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Abstract

Agile software development principles prioritize the delivery of value through working

software. Earlier value creation is preferred to reduce the time to market and get sooner feedback
from customers. A challenge in planning agile sprints to achieve value upfront is the tension that
exists between the value, resources, size of each feature or story deliverable, and the
dependencies among them. While the role of effort and resource constraints in value creation has
been studied extensively, the role of dependencies has not been fully addressed in the agile
context. In this thesis, we propose a framework to improve value delivery in agile software
development by decoupling cyclic dependencies to achieve more robust multi-sprint plans in a
scaled agile environment. We analyze this novel approach using an arbitrary test dataset to
demonstrate how different decoupling methods yield different value trajectories. We also suggest
an optimization method to maximize such value creation through sequencing by simultaneously
considering timing, dependencies, and resource allocation. We perform a brute-force
optimization approach on the test dataset to demonstrate how more rapid value creation can be
achieved over multiple sprints.
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1.Introduction
1.1 Agile Software Development

Traditional, plan-based, or “Waterfall” style engineering project management methods involve
detailed up-front planning and design, which is often referred to as Big Design Up Front or
BDUF. This style of project management works fine for many types of projects, such as
construction and VLSI design, in which features and scope can be well defined at the start.
However, for other kinds of projects, such as software development, where work involves a level
of uncertainty and high change rates, traditional methods fall short. In such an environment
where change is frequent, and the value that is delivered can be improved based on information
that comes with these changes, Agile Project Management comes into play [1]. Beck et al.
formalized the agile principles in the Agile manifesto [2], forming a basis for Agile software
development.

1.2 Scaled Agile

However, as software systems and organizations have scaled, there has been a growing need to
provide greater coordination ability among self-organizing development teams. Turk and France
have identified several challenges and limitations that arise from the assumptions underlying
agile processes [3]. These assumptions do not accurately represent a large-scale system
development environment. This need has given rise to “Large-Scale Agile” methodologies,
which attempt to adapt the principles of agile development to the needs to coordination in a
complex, scaled enterprise environment [4].

According to the 2019 Survey on Agility [5], 70% of the respondents have indicated their
ambition to integrate both Business and 1T-enabled Agile transformation in the next three years.
The survey received responses from more than 120 participants from 17 countries. These results
show an increasing interest from organizations to adopt Agile at Scale.

There are several Scaled Agile frameworks that organizations adopt to enable their Agile
transformation such as Scaled Agile Framework (SAFe) [6], Solutions for Agile Governance
(Sage) [7], Scrum @ Scale [8], Spotify [9], Large Scale Scrum (LeSS) [10], and Disciplined
Agile Delivery (DAD) [11]. SAFe is the most common framework, according to the Survey on
Agility [5]. This research is based on the scaled agile practices at Swisscom, where SAFe is the
framework that is being used.

The framework of choice for this thesis is SAFe. SAFe was introduced by Dean Leffingwell in
2011. In SAFe, programs (called Agile Release Trains, or ARTS) develop and deploy together
during a Program Increment (PI), which consists of multiple (usually five 2-week) sprints [6].

The synchronicity of Pls is an essential aspect of SAFe (“develop on cadence”), and it enables
teams to integrate the system on a regular basis [12].



1.3 Field study at Swisscom

The research presented in this thesis was motivated by and performed in collaboration with
Swisscom. Swisscom is the leading Information, and Communications Technology and
telecommunications provider in Switzerland Swisscom holds a market share of 59% for mobile,
53% for broadband internet, and 36% for TV telecommunication in its domestic residential and
commercial markets [13]. Swisscom is known for its premium quality offerings.

We studied the Program Increment (PI) Planning process for the Agile Release Train (ART)
“Data Lake”, which is a part of the Large Solution “Data, Analytics & AI” (DNA). Swisscom’s
Data Lake is a large, centralized data repository for structured and unstructured data from a
variety of source systems across Swisscom. It also provides storage, computation, and access
infrastructure and services to leverage this data. The DNA large solution contains five other
ARTSs (four analytics-focused ARTs and one ART focused on developing applications for
business users using data and Al to differentiate their market offerings), which depend on the
Data Lake ART for this infrastructure and use it to develop their own products and services for
Swisscom business customers. All the ARTs in the DNA Large Solution do their Pl Planning
together in a single event.

Swisscom

Business Sponsor Lean Portfolio Management Business Owners

«Data, Analytics & Al»

Infrastructure Mass Market Enterprise Business New
Analytics Analytics Analytics Analytics Business
Data
Lake

Figure 1: Data, Analytics and Al Large Solution high-level structure (source: Swisscom)



Bajpai represented the dependencies between the Data lake and the other ARTSs as below [14]:
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Figure 2: Nominal Interface matrix for Data Lake development teams + customer teams (source: [14])

The above diagram, Figure 2, indicates the pattern of dependencies that exists between various
teams within DNA

Our discussions with the Vice President of Product Management for Data Lake program
(referred to as Manager hereinafter) helped us understand various challenges that Swisscom
faces during PI planning and execution. The primary concern raised was that though resource
utilization is high from the beginning of a Pl execution, the features are completed only towards
the end of the PI. This occurs partly due to a lack of proper understanding of dependencies prior
to the execution of user stories (referred to as story hereinafter). Bajpai [14] identified that there
could be seven times more interactions that may be present than are represented in the PI board.
Though the teams are aware of dependencies, the dependencies may not be formally registered,
leading to communication gaps and coordination overhead. These gaps and overhead cause
delays in the delivery of certain stories leading to an overall delay in completion of a feature.



Manager stated that developers do not like such cyclic dependencies, and it becomes an overhead
for Product Owners and Scrum Masters to manage these dependencies during the sprints.

In this thesis, we propose a framework that consists of a sequencing strategy with six methods to
reduce the tension created by dependencies and story size on value. We call them “Sequencing
Strategies”. Using these strategies, we reduce the risk to product development by eliminating
cyclic dependencies, which helps teams achieve better flexibility during the PI planning and
execution. We perform an analysis of these strategies using an arbitrary test dataset to
demonstrate how different strategies yield different results and perform a simple statistical
analysis of these results. We also suggest an optimization method to maximize value creation by
simultaneously managing effort, timing, dependencies, and resource allocation. We perform a
brute-force approach on the test dataset to demonstrate how resource allocation can be achieved.

2.Literature review

2.1 Managing Value, Story Size and Resource Tension

[6] defines value as the Cost of Delay, which is the money that would be lost by delaying or not
doing a job. The value of a job and its size help us identify the priority of a job using the
Weighted Shortest Job First (WSJF) framework [15]. In Agile Software Development, these jobs
are either features or user stories. [16] highlights the importance of value in lean thinking by
stating that a job that does not provide value to customers is considered a waste.

Torrecilla-Salinas et al., in their research that proposes a new framework to estimate and plan
Agile web development using a value-based approach, suggest that there exists a cost-benefit
relationship between size of a story and value [17]. Hence, there is a tension between story size
and the value. Wake, who defined INVEST, a popular framework used to assess the quality of a
user story, highlights the importance of making the size of a user story small so as to fit within a
sprint [18].

Dependencies are a major source of risk to cost-effective project execution [19]. Dependencies
can lead to conflict between teams and, if left unresolved, may add unpredictability and risk to
the project [20], thereby impacting the value created. Though it is desirable to eliminate all
dependencies, it may not also be achievable [18]. Therefore, it is important to manage
dependencies effectively.

DSM has been long considered an effective tool in managing these dependencies. According to
Eppinger and Browning, DSMs can help create conciseness, enable better visualization, provide
intuitive understanding, and enable better analysis and flexibility [21]. In their book, they have

showcased how DSM can help visualize and optimize product development in various industry



through product, process and organization DSMs. Many researchers have explored the
application of DSM in software development [14], [22], [23]

2.2 Optimization of Allocated Resources

However, DSM sequence optimization is a NP-hard problem [24] and cannot be solved using
simple optimization techniques. Yassine et al., have demonstrated how optimization can be
performed on a multi-domain solution using a single objective function rather than optimizing
individual domains separately [25]. They claim that, in doing so, more efficient multi-domain
DSM arrangements may be discovered that were not initially apparent. Golfarelli et al., have
proposed a framework to optimize the software development process to maximize value creation
[26].

2.3 Opportunity and the Current Research

Though there is literature regarding the practices to estimate, plan, and execute in an agile
environment, the tension between value, size, and dependencies in the overall value generation
has not been studied extensively. Using the field study conducted at Swisscom as our motivation,
we attempt to perform an exploratory study on the impact of effort, capacity, and dependency on
value creation in agile sprints and propose a model that takes these factors into consideration to
maximize the value creation by decoupling cyclic dependencies and optimizing the resource
allocation.

3. Modeling Agile Value Creation

3.1 Objective

To explore value maximization in agile sprints, we formulate a stylized model with multiple
features, two sprints, and two resources (persons). We have added further constraints in the form
of dependencies between the various stories that belong to the features. Since a feature is
considered as the entity that delivers business value to stakeholders, it is important that all stories
in a feature are delivered to realize the value of a functionality. Sprint 1 and 2 are
representational for modeling purposes. In reality, they may be considered as any two sprints that
are consecutive.

Multi-Domain Matrix (MDM) can be a useful tool to gain insights into product development by
visualizing the inter-relations between various domains — people, process, and product [25].
MDM is a form of DSM that represents multiple domains connected by various relationship
types. Figure 3 shows a stylized MDM with two domains — people and process. In our model, we
represent these two domains. The DSM contains the story level information and would give
insights into the sequence in which stories must be completed. At the same time, the Domain
mapping matrix (DMM) [27] includes the information regarding the resource allocation required
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to complete these stories. Hence, the DSM represents the process domain(process DSM), and
DMM represents the people domain (resource DMM).
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task 1
CEORESIED
task 3
task 4
task 5
task 6 \ ...belongs to the same projectteam as. ..
person 1| X X X|X|X
person 2 X
person 3 X X
person 4 X X

Figure 3: Stylized MDM (source: https://dsmweb.org/multiple-domain-matrix-mdm/)

We summarize the objective of this research as follows:
1. Create most value achievable in the first sprint

2. Set up for additional value creation in the second sprint with limited lookahead

3.2 Sequencing Considerations

Extensive studies have demonstrated how value, effort, and resources impact the prioritization
process. This is not limited to software development. WSJF is a popular model for prioritization
for organizations that practice Agile methodology. However, it does not consider the role of
dependencies. The role of dependency is a relatively less explored topic in agile software
development [28]. Dependency necessitates coordination. If dependencies are not handled well,
it creates stress in the team and leads to undesired delays. Identifying and formally registering
these dependencies are an essential step in managing dependencies. The same inferences were
drawn during our discussion with the Manager. Our model considers value, effort (story size),
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resources (personnel), and dependencies as the considerations while sequencing work and
optimizing value creation.

3.2.1 Decoupling Approach

Our discussions with the Manager revealed that cyclic dependencies cause stress to the
developers, Scrum Master, Release Train Engineers and Product Owners alike as it increases the
coordination overhead. Hence, we decided to focus our attention on decoupling these cyclic
dependencies. Once the cyclic dependencies are removed, we can represent the stories as a lower
triangular DSM, which provides more flexibility to manage the execution of stories and the
resource allocation.

Our initial proposal assumed that if dependencies are to be decoupled, a buffer amount of effort
must be added to the stories engaged in that cyclic dependency. We assumed that 50% may be
added to a story as the buffer amount of effort. However, the Manager pointed out that since the
dependency management occurs during initial planning phases, they would prefer redistributing
efforts among stories rather than adding buffer. In doing so, the overall size of the backlog (in
terms of story points) can be kept the same. The below diagram is a simplified representation of
this process:

Resources Tasks Tasks after decoupling
Resource 1 ~ | |
Resource 21__“<L 1]

Figure 4: Simplified representation of decoupling process

In Figure 4, the portion of the tasks highlighted in Amber represents the portion that causes the
cyclic dependency. By reassigning that portion to Resource 1, the cyclic dependency may be
decoupled, reducing the necessity for coordination among the resources during execution.

Based on the feedback received and our analysis, we propose a strategy consisting of six
methods to redistribute the efforts among stories to break cyclic dependencies. The effort
redistributed accounts for the portion of work that causes this cyclic dependency. To simplify the
modelling process, we have assumed that 50% of a story accounts for the effort contributing to
that portion of work; however, once the framework has been programmatically implemented, this
numerical value can be parameterized. The goal of this redistribution of efforts is to resequence
this DSM as a lower triangular DSM.

Table 1 summarizes the Sequencing Strategies based on the above two parameters.
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Table 1: Decoupling Methods

Direction of Transfer
Selection Criteria Small to Large Large to Small
Effort based while ignoring value Method 1 Method 2
Address smaller value story/feature first |Method 3 Method 4
Address larger value story/feature first |Method 5 Method 6

The Selection Criteria column contains information regarding the criteria based on a method that
would be selected and applied. Small to Large and Large to Small columns represent the
direction of transfer of the efforts. Effort based methods (method 1 and method 2) consider only
effort as a parameter for transfer. This may be applied when the dependencies occur within a
feature or when the stories with cyclic dependencies belong to 2 features with equal value. The
value-first methods (methods 3,4,5, and 6) consider value of the features as the first decision
point followed by effort. This may occur when cyclic dependencies occur among stories belong
to features with different values. For example, method 5 is a value-first method. If two stories
have a cyclic dependency and belong to two features that have different values, identify the
feature with higher value first, then transfer efforts from smaller story that belong to the higher
value feature to larger story in that relationship. Additionally, if the transfer causes a story to
exceed a single resource capacity limit for it to be completed within a sprint, the story must be
split or broken down. The resultant stories will inherit the dependencies of the parent story.

We have applied these six methods independently to an arbitrary test dataset to understand how
they impact the value creation in a PI. We do acknowledge that not all dependencies may be
eliminated. However, decoupling cyclic dependencies to make all the dependencies sequential
improves flexibility and enables better planning. These strategies are mere guidelines. It is the
prerogative of the Scrum Master and Product Owner to decide how the efforts must be
reassigned or transferred.

Test Dataset

Our test dataset represents a PI that consists of two sprints, with dependencies expressed as a
DSM. The program has two persons to complete the four features (and eight stories). As there
are only five days in a sprint, the total available capacity is 20 person-days. However, to
complete the features listed, it would take 23 person-days, which implies that not all features will
be completed. The steps below demonstrate how maximum value can be achieved given the
constraints listed above. The ‘X’ in the cells of the DSM represents the dependency between the
stories.

* Pl -2 sprints (5 days/sprint)
» Resources available - 2 persons
» Total Features — 4 (color-coded)

12



» Value defined at feature level; Max value available in the Pl is 10
» Total Stories — 8 (2 per feature)
» Total effort required to complete all stories — 23 person days

Story point
expressedin |« oo |« o |«
Feature ID Value Story ID person days J-: J-: 3 3 3 3
F-1 1|S-10 1
F-1 S-11 4
F-2 2|S-20 4
F-2 S-21 2
F-3 3|S-30 2
F-3 S-31 4

_X

Figure 5: Test Dataset represented as a DSM

From the DSM, we can see that stories S-30, S-31, and S-40 have a cyclic dependency.

The goal of our model is to maximize the value that is generated in the first sprint while, with
limited look ahead, maximize the value in the second sprint. We are considering the
dependencies, value, and efforts as constraints. In the next section, we illustrate how value
creation can be maximized by applying a strategy. For demonstration purposes, we have used
transfer strategy 5 in the below illustration.

3.2.2 lllustration of the Modelling process

This section illustrates the process by which the bi-directional dependencies are decoupled,
and the optimization is performed.

Step 1: Sequence the DSM; sequence the coupled blocks according to the efforts.

Story point
expressedin [ [o |« | o o |«
Feature ID Value Story ID person days :‘; E 3 3 E E
F-1 S-11 4 Sprint in process DSM
F-1 1 S-10 1 Sprint 1 in people DMM
F-3 S-31 4 X |x Sprint 2 in people DMM
F-3 2 S-30 2 X X
X
F-2 S-20 4 X
F-2 3 S-21 2 X
X Ix o x|x
Resource 1 (per-sprint capacity -5) 4 2| 2
Resource 2 (per-sprint capacity -5) 1| 4 4

Figure 6: Dataset after initial sequencing

13



Though we achieve value in the first sprint, dependencies span across sprints. Hence, stories S-
31, S-30, and S-40 cannot be completed. The cells highlighted in red in the resource DMM
indicate the user stories that cannot be completed due to the dependencies.

Story point
expressedin |o e |o |lo |« |«
Feature ID Value Story ID person days E E S 3 3 :‘:
F-1 S-10 1
F-1 1 S-11 4
F-2 S-20 4
F-3 S-30 2 X |x
F-3 2 S-31 4 X X
X |x
s-21 x
X |x X |x
Resource 1 (per-sprint capacity -5) 1| 4 2 2|
Resource 2 (per-sprint capacity -5) 4 4

Figure 7: Suboptimal solution without decoupling

Figure 7 is a suboptimal solution obtained by resequencing. Though the dependencies do not
span across sprints, the most valuable feature isn’t still delivered.

Step 2: Identify feedback dependencies that are cyclic

Story point
expressedin | o
-

S-11
S-31
S-30
S-20
S-21

Feature ID Value Story ID person days |
F-1 S-10 1
F-1 1 S-11 4
F-3 S-31 4
F-3 2 S-30 2
2
F-2 S-20 4
F-2 3 S-21 2
e fa  fsar o ]

Figure 8: DSM with coupled dependencies identified

x — feedback dependencies that are cyclic

Step 3: Initiate transfer

Strategy 5 has been employed here for the purpose of demonstration. S-31 receives feedback
from S-30 and S-40. Since S-31 is the largest story and F-4 has a higher value, the efforts are

transferred to S-31.
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Story point
expressedin o
i

S-11
S-31
S-30
S-20
S-21

Feature ID Value Story ID person days | ¢
F-1 S-10 1

F-1 1 S-11 4

F-3 S-31 4+1+1

F-3 2 S-30 2-1+.5

F-2 S-20 4

F-2 3 S-21 2

Figure 9: Step 1 in decoupling process. Efforts are transferred from feature with higher value to that with lower
value from smaller story to larger story

Story point
expressedin |o |« [« | o o |
Feature ID Value Story ID person days E E 3 E 3 E
F-1 S-10 1
F-1 1 S-11 4
F-3 S-31 6
F-3 2 S-30 1.5
F-2 S-20 4
F-2 3 S-21 2

Figure 10: Stories with newly assigned efforts post decoupling

Step 4: Repeat Step 3 until all cyclic dependencies are decoupled

In Figure 10, the process has been repeated until all three feedback dependencies are decoupled
in the process DSM.

Step 5: If a newly estimated story exceeds the resource capacity limit, split it into two

It can be seen that S-31 exceeds the person-days allocated to a sprint for a story. Hence it
has to be split into two, S-31a and S-31b. Splitting a story may improve its clarity and make it
more concrete [29]. The resultant DSM is:

15



Story point
expressedin [o |« |8 [ o o | o =
Feature ID Value Story ID person days :': :,_'; 3 3:: E 3: uh?u
F-1 S-10 1
F-1 1 S-11 4
F-3 S-31a 5
F-3 S-30 1.5
F-2 S-20 4
F-2 3 S-21 2
F-3 2 S-31b 1

Figure 11: DSM with the additional story after splitting

The newly created stories retain the dependencies of their parent story. In this case, S-31a and S-
31b will have the same dependencies as S-31.

Step 6. Repeat Step 1

Story point
expressedin (o [o |8 |2 | o s || =
Feature ID Value Story ID person days E :‘; 3 3?» 3 2 ;
F-1 S-10 1
F-1 1 S-11 4
F-3 S-31a 5
F-3 S-31b 1
F-3 3 S-30 1.5 X |x
X
X X X
F-2 S-20 4 X
F-2 2 S-21 2
Resource 1 (per-sprint capacity -5) 1l 4
Resource 2 (per-sprint capacity -5) 5] 0.5 4

Figure 12: Re-sequenced DSM

Step 7. Run value maximization optimizer

Story point
expressedin [o |« |8 |2 | o - | o
Feature ID Value Story ID person days : ; 3 u"': 2 2 S
F-1 S-10 1
F-1 1 S-11 4
F-3 S-31a 5
F-3 S-31b 1
F-3 2 S-30 1.5 X [x [x
X [x [x
X [xoIxox[x
F-2 S-21 2 X
F-2 3 S-20 4 X
Resource 1 (per-sprint capacity -5) 1| 4 1[ 1.5 2
Resource 2 (per-sprint capacity -5) 5] 0.5 4

Figure 13: MDM after optimization with resource allocation
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The above PI plan promises maximum value without violating the constraints. It must be noted
that the resource allocation is random and does not take a resource’s attributes such as skillset
and availability into account.

»  Sprints completed - 2

» Total resources utilized - 19 person-days

» Total features completed — 3 out of 4

« The maximized value created in sprint 1 subject to constrain - 1
« Total Value achieved — 8 out of 10

» Total stories completed — 8 out of 9

« Sprint 1 utilization — 100%

» Sprint 2 utilization — 90%

3.2.3 Mathematical representation of the Optimization approach

We have defined an optimization strategy for the assignment of resources to maximize value
creation. This section describes the input parameters and notations, objective function, and the
constraints to perform the optimization. We use two domains — process and people — in our
optimization process.

Input & Notation

Input Notation
# of sprints —set to 2 Sprint 1 when t<=5, sprint 2
when 6<=t<=10 ; t is an integer; t
€[1,10]

Daily resource limit on capacity (# of persons) | D vt
— assuming that the team size is fixed

# features that need to get worked on F

Each feature’s value when completed Mt f e[1,F]; fisan integer

Si is the identification number of a story Siis an integer; i €[1, Smax]

Total # of stories Smax

Each story is uniquely associated with one Set: ={subset 1, subset 2...subset
feature f}

Story point expressed in (p) person days For each S;, there is a pi

Binary decision variable:

e rit = resource allocated to a Story, S at time t



Objective function:

e max (X Vftatt=510) (1)
fi

Constraints:

e Daily resource constraint
The daily resource constraint implies that resources allocated in a given day must not
exceed the total capacity available for that day. For example, if there are 2 resources, D=2
and X rig <2

DZZ?:l Fit, V t ...(2)

e Value creation constraint
Value creation constraint implies that V will be generated only when all stories of a
feature are complete.

Vit = My, when for subset f, ¥T_, pi=XT_; rir, vt
else = 0, when for subset f, Y¥7_, pi> YT, ri, vt ..(3)
3.2.4 Optimization by Manual Enumeration

In this thesis, we have performed the optimization through manual enumeration. For the above
set of nine user stories 9! Or 3,62,880 sequences are possible. However, if we consider the
dependencies present in the test dataset, we can reduce the solution space to 33 sequences. These
33 sequences abide by the constraint that the resultant DSM that has been subject to Sequencing
Strategy must be lower triangular DSM. Here are a few suboptimal solutions that we obtained
during the manual enumeration process without violating the dependency constraints. In Figure
14, SO1 to SO5 are five suboptimal solutions that were randomly selected.
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Figure 14: Examples of optimal and suboptimal results obtained through manual enumeration

Table 2: Comparison of suboptimal and optimal solutions

Vsprintl Vsprintz Vtotal Uti |sprint1 Uti |sprint2

100% 90%
60% 65%
60% 65%

100% 90%
90% 100%

100% 90%

Optimal
SO1
SO2
SO3
SO4
SO5

O (O |O (kR |k |k
DO | W W
(OO (b~ |~ |0

Table 2 summarizes the efficacy of these solutions. It is evident from the table that the
suboptimal solution could lead to the underutilization of resources and reduce value creation.



4.Discussion and Analysis

4.1 Decouple Method Comparison

Figure 15 shows the MDM representation of the PI that has been independently optimized using
the six decoupling methods. It is evident from the below images that the stories that are planned
for a sprint change significantly with the method chosen. The MDM provides an easy way to
visualize the PI plan and the resource allocation simultaneously.

Method 1 Method 3 Method 5
|Story point. |Story point [Story point |
pressedin | o | |2 la] o o pressedin | [ oo fo | - o lexpressedin | o[22 | ola
reature 0 |vatue sy Joersonaays | F |5 (3 (3 |3 3|8 reatre 0 |value storyio personaays |3 [ 3 (@ [& |5 3 Feawre D |val stoy o personcays |3 (3 (3[R |3 518
F-1 510 1 F-1 [s-11 |4 [F-1 |5-11 |4
= A 51 B = 1 Js10 i 1 1 510 A
=3 s-31a s -3 ls31 25 F:3 ls-31a 5
r3 5310 A r3 3 530 os [ ] = sa10 B
-3 3 530 L5 x [ [ | -2 521 2 x | | F:3 3 ls-30 125 ||
F2 s21 2 r2 B s20 B r2 521 2
2 2 s20 3 Resource 1 4 4 E r2 l2 [s20 |
Resource 1 o o [ dss Bl Resource 2 2slos] 2| | 4 Resource 1 o | ag B
e E osl o | | E osl 4 | |
Method 2 Method 4 Method 6
|Story point. [Story point |
expressedin | [l @ ]2 ] o . e _ expressedin | o (212 o e
reature 0 |val soy o lpersoncays |3 | B IS |3 (3 5|5 reature 1 _|val story 1D K 3 Feature 10 |value sy [pesonays |F |35 3 515
F-1 511 4 F-1 [s-11 [F-1 |5-11 |4
s =N n = A 510 = 1 510 A
F-3 [5-30a 5 F-3 [s-31 IF-3 |5-31a 5
3 3 5-300 o 3 3 = L F3 5316 o
F1 1 510 1 L] F-2 s-21 || F3 3 Is-30 15 x x_|x ||
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Figure 15: Optimized MDMs using six decoupling methods

We have evaluated these methods to see how value created differs when applied to the same
dataset by analyzing the various measures of central tendency.
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Here’s a summary of the results achieved using each method.

Table 3: Comparison of results obtained using the six methods

Std dev
Strate Mean stor of Median Total . .
gy Strategy desc . v . Vsprintl vsprintz Utllsprintl Utllsprintz
size story story size Value
size
Transfer from smaller story to larger
story 2.6 1.69 2 1 7 8 100% 90%
Transfer from larger story to smaller
story 2.6 1.69 2 0 8 8 100% 90%
Transfer from smaller value feature to
larger value feature + Transfer from
smaller story to larger story 2.9 1.56 3.25 4 4 8 100% 90%
Transfer from lower value feature to
higher value feature + Transfer from
larger story to smaller story 2.9 1.62 3 4 4 8 100% 90%
Transfer from higher value feature to
lower value feature + Transfer from
smaller story to larger story 2.6 1.67 2 1 7 8 100% 90%
Transfer from higher value feature to
lower value feature + Transfer from larger
story to smaller story 2.6 1.69 2 1 7 8 100% 90%

From the above summary table, we can infer that the choice of decoupling strategy impacts the
overall speed of delivery of value while maintaining the same resource utilization. By
simultaneously managing dependencies and resource allocation, we can alter the value creation
in a sprint.

Since the methods have been applied only to a small dataset, we cannot draw a more generalized
conclusion. However, if applied to a larger dataset, we hope to draw more realistic conclusions
regarding the efficacy of the decoupling strategy. It must be noted that these methods may not
always be applicable interchangeably and must be picked based on the situation. However, using
a consistent strategy may help in creating a standard practice in the team.

4.2 Managerial insights from Swisscom

Manager indicates Strategy 3 is better than Strategy 4 as it has a lower Standard Deviation for
story size. This is considered to be the best practice in the agile world because it keeps the work
balanced. Based on the feedback we received, we came to the following abductive hypothesis.

Hypothesis: If the size of the story is capped at a pre-defined sprint limit while lowering the
standard deviation, more flexibility can be achieved, enabling higher value creation

Manager also expressed his interest in knowing the effect of time criticality and assignment of
value at the story level on the framework. We have demonstrated the impact in the next section —
special cases.
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4.3 Special cases
4.3.1 Time Criticality

Though we haven’t considered time criticality as a parameter in the model, we are attempting to
demonstrate how the output of the model will vary when it is factored it into our test. A feature
that is considered by a team as less valuable may have a dependency with a feature of higher
value on another team’s backlog within the organization. This may occur due to siloed planning,
lack of clear understanding of features at an organization level, among other reasons. In the
example below, we have considered Feature F-2 as a time-critical feature that must be completed
before the end of PI, although it is not the most valuable feature. It can be seen that the most
valuable feature has not been completed due to capacity constraints. Hence, we can infer that
there exists a tradeoff between time criticality and value generated.

Story point .
expressedin | _ o llo E=NEEREY
Feature ID Value Story ID person days : S : : 2 2 S
F-1 S-11 4
F-2 S-20 4 X
F-1 1 S-10 1
F-3 S-31b 1
F-3 S-31a 5
F-3 3 S-30 1.5 X X |x
F-2 2 S-21 2 X
X [xIx
X X [xofxIx
Resource 1 (per-sprint capacity -5) 4 1 1.5 2(0.5
Resource 2 (per-sprint capacity -5) 4 1l 5

Figure 16: Optimized solution for Special case with Time Critical feature

4.3.2 Assigning Value at Story Level

This is a special case where value is assigned to the stories instead of features. According to the
Manager, the best practice for a Product Owner is to identify and assign value to each story as
opposed to assigning value to features. This can be considered a special case in our model where
each feature has only one story. Hence, the value and story will have a one-to-one relationship.
However, to provide readers the ability to compare all the models, instead of creating a new
example dataset, we have distributed the value of the features to its stories so that the overall
value remains the same, and so does the effort to complete each story.

Here is the DSM from Step 7 in section <>. The process remains the same until this point. The
below DSM has the value represented at the story level. The value of the feature has been
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distributed. However, it can be noticed that though the feature value may be lower, its stories
may have a relatively higher value when compared to stories belonging to higher-value features.
For example, feature F-4 had a value of 4, whereas F-2 has only 2, which implies that it is
desirable to complete F-4 before F-2. But after defining value at story-level, Story S-21, with a
value of 1.5, which belongs to F-2 has become more valuable than S-40 that belongs to F-4 as S-
40 has only a value of 1.

Story point
expressedin | _ o | o FSNEEREEY
Feature ID  Value Story ID persondays | |3 | & [ | | 3.
F-1 0.5 S-11 4
F-2 0.5 S-20 4 X
F-1 0.5 S-10 1
F-3 0.5 S-31b 1
F-3 2 S-3la 5
F-3 0.5 S-30 1.5 X
F-2 1.5 S-21 2

_X

Figure 17: Special case where value is assigned at story level

After optimizing the MDM, the result indicates that the total value achieved is more than what
was achieved when value was defined at the feature level despite spending the same amount of
effort. Hence, it may be inferred that determining value at the story level may improve the
perceived value creation in a PI.

Story point
expressedin (& [ @ | o Y - &
Feature ID  Value Story ID persondays [2 (2 (3 [& 3|S5 3
F-3 0.5 S-31b 1
F-3 0.5 S-31a 5
F-1 2 S-11 4
F-1 0.5 S-10 1
F-3 0.5 S-30 1.5 X [xIx
F-2 15 S-21 2 X
X [xoIxoIx|x
X [x X
F-2 0.5 S-20 4 X
Resource 1 (per-sprint capacity -5) 1 4 1{1.5] 2
Resource 2 (per-sprint capacity -5) 5 41 0.5

Figure 18: Optimized solution for the Special case where value is assigned at story level

23



5.Conclusion and Direction for Future Work

In this thesis, we conducted initial fieldwork at Swisscom to understand some of the critical
challenges in scaled agile software development. Based on the discussions with the Manager, we
identified the creation of value earlier in the P1 as a critical challenge and research opportunity.
A key factor contributing to this challenge is bi-directional dependencies between engineers
stemming from the technical coupling between user stories. At Swisscom, unless a feature is
completed, stakeholders do not get to realize the value of the deliverable or functionality.
Though not all dependencies may be eliminated, it is essential that they are simplified and
managed effectively. We identified DSM as an effective tool to help decouple the dependencies
and MDM as a tool to help represent the resource allocation and sequence of tasks
simultaneously.

We analyzed six decoupling methods using a test dataset and reviewed the results with the
Manager. We relied on the results to demonstrate the efficacy of our framework. We also drew
an abductive hypothesis, which was tested using the framework. We proposed an optimization
approach to maximize value creation by simultaneously managing dependencies and resource
allocation that we demonstrated through the manual enumeration process.

Limitations and Opportunities for Future Work:

However, there are many limitations to the approach presented in the thesis. The model itself
makes several simplifying assumptions in decoupling the dependencies. Firstly, the amount of
effort that is redistributed, 50%, may not be a realistic representation of the effort that contributes
to the cyclic dependency. It was a figure selected purely for representational purposes. It may
vary based on several factors. Additionally, the model assumes that the stories become entirely
decoupled when the efforts are redistributed, which may not always be accurate. It may depend
on factors such as clarity in requirements, technical complexity, and resource constraints, to
name a few.

Eppinger and Browning [21] have suggested several methods to resolve the coupling that may
serve as an alternative or supplement to the decoupling methods presented in this thesis. In this
thesis, we have combined two of these methods to create the proposed strategy. The tearing
method mentioned in the book, which was initially presented by Steward [30], explains how a
block of coupled dependencies can be broken down into sequential dependencies with minimal
iteration. The process involves representing these blocks as node-link circuits and tearing the link
that breaks most or longest circuits. The tearing method suggests that these tears be accepted by
the process owner based on knowledge of the process. This tearing of these links is based on
certain assumptions, and in this thesis, we have assumed that by redistributing the portion that
causes the dependency, we can decouple the stories.
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Another decoupling method suggested by Eppinger & Browning that has been leveraged is
Further Decomposition. Further decomposition may help identify less coupled stories as coupled
stories are an aggregation of smaller activities or requirements. The extent to which these
methods have been used in this thesis is limited, and we believe that further research on the
application of these methods in managing the dependencies may yield better strategies for
decoupling bi-directional dependencies. There are several other methods such as Simulation,
Eigenstructure, Signal flow graphs and Markov chain that may be useful in an Agile context and
requires further research.

The testing has been performed on a small dataset that may not represent all the constraints and
challenges in a real set of user stories. According to our tests, Strategy 3 seems to deliver the best
results, which may not always hold true. Hence these inferences must be validated using a larger
dataset to measure the efficacy of the framework. The framework does not eliminate the need for
planning altogether. It is a tool to assist the team in improving their planning. There are steps that
the teams must take to identify the dependencies, value, and estimate the story as they are the
inputs to the model. Like any model, unless the inputs are robust, the output may not represent
reality. We identified two special cases based on the feedback received from Swisscom, which is
not exhaustive. There may be additional cases that may or may not work with the current
strategies. In which case, these strategies may need revision.

The test data consists of only three user stories with cyclic dependency. Since our model
considers two user stories in a given step to decouple these dependencies, the decoupling process
is theoretically scalable. A PI may consist of several hundred user stories, and more than two
sprints. Hence the probability of having more complex bi-directional dependencies are higher.
The model will need to be tested with real datasets to measure its efficacy, and more heuristics
may be needed to resolve these dependencies.

Our optimization approach uses dependencies, value, and resource availability to define the
objective function and constraints. However, during our research, we identified other methods
that may be used for clustering and partitioning [31], [32], [33]. Further research and empirical
studies are needed to identify a good optimization approach.

The skillset of the team and its individuals has not been taken into account in this thesis.
However, it plays an essential role in the assignment of tasks. This could be factored in as an
additional constraint to the objective function and needs further investigation.
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