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Abstract. The purpose of this work is to develop a functional module of an agile IT design system
that allows you to improve the task execution diagram by expanding the space of input parameters to
increase the accuracy of the displayed results. In accordance with the purpose of this study, a set of
indicators was determined that should be used by the developed module to build an IT project task
execution diagram. Trends in IT project task execution using checkpoints were studied. The module
was software implemented and tested. The use of this module in the field of agile project management
will increase the efficiency of bottleneck analysis at the stages of planning, development and support
of the design life cycle.

Keywords: IT design, Agile methodology, functional module, task diagram, database, Spring
framework.

Introduction.

Classic indicators of IT project development efficiency are indicators of dynamic
comparison of the actual amount of work performed with the planned amount. But
today, Agile projects use simpler and more visual indicators of the development
process status, for example, calculating the return on investment ratio, team speed,
planned and spent resources, using the mastered volume method, etc. However, these
indicators are not always informative enough to reflect productivity during the project
development iteration period. Only the set of characteristics and metrics used in Agile
allow for a qualitative forecast of the implementation of IT design tasks.

Currently, the IT design information technology market offers various parameter
monitoring systems that allow you to operate with a certain set of characteristics to
build performance charts, aggregate flow, development progress charts, etc. However,

usually these systems provide only a part of the necessary tools for building a burn-
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down chart, which would make it possible not only to track the success of task
execution in an iteration, but also to predict the effectiveness of design in the future.
Agile methodology actively uses the construction of task execution charts, which allow
you to analyze existing problems at the time of development and eliminate them for
the successful completion of the iteration [1, 2]. There are various options for such
diagrams (in particular, automatic generation of diagrams built into defect tracking
systems, or their creation in the Microsoft Excel environment). In the commercial error
tracking system Jira and Trello, the main element of the design system efficiency
analysis is the task (ticket). The task contains the project name, topic, type, priority,
components and content. The set of tasks forms the basis for building a schedule for
their execution RTC (Rational Team Concert), which consists of four curves:

—remaining work (the amount of work that needs to be done);

—ideal (the amount of work that the team should complete at each checkpoint);

— planned work (the amount of work planned at the beginning of the iteration);

— expected work (the amount of work that the team has completed so far).

The RTC platform is used to manage the IT design lifecycle to ensure contextual
collaboration between design teams over time. It provides tools for configuring,
managing, and applying processes that support the IT project development
environment and helps teams integrate tasks across the entire design lifecycle. RTC
simplifies planning and executing flexible or formal projects based on planning tools
and templates.

However, it should be noted that the RTC platform does not take into account the
impact of some important factors on the IT project task schedule. When building a
diagram, indicators such as the number of planned tasks, execution time, and team
resources are taken into account. However, this may not be enough to reflect the real
situation on the project. During an iteration, the team goes through the main phases of
developing an IT project (in particular, a software product): creating an architecture,
analyzing requirements, implementing software, preparing test documentation, testing,
etc. [3]. If the task execution schedule signals a lag, it is sometimes impossible to

identify its cause based only on these characteristics. This happens, first of all, due to
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the large amount of noise.

The purpose of this work is to develop a functional module of a flexible IT design
system that allows you to improve the task execution diagram by expanding the space
of input parameters to increase the accuracy of the displayed results. When developing
the module, indicators characterizing human resources should be taken into account,
namely: working hours, days, iteration duration, overtime hours, the degree of
participation of a particular team member in the project, the maximum speed of task
execution by the team.

Main part.

According to the purpose of this study, it is necessary to:

— determine the set of indicators that should be used by the developed module to
build a diagram of the execution of IT project tasks;

— determine the trends of the execution of IT project tasks using control points;

— carry out software implementation and testing of the module.

Determination of indicators of the execution of IT project tasks. The task
execution diagram formed by the developed module contains a set of parameters that
determine the trend for building a graph. The diagram consists of a set of characteristics
used in Agile methodologies. Each of these characteristics contains certain information
about the success of the team in the current iteration and determines the construction
of curves on the graph. Such characteristics will be further referred to as: indicators of
the reference landmark, indicators of actual task execution, indicators of forecasting
task execution in subsequent iterations, indicators of current assessment of the
effectiveness of task execution [4, 5].

The benchmark metrics are displayed on a benchmark curve, which defines the
total and volume of work that the team must complete at each milestone to complete
all tasks on time. Figure 1 shows an example of a benchmark trend that takes into
account the estimated intensity of task completion by the design team during the

calendar week of the sprint.
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Figure 1 — Example of a reference trend

The benchmark indicators are defined in man-hours. This unit of measurement
allows you to estimate the work during planning more accurately by comparing the
number of workers and the timing of the task at control points. The benchmark is
determined by the following formula:

E ={Estare: Eweer1s -+» Eween }s (1)
where Eg; ..+ 1S the estimated amount of work at the beginning of the iteration; E\, oy
is the amount of work at each checkpoint.

The expected amount of work at the beginning of the iteration is determined by
the sum of two components:

Estare =S + AVGAgeare, (2)
where S is the amount of work in the iteration; AV G A 4.+ 1S the amount of unplanned
tasks at the beginning of the iteration.

Each task, the execution of which is planned for a certain period of time
(iteration), is estimated in ideal hours. This parameter is present in each task, which
allows taking into account all processes for an accurate calculation of the resource
intensity of the project at the iteration planning stage. The time with the task is summed
up and forms the Team Capacity metric, which gives the team an indicator of how

intensively the tasks should be performed.
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The indicator of actual task execution (Scope) reflects the status of the team's
execution of current tasks (Fig. 2). For each task, the time that has already been spent
on its implementation (spent) and the time that remains to be spent (remaining) are

determined.
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Figure 2 — Example of actual task execution during an iteration

It should be noted that usually monitoring the performance of tasks for the current
iteration does not reflect a number of unplanned activities that must be performed (in
particular, fixing defects and accompanying regression testing of the results). At the
same time, the amount of planned work by the end of the sprint often exceeds the initial
set of tasks. If the team does not take into account the forecast of the volume of
unplanned tasks, this may lead to risks of loss of quality of the design product.

Thus, it is advisable to use in the developed module an indicator of normalized
work volume, which includes a forecast for unplanned tasks and exceeding estimates:

S+ AVGA= S« UTC = EDC, 3)
where UTC is the number of unplanned tasks; EDC is the measure of exceeding
estimates.

An example of using such an indicator is shown in Fig. 3.
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Figure 3 — Example of using the normalized volume of unplanned tasks

indicator

Forecasting unplanned tasks and exceeding estimates is carried out to calculate
the expected result at the end of the iteration. Error tracking systems do not take into
account the indicators of such a forecast, which can contribute to the emergence of
risks of reducing the quality of IT design. The forecasted characteristics are defined as
a weighted average of the results of previous sprints. The weight of a specific iteration
should be a consolidated estimate controlled by a set of adaptive rules. The integrated
indicator includes the weight of all unplanned tasks at the beginning of the iteration.
The forecast model loses its relevance and accuracy if there are more unplanned tasks
in the current iteration than predicted (exceeding the weighted average). The indicator
that affects the forecast is the difference between the initial estimate of the time to
complete a given task and the time actually spent. In the event of a critical difference,
it is necessary to influence the size of the increment of the unplanned volume of tasks.
The procedure for adjusting the coefficient of such influence is determined for a
specific iteration individually according to the following criteria: determining the most
anomalous excesses of the estimate; identifying the reasons for the excess; determining
preventive measures.

Indicators of the current assessment of the effectiveness of task performance are
determined based on the values of the reference and actual indicators considered above

according to the following formula:
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LAG =S+ AVGA—E. (4)

An example of using such an indicator is shown in Fig. 4.
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Figure 4 — Example of current assessment of task performance effectiveness

taking into account the forecast for deviations

If the design team performs tasks evenly, then the deviation from the planned
schedule will be zero. If the Lag parameter is negative, this signals that the team is
ahead of schedule. A positive value of the Lag parameter indicates that the team does
not have time to complete the work within the specified time. The following reasons
may affect this: increasing task complexity; reducing resources; an error in the initial
estimate at the iteration planning stage; finding a large number of defects after the
testing phase; lack of experience and knowledge in the team to solve the tasks set.

The causes of the risks of lagging behind the schedule can be identified using
other indicators, such as the focus factor and the number of man-hours in the current
iteration. The focus factor (FF) is an indicator of the time that the team spends on the
direct implementation of planned tasks. This indicator can be biased by various noises
(in particular, the inability or unwillingness of the team to record the time spent at each

stage of development). This indicator is calculated using the following formula:
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FF = ? X 100%, (5)

where WD is the number of man-hours spent on task implementation; C is the speed of
task implementation in the current iteration.

An example of using the «focus factor» indicator is shown in Fig. 5.

Focus Factor
100%

80%
60%
40%

20%

Lag, -5% Lag, 4% Lag, -17%
-20%
-40%
w1 W2 w3
Lag -5% 4% -17%
Real 70% 79% 58%
Etalon 75% 75% 75%

Figure 5 — Example of using the “focus factor” indicator

To most accurately identify the cause of a low team focus factor, this parameter
should be considered for developers, testers, and other team members separately. For
example, the overall indicator may be less than 75% due to insufficient efficiency of
business analysts.

Determining trends in the performance of IT project tasks using checkpoints. We
will determine the trends in the performance of IT project tasks in the module under
development using the agile Scrum technology. This technology uses the sprint
iteration, during which a functional build-up of the project under development is
created. We will conditionally divide this iteration into 3 working weeks (the first and
third weeks - 2 working days, the second week - 5 working days). The end of each
week is a checkpoint where the current development progress schedule is analyzed.
Note that the number of days in each working week is set by the module user at the
beginning of the iteration, since the duration of the sprint can vary depending on the

requirements and goals of the customer.
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An example of setting checkpoints during one iteration is shown in Fig. 6.
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Figure 6 — Example of setting checkpoints within one iteration

The basis of the developed module is a database containing histories with a list of
tasks, necessary developments, project resources, etc. The basic unit of the module is
a task, which stores a set of parameters (criteria) necessary for building a project

schedule. The basic set of such parameters is shown in Fig. 7.

Hard | Plan Task Name Impl.| State
1 1 |506073: FT: Test Design TC03.1 QA done
1 1 |506081: C5: WildcardSearchService DEV done
1 1 |506082: C5: ProjectListViewModel DEV done
1 1 |506085: C5: ProjectiearchSernvice DEV | done
1 1 |506141: C5: Devtesting DEV done
1 1 |506200: C5: List view DEV done
1 0 |506700: BUG: When create new project, parameter 'project type' is absent DEV | done
1 1 |506871: FT: Test Design TC03.1 QA done
1 1 |506907: FT Execution TC03.1 QA done
1 1 [506908: FT Execution TC03.2 QA dane
1 0 |506326: DEVBUG: fix search view model DEV done
1 0 |506952: FT: Test data QA done
1 0 |506967: DEVBUG: tooltip incorrect DEV | done
1 0 |506973: C5: Remove properties from DEV done
1 0 |507000: C5: SearchBoxViewModel refactaring DEV done
1 0 |507141: BUG: Search box should be cleared when open Home page DEV done
1 0 |507786: Review Issues DEV done
1 0 |508732: FT Execution TCs Regression QA done

Figure 7 — Basic set of task performance criteria
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The time assessment criteria used in the module are used to generate trends for
building a project execution chart (including benchmarks, normalized volume of
unplanned tasks, actual time spent, etc.).

An example of determining such trends is shown in Fig. 8.

Scope + AVG A 338 [ 277 93 B
Etalon 338 [ 260 78 0
Lag 0 16 15 B
Done 18% 3% | 98%
Weekly A 18% 55% |[[ 25%

Figure 8 — Example of defining trends for building a task execution chart

Software implementation and testing of the module. The implementation of the
module for dynamic analysis of I'T project task execution was carried out based on the
MV pattern scheme. This scheme makes it possible to separate data, presentation, and
processing of the module user's actions into three separate components:

— model (model). This component provides data and methods for working with
them, and also responds to requests by changing its state;

— presentation (view). This component is responsible for visualizing information
using windows with graphic elements;

— controller (controller). This component provides the interface between the user
and the module (in particular, it controls data input and uses the model and view to
implement the required response.

Spring Framework, which has its own MVC platform for web applications, was
used to create a flexible module architecture. Spring MVC is a query-oriented
framework. It defines strategic interfaces for all functions of a modern interactive
system. The model implements the principle of dependency inversion, which is used
to reduce coupling. Graphical representation of the module functions usage options is
implemented using the “Users”, “Teams”, “Cards” and “Iterations” forms.

The results of the current task performance analysis are presented on the page

with the task board and the time spent graph (Fig. 9).
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| Cards, description | |Cards, description | |Cards, description |
| Cards, description | |Cards, description | | Cards, description |

9 [Cards, description _ | 9

Add card... Add card... Add card...

Figure 9 — The side with the board is set and the schedule of hours spent

The database was implemented using the Postgre SQL server DBMS, which
meets the requirements for the module's functions. The structure of the module's
database model is shown in Figure 10.

To work with the module, you need to create a list of developers and testers in
order to later add participants to the created team. The next stage is to create iterations.
The sprint creation form contains fields: name, data on the start and end of the iteration,
as well as a section for filling in the number of working days in each working week
(this number 1s determined according to the end date of the iteration).

The “Sprint List” page displays current iterations. The lines of the page contain
information for quick identification of the desired iteration (name, data on the start and
end of the iteration, as well as the status that the customer determines at the end of the
sprint). The “Status” field is implemented as a drop-down list with the values failed
(rejected), successful (successfully completed sprint).

The user is given the opportunity to create tasks within a specific user story. The
task creation page contains the following fields: name, role, status, planned and actual

execution time.
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id INTEGER
name :varchar
created _at :dafetime
updated_at ;datetime

L~

reset_passwond_sent_at :datetime
remember_created_at ;datetime
sign_in_count :integer

d User h ""-\'
id :-INTEGER A
email :varchar - \F ~,
encrypted_password :varchar Iteration
reset_password _token :varchar id -INTEGER

start_date :datetime
end_date :datetime
working davs integer

current_sign_in_at :datetime
last_sign_in_af .datetime
current_sign_in_ip :varchar
last_sign_in_ip :varchar

name varchar
created_at :datetime
updated_at :datetime
team_id :integer

created _at :datetime b "y
updated_ar -datetime
admin :boolean
.\_team_td ‘integer J
-
Card N

id . INTEGER

name :varchar

priority cinteger

status integer

role :integer

real_time :integer

original_time integer

weeks :text

body :text

created_at ;datetime

updated_at :datetime
~,‘Lll-er“a.tm-n_mi integer

Figure 10 — Module database model structure

The Sprint Info page contains information about the current sprint: the number of
participants and their roles in iterations, calculation of current resources, the amount of
planned and completed work, focus factor, forecast for unplanned volume of tasks and
error in estimation, task execution schedule, etc. The Team hard commitment column
contains calculations for each working week for the indicators: benchmark, normalized
volume of unplanned tasks, actual time spent at each checkpoint.

All indicators are calculated automatically after entering the number of working
days for each team member. The maximum possible number of working days is
determined at the time of sprint creation. The number of developers and testers
corresponds to the size of the team. Based on the listed data, the user is given the

opportunity to estimate resources in man-days.

140
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The Hard Commitment table contains data for developers and testers to identify

problem areas in the development process. The module also generates the value of the
general indicator, which allows you to assess the progress of iterations as a whole.

The forecast of the volume of unplanned tasks and the excess of estimates is
presented on the “Delta Hard Commitment” page (the corresponding calculations are
displayed starting from the third iteration, when the module stores enough data for
forecasting). These indicators can be analyzed in any phase of the sprint, which makes
the model flexible and easily scalable.

The “Graphics” page presents the final task execution diagram, which uses the
attributes and parameters described above. The user is given the opportunity to adjust
the control dates to monitor the effectiveness of the design at any phase of the iteration.

An example of a task execution diagram obtained during the module testing

process is shown in Fig. 11.

Developers QAs General Capacity Delta Hard Commitment Graphics

Team Commitment Burndown =

500 Print chart

Download PMG image
Download JPEG image
Download PDF document

Download SWG vector image
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]
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1 2 3 4

Scope [l Lag Etalon -8 Scope + AVG Delta

Figure 11 — Example of a task flow chart

In particular, the Lag indicator, presented in the diagram, clearly demonstrates the
difference between the benchmark and how much the team is behind or ahead of
schedule, taking into account the forecast for deviations.

The results obtained during the testing of the module indicate the prospects for its

practical use.
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Conclusions.

The article presents the results of a study of I'T project task performance indicators
and prospects for increasing the efficiency of agile design based on the use of the
proposed dynamic analysis module. Trends in IT project task performance using
checkpoints were studied. The module was implemented software using the Postgre
SQL server DBMS and the Spring framework. The results of testing the module are
presented.

The use of this module in the field of agile project management will increase the
efficiency of bottleneck analysis at the stages of planning, development and support of

the design life cycle.
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