








PROJECT SCHEDULING





Planning relates to what work is to be done; scheduling relates to when the work is to be done. The scheduling phase begins after completing the project planning process.  It is important not to overlap the planning and scheduling phases. Attempting to schedule project activities during the planning process tends to distract the team. Experience has shown that concurrent efforts to plan and schedule cause timing discrepancies and a potential distortion of the project schedule. The project management approach recognizes this dilemma by requiring the project plan to be completed first before the scheduling process can be performed effectively.





The initial calculating effort, earliest start time, allows for early review of the project duration, a quick check that it meets project objectives. If these are not met, changes can be made early in the planning stage, thereby avoiding wasted work and other problems later as the project evolves.  Critical items determine the length of the project.  Total float of a project activity is the difference between how much time is available to perform that activity and how much time is required. A continuous chain of critical items from the start to the finish of a project, termed the critical path, determines the project duration. Float and critical path are an important part of scheduling.





Using this method, scheduling has the following principal benefits:





¥ It establishes a supportable project duration.





¥ It identifies the critical project activities.





¥ It identifies those project activities whose scheduled start and finish dates are flexible and can be changed without affecting the project duration. These activities are known to have float.








Scheduling Procedure





In the scheduling phase, we are concerned primarily with timingÑhow much time each job requires to complete and when each job will be scheduled to begin and end. Scheduling a project begins after the sequence of project items has been planned and laid out in a project planning diagram. By using the following procedure, you will be able to schedule each project activity and determine the project duration.





1. Determine the required time (time estimate) to complete each project item.





2. Calculate the available time to complete each project item.





3. Compare the required time with the available time of each project item for its float. (required time - available time = float)





4. Identify the critical, or zero float, project item.  If an item has zero float then there is no difference between the amount of time that is available to perform the activity and how much time is required.





5. Determine the float times of the noncritical items.  





6. Calculate the duration of the project. If it does not meet the objectives and is not acceptable, make the necessary adjustments to the plan and to the timing estimates.





7. Validate the time schedule by getting acceptance from all of the concerned persons.








Timing Estimates





Estimating the durations of project activities is dynamic; that is, it can be an unending task because of uncertainties that occur throughout the duration of the project. Nevertheless, it is the starting point in the scheduling procedure. 





Estimating occurs in three main phases:





¥ initially, when the project planning is essentially complete





¥ during the scheduling phase, when the initial estimates require revisions because they do not meet objectives





¥ ongoing estimate changes of selected project activities during the execution of the project to keep it on its planned schedule





The initial estimates are based on how much time the activity should actually take to be completed, the required time, if everything proceeds on a normal basis. Persons familiar with the work to be performed should make these time estimates based on their experience and best judgment. Since they may be held responsible for their estimates, they tend to overstate the normal estimating time to provide for unforeseen conditions. Such cushions may add additional time to a project that may not be tolerable. Excessive use of contingencies may distort the project to the point of making it unworkable. These situations are readily noticed during scheduling, and revised estimates can be called for at that time.





With this scheduling process, the initial project duration can be calculated before too much effort is expended. If the time does not meet objectives, adjusting time estimates of selected critical activities may be all that is needed. With the revised estimates, the scheduling calculation process begins again.





Once the project is under way, a periodic status review may reveal several activities that are behind schedule. To keep the project on target, there will be an effort to adjust the timing of the most critical activities. Depending on the severity of the timing problem, all critical activities may be analyzed and adjusted. The search for a solution may also extend to revising the project plan.





In other situations, when critical jobs are finished ahead of schedule, check on rescheduling some future critical activities that appear in danger of not being completed on time. A popular alternative may be to leave the estimates of the future critical activities intact and forecast an earlier completion of the project.





Critical Path Methods





Consider a project (like rebuilding a facility) involving numerous tasks or activities. Each activity requires resources (e.g., people, equipment) and time. The more resources allocated to any activity, the shorter the time that may be needed to complete it. 





Critical Path Method calculates a single, deterministic early and late start and finish date for each activity based on specified, sequential network logic and a single duration estimate.  The focus of CPM is o calculating float in order to determine which activities have the least scheduling flexibility.











Questions such as the following are addressed using Critical Path Methods (CPM).





¥ How long will the entire project take to complete?





¥ Which activities determine total project time?





¥ Which activity times should be shortened, if possible, or in other words, how many resources should be allocated to each activity?








Scheduling of Activities





Some activities cannot begin until other activities are completed. For example one cannot begin building a new interior to the town hall until the old interior is removed. The old interior cannot be removed until the exterior walls that are to be preserved are secured, etc. If all the activities in a project had to be done in sequence, then the time it would take to complete the entire project would be the sum of the activity durations. This is not the case when some activities can be accomplished simultaneously. The sequencing of activities can be shown by drawing a network of links and nodes.





The network used to illustrate this is the same method used in project planning, the Precedence Diagramming Method of Activity-on-Node (AON).





Consider five activities: A, B, C, D, and E. Assume C cannot begin until A and B are completed, and D must begin after B is completed, and E must follow C.  Activities A and B can be accomplished simultaneously.
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Project Duration and Activity Start and Finish Times





The project duration can now be computed for any set of estimated activity durations, assuming particular 'normal' resource allocations to each activity. For this example, assume:





                         Normal


        Activity     Duration





	A	      10


	B	      14


	C	      6


	D	      11


	E	      8








To compute the project duration (time) and the sequence of activities that determine that time, the first step in is to compute earliest start times (EST) and earliest finish times (EFT) of each activity. The earliest start time is the earliest possible time an activity can begin without interfering with the completion of any of the preceding activities.  Insuring that no activity can begin until those it must follow are completed, each activity's EST and EFT values can be written on the network next to the activity. The numbers in the nodes or on the links are the activity durations. Working from left to right, i.e., from the beginning to the end, the EST and EFT values are shown below.





Use the following guides when calculating the earliest start times for the project activities:





¥ Commence calculating earliest start times with the beginning node of the project planning diagram. The scheduled time of the beginning node is set at 0 weeks. (Since all of the scheduled times are in weeks, this unit of time will not be shown in our calculations but noted in the legend of the diagram.)





¥ If only one arrow leads into a node, earliest start time for activities starting at that node is determined by adding the earliest start time of the preceding activity to the time estimate for the same preceding activity.





¥ If more than one arrow leads into a node, the earliest start time calculation is made through each of the activities.





The earliest finish time is calculated by adding the earliest start time and the individual duration.
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Next compute latest finish and start times (EFT, LFT) without extending the total project duration (of 28 in this example). Do this by working from right to left, i.e., from the end to the beginning.





The latest finish time is the latest time an activity can be completed without delaying the end of the project. These guides should be applied in determining the latest finish times for a project:





¥ The project duration must first be determined by calculating the early start times.





¥ The project duration is the latest finish time (as well as the earliest start time) of the end node of the project.





¥ The calculation of latest finish times involves working from the end node back through each node to the first node in the project.





¥ If more than one arrow originates at a node, the latest finish time is calculated via each arrow and the smallest result is through each node to the end of the diagram.





The latest start time is found by subtracting the individual duration from the latest finish time.
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Now the critical path or sequence of activities that determines the total project time can be identified. Then if any durations of the activities on the critical path are increased, the time to complete the total project will also be increased by the same amount(s). The critical path is defined by those activities whose early and late start times are the same and hence have identical early and late finish times. In this example it is B, C, and E. Activity A can start anytime between 0 and 4, and D can start anytime between 14 and l 7 without delaying the total project completion time. Each of these activities have what is called float. The float in both cases is free float; it does not prevent any other activity from starting at its earliest start time. Interfering float will force a delay in the earliest start time of one or more other activities.





For example if activity Y follows X and both have floats, then if X starts later than its earliest start time, it will cause Y to start after its earliest start time. Delaying the start of activity X interferes with the earliest start of activity Y.





The total float of an activity is the sum of its free and interfering floats. Total float is a most important part of the scheduling process, especially in controlling the project. Floats are examined very closely to determine the effect of critical items when the project shows signs of "drifting”.  Any project activities that have 0 float (no available float time), such as B, C, and E,  must stay on the prescribed scheduleÑ any delay of those activities directly affects the project duration date. On the other hand, activities that have float time available will have start and finish dates within a time range amounting to their floats.





Constructing the Bar Chart Time Schedule





While the project planning diagram is the standard for planning the project, the bar chart is more acceptable and definitely more readable for showing the project schedule.  A bar chart time schedule has these decided advantages:





Projects are displayed effectively.


Project activities behind schedule are readily noticed on a bar chart.


Completion dates are specially noted.


Critical jobs are displayed and highlighted.


Noncritical jobs with their float values are easily shown.





The  bar chart time schedule can be plotted once the tabulated schedule is completed.  The procedure for constructing this bar chart is as follows:








Set up a date formate for the project.


Use the earliest start time for each projected activity.


The length of each bar is the duration of each activity.


Plot one activity per line.





In the controlling phase, bar charts are used to analyze the project.








In summary: The total float of each activity uses the earliest start and latest finish dates and the duration to determine its value. An activity with no float available is identified as critical, meaning no schedule flexibility. Activities with float time will have optional starting and finishing times.





If up to this point the plan and schedule indicate that timing objectives can be met, then the project can continue without any changes or adjustments. If timing objectives were not met, we would initially examine the critical items to determine if possible adjustments would resolve the timing problem. If the project duration is still in jeopardy, then timing adjustments may have to extend to additional items in the project plan. This could require a review of the optional start and finish times for all of the project items.








(See Christopher Design/Build Project example for a complete illustration of project scheduling.)

















Exercise:  Given the following information, calculate the early start time, latest start time, total float and free float.
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