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0. Introduction

0.1 Problem statement

The development processes of product software earategorized into four phases: Requirement
managemer® Architecture/Design developmer® Deliver > Implementation ServicésIn
requirement management phase, the main activitescagenerate requirements and to select
requirements. Release planning is one of thosgitées which refer to the process of selecting
the right requirements for the coming release. Theésis is built around this topic of release
planning.

“Release planning—the definition of upcoming ret=am a product roadmap—ifulfils a strategic
role. Making incorrect choices for a release ddfori may significantly impact the
competitiveness of software intensive companiasarket driven environmeft

It is always a challenge for software companiedetermine the upcoming release due to the fact
that the wish list of requirements gathered frorfiedént parties is so big that exceeds the
capability of the company. Other constraints likeet to market, cost, etc also restrict the scope of
the coming release into a limited range. So howelect or prioritize the requirements becomes
very important and can even play a strategic role.

Several techniques have been published for reqeinesrselection and prioritization. Firesmith
(2004) has presented a list of dimensions, andgitioeity of a requirement is determined by the
average value of each dimensidmeffingwell and Widrig (2000)* has designed a voting
mechanism to determine the average weight of eaghinement through the voting of different
stakeholders. Suzanne Robertson and James Robesisdra method called ‘quality gateway’ to
determine on each requirement’s go or nofgblarjan van den Akker, et al (2004) used a very
intriguing selection method using Integer lineangramming (ILP)however, there are several
open questions left to answer. This thesis will address some of those questions.

Firstly, most of the releases planning methodddryalance the trade of between values and cost,
for example, obtaining the maximal revenue withitéd amount resources. However, whether
these two factors—cost and value—are sufficientighdo determine a good release plan remains
uncertain. This provides us the first opportunityfind out which factors should be considered in
making a release planning.

Secondly, Marjan van den Akker et al (2004) havavigied a knapsack model for requirement
selection and some management steering mechanismaking a release plan, however, more
functions are demanded. These functions includéngetependencies, modeling personal
differences scheduling requirements, etc. Theseaddmrequire us to enrich and extend the ILP
model so as to include more functions for makimglaase plan.



At last, prototype tools for the new functions sldoalso be implemented. Besides the technical
issues, like the design, the implementation anegiattion, using these tools, we can not only test
the mathematical models for the additional functjolout also check for how much the release
planning factors can influence the final result. \6@n also search for whether there are
opportunities for further process improvement it help of the tools.

0.2 Research guestion

To address the problems mentioned above, my ma@areh question will be:

How to define grofitable andpractical release definition which can fulfill thdifferent interests
of stakeholders in the release planning context?

In this research question, three issues are spyeeraphasized:

» First, the key point is still to maximize the aipated revenue of the requirements
composition, that's whygrofitable’ is addressed.

e Second;practical” means the release definition should not conftidhe external and
internal constraints. For example, the resourcetiamgl are limited; the requirements are
interdependent, etc.

»  Third, “fulfill different interests” means it should provide more functions or managémen
steering mechanism to fulfill the wishes from diéfet stakeholders.

This research question can be divided into seweralquestions categorized into three scientific
fields—Information science, Algorithms & Computata model, as well as Computer science.

0.2.1. Information science:

* What are the factors for release planning?
* What are the key activities and processes to makkease plan?

In this field, the research goal is to find whicetttors should be included in release planning, and
what are he processes and key activities for relptning. The factors will be included in the
later chapters as input parameters, and the keegses will guide the modeling and be integrated
with other process supporting models.

0.2.2. Algorithms & Computational model:

Here, the basic assumption is the number of rexpgings is restricted within 200, and ILP model
is capable enough to solve the probléni8]. Based on this assumption, the research curesti
are:



* How to model the functional extensions of the auri@ear programming model i.e.
what-if analysis?

« How to model each type of requirement interdepecylesing ILP?

» How to schedule the requirements development exaciime?

» How to integrate the new models with the originsdfisack model?

After we determined the factors for release plagrand the key activities, we will focus on the
mathematical modeling. As stated above, we will ge ILP for the modeling. We will try to
include more management steering mechanisms imtidel and solve at least the requirement
dependency issue and the requirement scheduling.ibeedless to say, these new models should
be compatible with the original knapsack model icttensions.

0.2.3. Prototype design:

e How to implement the computational mode?

e How to integrate it with the prototype of the kragsmodel?

* How to adapt the tool with J2EE environment?

e How much can the release planning factors influgheeresult?
» Is there any possibility for process improvement?

After the computational models are determined,ftilewing issue is how to implement them.
The new prototype should not only be capable ofisglnew problems, but also compatible with
the prototype of the knapsack model. An additiamaistraint is the new prototype should work in
J2EE (Java 2 Enterprise Edition) Environment.

After we implement the prototype, we will try tanéi out how much the release planning factors
can influence the result, and also search for gip®dunities for process improvement.

0.3 Thesis structure

Same as the sub-research questions, the thesieddinided into three main parts. The first part

includes chapter one & two, which is the informatiscience part of the thesis. Chapter one
discuss the factors needed for release plannind),chapter two discuss the processes and key
activities for release planning.

The second part is the mathematical modeling paitiwincludes the chapter three to chapter
eight. Chapter three gives a general introductiotihé mathematical modeling problem and some
basic information on integer linear programminga@ter four is based on the knapsack model for
requirement selection and also presents severahgeament steering mechanism for requirement
selection. After the requirement selection, we @néshe requirement scheduling model in chapter
five using integer linear programming. Based onfttet that the scheduling result may not always
keep the deadline, we present a combined modetefuirement selection and scheduling in

chapter six. We also include two more extensiomste combined model, i.e. holiday seasons,



and different time availability in this chapter.dhapter seven and eight, we will talk about how to
dynamic adjust release plan and the relationshépsden each mathematical models.

The third part—the prototype and tests—includegtdranine and ten. In chapter nine, we discuss
two prototypes for requirement scheduling and tbentwned model. It includes the general
information, the software structure and the agtidibgram of the two prototypes. Using these two
prototypes, we will present two simulation testchapter 10. The first simulation test is to find
how much the dependencies can influence the regaire scheduling. And in the second
simulation, we will compare the two release plagnprocesses i.e. whether one should select
requirements first and then schedule them or salettschedule requirement at the same time.

Chapter 11 provides the lucid answer to the rebegtestions and draws conclusion of the
thesis .This section also accounts the limitatifrihie research and proposes some of the possible
future dimension of research in this context.



The factors & processes of release planning

In this section, we will discuss the factors invadvfor release planning and the processes to
conduct a release planning. There are two chapiterthe first chapter, we will discuss which
factors should be involved in release planningahet are the relationships between them. In the
second chapter, based on three case studies, Wdisuiliss the general processes to determine
which requirement should be in the next release.

Discussions in these two chapters refer to therimétion science part of this thesis and should be
considered as the foundation of the “mathematiocadleting” part. The factors mentioned here

will be modeled in the mathematical modeling settiand the release planning processes will
guide the relationships between the mathematicalefso We also propose several questions in
this section, and will try to find the results atdr “tools and tests” section.



1. Release planning factors

1.1 Introductions

Software release planning is a complex processrenhables many factors. In this chapter, we will
discuss what factors should be involved in relgdaening, and what's the relationships between
these factors.

The purpose of release planning is to find theablét requirements for the next release given the
constraints like time-to-market and limited avaiéalbesources. Obviously, available time, and
resources are two main factors. To evaluate reeqeinés, we have identified six factors from

literatures, which are: 1) importance or busineakie; 2) personal preferences of different
stakeholders; 3) cost of development, 4) quality, risk 6) requirement dependency. The

following table shows the relationship among thiestors:

Time
To
Market

Requirement Release

Planning

Available
Resource

Figure 1.1: release planning factors

1.2 Importance or business value

Different requirements will have different values the business. Some requirements will be
critical, whereas others will be less importantutio still mandatory. Some potential requirements
are not requirements at all but merely desirabbeigh not necessary features or characteristics,
and others will be merely characteristics that wdu nice to have or items on someone’s wish
list. Also, some requirements have a tactical usefis, whereas others have a more long-term
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strategic value to the business.

A revenue value can be tangible (like estimatedrnebn investment or estimated revenue) or
even intangible (like user satisfaction). Two magtegories of revenue value calculation are
recognized: absolute value determination, and ivelatalue determinatidn In absolute value
determination, the product manager of a compangldping standard software products could
determine and estimate value for the revenue. Aselative revenue value calculation, Karlsson
and Ryan provide a useful approach through AHRach requirement can be assigned a value
between for example 0-100. Ruhe and Saliged take the stakeholders’ opinions into account,
and assign each stakeholder its weight of impoeaAdl the stake holders need to estimate the
value of a requirement, and the final value of guneement is computed as the average weighted
value from different stakeholders.

1.3 Personal preference of different stakeholders

Different stakeholders (e.g., customers, usersketiag, operators, maintainers, and architects)
will prefer certain requirements over others. Tikigspecially true when practical reasons such as
schedule and budget mean that all of the requirtsyeamnot be implemented and released during
the current build of an incremental developmentecyc

Both internal and external stakeholders are identt The internal stakeholders include:

1. TheCompany boardis responsible for the definition and communicatidrstrategy, vision
and mission to the rest of the company. It can otitat a requirement is sent directly to the
product manager.

2. The Research & innovation has two core responsibilities: (1) doing reseamhnéw
opportunities for product innovations and (2) fimgliways to incorporate improvements or
new features into the existing products. The firs¢ results in requirements in the form of
technology drivers that are communicated to thelypcomanager

3. The Servicedepartment is responsible for the implementatibthe software product at the
customer organization. They need to be aware of iedsase features and they gather new
requirements from the customers

4. The Developmenthas as main responsibility the execution of theas® plan. The release
definition also includes functional explanationtieé product requirements that serve as input
for the functional and technical design. It may wcthat during the development process
new requirements can arise, due to more complaxregents than was anticipated

5. The Support stands for the helpdesk to answer questions (Astdupport) and for small
defect repair unit (2nd line support). Large defeepair is usually performed by
Development.

6. TheSales& marketing is the first contact with a potential customer.dugh these contacts
new requirements can be gathered.

There are also some external stakeholders like:
1. The Market is an abstract stakeholder, standing for potemtistomers, competitors and
analysts.

11



2. Theexternal partners: the implementation partner, the development garamd distribution
partner etc.

3. TheCustomersoften have new feature requests in the procesksing the deal or during
the usage of the product. These requests can benwoicated to Services, Sales &
marketing, Support, but also directly to the praduanager

The opinions of stakeholders can influence theevala requirement. Ruhe and SHlitook the
stakeholders’ opinions into account by assigninthesdakeholder a weight of importance. All the
stake holders need to estimate the value of amagent, and the final value of a requirement is
computed as the average weighted value from diffeseakeholders.

1.4 Cost of development

The cost of a requirement can be presented by mgnedst and/or labor cost. Briand fahave
summarized and compared the common methods on agefteost estimations. The typical
variables includes: System type, organization tgpalication type, target platform, productivity
factors and so on.

When use labor cost as the cost unit, i.e. the isoptesented by man days or man hours. A
benchmarking number linking the cost and the liheadle is : one man day = 20 line of cades
When a requirement is transferred to software nwdad conceptual solutions, the top down
resource calculation or bottom up calculations mayide a useful estimation for the cdsts

Although the cost unit may be the same for differesources, the cost of labors is not the same.
A software company may have specialists in differelds, for example, it may have Java
developers and C++ developers. When record theafastrequirement, we need to make clear
which types of resource are needed. To make a elgamation of the cost, we need to know not
only how many but also which kind of resourcesrareded.

1.5 Quality

Quality is a complex and multifaceted conéépErom the user’s view, the quality is the product

characteristics that meet the user’'s needs. Frenptbduct point of view, the quality is more

focused on the internal product properties thalt negult in improved product behavior. It is also

difficult to evaluate the quality; in general, sudtre quality includes the following attributes:

1. Functionality: a set of attributes that bear on the existenca sét of functions and their
specified properties.

2. Reliability: a set of attributes that bear on the capabiltysoftware to maintain its
performance level under stated conditions for tedtperiod of time.

3. Usability: a set of attributes that bear on the effort ndefde use and on the individual
assessment of such use by a stated or implied ssers.

4. Efficiency: a set of attributes that bear on the relationshgiween the software’s
performance and the amount of resources used stated conditions.
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5. Maintainability : a set of attributes that bear on the effort needmake specified
modifications.

6. Portability : as set of attributes that bear on the abilitgaffware to be transferred from one
environment to another.

The quality of a requirement also influences itsaativeness. For example, if a requirement is
highly reusable within a product line, then it ntigle wise to give it a higher priority so that no
system within the product line has to wait foriftgplementation.

1.6 Risk

Software industry is risky: 80% of software projece late or over budgetéd Shown in the
financial market, software industry is one of thdustries which have the highest expected rate of
returrt®. For release planning, it may well make senserioriize requirements by the risks
associated with their implementation. For exampmlaeg can attempt to implement those
requirements having the highest risk first so asdéal with the resulting problems during
development. On the other hand, it may make semsmglement the lowest risk requirements
first in order to maximize the amount of the systemplemented by ensuring that limited
resources are not wasted on trying to implement higk aspects of the system that may be
impossible to successfully implement. Postponirg ithplementation of high risk requirements
can also maximize the time available to researah rikks and determine appropriate risk
mitigation approaches.

It is also important to balance the overall risktlod whole release. Ruhe has provided a method
based on generic algorithm to balance the risldifterent releasé$ A tool called EVOLVE+ is
developed for decision support. It can help to mheitge which requirement in which release so
that the trade of between risk and revenue arenbath When determining only on release,
Ruhé® consider risk in a way similar to how we considest: one requirement is associated with
a number between 0 to 1 which stands for its rahg the average risk of the selected
requirements should be lower than a certain bougen dealing with the risk of project plan
issues, the risk reflects the uncertainty or prdivalof a value, for example the expected duration
of a job. It is then very complex because a stdihagstem is in need For example see , Marjan
van den Akker (2004}° When there are task divisions to develop a remere, which means
the project are running concurrently in severalugsy we can consult the stochastic model of
resource constrained scheduling méYRkesearch about Stochastic systems on planningeaye
new and so far models developed have found to h@ramgical application in the field of release
planning.

1.7 Requirement dependency

Requirements are not isolated islands but have lompelationships within them. These
relationships are requirement dependencies. Ifildteof software release planning, Carlshathre
has found about 80% of requirements are interdep#nend only a few requirements are singular.
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This practical data suggests that requirement dkpwies play an important role for release

planning. In the same paper, six types of requirgndependencies have been identified, which

are

1. Combination. A printer requires a driver to function, and théver requires a printer to
function.

2. Implication. Sending an e-mail requires a network connectionnbtithe opposite.

3. Time-related. The functionAdd object should be implemented befoBelete object. (This
type is doubtful, which is discussed in section 3.1

4. Revenue-basedA detailed on-line manual may decrease the custorakre of a printed
manual.

5. Cost-based.A requirement stating that "no response time shdeldonger than 1 second"
will typically increase the cost of implementing mysother requirements.

6. Exclusion. In a word processor, it can be either providedhteggrated drawing model or a
link of external drawing application.

Multiple types of relationships can be found betwé&®o particular requirements. For example,

R1 may require R2 to function, and R2 also increélasesalue of R1. It is suggested to priority the

dependencies and only consider the dependencythétthighest one. The priority order is as

follows: 1. Combination, 2, Implication, 3, Timelated, 4 Revenue-based & cost-based, 5,
exclusion. For the above case, we may only congidelmplication dependency.

Not all the types of dependency appear equallyuieat] Implication and cost-based are the most
common types, which can take up 80% of the totpkddencies. The least common one is the
time-related dependency. Some pape¥s suggest ignoring this type of dependency, andirgav

it to the project plan phase; sothespecially picks this type as Implementation depeicies. A
comparison of the two will come in later chapter.

1.8 Time to market

For software product, although the pressure of tionmarket is evidefit ?° *, 80% of software
project are late or over budgetédFrom a former survéy; the average time-to-market a new
release is about 6 weeks, and within this peribd, dompany can expect receiving around 80
requirements on average.

There are normally two ways to determine the timeatirket of a new release: internally and
externally. When the project is budget or qualitgfse oriented, the release date is normally
internally defined, and the release date is the tivhen the requirements in the project scope are
complete. When the project is market oriented réhease date is normally on the pressure of the
external market condition. The focus of this thdsi®n product software, so we will use the
second method: the release date determined by tamkdition and not on company situations.
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1.9 Resources of the company

The most valuable resource of a software compathei$iuman resource or its specialties. For the
release planning problem, to evaluate how manyuress are available in the period includes two
steps:

® \What kinds of resources are available? Everyoneathasvn specialty, for example someone
is good at system analysis, and someone is goptbgtamming. A good understanding of
what kind of skills are available is the first stepevaluate the resource of the company.

® How many resources are available? After knowing aleavailable for the new project, we
need to know how long can they work for the projézch developer may have different
time availability, or need to go to holidays, oredeto work for other projects. A clear
understanding of how much resources are availabtedffferent type of resources is
important.
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2. Software release planning processes

2.1 Introduction

When developing software for a market-place, rathan for a single customer, the pressure on
short time-to-market is evident. Market-driven Riegmnents Engineering processes have a strong
focus on requirements prioritization and often liincremental releases of a continuously

evolving product.

It takes several processes to determine which memeint to be included in the next release. In
This chapter, we want to find processes that grEayly included in release planning. As to the
scope of the problem, we will consider the procegsam the time when new requirements are
issued until the time when requirements are readgdévelopment.

Based on literature, we will compare three requeetengineering or release planning processes,
and try to identify the common processes for relgdanning. The three cases are:

1. Requirement management process at Baan
2. Requirement engineering process at Ericsson Radie®s AB°
3. Requirement engineering for Time-to-Market Profect

2.2 The three cases

2.2.1 The requirement management processes at Baan

The requirement management processes at Baarvim sihohe following chart:

When a customer wish related to future product coimé® the company, it is recorded as a market
requirement. Then the product managers need tottiskmarket requirement to the business
requirement, while the business requirement isodymt requirement covered by Baan’s product,
and described in Baan's way. Then a conceptuatisalis designed and linked for a business
requirement. When the company’s manager decidestatit a new release, a release initiation
document triggers the writing of the correspondigy and CS. These are then used as input for
the development processes, which include writirgjgredocuments and actual coding.
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Figure 2.1: requirement management processes at Baan

2.2.2 The requirement engineering process at EmcBadio Systems AB

The requirement engineering process at EricssoroF®gtems AB is as follow:
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Figure 2.2 The requirement engineering process at Ericsson Radio Systems AB

The RE process at Ericsson is called RDEM modekrAd requirement is captured by the product
committee, the requirement goes to the specifinattage when all information needed to proceed
with implementation and verification from a narrosystem-oriented perspective is analyzed.
However, in this stage , it does not yet hold argdpction-oriented information, e.g., when and




how the requirement is best implemented from aoenst or product management perspective. If
a requirement can be elevated to the planned stag#l, be implemented and verified, and after
this is done, the requirement is the done and garéd to the product.

2.2.3 Requirement engineering for Time-to-Markedj&ut

The requirement engineering process for time-toketgoroject is as follow:
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Figure 2.3: Requirement engineering for Time-to-Market Project

The RE process consists of four main activitiegitation, analysis, specification, and validation.

Elicitation is the activity of gathering the reqgrinents from stakeholders. After gathering the
requirements, they are analyzed to determine aegpsring clarifications, logical groupings, etc.

After being analyzed, the requirements are docuedaermind validated with the stakeholder to
ensure that the product developed from the reqeinésnwill meet the needs of the stakeholder.
Small development increments and formal requirerdectimentation or experimental prototype
are also of high importance.

2.3 The comparison & conclusion

From the cases, we can conclude that:

There are two similarities of the models:

1. The processes “issued” and “specified” appear & ttiree models. In the Baan’s model,
market requirement is the “issued” requirement @ni later refined into the business
requirement. The same process to refine the rauirmgent into a more structured, and more
understanding way is in all the three models.

2. All the three models emphasize on building concalptoodels. The Baan’s model has one
process for it, the Ericsson’s model build the niadethe “specification” phase, and the last
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model do it in the “develop/modify requirement Sfieation” phase.

There are also three differences in the model:

1. All the three models have the process to selectireaent, but in different ways. The Baan’s
case has a special process to select requiremsed ba release initiation, the Ericsson model
select requirement every time when elevating ardahkt model do it in an iterative way. So,
the selection must be a process in the releasaipamodel, but how to do it is not clear yet.

2. The Baan’s model is not an iterative model, while test of the models are. The Ericsson
model is an iterative model while the third modeiphasize on quick iteration.

3. For the Ericsson model, in the “planned” stage,pittgect plan issues are mentioned, but not
in the rest of the model. It is not a big probleetéuse, when the requirements go to the
constructed model, normally the first step is tokenéhe project plan. It is only a matter of
choice whether we should consider project plan@is@n issue in the release planning or we
leave it when we construct the requirements. lerlebapters, we will discuss this question in
details.

To sum up, a requirement may goes through thewollp steps to turn a market wish in to a

software product component:
Constructed

Rejection

speciﬁel

Issued

Figure 2.4: different stages for a requirement in release planning

A requirement is only called as a requirement wheis “issued”. The customer, the product
manager or any stakeholders inside or outside®fttmpany can issue requirements. For every
issued requirement, if it is feasible and clearthier researches will be conduct to specify the
requirement into a highly conceptual model or soiut When it is done, we can call this
requirement as a “specified” requirement. All thissted” requirements and “specified”
requirements are stored in database for furthersee-When determining the next release, the
company will find the suitable requirements for tieav release against the available resource in a
certain period. If a requirement is selected is fhriocess, it is elevated to the phase of “Accépted
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The next step is to make a project plan to implentifeem. In this process, it is also possible to
drop some requirements because of the implementdépendencies within the requirements. If a
requirement also fits the project plan, then teguirement is “planned”. When the project plan is
accepted, the requirement will go to the final $@pmplementation.

The process is very much like the combination adiBand Ericsson model. The main differences

are: 1) we specially designed a process to sadgairement against available resources in a given

period of time and 2) make several processesiitetatThere are two reasons for it:

® First, when confronting hundreds or even thousamidsequirements, without a proper
selection, it is very difficult to conduct the seecling processes. So, we designed a special
process to reduce the scope of the problem.

® Second, in later chapters, we will try to find wafgg tooling support. This provides
opportunities to repeat some complex and tediobs, jlike select requirement or schedule
requirement. Making the processes repeatable chnuseto determine whether doing it
iteratively can improve the result or not.
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The mathematical models of release planning

In this section, we develop and demonstrate armigdtion technique based on integer linear
programming (ILP), to support software vendors @tedmining the next release. As with the
approach of Jurf§ and Carlshamré our technique is based on the assumption thateage’s
best set of requirements is the set that has mamiprojected revenue against the constraints like
available resources, planning period, dependenetes,In this section, we demonstrate how to
include the factors for release planning in thedin programming model and present several
models to realize different functions, like requiknt selection, requirement scheduling, etc.

The first chapter gives a brief introduction to theeger linear programming. A simple example
representation of the release planning problermefsioted afterward. The second chapter shows
the knapsack model and its extensions for requinéiselection. The third chapter shows the ILP
model to schedule the requirement exactly in tiffiee Fourth chapter presents a new model
which can select and schedule requirements atatime sime. Its extensions, like holiday seasons,
different time availability, etc are presented mfterd. The fifth chapter shows how to
dynamically adjust the release plan. The last @ragitows the relationships between the different
models.
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3.The mathematical modeling

3.1 The quantitative representation of the factors

In the former section, we have discussed the fa@ad processes of release planning. We have
identified eight factors: the requirement’s valaest, priority, risk, quality, dependency, and the
time to market as well as the available resountcdise company. We have also identified two main
processes: selection and scheduling, after theresgents are specified.

To present a general idea of the domain, the fatigwtable depicts a simplified example
representation of a release planning problem.

Release Definition 3.1

Nr. [Requirement Revenues|Total [Team A[Team B{Team C|

12 |Authorization on order cancellation and removal 24 50 5 45

34 [Authorization on archiving service orders 12 12 2 5 5

63 |Performance improvements order processing 20 15 15

25 [Inclusion graphical plan board 100 70 10 10 50

43 [Link with Acrobat reader for PDF files 10 33 33

75 |Optimizing interface with international Postal cadestem |10 15 15

35 [Adaptations in rental and systems 35 40 20 20

66 [Symbol import 5 10 10

67 [Comparison of services per department 10 34 9 25
Total 226 279 |42 77 160
Available team capacity 180 |60 60 60

Table 3.1: an example of a release planning problem (Source from Marjan van den Akker, et al (2004) )7

For the nine requirements in the datasheet, thtoria@re estimated. Each requirement has
expected revenudin euros) anagxpected cos(required man days per team) associated to it. In
addition, the priority of the model is also evakdhtSuppose for instance that the total amount of
available man days in the three teams is 60, threemate that team ‘A ‘has some free capacities
while team ‘B’ and team ‘C’ are overloaded. Them thet of requirements that brings the

maximum revenue has to be determined.

Several scholars have discussed the trade off batthe cost and revenue. A very famous model
is to use the Integer Linear Programming (ILP).sTiP model is also adopted and extended in
this thesis. We will give a clear introduction &fPl in the next chapter and propose the detail
model afterwards.

The table (3.1) does not include all the factorsdestified before. The factors: the requirement’s
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value and cost, the time to market and the tearadifgpare explicitly presented. We can also
include the other four factors in the following way

For thestake holder’s opinionsor priorities, Ruhe and Salfi modeled it by assigning each
stakeholder a weight of importance. For each reguént, all the stake holders need to estimate
the value of it, and the final value of a requiraiis computed as the average weighted value
from different stakeholders. For example, stakaed&iofA has the weight of 0.4, and estimate
value of requirement is 10; stake holder ‘B’ has weight of 0.6, and assume the requirement has
the value of 15, so the weighted value of this iegent is 0.4x 10+ 0.6< 15 1.

Value —>

The
weighted
value

—

Priority

Figure 3.1: relationships between value, priority and the weighted value

The above figure shows the relationships betweernv#itue, the priority and the weighted value.
When considering the value of a requirement, weictagrate the two factors: value and priority
together as the weighted value.

As to therequirement dependency we have identified six types of requirement delgsties in
the former chapters, they should also be includedncomposing release plan. Theoretically, we

need to consider the relationship between every gfarequirements, which ix(n-1)/2

times if we have n requirements to consider. lerlahapter, we will show the detail model of
requirement dependency.

The factorquality is very difficult to quantify. When a requiremermquires a certain level of
quality, like reliability or reusability, we can mel it by issuing a new none-functional
requirement to show the influences (for example additionalerase or additional cost) and link
the new none-functional requirement with the orjione by setting dependencies between them.
Clearly, it is animplication dependency, because this non-functional requirerf@ntuality
requires the original one to work.

Another important factor for release planning risk. Unfortunately, the ILP model is a
deterministic system which does not allow varianoéghe input data. In the former release
planning tools, most of them do not include theitaite of risk; Ruh& consider risk in a way
similar to how we consider cost: one requiremenassociated with a number between 0 to 1
which stands for its risk, and the average riskhefselected requirements should be lower than a
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certain bound. In fact, the risk reflects the utaiaty or probability of a value, for example the
expected revenue or expected man days in our ifase want to handle risk in this way, we have
to introduce a stochastic system in which all tatues have a certain level of uncertainty (for
example see Marjan van den Aki&For the sake of simplicity, when the input datanot risk
free, we can use the following empirical fornfilao compute the expected value of a job's
duration:

For a jobk, we evaluate the optimistic tingg, the pessimistic tima, , and the most possible

timem, . Then the expected value of the job’s duration is:

4
d =2TM* R g]‘ *h (3.1)

We can then used, as a risk free value in the model so that we siti solve the problem in a

deterministic system.

To sum up, We can use the value and priority terdahe the weighted value of a requirement.
Using the empirical formula, we can show the risfuence on the value and cost. The quality of
a requirement can be modeled as an additional fumaional requirement as well as a
dependency. We can show the relationship in theviing chart.

Time
To
Market

Weighted N

Release
Planning

Available
Resource

Figure 1.2: the factors and their relationships for release planning

After pre-solve some factors, we can reduce thatifgctors of the linear programming model.
These factors include the weighted revenue, the (oegresented in expected man days) and the
dependency for each requirement, the time to mank@tthe available resource. The rest factors,
like quality, priority and risk are indirectly inadled in the model. In the later chapters, we will
present how to build the integer linear programnmmagels using these factors.
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3.2 Introduction to linear programming

For the sake of completeness, we present a smadldirction of linear programming in this
chapter. For more background information, we réferreaders to the book of Wold&y(1998) as
a reference book.

In mathematicsjinear programming (LP) problems are optimization problems in whitte t
objective function and the constraints are alldine

Linear programming is an important field of optiation for several reasons. Many practical
problems in operations research can be expresdettasprogramming problems. Certain special
cases of linear programming, suchregwork flowproblems andnachine schedulingroblems
are considered important enough to have generateth mesearch on specialized algorithms for
their solution. A number of algorithms for othepé&g of optimization problems work by solving
LP problems as sub-problems. Historically, ideasnftinear programming have inspired many of
the central concepts of optimization theory, sustuality, decompositionand the importance of
convexityand its generalizations.

3.2.1 The standard form

Standard formis the usual and most intuitive form of describatinear programming problem. It
consists of the following three parts:

A linear function to be maximized

e.g. maximize C1T1 + C2T2

Problem constraintsof the following form

eg. @171 + 1Ty < by

Non-negative variables
e.g. L1 >0
o 2 0

The problem is usually expressed in matrix forng #ren becomes:
- T
Maximize C X

Subject to Ax < b! x=0
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Other forms, such as minimization problems, prolslemth constraints on alternative forms, as
well as problems involving negative variables chvags be rewritten into an equivalent problem
in standard form.

3.2.2 The algorithms to solve ILP problem

In general, integer linear programming problemshi#Pehard. This implies that it is very unlikely
that there exists an algorithm that is guaranteeéind the optimal solution in a time that is
polynomial in the input size. Finding the optimalwion requires an amount of time which in the
worst case grows exponentially with the problene siz

We can first obtain a linear program which is ahitbel P-relaxation If in a given ILP we relax
the integrality conditions, i.e.Xintegral’ is replaced byx =0 and XD{O,]} byO< x<1, we

obtain a linear program which is called the LPxataon. This problem can easily be solved by
e.g. the simplex method. The simplex algorithm, edigped by George Dantzig, solves LP
problems by constructing an admissible solutioa &ertex of the polyhedron, and then walking
along edges of the polyhedron to vertices with essively higher values of the objective function
until the optimum is reached. Although this aldumit is quite efficient in practice, and can be
guaranteed to find the global optimum if certaieqautions againsglycling are taken, it has poor
worst-case behavior.

The first step to solve an ILP is to solve the ERxxation. If the solution of the LP-relaxation is

integral, it is done. If not, we start with a brarend bound tree. The ILP is split into several
sub-problems corresponding to two or more nodestafe. The algorithm starts evaluating one of
the nodes. First the LP-relaxation in the nodeoisesl. If the solution is integral, the node is

finished and the best-known integral solution islated, if necessary. If there is not feasible
integral solution, obviously, then the node isdived. If the value of LP-relaxation is lower than
the best known integral solution (in case we agchéng the maximal value), the node can be
skipped. Otherwise, new nodes are generated by hiran

Since we maintain the best known integral solutood we have an upper bound from the
LP-relaxation, we have a solution with a qualityagantee from the moment at which an integral
solution is found. This allows us to stop if théusion is guaranteed to be within a certain margin

from the optimum.

This method is used in most of the ILP softwarekpges.
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4. The knapsack model for release
composition

In this chapter, we introduce the knapsack modetdiease planning. Van den AkReret al have
presented a linear programming model in this fi€ldr the sake of completeness, we repeat the
models from section 4.2 to 4.6 and extend the nsaddhter sections.

4.1 Problem description

In this chapter, we can formulate selecting requ@ets for the coming release as a combinatorial
optimization problem. In such a problem, we havdinid the best from a finite but very large
number of solutions. From a former surteya product software company gets minimal from 0 to
20 and maximum from 5 to 500 requirements a wedlk. most probable values range from 1 to
50 with a mean of 13.6 requirements/week. The sualso reported that the mean-time-to-market
is about 6 weeks. So, we can expect to handle dr80nrequirements every time for a new
release. Given the time to market and the fixedwe=® in the company, it is not possible to
develop all of these requirements. A selectioneisessary here to determine the coming release,
and this is a typical combinatorial optimizatiomipiem.

In the former chapter, we have introduced the kettédnear Programming technique. We will use
it to model release planning problem in the latempters. Although ILP in general are NP-hard,
using advanced algorithms and software, we canogxpdind an (near-) optimal solution within
a reasonable time.

We can model the problem i.e. selecting requiremtortthe next release as follow. We are given

a set ofn requirement{sR1 R - R}. For each requiremeR;, we can estimate its

revenue ag;. The cost for a requirement is expressed in thaben of man days required in

different teams. We assume the time-to-market v&rgi hence we have to deal with a fixed
planning period with limited resources. Therefave,have to make a selection of requirements to
be included in the next release, preferably, wittxinmal possible revenue. This can be considered
as the following optimization problem: find the ssdt of requirements for the coming release
such that the revenue is maximal and the availzdgecity is not exceeded.

We firstly present the basic selection model wian division and without team division. In the
later sections, we present three managerial steeniechanisms: team transfer, hiring external
team capacity and deadline extension. At last, tvewsthe models to handle requirement
dependencies.
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4.2 One pool of developers

When there is no team division in the company, nky deal with the total amount of man days in

the company. The planning period | and available working days ard(T) in the planning
period. Moreover, letQ be the number of persons working on the releagieeitompany. The

available capacity then equald(T) Q man days.

Moreover, we estimateaj as the amount of man days needed to impIemenlirem;entRj.

Such estimation could come from project managers-gown) or developers (bottom-up). We

model the requirements selection problem by definiminary variablesX; (j=1,2,...n).

Where:

X; =1 if requirement R, is selected;

X; =0 otherwise.

We can model this problem as an integer linearnarmoging model in the following way:

n
max v,
i=1
Subject to:

2.8%<dMNQ (4.1)
=
x, 0{0,3 For (j=12,..n)

This problem is known as the binary knapsack profleWe want to include as much as
requirement in the “knapsack” to get maximal valdeng in 1998 has presented the
application on requirements analysis. If the corypdecides that some of the requirements have

to be included in the new release in any case, aveatld one more constraint thaj =1if

requirement R, is fixed.
In this model, d(T)Q is the total available man days in the pefiodWe assume every
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developer has the same available working da{g") in the period. If the number of working
days in the planning period is different from p&sothe total capacity is given bde(T),

where d (T) is the number of working days of persgn in period T and the sum is over all

persons in the company.

4.3 Development teams

In the previous model we have been too optimisticnbt considering the team divisions. In
practical usually, there are different developmésams in the company with their own
specialization. There are other reasons to fornmsgeia the company, like geographic reasons or
management reason. We can include the team-diffeseim the following way. Letm be the

number of teams and suppose te&n(i =1,2,..m) consists of Q persons. We assume that
the implementation of requiremeer needs a given amourg, of man days from team

G (i =1,2,..m). Now we can replace capacity constraint (4.1) by:

_Zn:aM sd(MQ, for (1=1,2,..m)  (4.2)

Note that whenm =1, this model is the same with model for one podal@felopers. This model
is known as binary m-dimensional knapsack proBterBame as the model for one pool of
developer, this model can be adapted to the situatith different amounts of man days in the

planning periodT . We can replace the team capact{T)Q by de(T) where d(T)

is the number of working days of persgnin team G, in the period T .

4.4 Team transfers

When some teams are overloaded and some team@ityaipanot fully occupied, we can consider
transferring people to the overloaded team. Thig meault in additional revenues. We call this
team transfers. A transfer will probably resultidecrease of efficiency because the person is not
experienced in the new working environment. Whegpeeson is working in his own team, we

assume he can perform 100% of his capacity, buhvehperson is transferred from tea@ to

team G, his contribution in the new team turns to bg per day. The factor, also

reflects the feasibility of a transfer:
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a, =0 if atransfer from G to G, is infeasible, for example, because the spectadizaf

I
the teams differ too much of geographical reasons.

a, =1 if persons from teas, can do the work in tean(5, without any reduction in

performance, e.g. if the work in the two teamsassimilar.

O<a, <O if person from teamG, can work in teamG, . However, their productivity will
reduce because of the new working environment.

Note that a; does not necessarily equal,; , for example if the work in teamsG, and G, is

in similar areas, but the work inG, is more difficult than that inG, . Then @, is larger than

a,; . Itis also clearly that wheni =k, a; equals one. Because then the transfer is in the sa

team.

We assume that the amount of time for which a pecrsan be transferred is a multiple of the

so-calledCapacity Unitwhich is denoted byUJ ___. This value ranges from 1 tal(T). If people

cap*
can be transferred per day thdzhcap =1, or if, on another extreme, a person can only be
transferred the whole period, thehiCap =d(T). If people can only be transferred for a number

of complete weeks, thekl ., equals five.

p

Besides the variabl , we now define a new group of variablg, as the number of capacity
units transferred from tears, to tean{5, . We can compute the number of capacity umjtsin

team G, equals:

New we can present the model with team transfers:
n
maxzivj X
J:

Subject to:
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Zaﬂ)ﬁ SUcap[yli-'_zaki Y] for, (i=1,2...m) (4.3)
=

kk#i
2 Y =m for, (i=1,2,..m) (4.4)
k=1
x 0{0.3 for (j=1,2...n)
Y, non-negative and integral, for (j =1,2,...n)

Constraint (4.3) shows the re-distribution of tapacities in the company. The tea@® ‘s actual

capacity equals the capacity of its own plus theaciy obtained from other teams. Equation (4.4)
ensures that total capacity in a team does ndoget

Note that if only full-time transfers are allowettien Yy, is just the number of persons from

team G working in teamG, . By deleting the integrality constraints on theiafles Y,

persons can get any fractional division over teams.

In the above model it is possible that for exan#feersons are transferred from team A to team B
and 1 person from team B to team C, i.e. team &iended by transfers and sends persons to
other teams simultaneously. This situation is in&fht but will possibly occur in an optimal
solution. However, it is not desirable and we caclge it in the following way. Define a binary

variable z which equals 1 if people from tea® are transferred to other teams and 0

otherwise. Now we can add for each tedin the constraints:

IR E: (4.5)

k:k#i

>y s(M-m)a-7) (4.6)

k:k#i

n
where M = Z m Constraint (4.5) ensures that tea@ can only send capacity to another team
i=1

when z =1and inequality (4.6) ensures that other teams cdyntoansfer capacity to tearfs,

if z =0 One can think of situations where the restricti¢h$) and (4.6) are not desirable.

Suppose that transfers from team ‘A’ to ‘B’ andnfraeam ‘B’ to ‘C’ are feasible, but transfers
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from ‘A’ to ‘C’ are not. If there is lack of capagiin team ‘C’, this can be solved by transferring
form ‘B’ to C. When this leads to lack of capacityteam ‘B’, these can be compensated by
transfers from ‘A'to ‘B’.

4.5 External resources

When the teams are overloaded, the company maydeonisiring external personnel in some
teams. This decision will not only increase thertgacapacity, but also bring in a certain cost.

We assume the cost of external capacity is lineginé number of man days. We defiltgas the
daily cost of hiring external capacity in teafd , i.e. if U, is the amount additional man days
hired in team G, , then the cost are& U . Please note thag} can be different from team to team.
Similar to the case of team transfers, we assuatettile contribution ofu, external man days is

given by a u,, where 0<a, <1.Given the maximal budg&t for hiring external personnel.

This results in the following model which is anengion of the model from Section 4.3:

maxp,v;% =2, gy
=1 i=1

Subject to
Zaj)gsd(DQ+ap for, (i=1,2,...m) (4.7)
i=1
dYays<E (4.8)
i=1
U, non-negative and integral, for(j =1,2,...m),
X, D{O,]} for (j=12...n)

When m=1, this model is also available. So, this extensitsp applies to the case with one
pool of developers.

4.6 Deadline extension

When the deadline allows a bit range of varianaecan consider postponing the delivery date if
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it is profitable to do so. Suppose the deliveryediat postponed by, working days, and the

estimated additional costs a€ per day. We can defin@, as a (integer) variable in the

n
integer linear program model. We will change theereie function toZvj X = Co. and the
=1

d(T) on the right-hand side of constraints to ()Q(T) + dr) :

4.7 Requirement dependencies

4.7.1 Six types of requirement dependencies

In an industrial surve§* above of requirement dependencies in softwareystaglease planning,
six types of dependencies have been identifiecpandtized. They are:

Example L Combination. A printer requires a driver to function, and thevdr requires a printer
to function.

Example 2 Implication. Sending an e-mail requires a network connectionnbtithe opposite.
Example 3: Time-related.The functionAdd object should be implemented befobelete object.
(This type is doubtful, which is discussed in satt3.1)

Example 4 Revenue-baseA detailed on-line manual may decrease the custorakre of a
printed manual.

Example 5: Cost-basedA requirement stating that "no response time shé@donger than 1
second" will typically increase the cost of implertieg many other requirements.

Example 6: Exclusion In a word processor, it can be either providethtegrated drawing model
or a link of external drawing application.

The detail of the requirement dependencies angbtibetization of them have been discussed in
former section.

4.7.2 The ILP model for requirement dependencies

Combination

R requireR;, and R, requiresR . So, we should select either both of them or nointhem.
This can be done by add one more constraint:

X =% (4.9)

Implication
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R requireR; to function, but not vice-versa. So, we shouldyosélect R when R, is

selected. This can be done by adding one moreraimist

X < % (4.10)

Time-related

Either R has to be implemented beforiaj or vice-versa . As this type of dependency is lyure

for requirement scheduling not selection, ILP witit model Time-related dependency. In later
chapter, we will present a new model which canudelthis type of requirement dependency.

Revenue based

R affects the value ofRR, . In this case, ifR is selected, the value B will change, either

positively, or negatively. The following table shewhen this dependency will take effect:

Will it influence the value?
R R

Not select| Not select| NO

Not select| Select NO

Select Not select NO

Select Select YES

From the truth table above, you can see only ihb& and Rj are selected in the coming
release, you can obtain a certain amount of basaysng B“. (if R decrease the value de ,

then B”. will be negative). To model this, we need to idtroe a new integer variableIj which

equals 1 when both of the requirements are selected
We also need to add the following constraint:

G <s(x+x)/2 when B

, is positive (4.11A)

X+x-1l<g when B, is negative (4.11B)

i

The truth table for the upper inequality is:

X | X | x*+X -1 (x+%)/2 g

0 |0 | -1 0 0
0O |1 |0 0.5 0
1 1|0 0.5 0
1 |1 1 1 1
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Which is inline with the truth table of the rever@sed dependency.

n
Moreover, we also need to change the target equfiﬁmmaxz XV, to
j=1

max(>_xVv, +B ¢ ) (4.12)
=1
x; {0, 1} forj=1,...,n.

Cost-based

The ICOST dependency meaRs influence the cost oR, . In the linear programming

framework, the cost is represented by man days.eSaith revenue-based, this influence can
either be positive or negative. The following taff®ws when this dependency will take effect:

Will it influence the cost?

R R

Not select| Not selectl NO

Not select| Select NO

Select Not select NO

Select Select YES

Here, we can say if bottR,  and Rj are selected in the coming release, we can sawe B@n
days, sayingS ;_, ,(if R increase the man days needed fef, then §;_, is negative). To
model it, we first need to introduce a new varialbjlg. Same as revenue-based, a new constraint

for i, will be added:
I (X +X%)/2 when §;  is positive (4.13A)
X+ X% =1< 0y when §;_, is negative (4.13B)

n
We also need to adjust the original constraintian days fromz 8% <dMNQ to:
=1

Zn:au’ﬁ kS sdDQ for (i=1,2,..m) (4.14)
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Exclusion

OR dependency means we need eitlier or RJ. but not both. It is also possible that we need

neither of them. To model this type of dependeneycan set one additional constraint as follow:

X +x <1 (4.15)

4.8 Dependency generalization

So, far, we only apply the dependencies betweeas parequirements, however, the dependencies
mentioned above can be generalized to the situaiitnlarger sets of requirements which we call
a package. For example, if we develop a completkgue for marketing, we can obtain some
extra value besides the revenues from individuglirements in the package. We can use the
value-based dependency to model all the requireeing, but it is very difficult to determine:
first, which requirement influences which, and setchow to divide the package bonus into each
requirement pairs.

4.8.1 Construct a package

This problem can be represented in the following:wa

The packag® consists of a set of requiremeni, j=1...| and |l <n (the package

contains at most all the requirements). If we impat all of them, we can obtain the bonus value

of B, from the package. To model this, we need a bimarigble Yy, to determine whether we

have the package or not.

Now, we need to add the constraints:

I!

2%

y<jL
<

I for j=1,...,. (4.16)
t

At last, we can add:

B Y, (4.17)

to the revenue function.

When the value of a package is shown as cost-rieducather than additional values, we can
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model it in the following way. If implementing theackage P can reduce the work in team

G for a,, we can include the cost reduction effect by cirangonstraint 4.2 into:

i@j%‘yqﬁdDQ (4.18)

4.8.2 Requirement and Package

4.8.2.1 Dependencies
So far, we know how to construct a requirement pgek Same as each requirement, a package

also has its expected reveri§ie and its decision variabl . So, a package can be considered as a

“special requirement”. If we do so, the requiremedapendencies mentioned above then can be
generalized to the dependencies between requirenagt packages or even between packages.

Similar to how we use the binary variabbq to model dependencies, we can use the binary
variable y, as well. For example, If the packade requires requiremenRj to function, it is

typically animplicationdependencies, then we can sgt< X; to model this dependency.

4.8.2.2 Package relationships

However, because a package is a group of requittsiiers actually a set not a basic element as
requirement is. So, there are more issues to disasut. Think of the following three packages,
A, B, C. Each package contains several requiremewaiskage A include all the requirements that
package C has, and package A also share someenmguits with package B.

A

We would expect all the packages are like C anditizre the packages are disjoint. In this case,
we can use the package freely, just like a requérgnand no further constraint is needed.

Another case is like A and C, where package A metupackage C. For example, package C is a
basic package of marketing, where only key requer@mare selected; on another hand, package
Ais an extended version of marketing package, e/hex have not only the key requirements but
also some supporting requirements. The packagingésand common, but this situation leads to
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a problem. Because package C is just a part ofggecl, if we finally select package A, we
actually automatically select the package C, andwitl get the bonuses from both A and C. This
should not be the case, because package C aret icofanted twice. We can solve this problem by
adding a nevexclusionconstraint:

Yat Vsl (4.19)

If the condition is satisfied for both packages thP can automatically select the higher bonus
package, which is normally the one with more rezmients.

The third case is like A and B, where two packagjfesre some requirements together and have
some others for their own. For example, one packaggses on route planning, another focuses
on inventory management, and both package contaire gequirements on saying handling of
customer orders. If both the two packages are tegleit seems not reasonable to have all bonuses,
because a part of the two packages is overlappifggcan deduct some of the value by using

negative revenue-based dependency. For exampleislbverlapping make a lose o, , we
need to:

> First, introduce a new variablg/,,
> Second, subtracw,, Yy, to the revenue function

> Third, set a new constrainy,, >y, + Yy, -1

If the two packages share large amount of requingsnet is also possible to seiclusion
dependency between them. This is a management iatecislereby we suggest using
revenue-based dependency because it has a hidgbritypr

4.8.3 Penalty package

In requirement dependency, the revenue/cost-baspendency can model both positive and
negative influence on revenue or cost. In the gectibove, we introduced the package with
additional values or decreasing cost; in this sectwe will introduce the package with negative
values or additional cost which we call as a “pgnalackage”. This package is useful when
overlapping happens. For example, a group of reménts have the similar function of providing
user manual, but doing in different ways like thgbuvebsite, or electronic document or paper
version. Having three of them may have some ovpit@pso as to reduce their overall values.
Another case regarding to cost is when having thelevpackage requires additional work. For
example, when the dependencies between the reagritenn the package are very complex,
implementing the whole package may needs additicostlto handle these dependencies. In these
two situations, we need to construct a penalty pgeko show the value reduction or additional
works. Unfortunately, we can not use the methoskiction 4.8.1 to construct penalty package.
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When we use constraint 4.16 to construct a packémgeselection variabley, still has the

freedom to be zero even when all the requirementea package are selected. When then value
of the package is positive or the package can eethe implementing cost, the ILP model will

turn Yy, to one so that to obtain additional value or ceduction. But when the package value is

negative, the ILP model will lety, to zero so that not to lose values or have additioost. This

problem requires us to construct a “penalty packamga different way.

A penalty package can be constructed in a simi&r & a bonus package, the differences are:
First the constraint 4.16

X
y, < Jll for j=1,..,. (4.16)
t
Should be replaced by:
|
Y2 Y x—L+1  for j=1... (4.20)
=1

Second, we can not set compulsive requirementhénptickage, because these compulsive
requirements are in fact modeledmglication dependencies between requirements and package.

The reason is because the ILP is searching for gesults. If it is a bonus package, the system
will automatically go for it when the condition satisfied, because it increases the value. So, we
only need to set an upper bound as a lunching tondlike in inequality (1). However, fulfilling

the condition does not compulsively launching taekage. The decision variakjee still has the

freedom to 0, because the condition is an uppendoihat is why we can set additional
dependencies for the package. On the contrarysyisem will not go automatically for penalty
package, because it decreases the revenue. Sedi¢onget the condition in (5) as a lower bound,
which means if the condition is satisfied, the ggnaill compulsively lunch. In this way, we can
not set additional dependencies for a penalty ppekaecause immediately after we construct the

penalty package i.e. when the condition is fulfilléhe decision variablpj will turn into a
constant which is 1.
The conclusion for penalty package is although are @onstruct penalty package if necessary, we

can not set additional dependencies for penaltykames neither between it with other
requirements, nor within itself.
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4.9 Model personal differences

4.9.1 Problem statement

So far, the ILP model is based on team capaciterahan individual members. So, it has made
two assumptions to eliminate the difference betwesh team member. First, every team member
has the same productivity; second, all team memberk in the same period, from the beginning
of the project to the end. In addition, as mentibireformer chapter, the personal preference is
also an important issue for release planning. dieoto show the personal differences in capability,
available time, and preference, we need to exteadtrrent team based model to a people based
model.

One of the important scenarios in the knapsack immsdeam transfer. However, one important

parameter igy, , which shows the contribution of a person in te&n when moved to teanG, .

This parameter is needed between every pair of.telamever, when consider personal difference,
this parameter is very difficult to evaluate. Calesing the following case:

developer Own team Other team
Alice 1 0

Bob 1 1

Carol 1 0.6

David 1 15

(team leader)

As shown in the table, Alice can not work in theter table; Bob works as well in his own team
as in other team; Carol works only 60% when tramsteto another team while David works even
better in another team, but unfortunately, he éstdam leader, and not allowed to move. In such
situation, it is very difficult to evaluate the tearansfer rate between these two teams, or not
possible to get a precise one. There is a needeivamodel to solve the problem.

4.9.2 The basic model

Let mbe the number of teams and each tea@) (5=1,...,m). Assume there are1persons in
the company, and each persodigk =1,...,n). The next to do is to create @X N matrix
showing each person’s performance rate in eactpgits use S, reflect the performance rate

of the personH, in the tean5, . There are several possibilities:
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> B, =0 If the personH, is not capable of working in the te&. It can be technical

reasons, geographic reasons, management reassms@thing else.

> B, =1 If the personH, works in the tea at the standard performance rate. This

standard rate can be the number of lines per pepswnday, or other standard the
organization use. In this model, it should be latdé within the whole organization. Please
also note that this standard is also the standéedto estimate the development man days for
a requirement.

> B, =others If the persoH,'s performance in the tea@is considered to be better or

poorer. If it is less than one, it means this persorks poorer than the company’s wish. It
can also be higher than one, which means this p&ao do a better job there.

We can then assign our developers by introducingew binary variablg, (i =1,...,m),

(k=1,...,n), where:

z, =1 ifthe personH, works in the tearfs,

Z, =0 ifthe personH, does not work in the tea@

If we assume one person must work full time and ealy work in one team in the whole
development period, we can add a group of consstain

>z, =1 for k=1,...,n (4.21)

This constraint makes sure that one person canwali in one team, and it applies for all the
team members.

The team’s capacity is the sum of the capacitylldha team members. Then, instead of using a

fix numberQ, the teants, 'capacity is:

dM> 4 2 for i=1,...m 4.22)
k=1

n
Now, we can replace team capacity d{T)Q by d(T)Z B, 7. . then the original model will
k=1

be extended to a model based on people rathetdhars.

! In Sjaak’s information business course, the stahtste is 20 line of code per person per day.tBstis the
figure for the whole development process. | doniolk whether this can also be the benchmarking dignare.
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4.9.3 Working in different teams (team transfer)

Till now, we have built a fundamental people-baseddel. This model has taken members’
different capacity into account. However, there stit some management issues to think about,
for example scheduling people more flexibly, or miaty working periods for different members.
They will come in this chapter as the extensiothefbasic model.

4.9.3.1 Working in different teams (team transfer)
Sometimes, a developer needs to work in differesints due to various reasons. For example, the
team capacities are not in balance; delay in d#sens or for management reasons. We can model

this by introducing a new group of integer variabyg which is the number of days the person

H, works in the tear®, .

No, instead of using (4.21), we need to add a mewpmof constraints:
m
D Vi =d(T) for k=1,...,n (4.23)
i=1

These constraints make sure that one developeassgign all his/her working days to at least one

of the groups. Please note the(T) can differs from person to person.

Please note nowy, is the number of days a developer works in a gr@q the total group

capacity is now:

Zﬂikyik for i=1,...,m (4.24)
k=1

n
We can then replacel(T)Q by Z,Blk Y, in the team based model and it will turn to be a
k=1

people based model then.

In section 4.4, we introduced the concept of Cdjpplinit for team transfer. This concept is also

applicable here. We can define the variabye is the number of Capability Unit a developer

works in a certain team. To include this, we neeckplace the constraint 4.23 by :

2 Vi —( for k=1,...,n (4.25)
oy U,

And the team capacity (4.24) by::
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U BiYic for i =1,...,m (4.26)
k=1

4.9.3.2 Management issue for team transfers

More often, a team member is not willing to transfieonly accept a limited times of changes. For
example, a team member is not will to work for mitran 2 teams within the development period.
Sometimes, it is also necessary to set a lowerdéamthe number of days one developer works
in a team. Like we only transfer a person to anogneup if he/she needs to work more than 5
days there. We also need to deal with personabnsador example two developers always want
to work together or do not want to work togethdr.these management issues will be discussed
in this section.

4.9.3.3 Basic constraint
Before we model the management issues, we firsl teeset a new group of constraints to link

two variableg, and Yy, together. The definition ofz, and Yy, can be found in 4.9.2 and

4.9.3.
Yic € Z x d(T) for k=1,...,n
for i=1,...,m (4.27)
This constraints means: if a person works in a@edroup, he can work no more than the whole
project period there. The constraints od, and Y, will be explained next depending on

management choices. Even though it might seem eseaty here, however, we will need it for
all the further extensions.

4.9.3.4 Limit the number of transfers

If we want to limit the number of teams one persarks in, we need to use the variaije

again. (The definition ofz, can be found in section 4.9.1) If we only wanteweloper H,

works in no more thanN teams. We can add the following constraint:
>z, <N (4.28)
Please note thalN can be different from person to person.

4.9.3.5 Lower bound of working days

We can also set the lowest working days a developeks in a team. If a develople, need to

work more thanM days in a team, we need to set a new group otreoms:
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Mxz, <V, for i =1,....m (4.29)

4.9.4 Personal preferences

4.9.4.1 Preference to team
A developer may only want to work in a few teams. Model this, we can only define the

variables z, and Y, for the teamsG where personH, prefer to work.

4.9.4.2 Working with others
When a developer has person preference to othexlapmrs, like he/she wants to work with

someone else or he/she does not want to work witthar one. We can use the varial#g to
model his preference. When developkk,. only want to work with H, , we can add the a group

of constraints that:

Vi = Vi for i=1,...,m

Or when developerH,. does not want to work withH, , we can add the a group of constraints

that:
Yie T Yy 1 for i=1,...,m

4.9.4.3 Key team members
Some team members are very important for a teangx@ample the team leader. When make the

people planning, it is better to fix these peopl¢hie team. If we want to fix the persdd, in the

teamG, , we can set the decision varialje to 1.

4.9.4.4 Different time availability
In the team based model, every team member hasathe working period which is equal to the

planning periodl(T) . In the people based planning model, it is possiblassign each people a
different working period. This will be representasl d(T,) (j =1,...,n) for the develope, .

Then you need to replacd(T) by d(T,) in the constraint (4.23) and (4.27).
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4.10 Chapter conclusion

In this chapter, we introduced the knapsack modeflélease planning. Based on the knapsack
model, we also introduced several management stpeniechanism as the extensions of the
knapsack models. The relationships between theselmare depicted in the following table.

Product /manager
*

extend deadline

/

/
<<extend>>
/

software package
<<extenq>

Hire external people

<<extend>>

development teams

personal preference

work in different teams

Use case chart of release planning

As shown in the picture, the heart of the modehés knapsack model. And all the other models
are the extensions of this one. The combinatiosal af any of the models is applicable except
only one case: when we need to include personéénereces, we introduced a new model for

transferring people and this one has the sameifumes team transfer described in section 4.4.
These two models are not compatible, and it is qulgsible to use one based on whether the
personal preference model is included. In the péctthis conflict is shown as an OR constraint

between the two models.
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5. Scheduling the requirements

5.1 Problem statement

After we select the requirements, a very imporfaotcess in the release planning is to schedule
the activities exactly in time. In this chapter, wal discuss what will influence the scheduling
process, and how to make a project plan with mihtimee span.

5.1.1 Precedence constraints

In the former chapter, we have indicated five typdsrequirement dependencies. These
requirement dependencies will continue influending schedule of the development processes.
When schedule the requirement, we should take twofdfive types of requirement dependencies
into consideration-mplication and cost-related They are considered as implicitly mentioned

precedence constraints’. If requirement Rj influences the implementation cost of
requiremenR,., or if requirementR;. requires R, to function, it is better to start develBp

after R, is finished. Let us denote this precedence cansty R, < R..

According to a former survéy implication andcost-relateddependencies take up a great portion
in practice: three out of five cases reported tlarthe most common dependencies and took up to
about 80% of the total requirement dependencieter Ahfluencing the requirement selection,
these dependencies are inherited and will alsaénfie the project schedule.

Besides the inherited precedence constraints,atsis possible to séime-relateddependencies
for project plan purposes. This dependency expmsgect plan issues like: “we need to

developRj, after RJ. ". For example, it is better to develop the functitilelete an item” after

develop “add an item”.

Although Carlshamf@ suggested only taking one type of requirement oepecy between a pair
of requirements, but in fact in his discussion heerpreted more than one. For example, if

requirement RJ., requires RJ. to function, thigmplication dependency means not only th&,

logically require R to function, but also thaiR, need to be developed aftdR;. So this

relationship is in fact anmplication plus atime-related Theoretically, there can be more

relationships between a pair of requirements, fanwple, RJ.. requires Rj to function and
influences its cost, then, they hdwgplicationandcost-basedlependencies.
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If it is allowed to set multiple dependencies betwea pair of requirements, not all combination of

the six are valid. The first exception is that: legon is not compatible to any other dependencies,
because we can at most have one of the two regeitsiso building more relationships between

them is not necessary. The second exception is @atidn and Implication, because

Combination meansR; require R;, and R; also requiresR;.. The rest of the types can work

together without any problems.

We can divide the requirement dependencies ingetgroups-

® The functional dependency including Combinationplination and Exclusion;

® The value-related dependency including revenudeeland cost-related dependency
® The time related dependency.

The following table shows how the requirement dejeecies influence the requirement selection
and requirement scheduling. The functional and esatlated dependencies can influence the
requirement selection, while thienplication, cost-relatedand time-related dependencies will

influence the requirement scheduling. For simplicéason, we can define these three types of
requirement dependencies as precedence constrainggecedence constraint is denoted as

R, < R.,if R; need to finish before requiremdRt starts.

Influence Influence
Dependency | Dependency . .
rou tvpe requirement | requirement
group yp selection scheduling
. Combination 4
Functional —
Implication 4 4
dependency :
Exclusion 4
Value-related Revenue-related | v/
dependency Cost-related v v
Time-related Time-related 4
dependency

Table 5.1: the influence of requirement dependencies on requirement selection and scheduling
It is clear that the precedence constraint caruénfte the development sequence in a team.
However, the question is: as we have already ssleetquirement based on our capability, why

should we still consider scheduling activities asiraportant issue in release planning? Can the
precedence constraint also influence the deadfitieeqroject?

5.1.2 No precedence constraint

It is not a problem if there are no precedence tcaimés between the requirements. As each team
works independently, they just need to randomlye gvpermutation of all the jobs, and develop
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them one after another. In this way, we can guegtitat the project will be on time.

n
Proof: We have selected requirements based on the abnsthj)g < d(T)Q for all the
j=1

teams G, (i =1,...,m). So, in the release plan, we can gEaﬁ <d(T)Q for all the

teamG, . The development time for requiremeﬁij in team G equals the man dayaﬁ

divided by the number of developer® . Because each team work independently and

continuously, the total development time E i in team G . Given the constraint

Zaij <d(T)Q we can get thatz %S d(T).

5.1.3 One pool of developer

If we have time-related requirement interdependenciwvhen there is only one team i.e. the
requirements are developed by one pool of devedpmamheduling the activities is also not a

difficult issue. We can first draw a Directed AdgdGraph (DAG) by setting the requiremen&

as vertexes and setting the precedence constfint R. as a directed ed¢®, R.). Then the

schedule of the development is the topological ebthe directed acyclic graph. A topological

sort of a DAG is a linear ordering of all its vests such that ifG contains an edgdR;, R.),

then Rj appears beford?j, in the order. The topological sort algorithm idafw:
Topological-Sort G ):
1. Call depth-first searchG ) to compute finishing timesf[R;] for each verteR,; .

2. As each vertex is finished, insert it onto the froha linked list.
3. Return the linked list of vertices

We can compute this sort i©Q(V + E) time whereV equals the number of requirements and

E equals the number of dependentiede can also prove that the project will finishtane.

Proof: Let /7 be a topological sort of the requirements basedhenprecedence constraint.
Because the team can develop requirements consiydbe total time span to finish them is
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a. n
z aj As we selected requirements based Eaﬂ)g <d(T)Q, we will get that

=1
o . a |
Zaj < d(T) Q. This yields the conclusion thaz a is less or equal tad(T) .
The following figure shows one example of topol@gisorting. In the chart, the nodes are the

requirements and the arrows represent the precedemistraints, which point to the immediate
successor of the requirements.

Figure 5.2 example of topological sorting

The topological sorting gives a linear sequenceinal the requirements so that when there is a

precedence constraint betwed® and R, then R, appears beforeR;.. Using the algorithm

above, we can get the order of 7,5,11,2,3,8,9,[Hase note that the topological sorting of a chart
is not necessary to be unique, and does not hdwve depth-first search. The following two orders
are both valid topological sorting of the chart:

® 75311,8,2,9,10 (width-first search)

® 7511,23,10,8,9
This order can be used as the schedule for developm

5.1.4 Schedule with team and precedence constraint

When there are precedence constraints and thenadtiple development teams in the project.
The scheduling problem becomes very complex.

Let’s have a look again at the small release sample
Release Definition 5.1

Team Team Team

PrioNr. Requirement Revenu@stal B c
1 12 Authorization on order cancellation and removal 24 50 5 45
1 34 Authorization on archiving service orders 12 12 2 5 5
1 63 Performance improvements order processing 20 15 15
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1 25 Inclusion graphical plan board 100 70 10 10 50
1 43 Link with Acrobat reader for PDF files 10 33 33

Optimizing interface with international Pos
75 10

! code system 1 1

1 35 Adaptations in rental and systems 35 40 20 20

1 66 Symbol import 5 10 10

1 67 Comparison of services per department 10 34 9 25
Total 226 279 42 77 160
Available team capacity 180 60 60 60

If we use the knapsack model, the solution with imak revenue is to select, requirement 34, 63,
25, 43 and 66 for the next release. In this waycese compose a release plan with the highest
revenue of 147.

If there is a precedence constraint between themexample, between Requirement 25 and
Requirement 34, what will happen?

Req 34 Req 25

Team A 2 days
Team B 5 days
Team C 5 days

| | | | | | | | >

t
0 1 2 3 4 6 7 8
Day 5

In this chart, the blue bar shows the time for Rement 34, and the yellow bar represents the
time for Requirement 25. We can see from the dhattactually at day two, Team ‘A’ has already
finished their work for Requirement 34, howevercdiesse Team ‘B’ and Team ‘C’ still need
another three days to finish their job, so the Reguent 34 does not finish at day 2, but actually
finish at day 5, when Team ‘B’ and Team ‘C’ finisheir jobs for this requirement. So, if
Requirement 25 needs to be development after Regait 34, the earliest start time is at day 5.
So, here comes a problem - Team ‘A’ has wastec tags on waiting Team ‘B’ and Team ‘C’ to
finish their jobs. It is possible that during thekgys, team ‘A’ can do something else, for example,
developing some other requirements which do noedémn Requirement 34. However, the risk
of waiting others still exist, and this risk raisas important issue that how shall one design a
schedule which make teams do not waste time oringadgithers or if this problem can not be
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eliminated, how should one minimize such waitinggiand also minimize the total project span
of the whole release project?

Another issue is: if we need to spend too much timevaiting others, is that possible to re-select
the requirements so that the release plan fits edlgtermined deadline? For example, if
Requirement 43 depend on Requirement 25. Evemjifirement 25 starts at the first day, it takes
Team ‘C’ 50 days to finish their job, and even & wnmediately start to develop Requirement 43,
it will still take Team ‘B’ another 33 days to cohate this requirement, so the project span will
not be less than 50 + 33 = 83 days. If we still iwarkeep the 60 days as the deadline, we then
need to re-select the requirements. This issueeis more important than to schedule the selected
requirements, because it is a more market orightatpproac? and the pressure on
time-to-market is evidefit %,

In this chapter, we will focus on solving the twagoplems mentioned above: under the

circumstances that there are both development tgath® company and precedence constraints

between requirements:

1. How should we schedule the selected requirementsiriamize the total development time
span when there are precedence constraints betheeaquirements?

2. Given a predetermined release date, how should elextsrequirements with precedence
constraints to maximize the revenue of the nevass@

In addition, the assumption so far is that all thems are available for the whole development
period. However, what if some teams have othevities to do or what if there are pre-arranged
holidays during the development time? How should syachronize them? It may be highly
relevant and normal for international companiegsalise the public holidays in each country are
significantly different.

5.2 Scheduling with team & precedence constraints

In this section, we will try to answer the questtbat if there are precedence constraints between
requirements, how can we make a schedule with nainimoject time span?

5.2.1 Four basic assumptions:

1. Each development team works independently on omeireament. If one requirement needs
the efforts in several teams, there are no predéfsequences between the jobs in these
teams.

2. One requirement is available to use only afteritsllcomponents are finished. If one
requirement needs the effort for multiple teamss donsidered ready to use only after all the
teams finish their jobs for this requirement.

3. One team can only develop one requirement at ome fif a team wants to parallel develop
requirement, we can divide the team into severaltsams, where in these sub-teams, they
work on just one requirement.
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4. One team will continue its work until it is donegwlo not allow a team to switch to develop
another requirement before finishing the currerg.ddowever, it does not mean that the
development can not be interrupted, the team cato gwlidays or be interrupted for other
reasons, but after the break, they still need tdicoe with the unfinished requirement.

5.2.2 The RCPSP model

This schedule problem is so unique that it doesfalbinto any traditional machine scheduling
problem. It is not a multi-stage problem becauseahs no predefined sequential order in a
requirement. It is hardly a parallel-machine prablbecause the jobs for a development team
have already been given. It is not a single macpinblem as the schedule of a team also depends
on that of other teams. Most likely, it is a reldxeb shop problem with no prescribed route, but it
is not very efficient to model it as a job shoplpem, because it is regarded as one of the hardest
in combinatorial optimizatioR.

One widely used technique to solve precedence monist is PERT (program evaluation and

review technique). We can compute the minimal mtogpan by identifying the critical path ,

and also compute the earliest start and latedtfstagach job. However, one problem in PERT is
that it does not consider the resources it usdiateg in our case, the resource is our team cgpaci

and a team is only capable of development one remeint at a time. So, the result of PERT is not
very practical since it can plan a team to develapuple of requirements at a time. To include
both resource constraint and precedence consttagmResource Constrained Project Scheduling
Problem (RCPSPj is a good reference to use.

The RCPSP model is often used when a project @agivien limited amount of resources
available at a time. Normally, the amount of reseus not necessarily fixed at one like modeled
in our case. Here, we model the requirement scheggroblem as a special case of RCPSP
problem because it is too unique to fit in a maetsoheduling problem category.

RCPSP is an NP-Hard problémThe problem complexity caused many scholars t@ldpment

heuristics methdd or exact algorithniS. One such was proposed Byistide Mingozzi et al
(1998), and gave solution to the problem with heddrof job¥.

5.2.3 Problem description

We can now model the problem in the following way:

We are given a set of n requireme{d& R - R} . Let m be the number of tean{s,
(i=12...m). We denoted; is the man days needed for Requireméjt in team G, .

We can consider the development process in tégmfor requirement Rj as one individual job.

Because for most of the time, one team does ndl teelevelop all the requirements and one
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requirement normally only need a few teams to deyetorrespondingly, we can find lots &,
are zero, which means te&n is not involved in the development of requiremdﬁlt. So, we
can simplify the model by only considering the jolith positive man days.

Let us define a seX =(1, 2.... ,k)of all the jobs with positive development time &hdre are at

most kK (k < mx n) jobs in the set.

Because each job belongs to only one requiremeatthis attribute, we can partition the s¥t

into n disjoint subset{sR1 R, - Rn} where R ; = {k| job k is for requirement

R}, (j=1,2,..n). So, now we consider a requirement is a set of joldlo in different teams.

And we can get thaU R, =X.
j

Similarly, one job only belongs to one team, so cae partition the setX into m disjoint
subsets{G1 G, - Gm} where G, = {K| job k is in ttam G} (i =1,2,..m). We

consider a team is a set of jobs to do for differeguirements. And we also can get that

Ue =x.

Assuming the number of developers in tedty isQ , we can determine the development time

d, is equal toi for job k where job kDRjﬁGi
Q

5.2.4 Precedence constraints

To show the precedence constraint, we also neédtrtmduce two virtual jobs, the start of the
project and the end of the project. The SPARTmMuSst start before starting the jaKs the job
END can only start when all the jobsare finished. We consider the processing time e$ehtwo
virtual jobs is 0. And the new job set with the taaditional virtual jobs iX" .

The precedence constraints are set between twireéstgnts, not between tasks. According to our

former definition, the precedence constraIR} < R is considered as precedence constraint

between two sets ofjolliéj and R ;- We can model them in the following way.
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With each job k is associated with a sdf* (1 X' /{R of immediate successors: jobs that can
only start after the completion of jok .
We set the precedence constraint one after andﬂth&i < R ,
-1 _ -1
For DkOR, I ={r 'R}
In this way, we set all the jobs for requiremRJ],t as the successors of the tasks for
requiremen’Rj . In this way, we can make sure that any jobs 'qu'remeanj, can only start

after all the jobs for requiremeRg is done.

We can define a seA:{(Rj, R)‘ R< IJ?} which contains all the precedence constraints.

After we set all the precedence constraintskiﬂ)(/ U Rj , it means jobk does not
(R, RHOA

have any successor, then we sef ={END . Or if k[ X/ U R, it means jobk

(R.RI)OA

kOX/ |J R;¢.
(R, R)OA

The precedence constraints can be representediiogcaed acyclic graphG = (X', H) where

does not have any predecessor then wel'sgf, = {k

H:kknwmxumrﬂ

In this graph, the nodes are the jobs and the tduleedges show the precedence constraint
between jobs. This grapks is different from the graph we presented in sechidn3, because this
graph shows the relationships within jobs while thert in section shows the relationships
between requirements.

5.2.5 The upper bound

Let T, be the upper bound of the completion time. We cah the upper bound as

n
z max(d, ‘ kOR ;). It happens if we process requirement one by one.
=1
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5.2.6 The time window

For each jobk, we can computees, (earliest start)ls, (latest start) as its time window. Before
we compute the time interval, we can first topodagisort the jobs, so that jolj is before job

k inthe orderif (j,k)OH .

Compute e§;:
1) Setthe earliest star@S; rr = 0.
2) Use critical path algorithm (forward recursion)ctampute thees, for the rest jobs.
Critical path algorithm (forward recursion):

1. es= max(e§+ ql)

(j.k)OH

2. Perform 1 from theSTARTto the END according to the topological order of the
jobs.

Compute IS, :

1) Set Is, =T

max *

2) Use critical path (backward recursion) to comphee Is, .
Critical path (backward recursion):

1. Is; = min (IsK —dj)

(j.k)OH

2. Perform 1 from théEND to the STARTaccording to the topological order of the
jobs.

5.2.7 The (0,1) integer programming model

Let &, be a (0-1) binary variable that is equal to 1 iflanly if activity kK starts at the

beginning of period t. We can formulate the probksn

t=lsgnp

min >t (5.1)

t=esnp

Subject to:
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t=ls,

> & =1, kOX (5.2)
t=eg
t=ls, t=ls,
Dt +d, < Dt for  (kK)OH (5.3)
t=esg Eeg
t
Z c(kr <1
kOG; r=0(t,k)

t=(0,1,..T,,), o(t,k)=max(Ot-d, + 1

i=1....m (5.4)

The (5.2) means one job must be selected onctsadtshows that each job has the same priority
and there is no preemption between them.

The (5.3) is the precedence constraint—one reqeinéroan only start after its predecessor is
finished.

The (5.4) means a development team can only deeloyst one job at one time.
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6. Select and Schedule the requirements

6.1 Introduction

Given a fixed release dat&€ , we know the available amount of working dagi§ T) within the
period, and if during this period the number of elepers in teamG, is fixed to Q , we can

compute the available team capability equ&sd(T) man days in teanfS, . We set this figure

as the capability constraint in our knapsack motwever, using the method of resource
constrained project scheduling problem (RCPSPJs ipossible that the project needs more

working days thand(T) and finishes after the release deadlifie If this happens, we will face

a new problem: namely how to modify the originalns?

It is not difficult to think of using the knapsaakodel for selection and RCPSP model for
scheduling iteratively until a good solution is fol In fact, this method is used in most of the
software engineering methods. However, doing itatteely is not only difficult but also
time-consuming.

To use the two models iteratively, we need to refiea3 steps until a satisfied solution is found:
1. Drop some requirements so that the project pléin is
2. Re-fill in some requirements to take up the freapacity.
3. Make project plan for the new group of requirements

Because RCPSP problem is NP-Hard, it is difficaltfihd a fast solution to determine which
requirements to drop in order to make the deadlMere importantly, if we drop some
requirements to fit the project plan, we actualiit free some capabilities. It is very wasteful to
ignore these free capabilities because there #drdastie piles of requirements waiting to be
developed in our repository. So we need to rarfilome requirements using the knapsack model.
Then we need the RCPSP model to schedule them tigage whether they fit. The problems of
doing it iteratively are: first of all, this seainy method is difficult to find, and secondly, evién
we find one, the knapsack model and RCPSP modddateNP-hard, which means we need to
spend lots of time on solving them. A better metlsodemanded to solve this problem.

This results in the following research questionitipossible to find a method to select and
schedule requirements at the same time so thatawelefine a profitable and practical release
plan? In this release plan, we still want to hawerhaximal revenue, but we also want the project
to finish before the fixed given deadline. To agki¢ghese two goals, this model should not only
be able to include functional and value-relateduirgment dependencies, but also include the
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precedence constraints. In the following sectioa,will present the model to select and schedule
the requirements when a fixed project deadlinevierg

6.2 The integer linear programming model

6.2.1 Problem description

The first step is to mathematically define the iegment, the team, the job, etc. These definitions
are exactly the same as what stated in sectioB.5-@r the sake of conciseness, we will not repeat
the definitions here. Please refer to section Fd.8etails.

6.2.2 Precedence constraints

The precedence constraints are set between twireéstgnts, not between tasks. According to our

former definition, the precedence constralR} < R is considered as precedence constraint

between two sets ofjot& and Rj,. We can model them in the following way.
We can define a seA:{(Rj , R)‘ R< IJQ} which contains all the precedence constraints.

With each jobk is associated with a sdt,* [0 X /{R of immediate successors: jobs that can

only start after the completion of jok .

We set the precedence constraint one after andﬂth&, < R ,
-1 -1
For kDR, T ={rUR }.
In this way, we set all the jobs for requireméq.t as the successors of the tasks for
requiremenRj . In this way, we can make sure that any jobs qu'remenIRj, can only start

after all the jobs for requiremeRg is done.

The precedence constraints can be representediiogcied acyclic graphG = (X', H) where

H={(knkox,10r
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6.2.3 Compute the earliest start and the latedt sta

For each jobk, there is a time windowes, , Is,) associated to it. This time window defines

the possible time interval for this job to starte\déan compute the time window in the following
way:

(2) Compute es;:
® Setthe earliest stares =0 for all the jobs k which do not have predecessor.

® Use critical path algorithm to compute thes, for the rest jobs.

Critical path algorithm:

1. Give atopological sort of all the jobs, so that(if,k) (JH , then j appears
before k in the order.

2. e5 = max(es+ d)

3. Perform 2 from the start to the end according tthpological order of the
jobs.

(3) Computels, .

® For each jobk, Is, is equal tod(T)—d,. We can not lower this upper bound

because we do not know whether its successor &iidbected or not.

(4) If Is, <es, which means this jokk can not fit in the time span of the project, and th
requirement Rj which contains this job will not be the candidafethe coming release, so

X"=XIR,.

6.2.4 The Objective function & the constraints

6.2.4.1 Define the variables:

® For each requiremeﬁtj 0 X", we define a binary decision variabbe, associated to it,
X; =1 if and only if requirementR, is selected.

® For each jobk[d X", there is a binary decision variablg associated to it.y, =1 if

and only if job k is selected in the new release.
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® For each job kO X", we define a group of binary decision variabf, where

tO[es, Is]. ¢, =1 ifandonly if job k starts at timet .

6.2.4.2 The objective function
We can model it as follow:

n
maxz v, X (6.1)
=1

Subject to

Z \

KOR -
| S m for j=1...,n (6.2)
t=ls,
D> &=V for kOX' (6.3)
t=es
X S X% for (j,j)OA (6.4)
t=ls, t=lsy
Dt +d < Yt + (L Y, ) H(T)
t=es t=eg
for (k,K)OH (6.5)

t

z Ekr <1
(

kOG; r=0(t,k)
o(t,k)=max(0t-d + 1 for t=(0,1,..T,.,.),

i=1...,m (6.6)

6.2.5 The explanation of the model

(6.1) is the objective function, we want to maxienthe revenue of the requirement in the time

span. v, is the revenue of a requirement, aqdis a binary selection variable of that requirement
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