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Introduction

All too often schedule risk analysis is perceived as an advanced and time consuming technique that is
only performed in a cursory manner to satisfy contract bid requirements. This paper will show how
even simple generic analysis can highlight areas for estimate refinement and then how tools like
historical analysis and estimate confidence assessments can dramatically improve the realism and
achievability of schedules.

Uncertainty

Every project is subject to uncertainty. It might be simple estimate uncertainty (we don’t know exactly
how long a task will take) or more complicated threats and opportunities (often collectively known as
risks) that may alter the planned progression of work.

Unfortunately even a small amount of estimate uncertainty can render a model created using the
traditional critical path methodology (CPM) unrealistic. In fact, it can be easily demonstrated that
anything but the most trivial CPM model will produce results that are overly optimistic and unachievable
due to merge bias. This is true even if estimates are good, execution is in line with estimates, and any
uncertainty is just as likely to be beneficial as detrimental.

Consider the schedule shown in Figure 1.

o2 |
[initiate |

s | o | e | [ —
v asr |

ID:17
HW Task 3 Integration

ID: 11 ID:12 ID: 14 ID:lS } ID: 21 '

SW Task 3

[iD: 20 [
|ErDchure Printing |

[iD: 19 [
|Brochure Development |

Figure 1

The project is planned to start on June 1, 2015. A CPM model of the schedule shows the critical path
running through Initiate (ID 2), HW (ID 5, 6/7, 8), and Integration (ID17) and predicts project completion
on September 4, 2015.

So, assuming that our estimates are good, how realistic or achievable is the September 4, 2015 delivery?

We know that all execution is subject to some uncertainty but let’s be generous and further assume that
individual tasks are just as likely to finish early as late. This means that each task, on average, has a
50/50 chance of being completed in the estimated duration. One might assume that this means the
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final project delivery has a 50/50 chance of occurring on the forecasted date (September 4, 2015).
Unfortunately this is not the case. We can demonstrate this using Monte Carlo simulation.

Monte Carlo is a technique that simulates the execution of a project many times. Each simulation uses a
different duration for each task sampled within a range of uncertainty. This range is often called a Three
Point Estimate because it comprises three estimates for each task: Optimistic, Most Likely, and
Pessimistic. In Figure 2 you can see the uncertainty data applied to the project. Uncertainty data can
either be represented as discrete durations or as percentages of the remaining duration.

D Task Name ST Do Qo ow Don
ype Lilkeehy
0 & Hw vs SW Demeonstration 70 days | Trangular Py A 100°% 125%
1 = Hardware vs Software 70 days
2 Initiate h days
3 = Development 60 days
4 = Hardware &0 days
5 Hiwf Tazk 1 20 days
6 Hiwf Task 2 20 days
7 Hiw Task 3 20 days
8 Hiof Task 4 20 days
i) Hi# Complete 0
10 B Software B4 days
1 S Task 1 18 days
12 S Task 2 18 days
13 S Task 2 18 days
14 S Task 4 18 days
15 Sl Complete 0
16 = Integration b days
17 Integration hdays
18 =l Marketing 15 days
15 Brochure Development 10 days
20 Brochure Printing b days
21 Delivery 0
Figure 2

The example reflects our assumptions that each task is subject to uncertainty and that the work is just as
likely to finish up to 25% early as late (the most likely duration for each task has been set to 100% of the
remaining duration).

If we look at the result for a single task (Figure 3) we can clearly see that we do indeed have a 50/50
(50%) chance of the task finishing within the estimated duration (4 weeks) and the range of possible
outcomes accurately reflecting the £25% range of uncertainty specified in Figure 2.
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Project FM 2016 HW vs SW Demonstration (Basic Mappings) mpp (1000000 simulations performed on 3{21/2016)
Histogram of Remaining Duration for task 'HW Task 1' (UID 21).
Mean = 20 days. Standard deviation = 16.33 hours, Deterministic value = 4 wks (50%).:
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Figure 3
So if each task has a 50% chance of completing in the estimated duration what is the chance of the
project finishing on time?
The answer is shown in Figure 4.
© John Owen, Barbecana, Inc.. 3/24/2016 3




Understanding and Managing Uncertainty

Project FM 2016 HW vs SW Demonstration (Basic Mappings) mpp (1000000 simulations performed on 3{21/2016)
Histogram of Early Finish for project 'HW vs SW Demonstration'.
Mean = 5/8/2015:11:00 AM, Standard deviation = 25.28 hours, Deterministic value = 9/4/2015:5:00 PM (35%).:
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Figure 4

Unfortunately the mean (50% chance) finish date for the project is predicted at September 8, 2015 and
the chart is predicting only a 35% chance of completing by September 4, 2015.

Why?

The problem is that most schedules comprise multiple paths that come together (merge) in order to
complete project delivery. Each merge point (a task with more than one predecessor) is an opportunity
for merge bias to delay the schedule.

Understanding Merge Bias

Consider the following example where we can assume our estimates are good, uncertainty is equally
likely to have a beneficial vs. detrimental impact, and historically our average actual execution time is in
line with estimates.

H Activity A Duration = 5 Days |— Activity B Duration = 5 Days H

If each activity takes five days to execute, the project should complete at the end of day 10. However,
what happens if Activity A takes six days to complete? As good project managers we will observe the
overrun and we can focus our efforts to bring Activity B in early. If we are successful the project may still
complete on day 10.
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Now consider those same two activities executed in A ActivityA Duration = 5 Days |

parallel: A

A

[ Activity B_Duration = 5 Days |-

If again, each activity takes five days to execute, the project should complete at the end of day five.
However, what happens if activity A takes six days to execute? The project completion will slip to day
six and there’s nothing we can do to Activity B to improve the situation. In fact, if B has any effect at all,
it will only be to delay the project further.

Let’s tabulate the possible outcomes of activity A and B in our parallel example:

Activity A Activity B Project Completion
On-Time/Early On-Time/Early On-Time/Early
Late On-Time/Early Late
On-Time/Early Late Late
Late Late Late

From the table we can see that, even assuming symmetrical uncertainty on the two individual activities,
we only have a one in four (25%) chance of the project finishing on-time or early.

This phenomena is called Merge Bias and is why projects scheduled using CPM are inherently optimistic
and produce forecast project completion dates that are often unrealistic and unachievable. Put simply,
as the number of predecessors for any given task increases, it becomes less likely that it will start on
time.

More Realistic Assessments of Uncertainty

In the preceding examples some quite unrealistic assumptions were used. We assumed that execution
was on average in line with estimates and that any uncertainty was just as likely to have a beneficial as
detrimental result.

Using Historical Information

However an analysis of past performance on similar projects might show uncertainty has a more skewed
effect as demonstrated in Figure 5.
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Project EAC (Analysis performed on 3f21/2016)
Histogram of Actual over Estimated Duration for project 'Project EAC'.
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Figure 5

Figure 5 shows an analysis of past performance (Actual over Estimated Duration) for a completed
project. We can see the majority of results show a distribution that ranges from 80% through 126% with
a satisfactory majority of tasks actually completing in their estimated time (the peak at 100%). The
outlying results (below 80% and over 150%), which we have chosen to ignore, may be due to data entry
errors, very short duration tasks having a disproportionate effect, or perhaps risk/opportunities that
were not identified and outlined in the schedule.

If we are scheduling a similar project we could base our future uncertainty data on these results as
shown in Figure 6.
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- Duration ' Duration 3

o Testen G D G i 2o
0 B Hw vs S\ Demonstration 70 days | Trangular a0 100% 126%
1 & Hardware vs Software 70 days | Trangular a0 1007 1267
2 Initiate hdays | Triangular a0s 100% 126%
3 =l Development 60 days | Triznogular 80" 1007 1265
4 = Hardware 60 days | Trangular a0 1007 1267
5 Hiwf Task 1 20 days | Triangular a0’ 1007 1267
& Hiof Task 2 20 days | Triangular a0s 100% 126%
7 Hinf Task 3 20 days | Triangular a0 1007 1267
8 Hin Task 4 20 days | Trangular 80 1007 1267
9 Hiw Complete 0 | Trangular

10 = Software b days | Triangular a0s 100% 126%
1 5w Task 1 18 days | Triangular 80" 1007 1263
12 Sw Task 2 18 days | Triangular 80" 1007 1267
13 Sw Task 3 18 days | Triangular a0’ 1007 1267
14 Sw Task 4 18 days | Trianoular 80° 1007 1263
15 S Complete 0 | Trangular

15 = Integration Sdays | Triangular 80" 1007 1265
17 Integration D days | Triangular a0 1007 1267
18 = Marketing 15 days | Trangular a0s 100% 126%
15 Brochure Development 10 days | Triangular a0 1007 1267
20 Brochure Printing b days | Triangular a0 1007 1267
21 Delivery 0 | Trangular
Figure 6

Unfortunately, using this revised uncertainty data the chance of delivering the project on September 4
drops to just 20% as shown in Figure 7.
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Project FM 2016 HW vs SW Demonstration (Basic Mappings) mpp (1000000 simulations performed on 3{21/2016)
Histogram of Early Finish for project 'HW vs SW Demonstration'.
Mean = 5/9/2015:1:48 PM. Standard deviation = 24.17 hours, Deterministic value = 9/4{2015:5:00 PM (20%).:
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Figure 7

The chance of delivering on September 4 has decreased again because the chance of finishing each
individual task on its estimated duration has been reduced to 43% (shown in Figure 8) because of the
revised uncertainty data (which we derived from available historical information). On an individual task
in our schedule the predicted delay is not large but cumulatively, and taking into account merge bias,
the mean project finish has slipped another day (Figure 7).
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Project FM 2016 HW vs SW Demonstration (Basic Mappings) mpp (1000000 simulations performed on 3{21/2016)
Histogram of Remaining Duration for task 'HW Task 1' (UID 21).
Mean = 4.08 weeks, Standard deviation = 15.07 hours, Deterministic value = 4 wks (43%).:
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Figure 8
No Historical Information

If no historical information is available for similar types of projects then other methods can be used to
refine our estimates of uncertainty.

Obviously we could request Three Point Estimates for each task but this could be considerable extra
effort to obtain and input into the Monte Carlo model.

One simple first step is to try to identify tasks that are likely to matter. In a traditional CPM model one
of the key outputs is the Critical Path. This identifies those tasks that are on the longest path through
the schedule and are directly affecting the project delivery date. We could obtain more detailed three
point estimates for just these critical path tasks however if we remember our assumption that all tasks
are subject to some uncertainty then it becomes possible that, during the simulations, different tasks
may become critical and affect the delivery date. Consider Figure 9.

May 24, '15 Jun 7,15 Jun 21, '15
Task Name v Duration <  Start +  Finish w | Predecessors F, T s W|[s T M F | TS
Task A 20 days 6/1/15 8:00 AM  6/26/15 5:00 PM
Task B 18 days 6/1/15 8:00 AM  6/24/15 5:00 PM
Delivery 0 days 6/26/155:00 PM  6/26/155:00 PM 1,2 ;
Figure 9
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Clearly Task A is driving the project delivery on 6/26 and represents the critical path. Traditionally
managers focus more effort on tasks that are on the critical path, however what happens if we apply our
1+25% uncertainty to this schedule as shown in Figure 10?

D Task Name S Damnan QO ow Doon
ype Lilkeehy
0 H Project 20 days | Triangular Py A 100°% 125%
1 Task A 20 days
2 Task B 18 days
3 Delivery 0
Figure 10

In Figure 11, the Critical column shows the critical path calculated by the standard CPM algorithm while
the Percent Critical column shows the percentage of time each task was on the critical path after taking
into account uncertainty.

D Task Mame Critical E?f;t Pregl:;zzlsﬂm
0 = Project True 1007%
1 Task A True 76%
2 Tazk B Falze 24%
3 Delivery True 100% | 1(76%), 2 (24%)

Figure 11

This example shows that (based on our estimate of uncertainty) Task B is driving the project delivery
nearly a quarter of the time. This is important information for several reasons:

1. We can justify the effort to obtain a more thorough three point estimate for both tasks A and B
since there is some likelihood that both tasks may affect the project outcome.

2. When the project is executed we should not ignore Task B from a management effort
perspective just because the CPM model showed it as not affecting the project outcome. Due to
the effect of uncertainty it may well affect the outcome.

So, based on our generic uncertainty we can start to identify tasks that may affect the outcome using
the Percent Critical (aka Criticality) data from the Monte Carlo simulation. A second option is to use
Sensitivity Analysis to analyze the effect of task uncertainty on the project delivery. Figure 12 shows an
analysis of the effect of each task on project outcome for our sample project again using our generic
+25% uncertainty on each task.
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Sensitivity Index 2015
D Tektems TG Pt Smww) w0 ) BEY RSY [
| roject Project ] |DB |.| 3

8 HW Task 4 20days| 89% s+ (D 9/3/15253PM | 9/15/1511:05.. —————
5 HW Task 1 20days| 89% 537 (D 9/3/15253PM  [9/15/15 11:05... RO SSS——————
& HW Task 2 days | 45% 29%. [ 9/7/15310PM  |9/14/1511:55... ]

7 HW Task 3 20 days % 29% [ 97153 11PM  |9/14/15 1154 ——

2 Initiate Sdays| 97% 16% [ 9/7/15 11:33AM | 8/3/15 2.05PM =

17 |Integration Sdays| 97% 16% ) 9/7/15 11:33AM | 8/9/15 2.05PM [

14| SW Task 4 18 days % 5% ] 9/8/15 10:448M | 9/10/15 3:08AM (]

| SW Task 1 1Bdays| 8% G | 9/8/15 10:44AM | 9/10/15 3:08AM (L]

13| 8W Task 3 18 days % 2% 9/8/15 10:58AM | 8/9/15 2:11PM L]

12| SW Task 2 18 days % 2% 9/8/15 10:58AM | 8/9/15 2.07PM ®

15 Brochure Development 10 days % 1% I 9/8/1511:03AM | 5/8/15 4:33PM I

20 |Brochure Printing 5 days % % 9/8/15 11:04AM | 9/8/15 2:22PM |
Figure 12

As we might expect, the project outcome has the greatest sensitivity to uncertainty on the HW
(Hardware) tasks (recall these tasks were driving the critical path in the CPM analysis). However we can

also see that Initiate, Integration, the SW tasks, and Brochure tasks do have some chance of affecting

the outcome (with our generic assumptions and uncertainty).

We can make some immediate decisions based on this chart. Firstly, we are unlikely to allow the
Brochure to affect project delivery so we can decide to start that work earlier and avoid that possibility.

Secondly, the Initiate task is largely a formality so we probably don’t need to concern ourselves with

uncertainty on that task. What is clear is that it would be worth the effort to verify and refine the
estimates for all the HW and SW tasks.

As mentioned earlier, we could refine the estimates by requesting Three Point estimates for each of the

relevant tasks however this can be time consuming. One technique that can expedite the process is to
review the estimates in a workshop-style meeting where the objective is not to obtain discrete three

point estimates but more simply to gauge confidence in the original estimated durations.
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This assessment can be captured using pre-defined assessment matrices as shown in Figure 13.

Task Name Duration Assessment 2
Hardware vs Software 70 days
Initiate 5 days
Development 60 days
Hardware 60 days
HW Task 1 20 days HW High Confidence
HW Task 2 20 days HW High Confidence
HW Task 3 20 days HW Medium Confidence
HW Task 4 20 days HW High Confidence
HW Complete 0 days
Software 54 days
SW Task 1 18 days SW Low Confidence
SW Task 2 18 days SW Low Confidence
SW Task 3 18 days SW Medium Confidence
SW Task 4 18 days SW Low Confidence
SW Complete 0 days
Integration 5 days
Integration 5 days
Marketing 15 days
Brochure Development 10 days
Brochure Printing 5 days
Delivery 0 days
Figure 13

These assessments can be converted into uncertainty data for analysis by applying uncertainty
templates for each assessment as shown in Figure 14.
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- Duration : Duration 3
D Tekhome TR pemdy Db G e 2

0 = Hw vs S\ Demonstration 70 days {Maone)
1 & Hardware vs Software 70 days (Mone
2 Initiate b days ane
3 = Development &0 days ane
4 (= Hardwars 60 days one
5 Hiwl Task 1 20 days | HW High Confidence MNormal 50% 100 110%)
6 Hiwl Task 2 20 days | HW High Confidence Normal 50% 100 110%)
7 Hw Task 3 20 days | HW Medium Confidence | LogMNormal S0% 103.68° 120
3 Hw Task 4 20 days | HW High Confidence MNormal 90% 100 110%)
9 Hwf Complete 0 one
10 = Software 54 days ane
11 S Task 1 18 days | SW Low Corfidence Triangular 50% 12005 150
12 S Task 2 18 days | SW Low Corfidence Triangular 50% 120% 150
13 Sw Task 3 18 days | 5W Medium Confidence | Beta 90% 0% 130%)
14 S Tazk 4 18 days | SW Low Corfidence Triangular S0% 1200 150%
15 S Complete 0 ane
16 B Integration b days ane
17 Integration 5 days one
18 = Marketing 15 days one]
15 Brochure Development 10 days ane)
20 Brochure Printing b days one)
21 Delivery 1] ane)

Figure 14

The resulting analysis of project Delivery is shown in Figure 15.
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Project FM 2016 HW vs SW Demonstration (Basic Mappings).mpp (100000 simulations performed on 3/21/2016)
Histogram of Early Finish for project 'HW vs SW Demonstration'.
Mean = 5/14/2015:11:13 AM, Standard deviation = 25.82 hours, Deterministic value = 9/4/2015:5:00 PM (2%%).:

100% (10/1/15)
10% - L 50% (3/18/15)
L 80% (9/17/15)
8% - L 70% (9/16/15)

L 60% (9/15/15)
6% -

4% /
2% 4 /

| m— H/l‘

8715 814015 82115 8/28/15

% of Hits

L 50% (3/14/15)
1]
1]
1]
I

———————————————————————————————— - 40% (9/11/15)

I
1
]
I
-
Aauanbaig amienwng

|

] - 30% (9/10/15)

—————————————————————————— - 20% (9/9/15)

—————————————————————— - 10% (9/8/15)

|
|
T T
e e e e
]
1
1
1
]
|
S S Sy PR
|
1

o

Each bar represents 1day. (Markers show start of interval )

Figure 15

Because the assessment clearly identified a lack of confidence in the estimates for the SW tasks a higher
degree of uncertainty was applied to these tasks with the result that the chance of achieving the
planned delivery of September 4, 2015 has now dropped to just 2%.

Achieving a Level of Confidence

Figure 15 shows a mean finish date for the project of September 14. The software is predicting a 50%
chance of being able to deliver by that date. That also means we have a 50% chance of failing to deliver
by that date. Most organizations do not wish to commit to a delivery date where there is a 50% chance
of incurring late penalties! A more prudent organization might commit to a date for which they had,
say, a 90% confidence they could achieve.

On Figure 15, the right hand Y-Axis provides cumulative confidence information. Using this axis we can
see that, assuming we wanted that 90% chance, then we should commit to a date of September 18.
We Already Committed to September 4...

One common issue is that the required by date is beyond our control. Maybe we already committed to
the delivery date forecast by the CPM model or our client or other external factors control the date.

The unpalatable fact is that in order to have an acceptable chance of success (better than 50%) then the
delivery date forecast by the basic CPM model has to be earlier than the required by date.
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So if, as in our example, the required delivery date is September 4 and we want, for example, a 90%
chance of achieving that date then we are going to have to adjust our underlying CPM model to bring
the end date forward.

The Percent Critical and Sensitivity Analysis can help identify opportunities for schedule compression.

Sensitivity Index 2015
D Ticrime | Poxermna (Foen Smmny | ai0n SRS EESRE S
| Project Project 3 |13 |2D

14 SW Task 4 18days|  B6% 532 (D 9/9/15 3:46PM  |9/21/15 3:25PM [
1 SW Task 1 18days|  86% 5% (D 9/9/15 3.46PM  |9/21/15 3:25FM PR ——
12 SW Task 2 18days| 7% > (D 9/11/15 8:31AM | 9/21/15 11:51... —
13 SW Task 3 18days| 19% e | 9/14/15 10:27AM | 9/16/15 3:13PM ()

7 HW Task 2 dwks|  11% 4 | 9/14/15 10:51AM |9/16/15 10:38... (L]

5 HW Task 1 dwks|  14% 3z 9/14/15 10:56AM |9/15/15 2:09PM ]

8 HW Task 4 dwks | 14% 4 | 9/14/15 10:56AM | 3/15/15 2:09PM 0O

B HW Task 2 dwks| 3% % 9/14/15 11:11AM | 3/15/15 8:51AM L]

Figure 16

In Figure 16 we can see that uncertainty on SW Task 4, SW Task 1, and SW Task 2 is having the greatest
effect on the delivery outcome and that when these tasks finish early then the project also tends to
finish early. So these are good opportunities for review. Perhaps we can reduce uncertainty by using
more experienced developers or perhaps reduce the duration by applying more resources.

From Figure 15 we can see that in order to increase the chance of delivery by September 4 to 90% we
need to compress the CPM schedule by around 11 working days (18 —5).

After making the changes to SW Task 4, 1, and 2 duration and estimate confidence values shown in
Figure 17 our chance of delivery on September 4 rises to 20% and the revised sensitivity analysis is
shown in Figure 17.

10 & Software 48 days

" S Task 1 15 days | SW Low Conrfidence Triangular 90% 120% 150%)]

12 S Task 2 17 day= | SW Medium Confidence | Beta 50% 110% 130%]

13 S Task 3 18 days | SW Medium Confidence | Beta 90% 110% 130%]

14 S Task 4 15 days | SW Low Confidence Triangular 507 120% 150%

Figure 17
Sensitivity Index 2015
O Tektene  Fmoiie oo Sty S0 R RIS
| Project Project &) |DB
8 HW Task 4 4wks| 95% 51% (D 9/4/15 £:50PM | 9/10/15 8:25AM FR———
5 HW Task 1 dwks|  95% 1% (D 9/4/15 450PM  |9/10/15 8:25AM [F——————|
7 HW Task 3 dwks| 7% 53 (D 9/7/15 11:10AM | 9/11/15 %:19AM [
6 HW Task 2 dwks|  23% 13% [ 9/7/15 450PM | 9/9/15 11:58AM o
13 SW Task 3 18days| 4% 4 9/B/158:19AM | 9/9/15 1.47PM ()]
14 SW Task 4 3wks| 5% e | 9/B/15B:14AM | 9/9/15 1.03PM (]
1 SW Task 1 Iwks| 5% 3 | 9/8/15 8:14AM | 9/9/15 1.03PM ™
12 SW Task 2 Tdays| 1% 1% | 9/8/15 B:24AM | 9/9/15 2:10AM (L]
Figure 18

© John Owen, Barbecana, Inc..

3/24/2016

15



Understanding and Managing Uncertainty

We can see that HW Tasks 4 and 1 are now driving the schedule (95% critical) and early finishes for
these tasks tend to make the project finish earlier. In Figure 19 the durations for HW Tasks 1 and 4
have been modified.

4 = Hardware 56 days

5 Hiwf Task 1 17 day= | HW High Corfidence MNaormal 50 110%]

5 Hiwf Task 2 20 days | HW High Confidence Mormal S0% 110%]

7 Hiw Task 3 20 days | HW Medium Corfidence | LogMNomal 950% 120%

8 Hif Task 4 15 day= | HW High Corfidence MNaormal S0 110%]
Figure 19

These changes provide the result shown in Figure 20 where the 90% (P90) confidence date is now
September 4 as required.

Project FM 2016 HW vs SW Demonstration (Basic Mappings).mpp (100000 simulations performed on 3/21/2016)
Histogram of Early Finish for project 'HW vs SW Demonstration'.
Mean = 9/2/2015:2:56 PM. Standard deviation = 12.22 hours, Deterministic value = 8/31/2015:5:00 PM (11%%).:
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£ (R ! £
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Each bar represents 12 hours. (Markers show start of interval }
Figure 20
By bringing in the CPM finish date to August 31, we have increased the probability of being able to
deliver on September 4 to 90%.
Schedule Margin
In our example above, we were forced to adjust the underlying CPM model to forecast a delivery date
that is earlier than the required date in order to achieve a 90% level of confidence in the final delivery
date.
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Understanding and Managing Uncertainty

In order to clearly identify that we are not committing to an earlier delivery on August 31, we need a
place holder to explain the difference. Such place holders have had various names including
Contingency, Delay Allowance, Risk Allowance, and Risk Buffer. More recently, various industry
organizations including the Project Management Institute (PMI) and National Defense Industrial
Association (NDIA) have adopted Schedule Margin as the term for this place holder.

Schedule Margin is defined as “the amount of additional time needed to achieve a significant event
with an acceptable probability of success”.

y 24,15 Jun7, 15 Jun 21, '15 Jul 5, °15 Jul 19, ‘15 Aug 2, '15 Auglse, 15 Aug 30, ]
Task Mame + Duration + Start ~ | Finish - T T s F o w M s T T s F o w M s T T s F oW M s
4 Hardware vs Software 70 days 6/1/158:00 AM  9/4/15 5:00 PM hd hd
Initiate 5 days 6/1/158:00 AM  6/5/15 5:00 PM -
4 Development 56 days 6/8/158:00 AM  8/24/15 5:00 PM hd
4 Hardware 56 days 6/8/158:00 AM  8/24/15 5:00 PM A
HW Task 1 17days  6/8/15%:00AM  6/30/15 5:00 PM L r—
HW Task 2 20days  7/1/158:00 AM  7/28/155:00 PM : P
HW Task 3 20days  7/1/158:00AM  7/28/155:00 PM =
HW Task 4 19days  7/29/158:00AM §/24/155:00PM | Y_l
HW Complete 0 days 8/24/15 5:00 PM  8/24/15 5:00 PM by
4 software 48 days 6/8/158:00 AM  8/12/15 5:00 PM he
SW Task 1 15days  6/8/158:00 AM  6/26/15 5:00 PM ;o
SW Task 2 17days  6/29/158:00 AM 7/21/155:00 PM
SW Task 3 18days  6/29/158:00 AM 7/22/155:00 PM
SW Task 4 15days  7/23/158:00 AM  8/12/155:00 PM ‘
SW Complete 0 days 8/12/155:00 PM  8/12/15 5:00 PM —
4 Integration 5 days 8/25/158:00 AM  8/31/155:00PM | 1T
Integration 5days 8/25/15 8:00 AM  8/31/15 5:00 PM =
4 Marketing 15days  8/10/158:00AM 8/28/155:00PM | | — -
Brochure Development 10 days 8/10/15 8:00 AM  8/21/15 5:00 PM
Brochure Printing 5 days 8/24/158:00 AM 8/28/155:00PM | ﬁﬁ
Schedule Marg 4days 9/1/158:00 AM  9/4/15 5:00 PM :
Delivery 0 days 9/4/155:00 PM  9/4/15 5:00 PM *
Figure 21

In Figure 21, a Schedule Margin task of four days has been inserted before the final Delivery milestone.
This moves the Delivery milestone out to the contract delivery date of September 4. The Schedule
Margin is owned by the project manager.

As the project progresses, the actual duration of tasks will be captured and may be different to the
original estimated duration. Hopefully it will be within the range of uncertainty specified for the task.

As the remaining duration of the project changes the Schedule Margin task will expand or contract so
the Delivery remains on September 4. The project manager will monitor the consumption of the
Schedule Margin to ensure the required date is achieved.

Consider the example in Figure 22. The project is just over 50% complete and all work is being
completed on time (based on the revised schedule after compression). The Schedule Margin is still four
days for a Delivery on September 4. However note that the Delivery Early Finish Percentile (90%) is now
showing September 2 rather than September 4. In fact, if you view the histogram in Figure 23 it is clear
that the range of uncertainty for project delivery has diminished significantly (Standard Deviation for
Delivery is now 5.5hrs compared to 12.22hrs before the project started). This is because, as the
remaining work decreases, the remaining uncertainty also decreases.
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Understanding and Managing Uncertainty

% Remaining Early Finich b24,15 Jun7,15  Jun2L,15  Juls, 15 JuI19,15  Aug2, 15 | Augl6, 15 | Aug30,1
0 Task Name =  Comp v Duration + Duration ~ Finish - PE\EE"U'EI:QQG'UJ « || T T S FwW M s T T s FwW M s T T/|5 Fw M s
4 Hardware vs Software 55% 70 days 31.71days 9/4/155:00 PM  8/2/159:52 AM } h
v Initiate 100% 5 days 0 days 6/5/155:00 PM  6/5/15 5:00 PM — L
4 Development 62% 56 days 21.05 days 8/24/15 5:00 PM 8/26/15 9:51 AM Z
4 Hardware 57% 56 days 24.32 days 8/24/15 5:00 PM 8/26/15 9:51 AM }’
v HW Task 1 100% 17days  Odays 6/30/155:00 PM 6/30/15 5:00 PM
HW Task 2 65%  20days  7days 7/28/155:00 PM 7/29/15 10:23 AM
HW Task 3 65%  20days  7days 7/28/155:00 PM 7/25/15 2:57 BM
HW Task 4 0% 19days  19days 8/24/155:00 PM 8/26/15 9:51 AM
HW Complete 0% 0 days 0 days 8/24/15 5:00 PM 8/26/15 9:51 AM
4 Software 69% 48 days 14.77 days 8/12/15 5:00 PM 8/20/15 3:23 PM
v SW Task 1 100% 15days  Odays 6/26/155:00 PM 6/26/15 5:00 PM
SW Task 2 88%  17days  2days 7/21/155:00 PM 7/22/15 9:40 AM
SW Task 3 83%  18days  3days 7/22/155:00 PM 7/23/151:32 PM
SW Task 4 0% 15 days 15 days 8/12/15 5:00 PM 8/20/15 3:23 PM
SW Complete 0% 0 days 0 days 8/12/155:00 PM 8/20/15 3:24 PM
4 Integration 0% 5 days 5 days 8/31/15 5:00 PM 8/2/159:51 AM
Integration 0% 5 days 5 days 8/31/15 5:00 PM 9/2/159:51 AM
4 Marketing 0% 15 days 15 days 8/21/15 5:00 PM 8/21/15 5:00 PM
= Brochure Development 0% 10days  10days 8/14/155:00 PM 8/14/155:00 PM
Brochure Printing 0% 5 days 5 days 8/21/15 5:00 PM 8/21/15 5:00 PM
Schedule h 0% 4 days 4 days 5/4/155:00 PM  9/2/159:52 AM
Delivery 0% 0 days 0 days 9/4/155:00 PM  9/2/159:52 AM . *
Task Mot Critica|) "——————————— Deadline + P30 50-99%
Task (Crltlcan L] Progre55 N Fgo 1000{’0
Milestone * Risk Milestone & PA0 Surnmary @ @
Summary g% P90 Not Critical Schedule Margin
Project Summary [ 1 P90 < 50%
Figure 22
Project FM 2016 HW vs SW Schedule Margin with progress_mpp (100000 simulations performed on 3/23/2016)
Histogram of Early Finish for project '"HW vs SW Demonstration'.
Mean = 5/1/2015:10:45 AM, Standard deviation = 5.5 hours, Deterministic value = S9/4/2015:5:00 PM (100%).:
100% (9/4/15)
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Figure 23
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Understanding and Managing Uncertainty

In Figure 24 we see an example where planned progress has not been achieved on the HW tasks.
Fortunately the slippage has only consumed two of our four days schedule margin (highlighted in red)
and the projected Early Finish Expected (P90) is still September 4. While it might be expected that the
Early Finish Expected (90%) would have slipped beyond September 4, in this case, despite the slippage,
the reduction in remaining uncertainty (because the whole project is roughly 50% complete) still gives
us a good chance of meeting the September 4 date. In reality, the Early Finish Expected (90%) has
slipped compared to the September 2 date shown in Figure 22 which was based on perfect progress.

3 Baseline Remaining Early Finish wn7,15  Jun21,15 | uls, 15 Jui1g,'15 | Aug2, 15 Augls, 15  Aug30
Task Name = | Comp ~ Duration = Duration + Duration ~ Finish ~ | Percentile (90%) ~ 5 F W M § T T 5 F W M 5§ T T s F W M
4 Hardware vs Software 51% 70 days 70 days 33.99 days 9/af155:00 PM  9/4/15 1:31 PM v
Initiate 100%  Sdays 5 days 0 days 6/5/155:00 PM  6/5/15 5:00 PM 3
4 Development 58% 56 days 58 days 24.56 days 8/26/15 5:00 PM 8/28/15 1:30 PM i hs
4 Hardware 48% 56 days 58 days 30.15 days 8/26/15 5:00 PM 8/28/15 1:30 PM k4
HW Task 1 100% 17 days 18 days 0days 7/1/155:00 PM  7/1/15 5:00 PM
HW Task 2 50% 20 days 20 days 10 days 7/29/155:00 PM 7/30/15 11:24 AM
HW Task 3 45% 20 days 21 days 11.55 days 7/30/155:00 PM 8/3/15 9:42 AM
HW Task 4 0% 19 days 19 days 19 days 8/26/15 5:00 PM 8/28/15 1:30 PM
HW Complete 0% 0 days 0 days 0days 8/26/15 5:00 PM 8/28/15 1:31 PM
4 Software 69% 48 days 48 days 14.77 days 8/12/15 5:00 PM 8/20/15 3:14PM
SW Task 1 100% 15 days 15 days 0days 6/26/15 5:00 PM 6/26/15 5:00 PM
SW Task 2 88% 17 days 17 days 2 days 7/21/15 5:00 PM 7/22/15 9:40 AM
SW Task 3 83% 18 days 13 days 3 days 7/22/15 5:00 PM 7/23/15 1:31 PM
SW Task 4 0% 15 days 15 days 15 days 8/12/15 5:00 PM 8/20/15 3:14 PM
SW Complete 0% 0 days 0 days 0 days 8/12/155:00 PM 8/20/15 3:14 PM
4 Integration 0% 5 days 5 days 5 days 9f2/155:00 PM  9/4/15 1:30 PM
Integration 0% 5days 5days 5days 9/2/155:00 PM  9/4/15 1:30 PM
4 Marketing 0% 15 days 15 days 15 days 8/21/15 5:00 PM 8/21/15 5:00 PM
Brochure Development 0% 10 days 10 days 10 days 8/14/15 5:00 PM 8/14/15 5:00 PM
Brochure Printing 0% 5days 5 days 5 days 8/21/155:00 PM 8/21/15 5:00 PM
Schedule Margin 0% 4days 2days 2days 9/4{155:00 PM  9/4/15 1:31 PM
Delivery 0% 0 days 0 days 0days 9/4/155:00 PM  9/4/151:32 PM
Task (Not Critical) =e————————= Deadline ¥+ Pa0 50-99 %
Task (Critical) ~~ e— g ey —— 10 100 %
Milestone * Risk Milestone & PA0 Surnmary @ @
Summary g% P90 Not Critical Schedule Margin
Project Summary [ 1 P90 < 50%
Figure 24
Conclusion

Understanding and managing uncertainty in schedules dramatically improves the chances of project
success. It also reduces surprises which reduces management effort and cost.

John Owen is VP Operations at Barbecana, an industry leader in the development of software products
that help you validate and assure that your schedules comply with best practices and to better
understand the impact of uncertainty. John has over 30 years of experience with project management
software. After managing a computer department dedicated to project scheduling in the oil and gas
industry, John joined Welcom as European Technical Director in 1986 where he was responsible for
product management of the Open Plan Schedule and Risk Analysis tool before assuming the position of
VP Development in 2003. After the acquisition of Welcom by Deltek in 2006, John ultimately assumed
the role of Director of Products and Strategy for schedule and risk products.

To learn more about Barbecana’s advanced, fast, and cost effective tools for risk and schedule analysis,
visit www.barbecana.com; or call +1 (281) 971-9825.
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