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Abstract

A project manager’s key skills are knowing what to focus on, and managing uncertainty yet our project management tools provide little help.   MS Project can show us “Here are the 200 tasks due to complete this month”, it cannot tell us “Here are the 5 tasks that you should focus on, because these are the most likely to derail your project”.  It can tell us that the project is scheduled to finish at 3:15PM on Wednesday the 14th of August 2013, but it can give us no idea of whether this prediction is likely to be overshot or undershot, or by how much.  Of course a cynic would say “Never undershot”.

Eliyahu Goldratt's book "Critical Chain" created considerable controversy with its claim to present a new way of managing projects, solving problems of conventional project management by managing uncertainty in a new way.  Critical Chain Project Management (CCPM) seeks to manage uncertainty effectively through the use of task buffers, and monitoring buffer consumption.   

In a paper presented by Professor Tzvi Raz and me at PMI 2001 (London, 2001) in which we compared CCPM with conventional management, we concluded that CCPM is simplistic and flawed, but even so there was considerable merit in some of the CCPM ideas.  Our view was that best results were obtained when these ideas were used within a conventional PM framework.  However, this is difficult without software support.

A change is proposed to MS-Project to allow the uncertainty inherent in any duration estimate to be expressed, and explicitly shown in reports and Gantt Charts.  This feature, called "Buffered Gantt Charts", allows the uncertainty inherent in any duration estimate to be explicitly shown in a Gantt chart.  This combines the advantages of the concepts of Critical Chain Project Management with PA-PERT analysis, giving project managers a more realistic view of the state of their projects than the spurious certainty implied by the standard Gantt charts.   If implemented, the MS Project would offer groundbreaking new tools helping project managers to manage uncertainty, and maintain focus.
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Introduction

The Problem with Standard Project Management

Projects, particularly IT projects, have a bad reputation.  "Everybody knows that IT projects are always late, cost more than they should, and under-deliver".

The basic problem is that we want two contradictory things from project workers.  We want them to estimate accurately how long each task will take, so that we can develop an accurate project plan.  We also want them to deliver their tasks on time, or early.  Especially in IT projects, where there are no clearly established metrics that can form a basis for estimation, task durations are estimated by asking the relevant workers "How long will it take?"

[image: image3.png]


Few (if any) workers will give an estimate that fairly represents the average, with as much chance of being under as over.  After all, one gains little if any credit for an accurate estimate, but major discredit for being late.  Invariably the estimate will be one that the worker believes sufficient to complete the task: this is well over the average.  If the probability of the event completing follows a standard statistical curve, then the difference between the "Average" and "Confident" (80%) estimates can be substantial.
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We now form a project plan with these estimates.  Clearly there is substantial padding in the estimates, so why aren't we confident that the project will finish early?   Our common experience is that, even when estimates are believed to have adequate buffers, the project as a whole will be late.  Again, the reasons for this are found in psychology and business dynamics.
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Just as project workers are motivated to finish tasks on time, they are motivated to "be productive".  Worker B will not be waiting around doing nothing while Worker A works on Task A.  Instead he/she will be given another task that is not on the project's critical path.  This task may not even be from the same project.  Worker B is told that they should have this task completed by Jan 22nd, in order to start working on Task B.

Worker B knows that they are not needed until Jan 22nd:  Worker A knows that Worker B is not available until then.  There is therefore little point in Worker A finishing early: this will just create a gap between the end of Task A and the beginning of Task B, but it won't speed the project up.   If Worker A finds Task A going very well, then he/she will taken on extra work - perhaps adding some extra features, perhaps helping others with their tasks.   Parkinson's Law - "Work expands to fill the time available" - will apply.

In spite of the buffer built into Task A's estimate, it is therefore unlikely to finish early.  On the other hand, a delay in EITHER of Task A or "Another Job" will delay the whole project.  Hence the rule, 


Task advances are lost. Task delays are passed on in full,

This is the reason for the common observation that projects are usually late, even when task estimates are correct on average. It seems that, no matter how much we try to create accurate task estimates, projects keep running over time, unless the estimates have so much buffer (reserve) time that the projects become uneconomic.  

If project managers believe that the task estimates are bloated, they arbitrarily shorten them.  This has two adverse consequences.  Firstly, it leads to game playing.  The next time a task estimate is requested, the worker will include even more buffer, to allow for the management deduction.  Secondly, and more seriously, it leads to a loss of credibility, as workers have little commitment in meeting the arbitrarily shortened estimate. 

Critical Chain Project Management

“Critical Chain Project Management” (CCPM) claims to have found a solution to this dilemma. The key technique is to explicitly identify the hidden buffer within the tasks on the "Critical Chain" (the resource-leveled critical path), and then pool the buffers.  Management of this project buffer is a major method of controlling the project. 

[image: image1.png]Conventional Project Schedule Task buffers are hidden
r— e within individual tasks

—

Buffers are pooled,
and made explicit

CCPM Schedule

T <—— Project Buffer





[image: image6.png]Pessvwst\("i&vected ’7 Optimistic ’7



As well as buffer on the main project path (the "Critical Chain"), buffer is identified on feeding chains. This is called "feeding buffer".  With the tasks shortened, but compensating buffer made explicit, then the buffer is openly acknowledged and publicly managed. We now redraw the previous project schedule like this: -

Each task has been shortened, but some or all of the time "saved" in each task is then re-inserted as an explicit buffer.  Instead of hiding buffer within individual tasks, the buffer has been made explicit, and is measured by the project manager.  CCPM theory argues that the amount of buffer can actually be less than the amounts taken, due to the mathematics of combining probabilities.  As the project is now executed, it is expected that the tasks will over-run their estimates, but in compensation time is released from the buffer.  As long as buffer consumption is in proportion (or better) than the amount of work along the “Critical Chain” (the leveled Critical Path), the project is under control, and will complete within the range of the buffer.

There is an important and helpful change in psychology here.  Instead of managing individual tasks to finish on time, we manage the overall project to finish early.  Now, Worker A aims for Thursday, and Worker B is told "You could be needed from Thursday".  Instead of the workers and the project manager playing games with each other, the attitude is "we probably won't make Thursday, but we'll see how close we can get, and how early we can start Task B".  It's now OK to be late - although not too late. All project stakeholders win with this change of attitude.

This is a grossly oversimplified review of CCPM.  For a more complete coverage, a number of papers and presentations are available at http://www.robertb.co.nz/project.htm.

A Critique of Critical Chain Project Management.

CCPM has a number of excellent ideas.  The most important of these is the concept of accounting for duration uncertainty by making buffers explicit, sharing the knowledge of buffer sizes and placement with workers, management, and sponsors.  Other important ideas are: -

· Consider resource availability, and focus on the key tasks and resources; 

· Constantly monitor the amount of buffer in your schedule; 

· Provide advance notice of upcoming work to critical resources; 

However, although many have enthusiastically welcomed CCPM as it appears to have resolved a number of long-standing conflicts in project management, it is over-hyped and simplistic.   Among the issues that CCPM ignores or handles poorly: -

· CCPM's buffer pooling only works properly when the same buffer percentage can be extracted from each task.  Most of CCPM's examples assume that 1/3 of the task duration can be put into the buffer, and no allowance is made for the fact that one task may be able to be precisely estimated, while another can only be guessed. 

· There is no mechanism in CCPM for handling fixed dates: indeed, CCPM literature regards a fixed deadline as an anathema.  Sometimes however fixed deadlines are a fact.  Perhaps a system must be changed to meet a legislative requirement, or financial year-end. Perhaps implementation must take place over a long weekend: if we can’t make New Year the next available statutory holiday is a month later, for example.   
· CCPM focuses exclusively on schedule management, and ignores other kinds of risk.  The CCPM prescription for priority, focusing on the tasks with the greatest %age buffer use, can lead one to ignore other serious project risks and opportunities.

· Tracking and resource management can be difficult with CCPM, and the resource graph calculated from a CCPM project schedule can give an incorrect picture of when resources are engaged. 

· CCPM is not supported by mainstream software, making it complex to manage in all but the simplest projects.  An add-in for Microsfoft Project ("Pro-Chain") is available, but not only is this not mainstream, it appears to simply support CCPM without addressing any of these identified problems. 

For these reasons, most project managers use CCPM concepts within a framework of conventional project management, or else ignore CCPM altogether.  Yet CCPM has much to offer if a reconciliation of the two viewpoints could be achieved.   Such reconciliation is proposed with the following enhancement to MS-Project.

Buffered Gantt Charts

Overview

"Buffered Gantt Charts" provide the best of both worlds.  They allow schedule uncertainty to be simply expressed and displayed, so that the spurious air of precision of the conventional Gantt chart is avoided.  At the same time, they avoid the artificial and misleading representation of CCPM.  They therefore combine the advantages of conventional project management with the benefits of CCPM, while being easier to manage than the classical PERT approach.

To implement this, the following changes/additions are proposed to standard MS-Project: -

1/
The task information form is amended to allow multiple task estimates, such as “Most Optimistic” and “Buffer”.  A variety of methods of describing schedule uncertainty can be provided.

2/
A new Gantt chart, the “Buffered Gantt”, displays the three estimates within the one Gantt chart, using different colors or patterns to distinguish minimum task time, and buffer time.  Buffer time is displayed with the task from which it originates, but its accumulating effect on following tasks is also displayed.

3/
Buffer consumption along the critical chain is calculated.

4/
A “Critical Chain” report highlights progress along the Critical Chain, calculating buffer consumption, and providing alerts to resources about to be allocated to Critical Chain activities.

All facilities of standard MS-Project remain available.  There is no additional complexity for users who do not need the Buffered Gantt facilities.  To enable these facilities to be used in various ways, some options are needed:  these options are described first.

Setting Defaults

(These are presumably available from the menu Tools/Options.  The names of these options, and their default values, are defined for consistency with the following text and examples, but could easily be changed if they clash with other option keywords or with commonly accepted nomenclature).

The options are not explained here, but are explained later when they are encountered.

	Name
	Default Value
	Comment

	Initial task buffer
	Light Blue
	

	Second task buffer
	Green
	

	Key Task Colour (for manually-indicated key tasks)
	Light Red
	The Critical Chain colour will be used if a key task is calculated as being on the Critical Chain

	Task linkage
	Expected
	Possible values  - Optimistic, expected, pessimistic

	Default Buffer Ratio
	30%
	Valid range 0-100%

	NbrTaskEstimates
	3
	1, 2 or 3.  If 1, MS-Project has only one task estimate, and behaves as at present.  If 2, then Duration and Expected Duration are always the same, and are the average of the optimistic and pessimistic variation

	Uncertainty Calculation

	Sum (default) or SSQ
	If SSQ, the uncertainty is calculated by the formula: Square root of (squared values/nbr of values)

	Uncertainty Loading
	100%
	Valid range 25%-100%   Used to calculate leading and trailing uncertainty when calculating uncertainty by sum (see "Uncertainty Calculation"), eg if set to 50%, then the leading uncertainty is 50% of the initial buffers of preceding tasks.

	
	
	


Specifying Task Duration
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Standard MS-Project

In standard MS-Project, task duration is either specified in the Duration column in the Gantt chart, 

or specified with the Task Information Sheet
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Standard MS-Project also provides three other duration fields for PA-PERT analysis,  


Optimistic Duration


Expected Duration


Pessimistic Duration.

However, these are not related to the normal Duration field, they are not available for inclusion in the data sheets with the normal Gantt charts, they are initially set to zero, and they are unrelated to the normal duration.  Thus you can set a task as having a Duration = 5d, yet Optimistic Duration = 10d, Expected Duration = 15d, and Pessimistic Duration = 20d.  This is nonsense, yet there are no warning or error messages. There is no process that sets the PERT values from duration.

Proposed Changes

If the option “Nbr of task estimates” is set to 3, the task information sheet now includes the three PERT durations: Pessimistic, Expected, and Optimistic estimates, as well as the original Duration.  
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The following rules are implemented both in the task information window, and the PA-PERT Entry Sheet:-

If Duration is changed:-

Optimistic Duration is set to Duration * (100-DefaultRatio)%.   

Expected Duration is set to Duration

Pessimistic Duration is set to Duration * (100+DefaultRatio)%.  

If any of the PERT durations are explicitly set, then the Duration will be recalculated according to the PERT weightings.  This occurs immediately, and does not need the “Calculate PERT” button. 

Validity check:  Optimistic duration <= Expected Duration <= Pessimistic Duration 

The default ratio is normally set to 30%.  

If the option NbrTaskEstimates has value 2, then the Expected Duration is not displayed, and Duration is a display-only column that is the average of the Optimistic and Pessimistic values.

The PA-Pert Entry Sheet.

PA-Pert Entry Sheet modified to remain consistent with the above rules: -

If NbrTaskEstimates = 1, then there is no validity checking of the PERT entries (=current rules).

If NbrTaskEstimates = 2 or 3, then the rules above are implemented

Calculate PERT Estimates.

Old projects (before MS-Project has this enhancement) may contain PERT data which is absent or invalid.  With the Buffered Gantt enhancement a button, <Calculate PERT Estimates> is provided to facilitate the [re]calculation and validation of PERT estimates. 
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<Calculate PERT Estimates> causes the modified PA-Pert Entry Sheet to be displayed.  Any absent values are calculated from the default rules above.  Invalid data (eg Optimistic duration > Pessimistic duration) are highlighted for correction.

The Buffered Gantt

Each task is displayed as follows, using different colors (or patterns) to distinguish the range of task estimates.  
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Tasks are normally linked (when F-S or F-F relationships) from the Expected Duration.  This could lead to a Gantt chart like this, which is similar to a conventional Gantt chart except that tasks "overhang" the start of the next task.  However, we'd like the chart to the show the cumulative uncertainty. This is done by calculating leading and trailing uncertainty.

Task 2 is shown as starting at Task 1's expected finish.  It could start sooner, perhaps as soon as Task 1's optimistic finish.   Similarly, Task 3 might start as soon as task 2's optimistic finish when Task 2 starts at Task 1's optimistic finish.

That's the optimistic view.  Pessimistically, Task 2 might not start until Task 1's pessimistic finish, and task 3 might have an even more delayed start due to Task 1 and Task 2 both using more than their expected duration.

To show this graphically, the starting uncertainty and finishing uncertainty is calculated and displayed: -
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In the simplest case, Leading Uncertainty and Trailing Uncertainty is calculated as the sum of the optimistic and pessimistic buffers on preceding tasks.  However this is probably too large, as one can expect the uncertainties to cancel each other out to some extent, and so it is possible to modify the calculation using the standard statistical formula for adding variances. 
Firstly, select the calculation type:  SUM, or SSQ.   Secondly, for calculation type SUM, set the Uncertainty Loading.

Free Float, Critical Paths, and Leading and Trailing Slack.
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As with a conventional Gantt chart, when there are multiple paths through the task network some tasks may have “Free Float”.  For example, in the following conventional Gantt chart, there is free float in the path D-E, as there is less work in D plus E than in B plus C:-

In a Buffered Gantt, free float is handled in exactly the same way.  It is not added into the leading uncertainty or trailing uncertainty. 

Identifying the Critical Path and Critical Chain.

The critical path is the path through the task network without any free float – the path A – B – C – F in the network above.  The critical path controls the project duration: the project can never be shorter than this path.  If any of the tasks A, B, C, or F take more or less time than expected, then the project will take more or less time than expected.  However, if tasks D or E take more or less time, then this does not affect the project duration unless the overrun is great enough to use up all the free float, and more.
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With standard MS project, the Gantt chart can highlight the critical path:-
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This changes the example above, as follows:-
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However, the critical path is defined assuming that resources are freely available.  This may not be the case.  For example, tasks B and D both require the same resource – worker A.  Worker A cannot do both tasks in five days, and the project duration calculated by the critical path is unrealistic. A more realistic plan would delay one of the tasks, for example not starting task D until task B is finished, so that the rate at which the resource is used stays within the possible maximum value (8 hours per day).  This is called “Leveling” the plan.  The following diagram shows the leveled project plan

When the project plan is leveled, there is still a path through the task network that determines the project’s duration.  This is called a “Leveled Critical Path”, or the “Critical Chain”.  In the above project, the Critical Chain is:  A – B – D – E – F.   Standard Microsoft project has not identified Task B as being on the Critical Chain.

It is possible that there are several Critical Chain paths, just as there may be several Critical Paths before leveling.  For example, in the following project a task B2, assigned to Worker B, has the same duration as Task B.
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While both Task B and Task B2 have the same duration, then there are two Critical Chains: A – B – D – E – F and A – B2 – D – E – F

With the Buffered Gantt enhancement, the Critical Chain will be identified.  For each task in the Critical Chain: -

· Minimum task length:  Red   (ie, the same blue/red change as for the standard Gantt chart)

· Initial buffer:  Default Dark Blue (or Dark xxx where xxx is the default color)

· Second Buffer:  Default Dark Green (or Dark xxx where xxx is the default color for the second buffer).

Identifying key tasks manually.

Software cannot always identify "the really important things".  Often a project manager will be aware that a particular task is important - perhaps because of higher than usual uncertainty in its estimate, dependency on an uncertain resource, high risk of failure, or a dozen other factors that aren't simply a consequence of the duration and dependency noted in the project plan. 

Key tasks can be noted manually by checking a box on the task sheet.  If noted as a key task:-

· The task will be colored light red (default - may be changed) on the Gantt chart

· It is included in key task reporting.

Key Task (Critical Chain) Reporting and Resource Buffering (Alerts)

Recording Progress (Tracking) and buffer calculation

As the project is executed, progress is reported: tasks are started, completed, re-estimated, and rescheduled.  Tasks may be deleted, and new tasks inserted.  All this is standard MS-Project - no change is made to the way in which progress is entered into MS-Project.  However the upgrade provides new reports supporting the Critical Chain concept of progress reporting.

According to Critical Chain theory, project management should concentrate on the critical chain tasks, as only these tasks have the potential to delay or advance the project schedule. Progress along the critical chain can be monitored by measuring the buffer consumption: if you are 50% through the critical chain and you have consumed less than 50% of the available buffer, then the project is ahead of schedule and under control.  If you have consumed more than 50% of the available buffer, then the project is running late and corrective action may be necessary.  

Standard Critical Chain concepts (see “References”) use a single buffer from each task, whereas Buffered Gantts provide two. The initial buffer for each task is the difference between its optimistic duration and expected duration.  The second buffer is the difference between its expected duration and pessimistic duration. Reporting buffer usage against the combined buffers provides the standard Critical Chain reporting, but reporting the use of initial buffer only provides a more precise analysis if the task buffers are asymmetric.  The usage of both buffers is calculated and reported. 

The following data is used in the examples.   Assume that it is day 16, and Task D has just been reported as Completed:-




The Critical Chain is  A – B – D – E – F
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The following is reported: -
The total unbuffered work on this path is 18 days (Add optimistic durations)

The total initial buffer on this path is 5 days (Sum(expected-optimistic))

The total combined buffer on this path is 14 days (Sum(Pessimistic – Expected))

Unbuffered work completed is 12 days

Percentage of work completed 66%  (12/18)

Buffer consumed is 4 days (time consumed (=16) – unbuffered work completed.

%age initial buffer consumed = 80%  (4/5)

Relative %age of initial buffer consumed = 119%  (80%/66%)

%age of total buffer consumed = 29%  (4/14)

Relative %age of total buffer consumed = 42% (29/66)

If there are multiple critical chains, then they are averaged.

Alerts, or “Resource Buffers”.

It is important to concentrate effort on key (Critical Chain) tasks.  Workers must be available to start on these tasks immediately the predecessor task is finished.  For example, if Worker C is busy completing some other task when Worker A finishes Task D, then he (or she) won’t be available to start Task E immediately, and the project will be held up.

On the other hand, we are not concerned about Worker B’s availability to start Task C, as this is not on the Critical Chain.  A slight delay while Worker B finishes off whatever else they were doing does not matter.

Workers don’t usually just wait around until they can start their tasks: they will typically keep busy on other productive work.  It is therefore necessary to alert them when they are about to be required for a critical chain task.  Goldratt’s book Critical Chain (see “References”) calls this a Resource Buffer. Alternatively it could be called an alert.

Like a milestone, an alert is a zero-duration, zero cost task, but unlike a milestone its schedule depends on following, not preceding, tasks. 

Manual Alerts

If one is following Critical Chain methodology, then one needs to create alerts manually by inserting alert tasks, eg Alert1 preceding Task E:-
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Alert 1 has been defined with a Start to Finish (SF) relationship, with –2 days lag, from Task E:-
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The idea is that, as the start of Task E approaches, Alert1 becomes due.  Worker C is therefore warned that he (she) is about to start work on a Critical Chain task in a couple of days. He (she) should prepare to suspend whatever is currently being worked on in order to start the critical task.

However, using explicit tasks as alerts like this is clumsy and gives no information that is not already obvious.  

Automatic Alert Creation

Instead of requiring alert tasks to be created, their existence is inferred and reported on the Key Task report.  An alert is noted when a resource, not currently working on a critical chain task, is required for a future critical chain task.  The alert date is the earliest possible start of the related task – ie the date at the start of the task’s leading slack.

The Key Task Report.

This has four sections:-

1/ 
Buffer consumption data (as above),

2/  
Started key tasks:-

Task Name
%age Complete   [expected] Date completed

A key task is any task which has been manually designated as a key task, or is on the critical chain.

3/
Remaining key tasks

Task Name, Optimistic start (=start of leading uncertainty), Expected Start, Optimistic Finish, Expected Finish, Pessimistic Finish, Very Pessimistic Finish (= end of trailing uncertainty)

4/
Alerts

Where a key task requires a resource that is not required for the predecessor task[s] on the critical chain, then the report lists

Task Name
Resource name
Optimistic Start
Expected Start  

References

For MS-Project, refer to the software’s Help.

These books explain the concepts of Critical Chain:-

“Critical Chain”, by E.H. Goldratt (North River Press, April 1997)

“Project Management in the Fast Lane”, by Robert C. Newbold (The St. Lucie Press, 1998, ISBN 1-57444-195-7)

http://www.robertb.co.nz/project.htm.  This web page references a number of papers and presentations on project management in general, and CCPM in particular.
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� I'm not sure if this is really needed.  It may be too theoretical to be of practical value.
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