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ABSTRACT

Context. The article describes the relevant planning process of software projects, planning problems and different solutions to
these problems basis on use of the Scrum methodology.

Objective. The purpose of the work is to develop the technology for solving the sprint planning task in the face of uncertainty
and possible risks from software development standpoint.

Method. The most used software life cycle models are described. The choice of the Scrum as a widely used representative of ag-
ile methodology for software development is justified. An analytical review of the methods for estimation of the complexity of user
stories is carried out. The major problems of sprint planning are highlighted. The model of the business process to implement an IT-
project by Scrum in the form of an BPMN-diagram has been developed. The algorithm to solve the problem of Sprint Backlog plan-
ning with uncertainty has been elaborated. The common process of user stories selection from Product Backlog to Sprint Backlog and
ways of solving the possible problems are considered. The task of estimation of labor intensity of user stories and the task of risk
evaluation in planning are formalized. The technology of user story selection for Sprint Backlog has been developed. Numerical stud-
ies of the decision support technology proposed in the article are carried out. It allows suggesting it as the practical tool during sprint
planning. The method of adequacy evaluation of proposed technology is offered. The set of key performance indicators for assessing
the team performance is selected.

Results. The sprint planning technology was developed, which project managers, product owners and development teams for in-
creasing the effectiveness of decision-making process can use.

Conclusions. The conducted experiments have confirmed the importance of the proposed decision support technology and allow
recommending it for use in practice for planning of software projects. Scientific novelty is to improve the sprint planning process
with the assistance of the proposed technology, which alleviates uncertainty while defining labor intensity of user stories and de-
creases time spent on decision making.
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ABBREVIATIONS
IS is an Information System;
IT is an Information Technologies;
KPI is a Key Performance Indicators;
LI is a Labor Intensity;
RMS is a Residual Mean Square;
SP is a Story Points;
US is a User Story.

X; is a selection indicator of i -th US for implementa-
tion in the sprint;

TP is a team performance;

Wq is a weight coefficient of q-th key performance
indicator;

Uq is an utility function;

KPIq is a value of q -th key performance indicator;

NOMENCLATURE
| is a set of user stories in a sprint;

|I | is a strength of the set | ;

KPI&"’orSt is a worst value from set of values of q-th
key performance indicator;

KPlgESt is a best value from set of values of  -th key

A™" is a judgment matrix;

ajj is a paired comparison of i-th US and j-th US
(i,jel);

Sj,i €| is alabor intensity of i -th US;

performance indicator.

INTRODUCTION
The attractiveness of Ukraine in the world market of
software development services for foreign companies is

g; is an average relative size of labor intensity of i -th
us;

D is a sample variance;

o;j is the estimation of RMS of i -th US;

Cl; is a confident interval of LI of i -th US;

V is ateam velocity;

p; is a priority of i -th US;
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constantly growing. The IT share in GDP of Ukraine is
4% by the start of 2019 and it is raising [1]. The number
of IT companies, complexity of IT projects, requirements
for quality and skills of specialists are increasing. As a
result, the software development process is making more
and more complex. On the one hand, this process is char-
acterized by the complexity of coordination of IT-
professionals, where each member of the team has differ-
ent experience and qualifications. On the other hand, it is
necessary to take into account a large number of require-
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ments from users of future programs, which are some-
times controversial. There are many models of software
development. The most commonly used software devel-
opment lifecycle models to date are [2]: Waterfall model,
V-model, Incremental iteration model, Prototype model,
Spiral model.

All aforementioned models have their advantages and
disadvantages for software development. However, Agile
methodologies for software development have been get-
ting more and more popularity today. The most utilized
among Agile methodologies is the Scrum methodology
[3, 4]. It is a flexible development cycle model that allows
developers to take advantage of existing coding practices
and enables the client to make changes to requirements at
any time limiting the negative impact on development
teams during the sprint course. Its main feature is in-
volvement of all participants into the process: both client
and performer. The use of Scrum allows you to detect and
eliminate deviations from the desired result in the earlier
stages of software development.

Software development with Scrum consists of small
iterations, or sprints, which are essentially small projects.
Sprint duration is a fixed time period of 1-4 weeks. It has
the same length until the end of the project. When sprint
is over, a new working version of the product should be
received. The following actions are analysis and refocus-
ing on the new tasks of the next cycle. The effectiveness
of sprint and an IT-project, in general, is directly depend-
ent on the planning process, so solving of the sprint plan-
ning task is the very important and actual problem nowa-
days.

The object of study is the planning process of sprint.

The subject of the study is the theoretical and meth-
odological tool for assessing and selection the set of tasks
for sprint.

The purpose of this work is to develop a decision
support technology for solving the sprint planning task.

1 PROBLEM STATEMENT

The sprint planning activity is a selection of a set of
user stories or tasks which development team commits to
solve within a single sprint, assessing their complexity
and efforts with evaluation of possible risks that may oc-
cur while developing software during the sprint. In its
turn, it means that the development team literally finds the
optimal solution of the planning problem in the face of
uncertainty.

The mathematical formulation of the planning task can
be presented in the following way:

— to estimate labor intensity of every US sj,i el from

the proposed set of user stories;
—to choose subset of user stories {US;} from the pro-

posed set | for next sprint according to labor intensity of
every US s;,i e | and the team velocity V .

2 REVIEW OF THE LITERATURE
In order to plan a sprint, it is necessary to evaluate the
complexity and labor content of user stories. There are
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most commonly used methods for evaluating the com-
plexity of a story [5, 6]: T-Shirt Sizes method, Planning
Poker method, Dot-voting method, Ordering Rule
method. Almost all of these methods are based on heuris-
tic approaches. The aforementioned techniques do not
need much time, they are quite accurate for comparison of
the work efforts of one US to another, and as such they
are used on many IT-projects. Regardless on sufficient
number of methods for solving the sprint planning prob-
lem, they still remain open some issues that development
teams face.

To reduce the subjectivity of the judgments of stake-
holders, it is necessary to use formal methods based on
different mathematical models. There are many scientific
articles showed the way of calculating efforts or labor
intensity of user stories. The journal publications [7, 8]
proposes using of Bayesian network for effort calculation;
the reports at scientific conferences [9, 10] demonstrate
unusual implementation of Bloom’s Taxonomy for com-
putation of complexity of user stories; the works [11, 12]
reveal how to construct and use fuzzy logic framework
for complexity calculation. These scientific works show
the applicability of the proposed methods for assessing
the complexity of user stories, but they require a very
long period of time for preparation. For each IT-project,
the team has to build own model or own framework, and
this requires additional financial and time resources, as
well as the availability of experienced specialists in the
mathematical field. Such a disadvantage can lead to in-
crease project times, which is unacceptable to Product
Owner.

All of the aforementioned methods and approaches
have a disadvantage: there are no recommendations for
planning tasks when the complexity of the estimated user
stories exceeds the average sprint velocity for the team.
Scrum methodology [3, 4] proposes to decompose large
user stories in such cases, and then choose a set of stories,
the complexity of which corresponds to the velocity of the
sprint. The problem there is that the task of optimal user
story selection is task in the face of uncertainty, because
the likelihood of different choices is unknown most of the
time. In such cases, the team and the Product Owner are
guided only by benefits they get in return, with no risk
assessment recommendations in every case.

3 MATERIALS AND METHODS

In general, the model of the business process of soft-
ware development using the Scrum methodology can be
represented in the following form (Fig. 1). The Business
Process Model and Notation Specification [13] was cho-
sen to model the diagram.

Before the start of software development, Product
Owner and development team conducts the first meeting.
It is called the Kickoff Meeting, which provides the op-
portunity for Product Owner to explain vision and scope
of the project. The following meeting is the Product Back-
log Grooming Meeting, which is devoted to creation of
Product Backlog — the main document of the project.
Product Backlog can be considered as the software re-
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Figure 1 — Scrum model of software development

quirement specification, which consists of epics and user
stories. Sprint Planning Meeting is carried out before
starting of the sprint. The main purpose is to prioritize and
evaluate the content of Product Backlog and form the
Sprint Backlog. It means that set of user stories from
Product Backlog are selected for the next sprint. The big-
gest problem at this stage is to correctly evaluate the
complexity of each story as well as to assess related un-
certainty if any. Every day, a Daily Scrum is conducted to
determine the status and progress of work during the
sprint, identify early obstacles, and make decisions to
change the strategy needed to meet sprint’s goals.

The Sprint Retrospective meeting is undertaken on the
last day of the sprint. It goes as following:

— team members answer two questions: “what has
been done well in the past sprint?” and “what needs to be
improved in the next one?”;

— highlights improvements of the development proc-
ess;

— evaluates the efficiency of the team in the past sprint
and predicts the expected performance in the next sprint;

— identifies existing problems, proposes possible solu-
tions and assigns team members responsible for them;

— makes estimates of the probability of completion of
all necessary work on the product.

Sprint Review Meeting is conducted at the end of the
sprint. It may be used by the team to demonstrate the ver-
sion of the product to all interested stakeholders.

Thus, solving the Sprint planning task allows to in-
crease the effectiveness of decision-making process by
project managers. So, the main purpose of this study is to
develop decision support technology for sprint planning.

Referring to [3, 4], the general model of solving the
sprint planning task can be represented in the following
form (Fig. 2).

The first step of planning is to prioritize each user
story in Product Backlog. Product Owner handles this
activity. Due to the prior prioritization, all user stories are
sorted by importance to the business. Typically, Sprint
Backlog creation is the selection of user stories with the
highest priority from Product Backlog, unless otherwise
discussed with the client.
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According to the algorithm above, the next step is to
solve two problems:

1) estimation of labor intensity of each user story from
Sprint Backlog;

2) evaluation of uncertainty and possible risks from
software development standpoint.

The determined estimations of Sprint Backlog should
be compared with the team velocity. Velocity is a meas-
ure of the amount of work the team can do during a single
sprint. Depending on the results, there are three options:

1) The labor content of all Sprint Backlog stories is
roughly equal to the team’s predicted speed and effort. In
this case, the Sprint Backlog is not changed, and the team
works as usual.

2) If the estimated labor content of Sprint Backlog less
than the velocity of the team, then Sprint Backlog is filled
with the next user story from the ordered Product Backlog
list.

3) A difficult situation arises when the number and
complexity of user stories in Sprint Backlog are much
greater than the speed of the team. Therefore, the task
selection of the highest priority user stories arises, but
their number must be as high as possible. Otherwise,
Product Owner changes the priorities of user stories or
decomposes some of them, and the stories are re-
evaluated.

Solving of the problems from above results in creation
of Sprint Backlog. After the sprint, the sprint results are
analyzed, and the velocity is modified. Its updated value
is used for further calculations in the next sprint. Velocity
is calculated by totaling the points for all fully completed
user stories.

Let’s consider the tasks presented above in details.

The task of evaluating uncertainty is to predict im-
plementation of a sprint in the context of incomplete in-
formation. There is a risk of failing of team commitments
when there is not enough input data for sprint planning.
Therefore, one of the important tasks in sprint planning is
to assess the uncertainty to mitigate any possible risks that
may arise in the following cases:
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Figure 2 —The algorithm of solving the sprint planning task

1) Changing the team composition:

— temporary occupation of a team member on project
tasks unrelated to development, for example, demonstra-
tion to a client of a product demo, which may happen
even in another country;

— missing employees due to improving their skills or
supporting the IT company by attending an IT conference,
conducting an online training, involvement into pre-sales
activities for new clients, etc.;

— temporary absence of a team member due to the ur-
gent need to use his expertise on other projects;

— temporary absence of a team member due to illness;

— lowering of team member performance due to objec-
tive or subjective reasons.

2) Changing of the Product Backlog before the start of
the sprint:

— some user stories can be added, deleted or modified
on demand of the client, it leads to changing of the labor
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intensity of these user stories, labor intensity of the sprint
and the whole project;

— changing of project scope;

— changing user story priorities in Product Backlog
can cause Sprint Backlog failure;

— incorrect estimation of complexity and labor content
of the user stories in Sprint Backlog;

— misinterpretation of the client’s wishes, in other
words, changing of the content of some user stories.

In each case, the Product Owner should decide how to
assess any uncertainty and mitigate risks. Uncertainty can
be taken into account in two ways.

The first way is to reduce velocity of the next sprint,
in case if probability of complications is big enough.

The second way of evaluating of sprint risks is to raise
the labor intensity of the user story:

LI of US = f (complexity, risk, efforts).
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Then the final estimation of the user story should be
slightly increased by a couple of units used by the team
for the evaluation. However, the adjusted estimates
should be used with care in the decision making process
as of their expert judgment nature.

We can use different, more formal way of uncertainty
evaluation — calculation of interval estimation instead of
point estimation:

Confident interval =[LI of US + uncertainty]. (1)

As a measure of uncertainty, it is suggested to use the
residual mean square for estimates of the confidence in-
terval. The RMS shows the average deviation of user
story estimation from the mathematical expectation of a
set of user stories in Sprint Backlog. Therefore, when
Sprint Backlog is being evaluated with a high likelihood
of time failure, it is highly recommended to use the pes-
simistic values of the labor intensity of the user story. It
means the usage of the maximum value from the confi-
dence interval.

The RMS can also be used to analyze the estimations:
the large value of RMS characterizes the imbalance of the
user story estimations. This means that the labor intensity
of some user stories is very high. According to the Scrum
methodology [3, 4, 14], implementation of user story
should not exceed one working day or 12 hours. So, the
user story should be divided into separate tasks and re-
evaluated.

Consider the task of estimating the labor intensity
of the user story.

User stories in Sprint Backlog are evaluated in units
used by the team: man-hours or story points [5, 6, 14].
Although the Scrum methodology recommends story
points as an abstract metric for assessing the labor content
of user story, some IT companies use time as a unit of
story complexity. In the latter case, there are a certain
number of hours to complete the story. A more qualified
developer can complete the stories in a part of the allotted
time, and then begin to perform the next task or switch to
tasks that are not directly related to the sprint goals.
Moreover, a developer with no experience can spend ex-
tra time for solving a specific problem. Thus, estimations
of the user story are not objective in this case. This disad-
vantage can be minimized by using a different rating scale
based on comparisons of labor content to implement user
story. It is suggested to use Story Points as a unit of
measurement.

1 SP is the unit of labor intensity of the story or the ef-
fort of the whole team to implement the simplest require-
ment or user story.

The number of Story Points to develop the same func-
tionality differs from team to team, but this does not mean
that time costs will be different, as each team means its
value for 1 SP. Assessing stories in SP makes sense only
within the same project and the same development team,
because the labor content of the tasks is compared with
each other.

Thus, in order to evaluate the complexity of the user
story, it is necessary to make subjective paired compari-

sons on the selected scale. Paired Comparison Method is
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one of the appropriate decision making tools because of
its simplicity and effectiveness. It lets to describe values
and compares them to each other. In [15] the scale of
comparison for subjectively paired comparisons was pro-
posed:

— equal importance — 1;

— moderate importance — 3;

— strong importance — 5;

— very strong importance — 7;

— extreme importance — 9;

— these marks for intermediate cases — 2, 4, 6, 8.

The effectiveness of this scale has been proven by
comparison with many other scales in many applications
[16].

The process of pairwise comparison is conducted as
following. All user stories need to be compared with each
other. The obtained estimates are entered into the judg-
ment matrix. When comparing an element with itself, the
ratio equals 1. If the first user story is more important than
the second, then an integer from the scale is used, other-
wise the inverse value is used. The lower off-diagonal
elements are determined by the upper off-diagonal ele-
ments. The number of different paired comparisons in a

rank-ordering of N objects isN(N—1)/2. Then the

judgment matrix is used to calculate the estimation of user
stories. Most scientific papers uses eigenvector to calcu-
late values of user stories [15]. However, Crawford and
William in work [16] showed that the geometric mean
vector is computationally easier than eigenvector and sta-
tistically preferable to the eigenvector.

Let’s formalize the process of user story evaluation
based on the mathematical apparatus proposed in [15] and
[16].

Let us denote | as the set of user stories in the current
sprint, the complexity of which should be evaluated,

whereas |I| =n is the strength of the set of user stories.
Then & is the result of a paired comparison of the i -th
and j-th (i, jel) user stories, which is written to the
judgment matrix A™", where ajj =—
a..

ji

The average relative size g; of LI of i-th US is cal-

and djj =1.

culated as geometric mean of judgments
1

n

iel. Q)

n
gi =| [ I3
j=1

Let us assume k,k €| is the number of the US cho-

sen as the standard. There is recommendation for the first
sprint to choose a standard user story, which labor content
is known from team past experience on similar projects,
or such story that has the minimal labor content. Standard
US for the following sprints is the one which complexity
in SP can be found in the easiest way based on the experi-
ence of the previous sprints.

Suppose Sy, k €l is a known value of LI in story

points of standard US. According to aforementioned des-
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ignations the labor intensity of i -th US can be calculated
by the following formula [17]:

_ i
Ok
where g,k €| was calculated by the formula (2).

Si Jzkjiel, kel , 3)

It is necessary to use formula (1) to determine uncer-
tainty of the complexity of user stories, where uncertainty
is determined by residual mean square. Analyzing the
input data, it is clear that it is impossible to find the RMS,
but only RMS estimation by means of the sample vari-
ance. The following formula was proposed in science
paper [13] for finding the sample variance Dp of the

judgment matrix A™" for creation of the sprint backlog:

obleneea]
Da=—— lnaij—lng— . (4)

Sprint backlog is formed in such a way that there is no
idleness of the team. So, the implementation of one user
story is a process independent from implementation of
another user story. Assume that each story contributes
equally to the overall variance. In this case, the sample
variance of the sprint backlog is the sum D[s;] of the

sample variances of the every user story

n
Da = D[si]=nD[s;] .
i=l1
The estimation of RMS of i-th US is calculated in
following way:

D
o; = /D[] = TA : (5)

Then confident interval Cl; can be found such as:

Cli Z[SiiSiGi]. (6)

Thus, the algorithm of finding estimates of the labor
intensity of user stories has been presented.

Consider the task of selection of user story from
Sprint Backlog in the case when it is not necessary to
change the priorities of a user story.

In general, the scale of priority evaluation may differ
from one IT project to another. Product Owner chooses a
way to evaluate the user stories herself.

Let’s X; is the variable that indicate whether or not

the i-th user story is selected for implementation in the

current backlog sprint: X =1 when i-th user story is

selected and X; =0 — otherwise. So, the variable can only
take two values

X ={0,1},iel. (7

Sprint backlog has to include the highest number of

top priority user stories:
n

Z PjXj — max. (8)
i=l
The labor content of sprint backlog should not exceed
the team velocity
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Zn:SiXi <V. 9
i=1

Based on the aforementioned objective functions and
constraints, the model of selection of user stories for the
sprint backlog can be defined in the following way: find
the set of user stories satisfying the objective function (8)
and constraint (9) under condition (7). This task belongs
to the class of integer programming problems with Boo-
lean variables.

4 EXPERIMENTS
Let’s consider usage of the decision support technol-
ogy for sprint planning by example. There is IT-project
for creating IS. It is known, that team have chosen Scrum
as model of software development lifecycle. The team
conducted several sprints, so velocity now is equal to
V =60SP . The product owner for the current sprint have

proposed five user stories. He evaluated priority of each
user story on the 5-point scale:
P =4;py =5;p3 =3; pg =5; ps =3 . The team has com-
pared US to each other. The judgment matrix of pairwise
comparisons is presented in Table 1.

Table 1 — The judgment matrix

No

Us 1 2 3 4 5
1 1,00 3,00 3,00 0,50 2,00
2 0,33 1,00 0,50 0,25 0,50
3 0,33 2,00 1,00 0,33 0,50
4 2,00 4,00 3,00 1,00 2,00
5 0,50 2,00 2,00 0,50 1,00

In order to obtain the numerical values of the labor in-
tensity S; of the formula (3), the geometric mean of the

labor intensity ¢; is calculated by using the formula (2).

If this is the first sprint, and there is no information about
the complexity of the user stories, then it is recommended
to take as the standard a story with a minimum geometric
mean value, and to take its complexity as 1 SP. Neverthe-
less, by the statement of the task, it is known
thats, =10SP, therefore, it acts as a standard for this

sprint. To determine the risks the sample variance and
estimation of RMS for each user story can be found by
formulas (4) and (5) accordingly.

To find the interval estimations, which maximum
value the product owner can use as a pessimistic estima-
tions of user stories, the limit values have been calculated
by formula (6) basing on obtained results.

According to labor complexity of each US and its pri-
ority, it is necessary to use the model of selection of user
stories (7)—(9). It allows choosing the set of US from pro-
posed sequence of US for current sprint, if summary labor
content of proposed sequence of user stories is much
greater than the team velocity.
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5 RESULTS
The results of the calculations of the labor intensity of
user stories from proposed IT-project for the current
sprint are presented in Table 2.

Table 2 — Complexity of user stories

No Cl;

us | 9 |Si | Da | o | Sio — 'nmx
1 1,55 | 33 4 29 37

2 046 | 10 1 9 3

3 0,64 | 13 | 008 | 0.3 2 11 15

4 2,17 | 47 6 41 53

5 1,00 | 21 3 18 24

The value of estimation of RMS oj is low, it means

that obtained estimations are well-balanced.

The graphical representation of the confidence inter-
vals of the estimates of user stories is shown on the Fig. 3
based on the obtained results from the Table 2. It can be
seen, that for the fourth user story has the largest differ-
ence between minimum and maximum estimations. Prod-
uct owner may use this information to analyze the user
stories, for example, to decompose 4™ US into sub-stories,
thereby reducing uncertainty.

60
50

40

30

STORY POINTS

20 1

10 '

USER STORIES

Figure 3 — Interval estimations of user stories

During the previous several sprints, the team showed
an average speed of work equal to V =60SP . Knowing

the complexity of a sprint backlog, one can see that

5

D's; =124SP >V =60SP . Therefore, it is necessary to
i=l
change the story priorities and reduce the sprint backlog,
or to select user stories for the sprint with current priori-
ties. In this particular case, it is not possible to change the
priorities according to the conditions of the example, so it
is necessary to solve the task of selection of user stories.

Based on priorities and calculated labor intensity of
each user story, the objective function (8) can be defined
as follows:

4% + 5%y +3X3 +5X%4 +3Xs — max .
The constraint (9) has the following form:
33X, +10Xy +13%3 +47X4 +21X5 <60 .
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Taking into account condition (7) the solution of the

given problem by simplex method is as following:
X =LXy =1iX3 =X, =0;X5 =0.

Basing on the calculated results, the user story #4 with
high priority has not been selected as the candidate for the
sprint backlog. This is because its labor intensity is almost
the same as the velocity of the team. In this case, the
Product Owner can:

— divide this story into individual cases;

— refine the functionality of this story;

— change priority.

The results for this story are consistent with the rec-
ommendations obtained in the evaluation of the complex-
ity of the sprint backlog.

Thus, technology for supporting manager decisions in
sprint planning has been considered.

6 DISCUSSION

To assess the adequacy of the developed decision sup-
port technology in sprint planning, it is necessary to com-
pare the results of work of the team before applying the
technology and after. One of the ways to verify the effec-
tiveness of using the proposed technology in an IT com-
pany is to evaluate work efficiency using Performance
Management [18]. Performance management is the proc-
ess of calculating and improving team performance to
achieve the goals of the IT-company. To assess team per-
formance, it is necessary to identify set of key perform-
ance indicators. We can use the following KPI:
KPI, is a meeting time per sprint;

KPl, is a percentage of missed tasks;
— KPIj is the team velocity;

— KPIly is a customer satisfaction;

— KPI;5 is a team satisfaction.

To evaluate the team performance TP, the article [18]
proposes using of universal mathematical model from
[19] as a convolution criterion for KPI:

(10)

The utility function Uy can be found in the following
way:
worst
KPl, —KPI,

= best worst
KPIq —KPIq

Let’s consider limit values for proposed KPI. If the
team spends more than 2/3 working time on different pro-
ject meetings, there is the chance the project will be be-
hind the schedule. One of the possible reason is the
“analysis paralysis”, which means the inability to develop
or decide due to overthinking available alternatives and
possible outcomes [20]. Another possible reason is “scope
creep”, it refers to changes, continuous or uncontrolled
growth in a project’s scope, at any point after the project
begins [21]. In the common case, the number of working
hours in each sprint is equal to 160 hours, so

Ug
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KPI*™t > 100 hours. If the KPIY™ >60%, the pro-

ject will be behind the schedule as well. The value of
team velocity depends on team, project, Product Owner,
so best and worst values can be found from set of previ-
ous values. The KPl, and the KPI5 should be evaluated

by 10-point scale, where 1 is the minimal value for met-

rics and 10 is the maximum accordingly, so KPI " orst and

KPI%NOrSt are equal to 1.

To evaluate the team performance, it was considered
three sprints: first sprint was conducted without proposed
technology, the team worked as usual; during the second
and third sprints, the team used decision support technol-
ogy for sprint planning. The results of the evaluation of
the team performance in several sprints calculated by us-
ing formula (10) are shown in the Table 4.

Table 4 — Team performance

Key per- Num- Value of
formance ber of KPI Uq Wq TP
indicator sprint q
I 28 0,92
KPI4 II 25 0,96 | 0,1
I 22 1,00
I 23 0,76
KPI, Il 15 0,92 | 02
11 11 1,00
I 60 0,00 1-026
KPI15 11 72 0,86 0,2 11-0,35
10,38
I 74 1,00
I 6 0,56
KPI, II 7 0,67 | 03
I 7 0,67
I 5 0,44
KPlI5 1 5 044 | 02
Il 7 0,67

The analysis of results of the team performance
evaluation from the Table 4 demonstrates the positive
dynamics of changes of the team productivity on 9—12%.

The commonly used approaches to decision-making in
sprint planning [5-12] allow determining the complexity
of user stories in specified units. In comparison to them,
the proposed technology allow calculation of the com-
plexity of user stories, takes into account uncertainty of
the current sprint, and selects a set of user stories from the
sprint backlog when the total complexity of the sprint
backlog exceeds the team velocity.

The proposed technology enables increasing of the
team productivity and provides additional information for
sprint planning. The using of the decision support tech-
nology for sprint planning and the obtained results show
the feasibility of using the proposed technology in real
conditions.
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CONCLUSIONS

In the course of this research the decision-making
technology for solving the planning problem in the face of
uncertainty has been proposed. For this purpose, an ana-
lytical review of the methods of estimating the labor in-
tensity of user stories has been conducted. It has revealed
the shortcomings of existing approaches. Due to the de-
velopment of technology of decision support in software
development the planning task in the face of uncertainty
has been further developed. A sprint planning algorithm
has been developed. Formalization of the process of esti-
mation of the labor content of user stories based on the
previous experience has been presented. Sprint Backlog
reshuffling model in case of extra labor effort needed for
its implementation in comparison with team velocity has
been developed.

The scientific novelty of the obtained results consists
in improvement of the sprint planning process with the
assistance of the proposed technology, which helps to
reduce uncertainty while defining labor intensity of user
stories and Sprint Backlog as a whole. Numerous studies
have shown that the use of the proposed technology re-
quires only handy tools, such as Microsoft Excel,
OpenOffice Calc, LibreOffice Calc, PlanMaker and oth-
ers, which do not require from project managers and
Product Owners any specific mathematical skills. The
results show the practical significance of the approach
for IT companies and the ability to use the proposed tech-
nology in software development projects to increase the
effectiveness of decision-making process in uncertainty
for project managers, product owners and development
teams.

Prospects for further research consists in creating
an IS that will reduce the time spent on data processing
about US, and will automate the decision-making process
for planning the sprint.
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AHOTANLIA

AKTYaJbHICTb. Y CTaTTi ONKMCY€ETHCS aKTyaJbHUH MPOLEC IUTaHyBaHHS PO3POOKH MPOTPaMHOro 3abe3nedeH s, mpobieM IiaHy-
BaHHS 1 Pi3HI PillIEHHS OUX IPOOJIEM HAa OCHOBI BUKOPUCTAaHHS METOAOJOT] Scrum.

Meta. Metoro naHoi poboTH € po3poOka TEXHOJOTII I BUPIMICHHS 33134l IUIaHYBaHHSA CIPHHTY B YMOBaX HEBH3HAYEHOCTI i
MOXJIMBUX PH3HKIB 3 TOUKH 30pY PO3POOKH IPOrpaMHOro 3a0e3IeueHHSI.

Metoa. OnucaHo HaHOLTBII BUKOPHCTOBYBAaHI MOJENI XXHUTTEBOTO IMKIY NporpamMHOro 3adesnedeHHs. OOIpyHTOBAaHO BHOIp
Scrum, sk Haf{OiBII YaCTO BUKOPHCTOBYBAHOTO MPEICTABHIKA THYYKOI METOOJIOTIT PO3pOOKH MporpaMHoro 3abesmnedyeHHs. [Ipo-
BE/ICHO aHAJIITHYHHUHN OIS METO/IB OL[IHKU CKJIaJHOCTI JUIsl iCTOpili KopHcTyBaya. BuaijgeHo OCHOBHI IpOGIeMH IUIaHyBaHHS CIIPH-
HTy. Po3pobaeno mozpens 6i3nec-nporecy st peanizauii [T-npoekry mo Scrum y Burisiai BPMN-niarpamu. Po3po6ieno anroputm
BUpileHHs npobiiemu miaHyBanHs Sprint Backlog B yMoBax HeBH3HaueHOCTI. Po3riisaaeTsest 3aransHuil mpoiec BUOOpPY [JIsl KOpHC-
TyBaua icropiii 3 Product Backlog ans Sprint Backlog i nuisixu BupimeHHs MOXKIHBHX mpodieM. DopmarizoBaHi 3a1ada OiHKH TPY-
JIOMICTKOCTI icTOpiii KOpUCTyBaya i 3aJja4a OLIHKM PU3HKIB IPH IUIaHYBaHHI. Byna po3pobieHa TexHomoris BUOopy ictopiii Kopuc-
TyBada juist Sprint Backlog. IIpoBeneno uncenbHi JOCIIHKEHHS TEXHOJIOTIT MiATPIMKH NIPUIHATTS PillIeHb, sika OyJia 3aIporoHOBaHa
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B crarTi. Lle 103Bossie npononyBatH ii B IKOCTI MPAaKTHYHOTO 1HCTPYMEHTY HPH IUIAHYBaHHI CIIPUHTY. 3allpOIIOHOBAHO METOJ OLliH-
KH aJIeKBaTHOCTI 3amlponoHOBaHOi TexHousorii. OOpaHo Halip KIIOYOBUX MOKAa3HUKIB €(EKTUBHOCTI AJIS OLIHKH NMPOAYKTHBHOCTI
KOMaH/IH.

Pe3yasTarn. Byna po3po6iieHa TEXHOJIOTIS IIaHYBaHHS CIIPUHTY, SIKY MOXKYTh BHKOPHCTOBYBAaTH KEPIBHUKH IIPOEKTIB, BIACHU-
KM TIPOJYKTIB i KOMaHAN pO3pOOHHKIB JUIS IiBHUINCHHS e()eKTUBHOCTI IIPOLECy NPHHHSTTS PillleHb.

BucnoBku. [IpoBeneHi ekcnepuMEeHTH MiATBEPIMIM 3HAYMMICTh 3alIPOIIOHOBAHOT TEXHOJIOTI MIATPUMKH IPHHHSATTS PiLIeHb i
103BOJISI PEKOMEHIYBATH 11 ISl MPAKTUYHOTO BUKOPUCTAHHS IPH IUIaHYBaHHI NPOrpaMHUX MpoekTiB. HaykoBa HOBH3HA moJsirac B
TOJITIICHH] NIPOLECy IUIaHyBaHHS CIIPUHTY 3a JONOMOIOI0 3aIPOIIOHOBAHOT TEXHOJIOT], 5IKa YCyBa€ HEBU3HAUCHICTh PH BU3HAYEH-
Hi TPyIOMICTKOCTi KOPHUCTYBAaIBHUI[KHX ICTOPIi 1 CKOPOUYeE Yac, 110 BUTPAYAETHCS HA TIPUUHATTS PillICHb.

KJIFOYOBI CJOBA: cipuHT GexIior, 3aa4a IaHyBaHHs, HEBU3HAUCHICTh, TPYAOMICTKICTh iCTOpisl KOpPUCTyBaya, 3aJada BU-
00py, ePEeKTUBHICTD KOMaH/IH.
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Husl, HanmoHanbHbIN TEXHUUECKUI YHUBEPCUTET «XapbKOBCKUM MOJIUTEXHUUECKUI MHCTUTYT», XapbKOB, YKpauHa.

I'nymko B. H. — Senior Consultant, Solution architect, GlobalLogic, XapbkoB, Ykpauna.

Bopucosa H. B. — kaHz. TexH. HayK, JOICHT Kadeapsl HHTEIUIEKTYa IbHBIX KOMIBIOTEPHBIX cUcTeM, HannoHaneHBIN TeXHUYe-
CKHMH YHUBEPCUTET «XapbKOBCKUH MMOJIMTEXHUUECKUNA HHCTUTYT», XapbKOB, Y KpauHa.

AHHOTADNUSA

AKTyaJIbHOCTB. B cTaThbe ONMUCHIBACTCSl aKTYaJILHBIH HPOIECC IIAHUPOBAHUS pa3pabOTKH MPOrpaMMHOro obecnedeHus, Ipo-
0JIeM IUTaHMPOBAHMS ¥ PA3INYHbIE PEIICHNS STHX IPOOJIEM Ha OCHOBE MCIIOIB30BaHMSI METOIOJIOTHH Scrum.

Henasw. Llensto naHHON paboTHI ABNIsAETCS pa3paboTKa TEXHONOTHHU I PEIISHUS 3a/1aull MIaHUPOBAHHS CIIPHHTA B YCIOBUSX He-
OIIPEAEIEHHOCTH ¥ BO3MOXHBIX PUCKOB € TOUKH 3pEHHUS pa3pabOTKH MPOrPaMMHOT0 00ECTIEUEHHs.

Meton. Omnucanel Hamboinee HCHONB3yeMble MOJICTH XKH3HEHHOTO LHUKIa MporpaMMHOro obecneuenus. OOOCHOBaH BBHIOOD
Scrum, kak Hauboee YacTO UCIONB3YEeMOT0 IPEICTaBUTENS THOKOW METOIOIOTHH Pa3pabOTKU MporpaMMHOro obecreueHus. [Ipo-
BeJIeH aHAJMTHYECKUH 0030p METOIOB OLICHKU CJIOXKHOCTH IOJIB30BATENBCKUX UCTOPHH. BBIieeHbl OCHOBHEIE MIPOOJIEMBI INIAHUPO-
BaHMs cupuHTA. Pazpaborana Moxens Om3Hec-mpornecca uist peanusanun [T-nmpoexra mo Scrum B Buge BPMN-nuarpammel. Pazpa-
00TaH AJTOPUTM peEUICHUs] MpobieMbl aHupoBanus Sprint Backlog B ycnoBusx HeompezaeneHHOCTH. PaccmarpuBaeTcs o0t
nporecc BeIOOpa monb3oBaTenbekux ucropuii u3 Product Backlog mist Sprint Backlog 1 myTH peruennst BO3MOXXHBIX 1pooiem. dop-
MaJIM30BaHBbI 33/1a4a OLIEHKH TPYJOEMKOCTH MOJIb30BaTENbCKUX HCTOPUI 1 3a/1aua OLIEHKH PUCKOB IPH IIaHUPOBaHUU. bblma paspa-
OoTaHa TEXHOJIOTUS BBIOOpPA I0JIB30BATENbCKUX McTOpHid Juist Sprint Backlog. TIpoBeneHbl YMCICHHBIC HCCIIEIOBAHUS TEXHOJIOTHU
TIOJIJICP’KKU TIPUHATHS PEIleHni, KoTopast OblIa MpeaokeHa B cTaThe. JTO MO3BOISET MpeIaraTth € B Ka4eCTBE NMPAKTHIECKOTO
HMHCTPYMEHTA IPH INIAHUPOBAHMH CIpHHTA. [IpeanoskeH MeTox OIEHKH aJeKBaTHOCTHU IMpeAaraeMoi TexHonoruu. Beibpan Habop
KIIFOYEBBIX MOKa3aTesel 3p(heKTHBHOCTH IJIsl OLICHKHU MPOYKTHBHOCTH KOMAH/IBL.

Pe3yabTartsl. beita pazpaborana TeXHONOTHS INIAHUPOBAHUS CIPHHTA, KOTOPYIO MOTYT HCHOJIB30BaTh PyKOBOAUTENIHN IIPOEKTOB,
BJIAJIENbIbI TPOJYKTOB M KOMAH/IbI pa3pabOTIMKOB JUIsl TOBBINICHHS () (EKTUBHOCTH IPOLIECCa IIPUHSTHUS PEIICHUI.

BruiBoasl. [IpoBeneHHbIE SKCIEPUMEHTHI TOATBEPAMIN 3HAYUMOCTD IPEUIOKEHHOW TEXHOJIOTUH MOAJCPIKKY TPUHSTHS pelie-
HUH ¥ MO3BOJISIIOT PEKOMEHI0BATh €€ JUIsl MPAKTHIECKOrO MCIOIb30BAHUS MPHU IIaHUPOBAHMU MPOTPaMMHBIX MpoekToB. Hayunas
HOBH3HA 3aKII0YaeTCs B yIyUIIEHUH Mpoliecca MIaHUPOBAaHHs CIIPUHTA C TIOMOIIBIO TPeIaraeéMoil TEXHOJIOTHH, KOTOpasi yCTpaHsAeT
HEOTIPEeTIEHHOCTH IIPH ONIPEAEICHUH TPYJ0€MKOCTH MOJIb30BAaTENbCKUX UCTOPHI U COKpAIAeT BPeMs, 3aTpaulBaeMoe Ha IPHHATHE
perieHuit.

KJIFOYEBBIE CJIOBA: cnpusT Oekior, 3aada INIaHUPOBAHUS, HEOTIPEIEIIEHHOCTh, TPYIOEMKOCTh HCTOPHU TOJIB30BaTEIs,
3amayda BIOOpA, 3 HEeKTHBHOCTH KOMAHIBI.
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