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Introduction
This article gives a detailed description of the Scurves:
● Construction
● Reading
● Forecasting
● Action

Construction of the S-curves
The schedule
It is assumed that there is a schedule available for the project at hand.
The schedule may have been constructed using any means, using software tools or doing it
by hand.
The schedule must provide these data
● the tree structure of the project
● the task names
● the start and finish dates (earliest possible)
● the task durations
● (optional) specific weight factors for the tasks

Monitored processes
When monitoring a project (tracking the project), we know that we should monitor processes
instead of individual tasks.1
A process can be defined by any set of tasks assembled on the basis of a given criterion.
Such criterion can be:
● the node in the project tree to which these tasks belong
● a specific value of an attribute, eg:
○ same contractor
○ same trade / discipline
○ same location
○ same area

Homogeneous processes
A process, i.e. a collection of tasks, is said to be homogeneous when all2 tasks satisfy these
conditions:
● belong to the same trade / discipline
● use the same resources
● use resources of the same kind
We know that monitoring homogeneous processes leads to more significant information.
The less the processes are homogeneous, the less the monitoring will produce operational
significant information.
Information is said to be “operational significant” when it can be used to directly act upon the
processes, i.e. apply the feedback information directly onto the processes in order to correct
their tracks.

The differential curve
We will now show how the differential curve is constructed for any given process.
The same procedure is applied to all processes.
1
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See this article for more: http://bit.ly/14JdnU8
In the real world, “most”, eg 85% of the tasks

The construction of the differential progress curve will be illustrated using the Gantt
representation of the schedule.
The weight factor of every task is known. By default it is its duration expressed in hours.
Other values can be allocated:
● its financial value
● its labor content
● an abstract number of points
● a number of points according to wellestablished systems such as Kellog points used
in piping jobs
● a risk “weight”
For every day located inside the schedule, i.e. in the closed interval {start, finish} of the given
process, we sum the weight factors of the tasks that are active on that day.
n

sd = ∑ wi, where i ∈ set of indexes of the tasks active on day d
i=1

When this is calculated for every day, we obtain the differential Scurve s(d)

The differential Scurve is the profile of the weighted activity of the process. It can also be
viewed as the weighted activity distribution.

The integral curve
Taking the differential curve s(d) we now construct the integral curve by applying this
procedure:
D

Sd = ∑ sd, where i ∈ range of day indexes of the process
i=1

Because we want to map the results in the range {0,100}, we will further normalise this
equation as follows:
D

N

i=1

j=1

Sd = 100 × ∑ sd ÷ ∑ wj, where j ∈ indexes set of all tasks in the process
The S(d) curve is the wellknown Scurve, in our representation, the “Blue” curve.
The picture below shows the integral curve, the Scurve in blue, and the differential curve in
gray.

The track
We still consider the same process as for the construction of the Scurve.
When we register the progress of a process, we do that on the task level: for every task of
the process, we enter its % complete (physical progress). This value is by definition the
accumulated progress at the given status date (sd) for that task.
We now compute the progress value of the process, the aggregated progress, as follows:

P ij = 100 × ∑ pkj wk ÷ ∑ wk
k

k

P i,j = Aggregated progress of process i on status date j

pk,j = the % completion value of task k at status date j
wk = the weight factor of task k in the process
This formula is also normalized, so we map the values on the range {0,100} %.
Every time we compute a P ij value, we obtain a new position point. All position points taken
together form the track of the process.
This is shown as the black dotted line in the next figure.

The Score
The position of a track point can be characterised by its score value.
The score is defined as:

s = 100 × (a − b) ÷ b
b: progress as per schedule
a: progress as per progress point
The score is negative when we have a delay and positive when we are ahead of schedule.
The more the score is negative, the large the “deficit” in performance.
The score is a dimensionless quantity and is therefore more significant than absolute values
of progress.

The value of d represents the delay in days. It means this: the present progress value should
have been reached d days ago; so we can conclude that we are d days late.

Safety margins based on the score
It is impossible to reach a score of zero.
● tasks cannot all start and finish exactly as scheduled
● tasks have slack: they are allowed to start and finish a little later that according to the
earliest possible dates
● when we measure progress, we introduce errors: we cannot measure progress with
infinite precision
● our schedule, how wellprepared it may be, is still only an approximation of the reality
● Conclusion we need some “bandwidths” for the score values that will delimit
situations of
○ Green: high probability to finish in time
○ Yellow: reasonable probability to finish in time
○ Orange: alarm condition
○ Red: quite improbable to finish in time3
We define the scorebased bandwidths as follow:
● blue: whenever we are ahead of schedule
● green: |score| <=15 q
● yellow: 15< |score| <=25 q
● orange: 25< |score| <=35 q
● red: |score| >35 q (this band is not shown on the Scurve diagrams)
The factor q is the “activity level scale” factor. It is defined as shown in the next figure.
3

The reality sometimes contradicts this rule. The cause is often a wrong schedule, generally a front
loaded schedule (see below), which doesn’t map the real process.

q = hmax ÷ h
The factor q is the ratio between the instantaneous value of the activity (differential curve) to
the maximum value of the same differential curve.
This means that
● the bandwidths become smaller as the activity level decreases
● the bandwidths maximum (relative) values are obtained at the pique of the activity.
As a general rule: the lower the activity level is, the narrower the bandwidths are.
This can be easily understood as follows: the lower the activity level, the less possibilities
there are to have tasks with slack. In the limiting case, where there is no activity at all, the
bandwidths correctly become zero, as there is no possibility at all to have some slack.
On the other hand, when there are lots of activities, there is also ample possibility to have
some slack, hence broader bandwidths.

Scurve with bandwidths shown

Markers
In the diagram shown above, one can find three markers
● green dot
● red dot
● black dot
All three are located at 50% progress.
They differ in their timelocation
● green dot: located at 40% of total duration
● black dot: located at 50% of total duration
● red dot: located at 60% of total duration.
These markers help us with the reading of the Scurve diagrams: see next section.

Reading the S-curves
Global reading
Using the markers, one can quickly make the following assessment:

The process is front-loaded
The bulk of the efforts have been scheduled in the early stage. The Scurve is mostly to the
left of the green marker.
This could be a challenging schedule, but the reward is robustness against unforeseen
events.

The process is normally loaded
This is the most common case. The Scurve passes between the green and red markers.

The process is back-loaded
The bulk of the activities has been scheduled for the later stages.
The Scurve is mostly to the right of the red dot.
This is often called the student syndrome curve (guess why).
This is a dangerous schedule:
● one will not be able to cope with unforeseen events
● at the end of the phase one will have to rush to the end, which always brings poor
quality and often much rework.

Areas of likelihood of recovering from delays
Three areas can be identified with decreasing likelihood to recover from incurred delays:
● area I, to the left of the green dot: often easy to recover.
● area II, between green and red dot: more difficult to recover
● area III, to the right of the red dot: difficult to impossible to recover.

This means that the sooner delays are detected, i.e. while one is in area I, the easier it will be
to recover.
Hence a strong argument to track a project from day one.

Looking at the S-curve details
Progress rate or progress velocity
The slope of the Scurve at any given point is the progress velocity (its first differential) or
progress rate in that point. This is expressed in % complete per day.
To quantify the progress rate of the track, average slopes are used. The average progress
rate of the track over a given period can thus be measured.
The progress rate is as important as the progress value, or the score value.
Both quantities progress value (or score value) and progress rate must be known in order
to be able to assess a situation

Rules
1.
2.
3.
4.
5.

V1 is the progress rate of the scheduled Scurve
V2 is the average progress rate of the track
If V2<V1, then delay will increase
If V2=V1, then delay will remain stable
If V2>V1, then delay will decrease

Phases of a common S-curve
An Scurve has generally three phases as shown in the figure below.

1. Startup and acceleration phase
2. Constant progress rate  constant progress velocity phase
3. Deceleration finishing phase
It is normal to build up some delay during the startup phase (1). This can be explained by
the process’s inertia, its resistance to starting up, just like a mechanical body resist
acceleration.
One should be aware of this rule:
it is in the first stage that the chances to finish in time can be gained or lost.
So extra efforts are always needed during the startup phase.

When the end phase is reached it is common not to decelerate the progress rate, but to keep
it stable, so that the (small) delay is recovered.

This late recovery will only work if the delay a is smaller than b.

Quick read of S-curves
The precise value of the progress rate is not always needed. One can quickly assess a
situation by looking at the general picture

Diverging track
This picture displays a diverging track. We are in the condition V2 < V1 (see above).
Delays will continue to increase.
The process is out of control.

Converging track
This picture displays a converging track. We are in the condition V2 > V1 (see above).
Delays will decrease.
Control over the process has been regained.

Parallel track
When the process track runs parallel to the scheduled Scurve, then one can conclude that
the process is well under control. We are in the condition V2 = V1 (see above).The delay can
be recovered during the end phase (see above); eventually a limited acceleration might be
needed.

Forecasting
There are forecasting techniques based on the analysis of the scheduled Scurve and the
observed process track.
This topic is beyond the scope of this article.
Detailed information can be found in this article: http://bit.ly/14JdnU8

Action!
All well to see that a track diverges, but what can we do about it?
Rule
S-curves are not for contemplation, they are for action.
When the observed track diverges, i.e. when the delays increase as time passes, we must
act.
These are the possibilities

Schedule based actions
Start by reanalysing the schedule and make sure that
● the schedule is correct
● the schedule is complete
● the durations are realistic
If needed, decide to rebaseline, i.e. reschedule.
You only do this in case of extreme necessity, i.e. as little as possible.
When rescheduling, use the “decaying effect” method (see this handbook for
details:http://bit.ly/1b4jawW ), so the end date is affected as little as possible.

Resources based actions
In most cases delays are caused by problems on the resources side.
These are common action points:
●
●
●
●

●
●
●
●
●
●
●
●

augment the working hours per day
augment the working days per week
augment the resources quantity
augment the shift count with caution
○ doubling the shift does not double the output
○ a third shift can have a globally negative impact
improve the quality of the resources, eventually replacing failing resources
improve the information flow
improve the information quality
improve the logistics
improve the site safety
improve on site mobility
increase the level of supervision
increase the level of monitoring

Contact
For questions or comments one can contact me here
Twitter: @JPToll
LinkedIn: jp.tollenboom
jp@tollenboom.be
www.jptollenboom.org

