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Summary

This document is a case study on project metrics. The focus of this case study is a group that is
responsible for several IT and software projects with a limited number of resources. The aim of this study
is to devise suitable metrics that predict future workload while incorporating certain uncertainties. The
metrics should be simple enough for high level management to follow (persons managing large groups
and multiple projects) but should enable exposure of more detail if necessary and enable team leads
(persons managing small groups) to track detailed progress. We should note that metrics do not provide
an ‘exact’ answer and its therefore advisable to look at several scenarios with different values for the
parameters in the metric. Keep in mind there are many metrics that can be used for estimation. This is one
of them. Using multiple metrics can give a better view on the time to completion for projects. The model
presented in this document is a draft version and needs to be independently verified.

Introduction

Project metrics (estimation of the amount of work (load) and allocation of resources) are important to
estimate and plan important milestones (for example the launch of a new web site). The metrics however
should not be too complex and in order to be effective should typically be simple ‘back of the envelope’
calculations that provide quick insight in the progress of projects. The reason for simplicity is that many
managers deal with multiple projects and responsibilities and generally do not have the time or resources
to examine detailed project metrics. Likewise simple metrics should not be ‘too’ simple and miss
important information. Within this document we discuss several simple metrics to estimate the lead time
and resources needed to meet or plan a milestone. The data used for these metrics originates from the task
tracking tool JIRA [1]. JIRA enables users to register, track and plan tasks and is extremely flexible to
configure. Within this document we exploit the flexibility of JIRA to derive simple metrics for workload
estimation.

Project Environment

This section discusses the project environment to which we want to apply the metrics discussed in this
document. The project environment consists of a group (called backend group in the remainder of the
document). The backend group is a new group within a multimedia project and is responsible for 4
projects that are part of a larger multimedia project:



e MPC : System administration of 40+ servers and 20+ TB of storage

o MAMProxy : Software development. Interface layer between a content management system
(CMS), media asset management (MAM) and several other legacy systems. The MAMProxy
project has three stakeholders® with each its own needs, requirements, and priorities.

e CMS: Development of (Java) based modules for the multimedia CMS based on requirements
from web designers (aka frontend groups). The CMS project has typically two stakeholders.

e Support: Support of frontend groups and CMS users (e.g. creating new accounts, troubleshooting
problems with website, hardware problems, etc...)

The backend group consists of 5 persons. 2 persons have the role of system administrator, 2 persons are
software developers and a 5" person which manages and organizes tasks, has administrative
responsibilities and reports on the progress of the projects. Time permitting the 5" person will contribute
to one of the four projects directly. The skills of the persons in the backend group and the associated
projects can be divided into two main groups: administration and software development. Given this
diverse background it is extremely difficult to follow a pure agile (e.g. Scrum) approach whereby one big
backlog is created for these four projects and planning poker [3] is used. We know that most software
tasks will go to the software developers and most administrative tasks will go to administrators. Support
tasks are also hard to ‘plan’ because if they happen they usually need to be dealt with immediately. We do
not dismiss the idea of one big backlog and it would certainly be an interesting experiment which would
offer the opportunity for developers and administrators to become more all-round. For the remainder of
this document we will assume four separate projects. Within the remainder of this document we will
focus on MAMProxy and MPC tasks as (at the time of writing) there were not enough tasks in the CMS
project to warrant proper estimations.

Methodology

To address changing requirements and new tasks rapidly as well as unexpected events, in a flexible
manner the MPC, MAMProxy where managed in an agile manner akin to Scrum (but not entirely Scrum
as outlined above). Eventually CMS will be managed similarly to MPC and MAMProxy however due to
the limited manpower CMS related tasks for the backend group have been limited. The support project is
more ad-hoc as we can not foresee when problems occur (other than planned outages and maintenance).
Usually direct (within 1-2 hours) intervention is needed for support tasks.

Both MPC and MAMProxy have a so called ‘product backlog’ (borrowing from Scrum terminology).
Within JIRA two projects are defined: MPC and MAM. Each have a so called software version (JIRA
terminology) labeled ‘Launch Remaining’ that represents the overall backlog. This backlog contains
tasks that have to be finished before the launch of the website. Tasks that are not needed before launch are
associated to a software version labeled ‘Unscheduled’. With the ‘version workload report’ within JIRA
you can visualize the remainder of (estimated) work per version (called Total Time Remaining). Table 1
shows the total time remaining at the January 20" 2010 for both projects (this is the time estimated by
developers). It should be noted that developers do not always update their task status immediately. They
sometimes forget, or do it at the end of the week. It is therefore important that team members update the
tasks they are working on before such an analysis is made.

! Stakeholder is an individual or group with (direct or indirect) influence on the requirements of the system.
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Total Time Remaining (in days)

MPC 72.5

MAMProxy 93

Table 1. Total Time Remaining for two projects as estimated by developers (January 20™ 2010).

Each 2-3 weeks a new cycle is defined for the MPC and MAMProxy project. Stakeholders are informed
of this new cycle and invited to propose tasks they want to have done within the next 2-3 weeks (thus
creating a so called sprint backlog in Scrum terminology). Sometimes a task already has a specified
deadline and it would then be included in the new cycle if needed. Tasks that were not completed in the
previous cycle are either ‘carried over’ to the new cycle or returned to the product backlog. A task is
associated to a cycle by adding it to a ‘cycle’ software version. E.g.: cycle 1, cycle 2, etc... If a task is
not completed within a certain cycle it will keep its cycle version. If we keep a task associated to its cycle
version we can view what tasks are not completed in subsequent cycles and this might be a reason for
concern. For example Task X might have version labels: cycle_1, cycle_2, cycle_3, launch_remaining.
Multiple version labels would signify that the task was originally started in cycle 1 but was still not
completed in cycle_3. Typically when a new cycle is planned the estimations of the tasks within the cycle
is re-evaluated to reflect an accurate time estimate. The advantage of having cycles that represent small
sets of tasks (so called sprints in Scrum terminology) enables teams to focus on limited amount of work
and forces stakeholders to prioritize. The advantage of having one big backlog per project in JIRA
enables managers to quickly get an overview of the progress.
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Figure 1. Created versus resolved tasks for the launch remaining backlog of the MPC project.
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At this point it should be pointed out that the backlog for MPC and MAMProxy do differ. The product
backlog of MAMProxy is ‘closed’. That means all stakeholders agreed on a limited set of tasks that need
to be resolved. The product backlog for MPC is ‘open’. It means that new tasks can be inserted in the
product backlog. The reason is that there are several uncertainties and unknowns within the MPC project
that can result in tasks that need to be done before the launch of the new site. It also happens (frequently)
that tasks in the backlog are split into multiple tasks. A reason for this is that the task is too abstract (e.g. a
high level user story) and needs to be split into multiple tasks that potentially need to be worked on by
multiple specialists or unexpected events happen that need to be fixed before the launch. For example
hardware failures of several servers.

As all tasks in the backlog are associated to a (JIRA) software version Launch Remaining (and
potentially also associated to smaller sprints) it is relatively simple to plot the number of created versus
resolved tasks for tasks in this software version. Figure 1 displays created versus resolved for the MPC
product backlog. Initially the rate of tasks resolved (Resolved_1) is higher than created (Created_1) as the
slope of the dotted line is steeper, indicating that the resources involved are converging to a point where
the number of created tasks is equal to the number of resolved tasks. By extrapolating the two dotted lines
(Created_1 and Resolved 1) you can get an estimate of this date. If this estimate is too far in the future it
means that either you need to limit the number of created task (scale back the project), or increase the
resources working on reducing the backlog.

Because the MAMProxy product backlog is (or should be) closed the ‘created versus resolved’ graph of
MAMProxy is (should be) different. The created line (red line) is (or should be) horizontal while the
green line slowly approaches the red line as more tasks are resolved. The MAMProxy graph is (should be)
very similar to a classical burn down chart (in Scrum terminology). Figure 1 can therefore be seen as a
‘dynamic’ burn down chart where tasks can be added if necessary. In both the MAMProxy and MPC
project like in the Scrum burn down chart? the “created’ and ‘resolved’ line need to meet at some point in
the future. If they do not meet (or they do not meet before a given date) there is either a manpower
problem or the workload for the resources is too high. If a deadline cannot be met one (or multiple) of
three actions can be taken: increase resources, scale down backlog, or postpone deadline.

Figure 2 shows the backlog for launch related tasks for the MAM project. The flat line between July and
September signifies the holiday period. During that period manpower from the MAM project was also
diverted to another project, reducing the speed of progress for the MAM project. Between October and
December, tasks where further defined based on specifications and new requirements. This period also
indicates a resource shortage for the many requirements. This resource shortage resulted in a meeting with
stakeholders in January ask them to reduce the functionality they need for the launch (or postpone the
launch). This meeting with the stakeholders defined the final backlog before launch and an additional
resource was added to complete the backlog. Ideally after the backlog definition in January, the red line
should stay flat until the launch date. The line however still increases. This increase is due to several
factors including software problems with third party software and detection of bugs during testing which
resulted in an additional re design of the application. One can argue that bug fixes should not be added to
this backlog, but should be associated to a different backlog (e.g. MAMproxy bug fixes).

% A burn down chart typically has one line that needs to meet the horizontal (zero) line, because the number of
created tasks in the backlog is typically fixed and does not changes over time.
4



60

55

50

45

40

35

Jun-2009 Jul-2009 Aug-2009  Sep-2008  Oct-2009 Nov-2009  Dec-2009  Jan-2010 Feb-2010 Mar-2010
Issues: 58 created and 36 resolved

Figure 2. Created versus resolved tasks for the launch remaining backlog of the MAM sub project.

Figure 3 shows the created versus resolved for the support project. This graph is distinctively different as
support is generally not planned and generally unpredictable (although one can see a trend in this graph).
Support issues are generally addresses as quickly as possible, which is reflected in the graph.
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Figure 3 Created versus resolved tasks for support sub project.
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Overshoot Factor (OF)

The backend group did not exist before this larger multimedia project started. Members of the backend
group where new employees within the multimedia company. The group represented a new area of
expertise within the multimedia company. Because this group was created from scratch, it made task
estimation very challenging within the first cycles. In order to estimate tasks for new cycles (this could
only be done a few months into the project), we analyzed tasks of (recent) previous cycles. We
specifically looked at the so called ‘over/under shoot factor’. This is the difference between the initial
estimation and the amount of work spent on the task. E.g. if a task was initial estimated to take 5 days and
it took 10 days, the overshoot factor is 200% = 10/5 =2. An over/undershoot factor of 1 means the task
was estimated correctly.

We examined two datasets of the projects MPC and MAMProxy. For MPC we used all closed or
resolved tasks. This resulted in a dataset of 239 tasks. After filtering for tasks where time was not logged,
or no initial estimate was given, the dataset shrunk to 105 tasks. The ‘average’ overshoot/undershoot of
these remaining tasks is 1. 45. Figure 4 and Figure 5 show a histogram and scatter plot of the data which
show that only a few tasks attribute to this high overshoot number. We should however be suspicious of
the high number of tasks that are perfectly estimated. It might indicate that initial estimates where created
when the work was logged and not in advance. If we remove the high anomaly (of overshoot factor 17)
we get an average overshoot factor of 1.30. If we further remove the perfect estimates (overshoot factor 1)
the overshoot factor increases to 1.62 . The average taken is non-weighted. We can also take a weighted
average where we assign more weights to overshoots of tasks that lasted longer. The weighted average is
2.71 for all tasks. Without the anomaly (overshoot factor 17) the weighted average is 1.85. Removing all
perfect estimates (and the anomaly) the weighted average is: 2.21. This high average is mainly caused by
several high overshoot factor, one of which had a relative long duration.
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Figure 4. Histogram with bin sizes 0.5 (0-9.5) on horizontal axis representing overshoot, and frequency on vertical axis for
MPC tasks.
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Figure 5. Scatter plot. Horizontal axis contains the duration of the tasks (in seconds), vertical axis contains the ration of
duration versus estimated for MPC tasks.

For MAMProxy the initial dataset size was 50 tasks. After filtering for tasks where time was not logged,
or no initial estimate was given the dataset shrunk to 38 tasks. The ‘average’ overshoot/undershoot is 1.
18. Figure 6 and Figure 7 show a histogram and scatter plot of the MAMProxy task data. Compared to
the MPC tasks there is/are no extreme high overshoot tasks. Again we should be suspicious of the high
number of tasks that are perfectly estimated. It might indicate that initial estimates where created when
the work was logged and not in advance. If we correct for the perfect estimated tasks, the average
overshoot factor is increased to 1.23
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Figure 6. Histogram with bin sizes 0.2 (0-3.5) on horizontal axis representing overshoot factor, and frequency on vertical
axis for MAMProxy tasks.
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Figure 7. Scatter plot. Horizontal axis contains the duration of the tasks (in seconds), vertical axis contains the ratio of
duration versus estimated for MAMProxy tasks.

For both the MPC and the MAMProxy project the overshoot factor is greater than 1. There might be
several reasons for an overshoot factor greater than one, none of which we can directly attribute to the
overshoot factor, but all are included in it:

e Estimation errors from developers/administrators

e Changing or incomplete requirements from stakeholders
o Dependency on third party software developers

e Bugs in the software and libraries that are being used.

e Unforeseen events

Support Factor (SF)

As mentioned in previous sections Support related tasks are unpredictable and cannot be planned. The
best that can be done is to look at historical data. E.g. how many hours of support did the backend group
provided during approximately the last 6 weeks relative to the total amount of work logged. For example
if the group logged 80 hours of work and 20 hours was logged at support then we know that 25% of the
time was spent on support (20/80). Thus if | plan 60 hours of work and | expect 25% of support it means
We have to multiply 60*(1+20/(80-20)) = 60*4/3 = 80. 4/3 is the support factor. The support factor
signifies that support is ‘squeezed’ in between normal tasks and thus if [ plan time for 100 hours of work,
I will (statistically) have to squeeze in additional time for support. Table 2 shows the support factors of
the two projects using the period from Dec 1% 2009 to January 19" 2010°. The support hours are
retrieved by using the so called ‘time sheet’ feature in JIRA where you can see how much work is logged
on which project. It should be pointed out that for Table 2 it is assumed that the work logged for support
and other projects contains the same estimation/logging errors. E.g. not all team members log everything
because they forget, the task is very small, etc...For this table we assume they make the same mistakes
when logging support and logging time on other projects.

* We should note that time is not always logged but we assume that this is the case for support and non support
issues and thus the ratio of the two numbers will be a good approximation.
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Support Percentage
Work Logged (hours) Supp(cr)]g[ul;:)gged (rF()eﬁ)ative to WorliJ Supp(()gtFl):actor
logged)
All 381.67 48.50 12.71 1.15
MPC 187.58 36.50 19.46 1.24
MamProxy 192.00 12.00 6.25 1.07

Table 2. Support factors for different projects by analyzing the period between Dec 1% 2009 and Jan. 20" 2010.
Calculating the SF relative to the hours logged.

Support
Hours ba?ed Support Percentage Support
on a full time Logged (relative to Factor (SF)
work week (hours)
work logged)

All 480.00 48.50 10.10 1.11
MPC 240.00 74.00 30.83 1.45
MamProxy 240.00 0.00 0.00 1.00

Table 3. Support factors by analyzing the period between Jan 4™ and

time work week.

Jan 23" 2010, calculating the SF relative to a full

Support
Hours baged Support Percentage Support
on a full time Logged .
(relative to Factor (SF)
work week (hours)
work logged)
All 800.00 48.50 6.06 1.06
MPC 400.00 75.83 18.96 1.23
MamProxy 400.00 12.00 3.00 1.03

Table 4. Support factors by analyzing the period between Dec7th — Dec 18™ and Jan 4™

Other Factors

In order to formulate an estimation we would (or can) include several other factors that influence the lead
time of the work defined for the next milestone (e.g. milestone can be launch of a new website). Below is
a (non exhaustive list:

relative to a full time work week.

- Jan 23" 2010, calculating the SF

o Meeting factor: percentage of time a group member spends on meetings and other discussions.
Typically a percentage between 5 to 10 percent is realistic
e Training factor : within the backend group training needs to be provided for software developers
who will have to provide support outside office hours for system administrative tasks. 5% per
week is planned for this for developers and administrators.
o External support : The number of (fixed) days you get support from external persons to reach the
next milestone. Typically these persons focus on work only and are less involved in meetings,
training, etc...
e Unforeseen (Unf): A number of days that you reserve for unforeseen tasks.
e Team Size (TS): Number of permanent team members




There can be additional factors but this might complicate the estimation too much. Using the above
factors we can calculate per project how long it will take before remaining work (RD) is finished through
the following formula:

First we compensate for the overshoot and support factors:
RD*OF*SF

From that we subtract the days of external support and add the number of unforeseen days which gives us
the number of days for the permanent members of the team (you can only subtract external support like
this if the amount of externatpport is smaller than the number of days to finish

RD*OF*SF-EX+Unf

Next we subtract from 1 (representing a 1 full manpower equivalent) the various factors like MF and TF
(we call them Overhead Factors: OHF) and multiply this with the permanent team size (TS) resulting in
permanent available resources. We treat the external resource different as typically they are less involved
in training and periodic meetings.

TS*(1-OHF) = TS*(1-OHF)

The OHF can be determined (or estimated), with JIRA. Developers log the amount of work they do for a
task, and within JIRA there is the possibility of visualizing the time sheet of a developers or group of
developers. Typically the timesheet of a developer does not add up to 40 hours (a full workweek). There
are various reasons for this: not all meetings are logged, conversations with colleagues are not logged,
developers are not always consistent with logging time, not always clear where to log time. What we have
seen is that on average, developers log between 27 to 29 hours. This means the overhead factor would
approximately be between 32.5% and 27.5% . Assuming that developers under report (they sometimes
forget to log work, especially if the time they spend on a task is relative short (e.g. between 5-15
minutes), the number we use in the Appendix ix is 10% and 20%. 10% is perhaps too optimistic, while
20% is more realistic. Perhaps as a rule of thumb one can assume that on average 25% of a person’s time
will not be directly spend on the actual tasks he/she is supposed to be working on. 25% is better than the
other rule of thumb which states that a person is roughly 5 hours per day effective. 5 hours would
translate in an OHF of 37.5%. Effective in this context focuses on engineers and the actual “real” work
they need to do (and not meetings, training, etc...)

We now have to divide the number of days for permanent members of the team through the permanent
available resources. Generally you can subtract from 1 a factor between 0 and 1 that signify the various
other responsibilities team members have:

(RD*OF*SF-EX+Unf)/( TS*(1-OHF))

Conclusion

Based on the analysis and evaluation of several scenarios (best case, worst case) in Appendix A we can
establish some kind of ‘confidence’ interval within which the backend group will be ready for launch.
The best case scenario shows a date of March 31" while the worst case shows a launch date of April 22"
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Appendix A: Scenarios
The tables in this appendix show several scenarios using the data from JIRA. The scenarios differ in the
date the remaining work days (RD) was taken from JIRA, different values for the overshoot factor,
support and overhead factor. The difference in external support is because, this support is already present
(for a fixed amount of time), and the amount is reduced when time progresses.

Scenario 3 is the most optimistic scenario, assuming that the OF of MPC gets better, while SF stays at
1.23. Scenario 5 contains the most recent measurement of RD and SF. Scenario 5 also contains an
increased OHF and presents the most pessimistic (and perhaps most realistic scenario. Scenario 5 shows
that although the RD of MPC is much lower, the time to finish is much higher due to the SF and OF.

Remaining | Overshoot | Support External Team Overhead Time to

work days Factor Factor Support Size Unforeseen Factor finish in

days (RD) (OF) (SF) (EX) (TS) (OHF) days
MPC 72.20 1.50 1.24 37 2.00 2.00 0.10 55.2
Mam 93.00 1.23 1.07 36" 2.00 2.00 0.10 49.1

Table 5. Scenario 1 (RD data taken January 20" 2010), : Launch Day: ~ April 8"

Remaining | Overshoot | Support External Team Overhead Time to

work days Factor Factor Support Size | Unforeseen Factor finish in

days (RD) (OF) (SF) (EX) (TS) (OHF) days
MPC 72.20 1.30 1.24 37 2.00 2.00 0.10 45.2
Mam 93+15 1.23 1.00 40 2.00 2.00 0.10 52.6

Table 6. Scenario 2. (RD data taken January 20™ 2010) optimistic overshoot factor for MPC but taking into account CMS
work for MAM team: Launch Day ~ April 6

Remaining | Overshoot | Support External Team Overhead Time to

work days Factor Factor Support Size | Unforeseen Factor finish in

days (RD) (OF) (SF) (EX) (TS) (OHF) days
MPC 74.00 1.30 1.23 35 2.00 2.00 0.10 47.4
Mam 93.00 1.23 1.00 36 2.00 2.00 0.10 44.6

Table 7. Secneario 3 (RD data taken January 23th 2010.) Launch Day: ~March 31™

Remaining | Overshoot | Support External Team Overhead Time to

work days Factor Factor Support Size | Unforeseen Factor finish in

days (RD) (OF) (SF) (EX) (TS) (OHF) days
MPC 72.20 1.50 1.23 35 2.00 2.00 0.10 55.67167
Mam 83+15 1.23 1.03 36 2.00 2.00 0.10 50.08678

Table 8. Scenario 4 (RD data taken January 23" 2010, SF calculated relative to full time week (table 4). Launch Day
~April 13"

* The external support for this project only works 4 days per week. 36 days reflect a total of 36/4*5=45 work days.
If we use 40 days instead of 36 it would reflect 50 days and lower the time to finish to under 50 which would be
inaccurate.

12




Remaining | Overshoot | Support Team Overhead Time to
External

work days Factor Factor Support (EX) Size | Unforeseen Factor finish in

days (RD) (OF) (SF) PP (TS) (OHF) days
MPC 60.00 1.50 1.31 31 2.00 2.00 0.20 55.54887
Mam 75+15 1.23 1.00 36 2.00 2.00 0.20 47.9375

Table 9. Scenario 5 (RD data taken January 29™ 2010. SF calculated to full time week between Jan 4 and Jan 29 and higher
overhead factor and higher support factor. Launch Day ~April 22

Be aware that such scenarios come with a few warnings:

Warning 1 : This estimation only makes sense if all tasks (including testing by backend group) is
included in the launch remaining backlog. It is therefore important that the task list in the backlog is
reviewed by several people to minimize the risk of omitting tasks.

Warning 2: The estimation does not deal with truly unforeseen events. Although the overshoot factor
(OF) contains some of the unforeseen events, there can still be disruptive events that are outside our
control. For example major bugs and defects in libraries and applications the backend group works with
or unknown estimates on when known bugs will be fixed, as well as dependency on third party projects

Warning 3: The estimation does not take into account vacation of team members (none was planned)

Warning 4: The determination of OF is based on historical data. As the team gets more experienced their
estimation of tasks should improve.

Warning 5: These estimations do not contain any contingency

Appendix B : Outcome

Appendix B contains the evaluation of the actual launch date. The worst case scenario estimated April
13™ . The real launch date was June 1% (~ 30 days later). There are several reasons for this under
estimation.

1. The number of ‘Unforeseen’ days for the MAMProxy project was too low. During extensive
scalability testing there where performance problems with the transcoding infrastructure and the
MAM webservice interface. As a result the MAMProxy team had to develop two additional
bypass workflows.

2. Network issues between the CMS and the MAM. Numerous files need to be transferred between
the CMS and MAM system (media files and xml files). The two systems are hosted on different
locations and connected with a WAN managed by the Swiss Broadcasting Coorporation. Due to
hardware problems and firewall restrictions the connection was unstable. During the first two
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weeks after the launch this problem escalated. A solution was finally found, but troubleshooting
this anomaly took valuable resources from our administration and development team

New (and changing) requirements from stakeholders. During the business analysis phase of tasks
not all requirements where specified as stakeholders where not always aware of the consequences
of the requirements they made. This led to additional requirements and changing requirements
which cost additional resources.

Third party data inconsistencies. Part of the data for the MAM and CMS comes from (internal)
data providers (e.g. the television or radio schedule for the next few weeks). Unfortunately some
of this data contained inconsistencies, as part of this process is done manually (and prone to
errors). The backend team had to put in place more verification software which included for
example: xmlschema validation, automated email notification, quarantine, and rule based
constraint checking.
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