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Allowing for Task Uncertainties and Dependencies
in Agile Release Planning

Kevin Logue, Kevin McDaid, Des Greer

Abstract

The ability to produce and execute a clear and realistic release plan can be the
determinant factor between success and failure of a software project. The creation of such a
plan is extremely difficult, key factors such as time and cost to develop chosen functionality
and also the likely return are subject to a high level of uncertainty. This paper proposes a
relatively simple statistical methodology to account for the uncertainties in the time to
develop functionality. The method applies primarily to the eXtreme Programming (XP)
method and allows for both uncertainty in story size and in project velocity. In so doing it
provides key stakeholders with the opportunity to manage uncertainty in the planning of
what functionality to include in upcoming releases. The technique is lightweight in nature and
consistent with existing agile planning practices. A case study is provided to illustrate and
explore the proposed methodol ogy.

1. Introduction

Rdease planning is the process of cregting a high-leve plan that identifies when a rdeasdble
verson of a software product should be made available and aso what functionality should be
included. Typicdly a release plan will look over a period of 2-3 releases into the future. This plan
can then be used by an organisation to ad in strategic planning activities such as product promaotion
or customer traning.

The process of cregting a release plan can often prove difficult. Different stakeholders may have
radicdly diverse views as to the importance of a particular festure. A strong need exids to
understand the technical preference of features and aso the ability to balance between required and
avallable effort. The problem is further complicated by the level of uncertainty in the time and cost to
develop chosen functiondity and in the likely return vaue.

Software development projects, including those utilisng agile methods, have a clear need for
reliable release plans. Those that produce regular releases or are under gtrict contractual obligations
are paticularly reliant on the quality of their release plans. In these aress falure to supply agreed
functiondity or to meet a set deadline can be devagtating to the company’s reputation. This can be
particularly problematic for smdl or sart-up companies who may be reliant on a smdl pool of
customers for survivd. It is these same companies that are some of the most enthusiastic supporters
of agile development methods such as Extreme Programming [2] and SCRUM [5].

One possible gpproach for release planning is to fix a specific release date and then assgn
functiondity based on how much work can be accomplished within that timeframe. Another
gpproach is to choose the desired functiondity and attempt to derive a release date. Regardless of
the approach chosen the software organisation must compare the expected vaue of each
requirement againgt expected cost and time to develop. By not dlowing for the uncertainty in these
va ues the organisation increases their chances of running over budget or over schedule.
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Building upon work carried out by McDaid, Greer et al [1], this paper proposes a method to
account for uncertainty in the size of atask and dso in the project velocity. When combined with a
usable tool, the methodology has the capacity to empower the product manager to explore possible
release plans for many different combinations of stories. Furthermore the method can be extended to
ad sdection of the assgnment of dories to iterations within reeases. The method has been
developed to be lightweight as to better compliment existing agile planning methods. The work is
demondtrated through a smple case sudy and compared to the origind modd.

The paper is structured as follows. Section 2 introduces agile methods and examines a number of
exising release planning gpproaches. Section 3 explains how this methodology accounts for
uncertainty in story size and project velocity, providing our reasoning for the outlined method.
Section 4 applies the method to a red problem and assesses the usefulness of the method. This
section also compares the modd to a closaly related mode. Section 5 concludes the paper and
outlines potentid for extending the method to dlow for the sequentid nature of planning in
incrementa development in generd.

2. Agile Release Planning

In Extreme Programming (XP) rdease planning is carried out through a process cdled the
“Aanning Game’ [2]. The man focus of the planing game is to determine what can be
accomplished by a given deadline and what to do next. During this process the development team
decides which user gories to include in the next and future releases. These user ories represent
user requirements given as a high level description. Each release is developed over a number of
iterations, with each iteration typicaly in the region of one to two weeks. By carrying development
out in such a manner the development team can incorporate feedback from the product owner at the
end of each iteration. Through this practice the team is adle to implement what they have learned
from earlier iterations and implement any changes agreed during consultation with the product
owner. Through this process a greater emphasis is placed on steering the project as opposed to
specifying a detailed and fixed plan for the devel opment process.

The planning game begins with both development team and product owner identifying dl possble
user sories. In an ided development Situation the product owner will be an end user of the product
or actud project customer. However, more often than not the product owner is a member of the
sdes or management team who have expert knowledge of the market and customer needs. In the
case of amdl companies, asin our case study, the product owner is likely to be the chief executive
officer.

Once dl initid user dories have been identified the size of each dory is estimated by the
development team. The Size of user stories can be expressed as ether ideal development days or in
terms of dory points. In this paper we concentrate on ided development days, dso known as
perfect engineering days. This gives the number of days it should take a developer to complete the
dory assuming that they are in a postion to engage soldy in development activity. Next the
development team attempts to estimate the project velocity, how much work can be carried out
within an iteration. The project velocity can be found by examining previous iterations taking into
account the experience of the development team. Similar planning approaches are used in other agile
methods with extengve guidance given [2][3].
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With both story sze estimates and the expected velocity in hand the product owner then assgns
user stories to each release and sets gppropriate release dates. This, in effect, requires the customer
or product owner to perform a sophisticated cost benefit andysis to decide the viability of features
within time and resource congraints.

One smplitic gpproach to dlocating user Sories is by estimating the business vaue, or priority,
to each dory and to sdect stories to maximise business vaue over each rdlease. Usudly, highest
value requirements are alocated earliest. In event that the release date is set up front, stories can be
dlocated s0 as to ddiver maximum value by the specific deadlines. Business vaue is established
from business ddiverables. Idedly, the product owner and the sponsoring organiseation would
negotiate thisin the presence of the customer.

Whatever gpproach is used, it is important that an agle method provides the customer with
edimates for the time to complete releases that can be achieved with avery high leve of certainty. It
is dso important, particularly for the incrementa development methods centrd to agile processes,
that these predictions can be updated as more information becomes available. Such a method is
presented in this paper.

A number of methods have been specificdly built for an iterative and incremental gpproach. One
such method is EVOLVE [4], which takes into account stakeholder priorities, requirement
procedurd condraints and dso effort limits. On the face of it this method is quite suitable for agile
planning, but requires coordination of stakeholders in prioritisng requirements and a trust in that
judgement. Further, the effort estimation is based on requirements and not explicitly on the
condtituent tasks that deliver those requirements. Given that user stories are a common vehicle for
representing user requirements in agile gpproaches and that these tend to be a a high levd,
eslimation is more suitable after the tasks involved have been identified.

A smilar approach, to that proposed within this paper, has been presented in [12]. The method
described used a fuzzy system to account for uncertainty in both expected resources required to
implement a task and the overdl amount of resources available. This technique recognises the
difficulty in providing precise crisp estimates early within the development process. Instead the
development team is asked to provide minimum, maximum and most likely vauesto dlow esimeates
to take the form of fuzzy triangular numbers. Using a probabilistic gpproach the method compares
the required resources with the resources that are available to the project. Unlike traditional Boolean
logic this comparison results in the degree to which the resource congtraint has been met. In doing o
the stakeholders are presented with a series of possble plans with varying degrees of satisfaction
and the level to which the resource congiraint has been met.

Unlike the method described above our method takes purdly a probabilistic approach. A key
difference between the two is that Fuzzy Logic measures the degree to which an event occurs while
probability measures the chance that an event may occur [13]. Furthermore our method has been
designed to compliment the iterative nature of an agile project.

3. Handling Uncertainty in Story Size and Project Velocity

As previoudy mentioned in this paper, the cregtion of a rdease plan is extremdy difficult.
Developing teams have a tendency to under estimate the size of a particular problem and in so doing
decrease thelr chances of delivering on time and to specification. These broken promises can
serioudy damage the trust that exists between development team and customer.

The latest set of key practices for Extreme Programming [2] include the practice, termed “Sack”
[2][3], in which an amount of time is left unallocated in case the agreed functiondity takes longer
than anticipated to develop. The key principle is that the team should ddliver what is planned through
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provison of dack period to dlow for overruns. If development proceeds on time then additiond
gories can be developed. This practice acknowledges that there is a dgnificant amount of
uncertainty in the estimated time to complete releases. The method proposed herein is entirdy
conggtent with this practice and provides a mechanism for sdecting how much dack time to alow.

Recent attempts to address schedule risk management for projects with ahigh leve of uncertainty
are based on the use of schedule and feature buffers [3]. Feature buffering involves the identification
of “must have’ user gories, representing up to 70% of the planned effort, which are given priority in
the release. Other stories are only devel oped once these priority ones have been completed.

Alternatively, and more commonly, schedule buffers are used. Firg, it is necessary to quantify the
uncertainty through the assgnment of a duration range for a user story rather than a single etimate.
This, as outlined in [3], can be achieved through the specification of 50% and 90% time points
which represent the likely and pessmidtic time for completion of user Sories. This yields an estimate
of the likely variaion in the time. If a normd didribution is assumed, than an overal measure of
variation for combinations of user stories can be easily caculated. User stories are selected provided
the likdy pessmigic time for completion of the sdected combinaion of dories is within the
proposed timeframe for the release. The Szing of a buffer in this way has been previoudy suggested
in [6][7][8]. However, the normd digtribution is not suitable for modeling time to complete a
develop task asit isredtricted in shape due to its symmetry.

We propose an dterndive, but rdated, methodology to ded with uncertainty in release planning
for agile methods. The method provides key stakeholders with the opportunity to manage in a more
effective manner the uncertainty in the release planning process. It is not designed to generate a
sgngle optima combination of dories, rather it is concerned with developing a set of dory
combinations which are optima or near optima. The decison makers can then choose from these
comhbinations bearing in mind other condderations. In this way the method guides the decison
makers, an approach advocated in many works [9].

The method is compatible with the current planning game in XP and darts with the current
practices of gathering al user stories and estimating both the Size of each story and dso the expected
project velocity. Using these estimates the development team is able to determine the number of
iterations required to complete each release.

The method recognises that both these values are subject to levels of uncertainty. In the case of
gory sze a number of factors can introduce uncertainty into the estimation such as task difficulty,
experience of daff and dso the underdanding of the desired user story. Similarly, project velocity
can change from iteration to iteration resulting in differing amounts of work being carried out
between iterations. This can be caused by members of the core development team being required to
temporarily leave the project to focus on other activates such as supporting exising software
sysems. This is particularly true for smdl organisations that do not have the man power to absorb
these occurrences.

Building on existing work we propose to both improve the methods used to represent uncertainty
in story size and 0 propose a mechanism to represent the uncertainty in project velocity over an
iteration. These building blocks can then be combined to yidd overdl uncertainty in the time to
develop individua or selected combinations of stories. In thisway a set of stories can be chosen for
future releases with the confidence that there is a minima chance tha they will not deliver on thelr
commitments

In summary the method dlicits both optimigtic, pessmigtic and most likely vaues for sory Szes
and for project velocity. These are then combined usng smulation to yield a digribution for the
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variation in the combination of stories selected for releases. The detailed description and associated
research for the methodology, we fed, is best presented through a case study conducted with areal
company which we label “Company Z”. Thisis presented in Section 4. The paper is concluded in
section 5 with a brief discussion on possible ways to expand the modd.

4. Case Study

Company Z (so-cdled for anonymity) is a smal software firm that develops a Sngle very high
vaue product for asmal number of very large organisegtions. They operate on the basis of quarterly
releases of their main product. Typicdly a redease would include new functiondity driven by the
needs of key cusomers and new functiondity desgned to attract new cusomers. They wish to be
able to plan two or three releases in the future, selecting from a wide range of possible functiondity
for their innovative product.

As ardatively young product company with asmal number of key important cusomersthey are
acutely aware of the need to ddiver releases on time with the promised functiondity. Of course, asa
smal company they have to do this within a tightly restricted budget. This calls for rdliable release
planning.

An agile development process is used but it is found that, while they have a good understanding
of the functiondity that could be added to the project, they have in the past struggled to provide
accurate estimates of the sze of stories. This has led to time and cost overruns. These overruns have
been exacerbated by the need to perform ongoing maintenance and repair work driven by the needs
of their key customers, a practice that impacts on the project velocity through the amount of time
thet can be spent during iterations on new development.

For these reasons the company need a reliable release planning mechanism that alows for the
uncertainty in both the estimation of story sze and in the estimation of project velocity given by the
amount of development conducted during iterations. Furthermore, to reflect the highly complex
decisgon problem as to which functiondity to sdect, management desires a methodology that alows
them to experiment with various combinations of stories across releases. In particular the method
should present useful estimates of the time to complete each release.

Presently the method does not automate the optimal selection of stories and release times based
on benefit vaues for the competing dories. This is a very complicated question that requires the
manager to collate and compare a large number of disparate and uncertain factors. We return to this
issue in Section 5 and for the moment focus on providing useful estimates for the release time given a
selection of user stories.

We begin by assuming that the product owner has identified a number of stories for inclusion in
upcoming releases. Agile methods would naturally require the development team to produce single
vaue estimates of the sory Sze in gory units or in ided days. These would be developed by first
splitting the gory in a smal number of sub-stories or tasks and aggregating the estimates for each of
these.

Tablel: List of Soriesand Tasks
Story Tasks

1 123456,78
1,234,789
2,7,10,11,12
23571213
14,15,16,17,18,19,20
21,22,23,24,25,26,27,28

OO~ IWIN
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We propose a smilar gpproach with the proviso that the level of granularity is chosen to dlow
the team to isolate activities that overlap between stories. However, to alow for uncertainty in the
gze of dories, the development team must provide three estimates, a most likely, a pessmigtic value
and an optimigtic vaue, in ided days for the size of each sub-ory.

The stories and congtituent sub-stories (called tasks) selected by Company Z are shown in Table
1 with optimigtic, mogt likely and pessmigtic vaues for sub-gories given in Table 2. The common
tasks are identified through their numbers. Detalls of stories are not given for confidentiality reasons.
Note that details of 6 of the 10 stories are shown. These involve 28 tasks with significant overlap
between stories one, two, three and four. This overlap reflects any dependencies between stories
and it isimportant to break stories down to alevel of task detail that alows any dependenciesto be
modelled.

We use atriangular digtribution to mode the possble variaions in the red sze of atask. Likdy
completion time can be gatidticdly smulated usng pessmigtic, most likely and optimistic completion
times for each task. For example the triangular digtribution for task 4 is shown in Figure 1 with the
height of the curve a a time point representing the likelihood that the task will take this long to
complete in ided development days. The Triangular probability distribution is well recognised as a
suitable digtribution when the true distribution of datais unknown. It is conceptualy smple and easy
to understand, requiring only minimum, mogt likely and maximum vaues. Furthermore its lower and
upper boundaries are well defined.

Table 2: Sze of tasks in ideal development days

Tas M ost Pessimisti Tas | Optimisti M ost Pessimisti
k Optimistic | Likely C k C Likely C
1 0.25 0.5 0.75 15 2 3 6
2 0.5 15 2 16 1 2 4
3 0.75 1 1.25 17 2 3 4
4 15 20 30 18 0.25 0.5 1
5 0.2 0.25 0.3 19 1 2 3
6 4 6 10 20 1.75 2 4
7 175 2 2.25 21 125 15 175
8 2 3 5 22 1.75 2 2.25
9 4 5 6 23 0.5 1 3
10 1 15 2 24 1 125 2
11 4 5 6 25 5 6 12
12 2 3 5 26 2 3 5
13 4 5 6 27 475 5 6
14 0.75 1 125 28 2.75 3 5

An dterndive to the Triangular digtribution is the Lognormd digtribution as origindly used in [1]
to represent the variaion in the sSze of ories. The Lognormd is a postively skewed distribution,
meaning that the digribution as a Sgnificant tall on the upper Sde. Thus it has the capacity to dlow
for development times to be potentidly very high but dso to be bounded effectively by 0 on the
lower 9de. Asthereis no lower or upper bound to this distribution it was assumed (after discusson
with domain experts) that there is only a 10% chance that the actud sSze of the sub-story exceeds
the specified pessmidtic vaue. It is dso assumed that the chance that the story size is more than the
mogt likely time is the same as the chance it is less than that value. Thus the mode is the same as the
median. Using this information, estimates of the two parameters of the distribution can be made.
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Usng the estimates dicited from experts a the company the method can then smulate the sze of
ardesse, in terms of ided development days, based on the task distributions of each selected story.
These sizes are aggregated and the set of aggregated times is used to give the digtribution for the
overdl sze. In this way the uncertainty in the Sze estimates for each individua task generates the
overd| Sze uncertainty of each particular release.

To illudrate this, assume that Company Z assigned Stories 1, 2 and 3 to next release. Thiswould
involve the completion of tasks 1 to 9 and 11 to 12. We smulate the triangular digtributions for each
of these tasks and add the results. This gives one possble sze in ided days for the release.

Repesting this process over a large number of runs, 10,000 say, results in a distribution for the sze
of the release.

Most Likely

Optimistic Pessimistic

10 15 20 25 30 35

Figure 1: Triangular Distribution for Task 4

The digtribution for tories 1, 2 and 3 is shown in Figure 2 using both triangular and lognorma
digributions. Although both distributions return smilar averages of 51.5 and 51.9 respectivdly, it is
evident that the level of variance contained within the lognormd digtribution is consderably higher.

30 35 40 45 a0 55 60 65 70 75 80 85

Ideal Development Days

|—-— Triangular Distribution —=— Lognormal Distribution |

Figure 2: Ideal development days to complete stories 1, 2 and 3

As previoudy mentioned no upper or lower boundaries are defined for the lognormd distribution
resulting in a grester range to that of the triangular distribution, 35 to 85 days compared to 45 to 65
days.

Given the Sze of the combined storiesin ided daysit is till unclear how long the release will take
to develop in red or cdendar days. Existing agile practices caculate the duration of a release by
dividing the size of the reease by the expected project velocity. As previoudy discussed in this
paper project velocity is often uncertain. This is particularly true for Company Z where the smdl
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team is often caled to support existing releases. As such ther project velocity vaues are
unavoidably prone to high levels of uncertainty.

To smulate the uncertainty in project velocity we choose the well understood normal distribution.
The parameters of this model, mean and standard deviation, could be specified by the development
team or caculated by examining previous project velocities. In the current modd these project
velocity vaues are assumed to be independent in that a high or low velocity does not mean the next
iteration will witness the same fluctuations. However, the sequentid nature of agile development [3]
makes it possible to recaculate project velocity in the event that project velocity vaues are found to
be consstently inaccurate.

Company Z, employing 2 full time developers, has estimated that the project velocity mean is 6
ided days per iteration with a standard deviation of 1 day, where an iteration is a one week period.
Taking this into account we can now produce a distribution for te likely duration for developing
gories 1, 2 and 3 in the upcoming release. The digtribution for the red development time for these
gtoriesis shown in Figure 3. The average timeis found to be 43 days or 8.6 iterations or weeks.

25 30 35 40 45 50 55 60 65 70 75
Real Development Days

Figure 3: Calendar timeto develop stories 1, 2 and 3

The god of the method is not to produce a sngle optima solution. Instead we recommend that a
range of data be provided to support rather then dictate decison making [9]. To that end, the best
use of the smulated data is to provide management with the likelihood of completing the release by
the end of each iteration. Figure 4 shows, through a cumulative didtribution, the likeihood that the
release is completed by the end of each iteration where the triangular distribution is used.

Probability of completion
=

(1 T 8 9 10 i

lterations

Figure 4: Likelihood that release is completed by the end of each iteration
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Table 3 shows these vaues for the iterations from 7 to 11. While the average time to complete is
8.6 iterations, the table shows that, to be 90% certain of completing the desred functiondity,
management would have to plan arelease date 10 iterations into the future. The additiond 1.4 week
period represents the dack time that should be included in the plan to ensure that the release is
completed on time. Further dack can be added based upon the project manager’s discretion. Of
course, additional stories can be added as stories are completed on time.

Table 3: Likelihood of release completion by iteration
Iteration 7 8 9 10 11
Probability | 0.24% 18.66% | 73.46% | 98.58% | 100.00%

5. "Conclusion

To this point the research explains a mechanism that alows customers or product owners to
select combinations of gtories and to choose resulting release times with the confidence that the
releases will be completed on time. The method proposed is consistent with the best XP practice of
scheduling dack to ensure selected functiondity is ddlivered on time. While the technique has been
automated through spreadsheet technology work will shortly commence to implement the tool in a
customised gpplication.

The initid task of sdecting user sories can be extremdy difficult and is an area that requires
further research. As outlined earlier in the paper the business vadue for implementing specific
functiondity is dso susceptible to high levels of uncertainty and this is particularly true for product
companies. Any tool designed to help with the sdlection of user stories should acknowledge this
uncertainty. Furthermoreit isthe belief of the authors thet is not sufficient to solely base this sdection
on business vaue. Instead we propose the use of a return on investment (ROI) approach that takes
both business vaue and dso cost to implement into account.

The methodology presented in this paper can be extended as follows to dlow for these added
complications. Firg a distribution for the business vaue of each story would be developed, again
through dicitation of an optimigtic, expected and pessmigtic vaue. Following this a digtribution for
the ROI of a tory, incorporating the uncertainty, is found by smulating from both the business value
and size digtributions and dividing one by the other. An overdl ROI for combinations of gtories
would follow.

The issue of interdependencies between tasks is another area that requires further attention,
paticularly in light of the sequential neture of release planning. While the modd in its current form
accommodates dependencies through shared tasks, it fails to provide guidance as to how times to
complete one task may influence the time to complete another task. This relationship could be due,
amongst alarge number of reasons, to the fact that the same developer isimplementing both tasks or
that the tasks both require a programming language that the team have little familiarity with. Existing
methodologies [3] suggest that in the event that estimations in a completed iteration are found to be
too low, al esimation of remaining stories should be scaled accordingly. We fed a more subtle
approach is required where estimates are scaled according to the development times of related
gtories completed in previous iterations. We fed that this is a key research question for iterative and
incremental decision making, but acknowledge that there is a danger that the dicitation of the extra
information required from the development team may not be consistent with an agile process.

The modd in its current form is amed towards an agile environment, however we believe that it
would aso be applicable to more plan orientated 11D gpproaches such as the Rationd Unified
Process® (RUP®) [10].
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Panning within RUP focuses on the identification of the tasks required to achieve a certan
objective. Once these tasks are known the development team estimate the size of a task using the
function point metric. As with agile methodologies the qudity of estimates used in the credtion of a
plan are key to its rdiability. Current RUP practices suggest the use of Wideband Modified Delphi
[11] to help developers in generating these edimates, a process quite Smilar to Extreme
Programming’s planning game. Thisinvolves diciting estimates from each participant and thus would
naturdly lend itsdf to estimating variability or uncertanty in the development times for tasks. This
could be framed within amore forma method such as the one proposed within this paper.
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