Project Management Calculations





Now that you know how to draw a project management network, we can begin to cover the calculations that you need.  First, remember the two questions you want to answer:





	*	when will the project be done, and


	*	which activities will require our personal attention?





The data for our project is:





	Activity	Predecessors


	A	--


	B	--


	C	A


	D	A


	E	B, C


	F	D


	G	D, E





With this information, we were able to draw the network:
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Our next step is to collect the data that will tell us how long each activity will take.  For CPM, this is a single number, called the NORMAL activity time.  For PERT, you get three numbers, an OPTIMISTIC, a PESSIMISTIC, and a MOST LIKELY.  These three are averaged together to get a single EXPECTED activity time.  Whether you are using PERT or CPM, you end up with a single number to use and you use them the same way.  For this example, the activity times are:





	Activity	Predecessors	Activity Time


	A	--	5


	B	--	6


	C	A	4


	D	A	7


	E	B, C	5


	F	D	8


	G	D, E	3





We will use this information and the network we have drawn to calculate four numbers for each activity.  These are:





	ES	=	the EARLIEST START time, or the earliest time the activity can start, allowing for all


			predecessor activities to finish.


	EF	=	the EARLIEST FINISH time, or the ES plus the ACTIVITY TIME.


	LF	=	the LATEST FINISH time, or latest time the activity can finish if all subsequent activity


			are to be started and finished on time.


	LS	=	the LATEST START time, or the LF minus the ACTIVITY TIME.





All of these numbers will be recorded on the network.  The figure shown next is a key for interpreting the network , showing where each number should be placed.
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Now, using the key, the data given, and the network, we can begin to answer our questions.  First, for each activity, enter the activity times you were given into the network, underneath the arrow, in the center:
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All you have done is copied the activity times from the table into the network and numbered the nodes for easy reference.  Notice that the DUMMY activity (the dotted line from node 4 to node 5) has no activity time, because it takes no time to complete.  The DUMMY, remember, is simply used to show the precedence relationship of D before G.  The next step is to complete a FORWARD PASS through the calculations.  This means to start on the left, at node 1, and calculate the Early Start and Early Finish time for each activity.  Since activities A and B have no predecessors, they can begin right away, so the ES is set equal to zero.  As noted before, the Early Finish time is simply the activity’s Early Start plus the activity time written below the activity arrow.  For A and B, this becomes:
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Now, for all the rest of the activities, you must consider all of the predecessors.  With the network, this is easy to do, because the predecessors are shown as the arrows pointing into a circle.  For example, A is the predecessor to D, so A must be finished before D can begin.  Since the earliest finish for A is 5, then the earliest D can begin is 5.  The same is true for C; the earliest C can begin is 5, because that is the earliest A can finish.  However, we cannot determine the earliest start for E, because B and C must be completed, and we do not have the earliest finish for C shown on the network.  The only two activities we can calculate are C and D, so we add the ES and EF for those two to the network:
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Some points to note are that we have not calculated any of the Latest Start or Latest Finish times; these will be done later.  Also, the “top” of a downward pointing activity arrow (such as C) is to the right.  Now we have all the predecessors completed for E, F, and the dummy activity, so we can calculate the ES and EF for these three.  F is rather simple, having only one predecessor - activity D - activity F can begin as soon as activity D is done, so the Early Start time for F is the same as the Early Finish time for D, or 12.  This is also true for the dummy activity.  Once you get more familiar with the network, you do not need to calculate ES and EF for dummy activities, but while you are learning it may be useful.  The Early Start time for activity E requires a little common sense.  B and C are the predecessors, so BOTH B and C must be done before E can begin.  Therefore, take the larger of the Early Finish times for B and C, then record that as the Early Start time for E.  For E, F, and the dummy, the EF time is calculated as before, by adding the activity time to the ES.  This gives us:


� EMBED Visio.Drawing.3  ���


Notice that the ES and EF for the dummy are the same.  This is because the dummy takes no time.  The only reason for showing the ES and EF for the dummy is to make it easier to calculate the Earliest Start time for G.  Since all the predecessors for G (E and D, through the dummy) have their earliest finish times shown, we compare their EF times (12 and 14) and select the largest as the earliest start time for G.  With that we can calculate the last of the early finish times as well:
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Since all the activities now have their Early Start and Early Finish times calculated, we can answer the first of our two questions: we will be done when all of the final activities are done and since F and G are our final activities, we will be done at the later of their Early Finish times, which is 20.  With this information, we can begin a Backwards Pass through the network, calculating the Latest Finish and Latest Start times for each activity, beginning on the right with activities F and G, and moving to the left.  If we are going to promise to have the project done at time 20, then clearly the Latest Finish we can allow for either of the final activities is 20.  To get the Latest Start for any activity, simply SUBTRACT the activity time from the Latest Finish time.  For F and G, we get:


� EMBED Visio.Drawing.3  ���


Notice that the LF and LS are placed below the activity arrow.  The backwards pass is a little trickier than the forward pass because you have to think about both predecessors and followers, but the logic is very similar.  For example, both E and the dummy (representing D) must done so that G can begin on time.  Therefore, the Latest Finish for E and the dummy is the same as the Latest Start time for G.  We cannot, however, determine the Latest Finish time for D, because both F and the dummy follow D and we have not yet shown the Latest Start time for the dummy.  So, we next fill in the LF and LS for E and the dummy:
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Notice again that for the dummy the LF and LS are the same, because the dummy takes no time to complete.  We now have enough information to determine the Latest Finish time for B, C, and D.  B and C are easy, they must be done (LF) so that E starts on time (LS), so simply copy E’s Latest Start over.  Activity D, however, again requires you to exercise common sense.  D must be done (LF) so that both F and the dummy get started on time (LS).  Since F must start at 12 and no later, which is earlier than the dummy must start, D must done so that F can start on time.  On the backwards pass, you take the SMALLER of the Latest Start times for the predecessor’s Latest Finish time.  Latest Start is calculated as before, giving us:
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We are down to calculating the Latest Finish and Latest Start for activity A.  Once again, we must consider two followers: C and D.  C must be started at time 8 and D must be started at time 5.  Since D is more urgent, A copies the smaller of the LS times and has a Latest Finish time of 5.  This is shown in the completed network:
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With all the calculations done, we are almost ready to answer the final question: which activities require our personal attention.  First, we consider a new idea for the project: slack for each activity. SLACK is simply the difference between the earliest you can start an activity (ES) and the latest you are allowed to start the activity (LS).  If these two numbers are the same, then the activity has no slack.  The more slack an activity has, the less worrisome it is, because you have time to start the activity or wait, but if you start it and something goes wrong, then you have time to correct the problem and still get the activity done on time.  For an activity with zero slack, though, you must start it as soon as you can and you have no time for mistakes.  These are the activities that you must supervise yourself.  The activities with zero slack form a string from the beginning node to the ending node.  This string is called the CRITICAL PATH and the zero-slack activities are referred to as CRITICAL ACTIVITIES.  If any critical activity is delayed at all, so that it does not finish on time, then all of the subsequent critical activities will start later than they should, and the entire project will be delayed.





For your homework, calculate the ES, EF, LF, and LS for each of the activities on the network you drew from the earlier handout.  Also, clearly state when you will promise to have the entire project done, and which activities you will personally supervise.  Since I am running out of room, I’ll simply give you a list of the activity times: A = 5, B = 3, C = 6, D = 2, E = 4, F = 7, G = 3, H = 8, I = 5.


