Project Management for Managers
Dr. M.K. Barua
Department of Management
Indian Institute of Technology, Roorkee

Lecture - 35
Project Time Management- Numbering of Nodes

Hello friends. I welcome you all in this session. In previous session we were discussing
about different types of networks. We have seen; what is CPM network what is a pert
network. And we have also seen how to draw a network what are different rules of
drawing networks. We have also seen network representation techniques there are 2
techniques activity on node and activity on arrow. Activities on node networks generally
do not have dummy activities, because the activity gets represented through nodes and

president’s relationship is taken care of by those nodes.

So, let us look at couple of other things related to project time management. Whenever
you have a network you need to represent a node and the node is to be labeled. On every
node of a network you will have different information and you need to label that
information accurately right. So, this is how you can a label a node. So, first of all let say

every activity will have some ID number right identification number.
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So, let us say if there are 100 activities in a project you will have ID number 1 to 100 or

you can have let us say 1001 to 1100 right. So, you need to give ID number to each of



those activities right. And if you look at software’s like primavera wherein ms project it
has got facilities to give ID number according to your choice right. So, it is up to you

how you are numbering different activities right.

Then there is something called activity descriptor, you should describe activity which is
there in the project, let us say the description is digging foundation hovering a raw
material right. So, the first activity descriptor is digging a foundation right. Second
activity is hovering material right. Apart from this you have got float activity float now
we will discuss in detail about floats in little later sessions, but you just keep in mind that
you will always have some, some chances or some possibilities wherein you can shift
your activities within given schedule of the project right. So, you can delay couple of

activities you can start couple of activities bit early and so on.

So, there are different there are 4 types of floats we will discuss about those floats. Then
you have got activity duration, activity duration is nothing but the time which an activity
will take whether it is, whether it is taking 2 hours or 20 hours or whatever it is right.
Then you have got early start time, early start means the time at as early as that activity
can start right. If you add duration of the activity if you add activity duration in early
start time you will get early finish time it is very simple right. Late start is that time with
the time by which you can delay an activity. So, you cannot delay an activity after a
particular time otherwise the duration of the project would be you know it would be
more than the planned one right. So, that is late start, how late an activity you can start
right. Late finish whatever is let us late start plus duration of the activity will give you

late finish right.

We will discuss about all these things in detail. In previous class I have, I told you that in

next class I would talk about how to number the events right.
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Numbering of events
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So, let us take this network there are 6 nodes right: AB C D E and F right. And there are
different activities right. Let us say this is activity a right; so this A B. So, this activity is
B right. This is you have got C right. So, B E this is activity C then you have got D E F
this is G H and this is I right. So, E to F is activity I. Now I want to number these nodes
right. So, there is something called Fulkerson’s rule which will help you in numbering

the events.

And it is very simple rule. So, what happens in every network you will have an initial
node there would be a first node in which there will not be any activity entering into it.
Only you will have activities outgoing from that first node right; so node that event as
first number right. So, an initial an initial event is one which has a arrows coming out of

it and not entering it.
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Numbering the events : D. R. Fulkerson rule.

1. An initial event is one which has arrows coming out of it and none entering it . In any
) | s )
network there will be one such event . Number it “I”.

2. Delete all arrows emerging from event 1. This will create at least one more
o )
initial event’.
3. Number these initial events as 2,3,.......

4. Delete all emerging arrows from these numbered events which will create new initial
events.

5. Follow step (3).

6. Continue until last event which has no arrows emerging from it is obtained.
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In any network there will be only such there will be only one such event number it as one
right. So, the node which does not have any arrow entering into it, but only arrows
coming out of it right. So, the number that event as one the second step is delete all
arrows emerging from event 1 this will result in at least one more initial event and name

that event are those events as 2 3 4 5 So on right.

After that delete all emerging arrows from these numbered events which number which
events those events which you numbered as 2 3 4 and 5; so delete all emerging arrows
from these numbered events which will create new initial events right. Then further you
will have some more events right. And again do the numbering and keep on repeating
these steps unless until you number the last node right. So, you need to continue until
event which has no arrows emerging from it is obtained. So, at the end you will have
only one an event which will have all arrows entering into it right. There would not be

any arrow emerging out of that event right. So, that would be the last node.

So, let us look at an example we will take the same example, this example will we will

take and we will try to number the nodes right. So, let us say this is a network.
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So, you have got A you have got B you have got C you have got D right. Then you have
got E and F right. And these are the activities right. Then you have got this also and this
also right. So, this is activity A this is B then you have got C you have got D you have
got E you have got F, F G H and I right. So, these are 5 nodes AB C D E and F they are

they are 6 nodes right. So, let us start numbering these events or these nodes right.

So, the first step in Fulkerson rule is delete all the arrows which are emerging out of first
or the initial node right. Do not say first node let us call it initial node right. So, you will
have a initial node which will not have any arrow entering into it, but only arrows having
emerging out of it right. So, we will delete these 2 arrows. So, first step is delete A and B
right. We will delete those values right. So, once we delete these 2 arrows let us number
this as 1. So, we will number that node as number 1 which does not have any arrow

entering into it right. So, there is no arrow entering into it, so this number 1.

So, what we are saying the node a has been numbered as 1 right. Let me write here itself
right. So, node a is now numbered as 1. Now delete all the arrows emerging out of this
node. So, we deleted these 2 arrows right, A and B now when we delete these we are
getting these 2 nodes B and C. Now is there is there any arrow entering in B node and in

C node no, there is no arrow entering into these 2.

So, now number this as 2 numbers this as 3. So, it is good to start from top and move

towards bottom right. This is nothing wrong in number this as 2 and this as 3 right. You



could have done that also, but it is good to start from top right. Now after this we will
delete, we will delete, we will delete which arrows C and D, C and D right; arrows
coming out of node 2 C and D and D and G and D and G right. Isn't it? Now when we
delete C and E, when we delete C and E we will get this node and when we delete D and

G we will get this node and this node right.

When we delete C and E we will get D and D right. And when we delete D and G arrows
we will get D and D, D and F right, but if you look at E and F these nodes have got
entering arrows into them right. So, there is an entering arrow here and there is an
entering arrow here only D is the event that does not have any entering arrow. So, we

will mark this as 4. So, we will numbered this node as number 4 right.

Why we didn't give this node as number 4? Because when we deleted C and E there was
one arrow entering into it right. So, we just postpone numbering this particular node
right. Why we did not number this as 4?7 Because when we deleted D and G this was the
node having arrows from here and here; so after numbering this as 4 now what we have
got 2 more nodes for numbering. So, what to do now? We will delete which particular

arrows in third step F and H.

So, delete F and H. When we delete F and H, what will happen? This will not have any
entering arrow right, but this will have entering arrow from this side. So, will this we will
mark this as 5 and finally, this is 6. So, this is how you should do the numbering in a

network right. This is known as Fulkerson’s rule for numbering events.

Ok so, let us look at, this is what is the solution right? So, A has been numbered as 1, B

as2,Cas3,Das4,Eas5andF as 6.
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NUMBERING THE EVENTS

1.Number event A as 1, there is no incoming arrow.

2. Delete arrows a and b. Which will result in events B and C. Number B as 2 and C as 3.

3. Delete arrows ¢ & e and d & g. Which will result in events E, D and F. But events E and
F have incoming arrows , number event D as 4.

4. Delete arrows f & h.  Which will result in events E and F. But event F has an incoming
arrow , number event E as 5.

5. Delete i, number F as 6.
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So, this is how you can do the numbering.
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Let us do this one number the events let us go for numbering a this particular network

right. So, let us go out go ahead with this particular example.
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So, you have got A, you have got B, you have got H right. You have got E, you have got
C, you have got F, you have got J, this is J right. Then you have got K, from H to K is
also there right. Then you got F to C right. In fact, let me write it here, this is yours C and
there is a dummy activity F to C right. Then you have got F to D and then finally, G
right. So, K to D there is an activity, J to K it is there, H to J is there, B to C yes it is
there, B 2 this E to I think we have done all the we have marked all the events right.

Now let us look at what are different activities this is A, this is B, you have got C and D
then you have got E and F. Then you have got G and H, G and H, H I and K I is this K is
this J C to D is also there. So, this is K no K is already we have marked this. So, this is J
this is L and this is M right. I think this is the network which I have gone over there right.
So, there is one more dummy activities J to K, J to K are dummy activity, this is dummy

activity right.

So, how to number these events? What you should do first of all? Let us look at
Fulkerson’s rule and initial event is 1 which has arrow coming out of it right; so arrows
coming out of it this is 1 right. Isn't it? Delete all arrows emerging from it. So, we will in
first step we will delete what A and B isn't it? So, you will have these 2 nodes these 2
nodes do not have any arrows entering into them right. So, this is second and third right.
Then delete arrows from second node and third node. So, we will delete C and D and E

and E and F, right these two.



So, this is the second third right. When we delete these 2 we will get E event and when
we delete these 2 we will get J right. So, this would be 4 and 5, 4 and 5. What would be
the next step? What would be the next step? You need to delete H and G. So, when you
delete G you will get F, this one right. When you delete H you will get this right. So, then
you can number them as 6 and 7 and similarly you when you repeat this exercise you

will get at the end of the day the last number to the event G.
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NUMBERING TIIE EVENTS

1. Number event A as 1, which has no incoming arrows.

2. Delete arrows ‘a’ and *h'. We will have events B and 11, hoth do not have incoming arrows, number event B as 2 and event Il as 3.

3. Delete arrows ¢, d, and e, f. Which will result in E & C and J &K , but events C and K have incoming arrows . Number events I as 4, and
event J as §

4. Delete arrows g, h. Which will result in events I and K. Number event I as 6 and K as 7.

5. Delete arrows i, j, k. Which will result in event C and D, number C as 8 and D as 9.

6. Delete arrow m, number event G as 10.

o

Q@
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So, let us look at this. So, you got H is 3, E is 4, J is 5 right. Now what you are supposed
to do? After 4 and 5 you would be an numbering this F event as 6 right. And case 7 right.
Why did not mark to this event C? Why we did not number this F 6, because there is an
entering arrow right. So, when we deleted this G and H we got F and K right. So, you

just mark this as 6 case 7 right.

Now delete a arrow like this arrow I and J right. Delete these 2 arrows right. When we
delete these 2 arrows you will get this particular event right, even C right. And there is no
entering arrows in this event, now mark this as 8. Similarly 9 and finally, this is 10. So,
this is very simple rule when you practice numbering of different networks it would be
easier for you right. And you will not commit any mistake right. So, this is Fulkerson’s
rule you should know how to number different events right. So, these are couple of

examples which I have taken for you just write down what are different numbers right,



on all these events. So, there are 2 networks right. So, in this case you will have how

many total nodes 4 plus 59 and 1, 10.
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So, total 10 nodes in this particular network this. So, as this second network is concerned

you have got total 8 events, right or 8 nodes right.

(Refer Slide Time: 22:13)
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So, number this these 2 networks right. This is another network which again you can use

for use for numbering right.
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Critical Path

V' Apath is a sequence of connected activities running
from start to end node in network

V' The critical path is the path with the longest
duration in the network

V' Project cannot he completed in less than_the time of
the critical path
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So, let us move on to the next point in project time management now there is something
called critical path. A critical path in a project is a path which connects first node and last
node through sequence of activities and that is sequence gives you the longest path right.
It is it is chain of that path which gives you longest time and the duration of the project
determine gets determined by critical path. When say when we say that critical path of
this network is 28 means this project will take 20 days or 20 minutes to 20 minutes for
completion right. So, let us look at some of the important point related to critical path.
So, a path here critical path is a path a sequence of connected activities running from
start to end node in a network. The critical path is the path which is the longest duration
in the network, right it is not the shortest duration in the path right. It is the longest

duration.

Project cannot be completed in less than the time of critical path. This is quite a generally
statement, but let us say if there is a project which is taking let us say 20 days right. So, if
you want to reduce the duration of the project you assign more and more resource
resources to different activities. So, you can reduce critical path, but critical path is a path
as I said in less than that time you cannot complete the project, right in normal conditions

right.
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To find critical path in a large network we compute two time estimates
for every event.

Earliest expected time/ Earliest start time (Te) : Refers to the time when
an event can be expected to start as early as possible. It is computed by
adding the te's of the activity paths leading to that event

.]41-/ .:"‘A .12'”.

To=l) To=3.97 To=1.350  Te=2957

We calculate “Te” in forward pass.
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So, let us find out critical path in a project. So, this is the right. Time to define some
more terminologies there is something called earliest start time or earliest expected time
of an activity right. So, earliest start time is a time when an event can be expected are
expected to start as early as possible. It is computed by adding the T e, T e is nothing but
expected times of the activity path leading to that even right. So, let us calculate T e

right. T e is nothing but earliest start time right.

So, earliest start time, let us say there are 3 activities and the there are 3 activities;

activity this first activity second and third right. So, let us say T e is 0.
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So, you can start this activity as early as 0 unit of time right. So, this is this is known as
earliest start time. So, at this node earliest start time is 0 and let us say the duration of
this particular activity is 3.17 minutes right. And for this it is 8.33. And the duration of
third activity is 12.17.

(Refer Slide Time: 29:15)

Earliest expected time/ Earliest start time (Te).

We calculate “Te” in forward pass.
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So, 3.17, 8.33 and 12.17 these are 3 activities connected by 4 nodes right. So, we are
now calculating earliest start time of all these nodes right; so first of all what you should

do? Calculate earliest start time of this node let me write it over here. So, T e is equal to



0, T e is equal to whatever is the earliest start time at the previous node plus duration of
the activity. So, this is 0 plus 3.17. So, this comes out as 3.17. So, earliest start time of

this particular activity is 3.17, you cannot start this activity before 3.17 unit of time right.

Now, what is the earliest start time of this as for as this activity is concerned? It will be
whatever is T e of previous event. So, 3.17 plus 8.33. Now this is equal to what 11, I
think it is 12. So, just add these 2 numbers; so 8.33 plus 3.17. So, this is 11.5. So, this is
11.5. What is earliest start time for this activity this particular event this is 11.5 plus
12.17. So, this becomes 12.17. So, this becomes this is 23, 23.67.

So, we say and we will say that this particular project will take this much time 23.67
minutes right. So, what we did in this case we calculated earliest start time of all the
events right. Isn't it? It is very simple and this and this we calculated using something
called forward pass right. So, this is known as forward pass calculation we calculate
earliest start time in forward pass right. So, let us look at another network. Calculate

earliest start time for this particular network.

Now if you look at this particular network you need to find out what is the earliest start
time at each of these nodes. So, before I take up this particular question let me
summaries what we did in this session. In this session we did, we did talk about labeling
of node. And a node should be represented by it is ID number, it is description. It is
earliest start time, earliest finish time, latest start time, latest finish time and it is it is
duration. In fact, sometimes you need you write more than these information on a

particular node.

Then we have seen how to number a particular network right. How to number events in a
particular network and for this we have seen something called Fulkerson’s rule right. So,
in Fulkerson’s rule you need to number the very first event the initial event is number 1
which does not have any entering arrow into it. And you delete all the arrows coming out
of it and you just keep on repeating those steps which I have just shown in that slide and

by following those steps you can easily number the events of a network.
So, with this let me stop here.

Thank you very much.



