones can be made by email. 

At a very basic level, the various documents that specify parts of the project can be stored in an on-line library. 

Some argue that it is this last element of communication capabilities that is the most useful part of EPM systems.
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