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Preface of the 34th Conference of
Open Innovations Association FRUCT

On behalf of the organizing team, I welcome you to the 34th Conference of Open Innovations
Association FRUCT. This year, the conference is hosted by the Riga Technical University. The
FRUCT34 conference embraces a hybrid format, combining onsite participation in Riga, Latvia,
with online engagement through MS Teams.

Building upon a rich legacy of fostering enduring academic and business collaborations, the FRUCT
conference has consistently been at the forefront of innovation. The program for this conference
comprises 8 sessions, featuring 2 keynote talks, 2 invited talks, demo and poster section, and the 7th
DataWorld workshop. Spanning three days, the conference program accommodates both onsite and
online participants. The first day of the conference (November 15, 2023) is primarily dedicated to
attendees present in person. The second and third days (November 16-17, 2023) are reserved for
online sessions. Consequently, the conference proceedings are tailored to optimize the experience
for both onsite and online participants.

For the onsite portion of the conference, we will adhere to the traditional format of presentations.
Furthermore, the onsite sessions will be live streamed via MS Teams, ensuring that remote
participants can also benefit from these sessions. As for the online component, all presentations have
been pre-recorded by the authors and uploaded to YouTube. The conference program includes links
to individual presentations as well as playlists encompassing all talks for each section. To manage
your participation effectively, please consult the conference program brochure, which can be
downloaded from www.fruct.org/program34.

The online conference sessions consist of two modules. Firstly, we encourage you to watch the pre-
recorded presentations on YouTube. The conference program provides playlists for each session
along with links to the individual presentations. Secondly, the sessions feature a question-and-
answer segment, during which attendees can interact with the authors of the papers presented. These
Q&A sessions will take place on MS Teams. We kindly request all paper authors to join their
respective Q&A sessions and respond to questions from the conference attendees. The conference
program includes designated time slots and corresponding MS Teams links for these sessions. We
encourage you to allocate time beforehand to watch the relevant videos. Additionally, we invite you
to provide feedback to the conference authors through likes, dislikes, and comments on the
YouTube videos. We also encourage you to subscribe to the FRUCT channel for updates and future
content.

We are proud to announce that the conference is technically sponsored by IEEE. All conference
papers have undergone rigorous peer reviews. Full papers were selected based on stringent criteria,
including research quality, paper length, structure, format, and other formal requirements. Each full
paper submission was reviewed by at least three expert peers, and acceptance was granted only to
those that received positive review comments. Authors were given the opportunity to address all
review comments or provide compelling justifications if they chose not to implement specific
suggestions. The second volume of the conference proceedings accommodates all other accepted
submissions that were not classified as full papers and were not submitted to IEEE Xplore. This
partitioning of the proceedings ensures that the highest quality FRUCT publications can undergo
proper international indexing and be published in renowned databases such as Web of Science.

We are delighted to present the proceedings of the 34th Conference of Open Innovations
Association FRUCT. With a total of 68 conference submissions, we are proud to announce that 22

\



papers have been accepted for publication as full papers, resulting in a commendable conference
acceptance rate of 32%.

Once again, we extend our warmest welcome to all participants and express our gratitude to the Riga
Technical University, the Nordplus PROCSI project number NPHE-2022/10105, and the Inventions
MDPI journal for supporting the conference. We hope that the ensuing discussions, presentations,
and interactions will inspire new avenues of open innovation and contribute to the advancement of
research and industry collaboration.

The accelerating pace of innovation and the increasingly shorter lifespan of commercially viable
technologies pose unique challenges for the IT and ICT industries. Fierce competition among
market players and rapid technological progress fueled by extensive investments in research and
development necessitate a proactive response from educational and research institutions worldwide.
The FRUCT community strives to foster cooperation and cultural exchange, supporting regional
teams in effectively aligning university research and education with industrial challenges. Our
primary mission is to strengthen collaboration within the academic community, enhance the
visibility of research teams, and facilitate direct personal connections between academic and
industrial experts.

The FRUCT conference embodies the principles of continuous development and strategic
partnerships between industrial and academic research, which serve as crucial factors for success in
the modern innovation ecosystem. Throughout the world, there exist remarkable success stories of
such frameworks, which yield significant benefits for all involved parties, fueling their respective
research and development endeavors. While fundamental science driven by universities and
academic organizations should not be tethered directly to existing industries, industrial research
greatly benefits from early access to results and information on emerging trends and weak signals.
Likewise, many universities actively engage in applied research, but to maximize their efficiency,
they require feedback channels from the industry. Thus, establishing stronger connections between
academia and industry is pivotal, especially given the shrinking innovation cycles discussed earlier.
An intriguing new trend to address this need involves constructing open innovation frameworks
specifically designed to develop strategic partnerships between industrial and academic research,
enabling the identification of suitable research partners and facilitating collaborative incubation of
new competencies.

The FRUCT association is actively working to involve students and postgraduates in scientific
activities at an early stage, fostering joint teams to tackle challenging scientific problems using
knowledge-intensive technologies, and elevating the prestige of scientific and research work.
Through the development of various processes, FRUCT supports win-win cooperation and the
advancement of strategic partnerships between academic and industrial research. These processes
serve to overcome barriers to open innovation, demonstrating how businesses can embrace social
responsibility and contribute to long-term research and academic collaborations.

The FRUCT conference stands as a significant event celebrating academia-to-industry cooperation.
With over 100 authors and over 50 conference participants representing over 20 countries, the 34th
FRUCT conference promises to be a vibrant gathering. Additionally, we anticipate that the
presentations on YouTube will garner at least tenfold more views, extending the reach and impact of
the conference beyond its physical boundaries.

The primary topics of the FRUCT conference are as follows:
o Artificial Intelligence in Text Analysis and Generation

o Artificial Intelligence, Robotics and Automation

e Coding Theory, DevOps and DevSecOps Technologies

Vil
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We extend our gratitude to all the authors, reviewers, and participants who have contributed to the
success of this conference. The special words of thanks go to the local organizing team and
especially Nadezda Kunicina, who despite all problems and obstacles managed to organize this
conference. I wish to thank all people who contributed efforts and a lot of personal time to the
organization of the FRUCT conference, and all members of the organizing committee and FRUCT
Advisory Board for reviewing the papers and other forms of contribution to the success of the 34th
FRUCT Conference. 1 hope that the proceedings and the ensuing discussions will inspire fruitful
collaborations, foster innovative solutions, and drive further advancements in the field of open
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FRUCT President
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Enhanced Data Locking to Serve ACID Transaction
Properties in the Oracle Database

Michal Kvet
University of Zilina
Zilina, Slovakia
Michal Kvet@fri.uniza.sk

Abstract—Relational databases are characterized by precise
data models, formed by the entities and relationships. Integrity
and consistency are maintained by the transactions, which ensure
transfer from one consistent state to another. Consistency is
ensured at the latest at the end of the transaction itself. SQL norm
specifies two lock types applied on the data row level to serve the
consistency in the parallel data access. However, Oracle Database
uses a different approach relying on the transaction logs to provide
historical consistent data images. In this paper, Reservable
attributes are discussed, introduced in Oracle 23c version by
focusing on the performance, limitations and general issues.

L. INTRODUCTION

Relational databases were introduced in 60ties of the 20™
century. Immediately after their introduction, several variants
and efforts for certification and codification were present. A
relational database is formed by the set of entities and
relationships between them, by focusing on the data value
precision and accuracy. This is done by the transactions, which
ensure the shift from one consistent state to another, by checking
the integrity rules. [11]

Even after decades, the relational paradigm is still
widespread, primarily operated by the SQL language, which is a
non-procedural type, so the user only specifies, what data,
shapes, and formats should be provided, but not, how to reach
them. Thus, the access to the data and result set composition is
left to the database systems and internal techniques, mostly
delimited by the optimization, indexing, and physical repository.
The relational paradigm is mostly related to storing current valid
states by replacing original states during the change (Update
operation), called the conventional system [11]. Currently, the
focus is done on the temporal databases, which can hold not only
current valid states, instead all the states associated with the
object are stored. Thus, there are historical states valid in the
past, but also states, that will become valid later as future plans.
The temporal sphere, mostly defined by the validity, can be
defined on various precisions and granularities, either for the
object, attribute, or synchronization group level [6] [8].

Temporal relational databases form the core part of the
information technology used for intelligent information systems,
analytics [3], teaching [14], machine learning techniques or
decision-making, and critical systems [10] [11]. The reliability
of'the stored data is protected either by the data model itself, but
mostly by the integrity rules and transactions. Data transparency
is checked continuously during the transaction run, but before
reaching the transaction approval point, all the integrity rules
must be passed. Otherwise, the whole transaction is refused and
the original data remain.

The data access and change operations are protected by the
data locks applied for the table tuple. General SQL norm defined

73

Shared lock for the data retrieval and Exclusive lock for the
change operations. If the row is to be accessed, Shared lock must
be applied to ensure nobody can change the content of the row
during the Select operation. Vice versa, Exclusive lock is used to
ensure nobody changes the data in parallel, nor the tuple is
accessed and retrieved, generally [4], [5], [9]-

For this paper, the Oracle Database environment will be
used, delimited by the release bundle Oracle 23c¢ Free,
Developer Release Version 23.2.0.0.0, introduced in April 2023.
There are several reasons to select Oracle Database and not to
focus on other database system variants, generally. Firstly, it is
most powerful solution in relational databases. Besides, it is the
most robust and complex and is hugely used in commercial and
critical systems. Secondly, Oracle Database uses a different
approach for the locking, so the general comparison of the
locking is impossible and infeasible, while Oracle does not use
Shared locks, instead, transaction locks are used to serve the
historical consistent data image. Thirdly, it is now made
available through the Oracle Cloud Infrastructure [7] by
allowing to provision of autonomous databases [1] [2]. which
are maintained, secured, and patched by the cloud vendor.
Fourthly, to make the decisions and information technology
correct and complex, proper data analysis must be done. Oracle
allows you to create an autonomous data warehouse operated in
the cloud environment, supervised by auto-indexing improving
performance [7]. Finally, this paper is supported by the
Erasmus+ project EverGreen [16], in which Oracle acts as a
consortium partner. Efficient data and lock management is
critical in application development. Rapid data-driven
applications can be easily done by the Oracle APEX technology.
Erasmust project BeeAPEX [15] emphasizes such a
development using low-code programming.

Spatio-temporal model holding airplane locations and Flight
Information Regions (FIR) in aviation assignment was used for
the computational study and performance evaluation. Each plane
was regularly periodically monitored by focusing on the flight
parameters. Temporal attributes refer to the entry and exit time
ofthe aircraft from the particular FIR area. The data set consisted
of 5 million records in the European region during 2017 — 2020.
The example of the data layer is shown in Fig. 1.

"ECTRL ID","Sequence Number","AUA ID","Entry Time","Exit Time"

"186858226","1", "EGGXOCA","01-06-2015 04:55:00","01-06-2015 ©5:57:51"
"186858226" "EISNCTA","01-06-2015 ©5:57:51","01-06-2015 06:28:00"
"186858226","3" ,"EGTTCTA","01-06-2015 06:28:00","01-06-2015 07:00:44"
"186858226"," "EGTTTCTA","01-06-2015 07:00:44","01-06-2015 07:11:45"
"186858226"," "EGTTICTA","01-06-2015 07:11:45","01-06-2015 07:15:55"

B

572
Tuge
"4,
T

Fig. 1. Data source structure

This paper aims to deal with the Reservable attribute
definition, navigating the system to use lock-free
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Fig. 2. Transaction logs [7]

update operations for that. Besides, it evaluates a Reservation
journal [18] data structure by focusing on the performance,
compared to the existing data warehouse approaches to serve as
a workaround to limit contention.

For the purposes of the computational performance study of
the data locking enhancements referrable by the Oracle
Database, this paper is structured as follows. Section 2 deals with
the transactions and ACID properties. Section 3 emphasizes
integrity and deferrable constraints by shifting the consistency
check to the end of the transaction. Section 4 deals with the
locking. Reservable attributes are displayed and discussed in the
section 5. The performance evaluation is treated by section 6 by
referring to the data warehouse and function-based index.

IIL.

The main aspect of the relational paradigm, except for the
data structure itself; is the transaction support ensuring, that all
integrity constraints and rules are passed not later than at the end
of the transaction. Thus, the transaction shifts the database from
one consistent state to another, which is also consistent.
Therefore, it is impossible to load data, which do not cover the
rules of the data model, application domain, and user definitions
completely. There are four properties of the transactions with the
acronym ACID — atomicity, consistency, isolation, and
durability. Atomicity ensures that the transaction is done either
completely or it is completely refused. Thus, it is impossible to
accept only part of the transaction, like some operations would
be accepted, and the rest would be refused. Consistency ensures,
that all the constraints must be passed before approving the
transaction and making the changes durable. From the data locks
point of view, the next two properties are critical. Isolation
supplies the change operation spread after reaching commit.
Thus, during the transaction, individual operations and changes
are done only locally and other sessions or transactions do not
have access to the particular data. This property is related to the

TRANSACTIONS & ACID PROPERTIES

writes modified
blocks

database
files

L0 0O
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(change vectors)

archive redo log

building consistent data image throughout the run by using
transaction logs and change vectors. Finally, durability ensures,
that the approved transaction cannot be lost, even after the
instance collapses. It is supervised by the transaction log
journals, as well [5], [7], [10].

Fig. 2 shows the structure of the transaction log management
in Oracle Database. The main part is delimited by the online
logs, which store the change vectors and transaction reference
for the active transactions or data, which can be necessary to
obtain historical data consistent images for other active
transactions. There are multiple logs, which are formed in the
circular linked list. Thus, data about the transactions, that are
finished, can be consecutively removed. In general, logs are
defined by groups consisting of multiple mirrors to ensure
robustness and failure resistance. Among that, before the online
log rewrite operation, the particular block can be copied to the
archive repository. By using them, it is possible to reconstruct
the database to any state to limit the failure. Furthermore, by
applying online and archive logs, any data image valid in the past
can be built. Fig. 1 also shows the data flow and change
operations, preceded by the data block loading into the memory
(Database Buffer Cache). The writing operation from the
memory into the physical database is operated by the Database
Writer (DBWR) background process. The active online
transaction logs are managed and modified by the Log Writer
(LGWR) background process, while archiving is handled by the
Archiver (ARCH) process.

The next section deals with integrity as a critical part of the
consistency management rules.

II1.

Integrity is a set of rules applied on various levels, from the
data model up to user considerations and application domains.
There are five types of integrity rules. Column integrity deals
with the primary key candidates by focusing on the unique and

INTEGRITY
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duplicate values, as well as the possibility to hold undefined
values for the set that can be cored by the column integrity.
Domain integrity focuses on the data types and applicable
values for the individual attributes. Primary keys are covered by
the entity integrity, while foreign keys refer to the referential
integrity type. All other types are covered by the user integrity.
Most of these types are checked immediately during the
execution of the particular operation. However, referential
integrity can be postponed to the end of the transaction, mostly
due to the relationship cycles in the data model or NOT NULL
self-relationships. It is done by the deferrable constraints
navigating the transaction manager to check the referential
integrity not immediately, but at the end of the transaction [3],
[5].

A. Deferrable constraints

Constraints marked as deferred are not checked until the
transaction is to be committed. Deferrable constraints are listed
for each foreign key constraint separately and applied on the
constraint level. The keyword Immediate forces the system to
check the constraint immediately during the operation, while
Deferred allows to shift the check processing till the end of the
transaction. The syntax for the constraint definition is
following:

alter table <table_name>
add [constraint <constraint_name>]
foreign key <list_of_attributes>
references <table_name>
[(<Llist_of_attributes>)]

[{initially immediate | deferrable}];

In addition to the foreign key, the deferrable constraint can
also be applied to the unique constraint, like:

alter table flight add flight_no integer
primary key deferrable;
or

alter table flight add
unique(airline, flight_reg_no) deferrable;

Immediate option is used by default.

To allow the shift of the checking, session settings must be
also set:

alter session
set constraints = [{immediate | deferred}];

In the huge parallel processing environment, proper integrity
checks, timing, and locking are critical from the performance
perspective. In the section section, transaction lock types are
defined.

IV. TRANSACTION LOCKS

SQL norm defines two lock types to be applied. Shared locks
are associated with the data access and reading operation.
Multiple Shared locks can be applied simultaneously, meaning,
that multiple transactions can access the same data portion in
parallel. Exclusive locks are defined for the data change
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operation and are exclusive, meaning, that only one transaction
can modify the row [4], [5], [7], [12]. The rest ones are put to
the access change list and must wait. That is the definition of
the SQL norm. The lock map is shown in Table I.

TABLE 1. Lock MAP
Required —» Exclusive  Shared No lock
Existing |
Exclusive
Shared
No lock
However, Oracle Database uses another approach.

Transaction logs are hugely used to compose data image as it
existed at the beginning of the transaction or executed
operation. Therefore, it is a stronger pressure to make the logs
available as long as possible, naturally, based on the workload
and online log capacity. If it is impossible to get a consistent
data image for the processing and execution, Snapshot too old
exception (ORA-01555) is raised. Limiting Shared locks ofters
a significantly wider spectrum of parallel data access and
processing. Moreover, even after the change operation of the
row, which is to be accessed by another transaction, no waiting
is necessary, original data values are obtained from the logs.
Consequently, Oracle Database uses only Exclusive locks for
the data load and change operations. The applied granularity is
the whole row, except for a structural change of the table, in
which the entire table is locked. This can happen naturally only
after releasing all Exclusive locks on records. Shared logs are
not used, at all.

However, what about the releasing of the locks? Well,
naturally, they must be released not later than the end of the
transaction. Simply, it is impossible to share locks across
multiple transactions.

There are several techniques for locking and unlocking to
serve the workload, spread the opportunity for parallel
processing, and limit negative aspects, like deadlocks, waiting,
etc.

It is, however, rather a logical concept of the lock release than
physical. Namely, the locks are part of the data block and
physical release would require to access the data blocks
multiple times. Furthermore, the block does not need to be in
the instance memory, so the additional 1/O operations for the
loading would be necessary. To ensure correctness, when
accessing the data block, Oracle RDBMS automatically checks
the applied locks and release expired. The list of active
transactions, which can lock the data are still available for the
database manager and background processes of the instance.
Therefore, expired locks can be easily identified, while each
lock is associated with the base transaction.

It is evident, that the data locks applied in the transaction are
an inevitable part of ensuring data correctness and reliability in
case of attempting to change the data row by multiple
transactions in parallel. However, there are situations, when
data change operation can be placed, but no locks are applied.
In the next section, the Reservable keyword associated with the
attributes, is introduced.
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V. RESERVABLE ATTRIBUTES
A. Practical issue

The problem with the concurrency can be easily interpreted
by getting the current amount of products in-stock, number of
sold items or by getting the number of accidents in a region. To
point to the issue, we aim to get the number of airplanes in a
specified FIR. Naturally, it can be calculated from the data
source by taking into account the time of entry and exit from a
particular region. However, in critical systems, such information
should be obtained very fast to serve the security and monitoring
ability. Thus, instead of dynamic calculations on demand, each
region is characterized by an attribute holding the current value
of planes covered by it. Thus, it would be necessary to pick the
value and increment or decrement it, based on the current
situation. However, it should be done inside the transactions,
requiring the database manager to lock the row. Practically, it
would mean locking the whole FIR and release it after the
processing. Consequently, it would be impossible to enter or exit
the region at the same time. Moreover, one must strongly
understand the meaning of the word at the same time. It is not
just about the physical time but the reference to the transaction
itself during which the FIR is blocked. If we take into account
possible communication breakdowns, short-term loss of signal,
or air corridors with a large amount of traffic in them, the
problem takes on huge dimensions.

Practically, it was impossible to be solved in an efficient
manner. Namely, there were several solutions to be used. In the
first solution, the current value (number of airplanes in a region)
was not stored. Instead, the value was calculated dynamically,
which required a large amount of data to process and delays. The
second approach used a materialized view, which was, however,
refreshed only periodically by the defined frequency, so the
provided value was not warranted. The third solution was
commonly based on the NoSQL solutions limiting the
transactions, so the locking was not used. This approach,
however, led to many inconsistencies, because the value had to
be loaded first and then incremented, or decremented. In
principle, however, several transactions could load the value,
and as long as they changed it, it could already be processed by
another transaction. As a result, an aircraft entering the region
was not recorded, or conversely, if it had already left the
territory, it was still considered to be present in the area. The
problem is shown in Fig. 3.

)9- getting state - increment

update

‘ increment by 1
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current state

pdate

).). getting state ‘ increment

Fig. 3. Lost update

Locking of'the FIR does not make sense, as it generates many
waiting periods losing precision and accuracy (Fig. 4).
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Fig. 4. FIR locking

Autonomous transactions partially solved the problem by
excluding the number of associated airplane management into a
separate transaction, which was significantly shorter, so the
locking was minimized. One way or another, it would be still
necessary to synchronize outer and inner transactions, while the
outer transaction (monitoring the whole flight) must always end
in the same manner as the region monitoring (inner transaction).

Reservable attributes bring a simplified solution by
providing inner transaction management automatically.

B. Solution using Reservable attributes

Oracle Database 23c introduces lock-free attribute change
aiming to reduce contention of multiple transactions [17] [18].
In real systems, in which the huge parallelism is used, it would
be so critical. Lock-free attributes can be specified for
frequently updated attributes, defined by the numerical domain.
It does not allow data corruption, because the value
management is still covered by the transaction, however, the
real data value change is done at the end of the transaction,
immediately before performing transaction approval.
Physically, it takes the current value, makes a change operation
and immediately ends the transaction by releasing the locks
completely. Thus, the high parallelism aspect is ensured. The
data flow and lock management are shown in Fig. 5.
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Fig. 5. Reservable attribute management

The definition of the Reservable attribute is following:

create table fir_tab
(fir_id integer primary key,
cur_state integer reservable,
inbound integer reservable,
outbound integer reservable);

For each Reservable attribute, a specific table holding the
attempts for the update is created — Reservation table. It can be
referenced by the data dictionary view referring to the
{USER|ALL|DBA} OBJECTS structure.
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select object_name
from user_objects
where object_type= 'TABLE'
and object_name like 'SYS\_RESERV%'
escape '\';

The name of the table is system generated, prefixed by the
'SYS RESERV'. It is associated with the user-owned table, so it
is visible through the USER data dictionary view category. It is
owned by the same user as the owner of the table:

The Reservation table consists of multiple attributes by
referring to the source table, source attribute, executed
operation and value to be processed. The names for the
attributes are partially inherited from the source table:

desc SYS_RESERVIRNL_83339

Name Null? Type
ORA_SAGA_ID$ RAW(16)
ORA_TXN_ID$ RAW(8)
ORA_STATUS$ CHAR(12)
ORA_STMT_TYPE$ CHAR(16)
FIR_ID NOT NULL NUMBER(38)
CUR_STATE_OP CHAR(7)
CUR_STATE_RESERVED NUMBER(38)
INBOUND_OP CHAR(7)
INBOUND_RESERVED NUMBER(38)
OUTBOUND_OP CHAR(7)
OUTBOUND_RESERVED NUMBER(38)

The Reservable attribute is set using the defined trigger,
based on a particular FIR identifier and the exit_time from the
region:

create or replace trigger trig_cur_state
before insert on flight_positions
for each row
declare val integer;
begin
case when :new.exit_time is not null
then val:=-1;
else val:=1;
end case;
update fir_tab
set cur_state=cur_state + val
where fir_id=:new.fir_id;
end;

/

If any airplane entrances the FIR, the current number of
assigned (CUR_STATE) airplanes to the particular FIR is
incremented using the trigger. Vice versa, it the EXIT TIME
from the FIR holds the real defined value, the particular
CUR_STATE value is decremented by one.

So, let’s check the solution practically. If the new airplane is
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to be assigned to the FIR, a trigger is fired and the update
request is recorded in the reservable table list, not the attribute
value itself. Therefore, by requesting the value of the
CUR_STATE attribute, the original value is obtained!

select * from fir_tab;

FIR_ID CUR _STATE INBOUND  OUTBOUND

At this moment, the Reservation table content looks like
following:

select ORA_STMT_TYPE$, FIR_ID,
CUR_STATE_OP, CUR_STATE_RESERVED
from SYS_RESERVIRNL_83339;

ORA_STMT_TYPE$ FIR_ID

CUR_STA CUR_STATE_RESERVED
UPDATE 2

+ 1
UPDATE 2

+ 1
UPDATE 2

+ -1

By reaching the transaction end (Commit), the Reservation
table for the referenced transaction is freed by applying the
changes physically for the attribute:

commit;
select * from fir_tab;

FIR_ID CUR _STATE INBOUND  OUTBOUND

select * from SYS_RESERVIRNL_83339;

-- no rows selected

C. Properties of the Reservable attributes

Reservable attributes require additional data storage
capacity and reference in the system tables. The internal
management is automated, so no specific user intervention is
necessary. The only thing is to mark the attribute to be
Reservable. The keyword Reservable can be applied to multiple
attributes at once.

alter table products
modify(in_stock, sold_number reservable);

For one table, irrespective of the number of Reservable
attributes, one table is created, which can form the limitation
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because it is not always necessary to change all Reservable
columns at the same time. A suitable alternative could be
partitioning of the Reservable table based on the marked
columns, which, however, cannot be done.

Besides the definition of the Reservable attribute, it is
automatically enhanced by the column integrity constraint —
NOT NULL, while undefined values cannot be mathematically
processed and operated. Thus, it is always necessary to hold
there areal value, to which increment or decrement based on
the specified value can be done.

D. Reservable attributes remarks

Concluding the Reservable attribute definition, there are
some rules, which must be used to ensure proper management
and functionality [17] [18]:

e Table, which holds a Reservable attribute must have
a primary key to be able to reference the row in the
Reservation table:

ORA-55728: Reservable column property can only be
specified for a column on a table that has a primary
key.

e Table, which holds a Reservable attribute must have
a primary key to be able to reference the row in the
Reservation table:

ORA-55764: Cannot DROP or MOVE tables with
reservable columns. First run "ALTER TABLE
<table name> MODIFY
(<reservable_column_name> NOT RESERVABLE)"
and then DROP or MOVE the table.

e The only available operations for the Reservable
attribute are (+) and (-):

ORA-55746: Reservable column update statement
only supports + or — operations on a reservable
column.

e The row, which is currently enhanced by the active
records in the Reservation table cannot be removed
before ending the blocking transaction:

ORA-55754: Resource busy error is detected for the
reservable column update statement. A delete or a
DDL operation is conflicting with this update
statement.

VI

For the performance evaluation and data management study,
a flight monitoring data set was used, consisting of 5 million of
records defined by the airplane positions, flight parameters and
FIR references. For each FIR region, the current number of
assigned airplanes was stored. To sharpen the solution, there was
also evidence of the total number of inbound and outbound
flights. Please note, that the FIR definition can evolve over time
and is not static. In general, it does not reflect the borders of the
countries. FIR in Europe is supervised by the Eurocontrol. Fig.
6 shows the FIR assignment segment in Europe.

PERFORMANCE STUDY
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Fig. 6. European FIRs [13]

The first part of the study deals with the impact of Reservable
attributes management. The defined fir_table (50 rows) contains
3 Reservable attributes — cur_state, inbound and outbound. The
value is set by the trigger, based on the flight positions table
(loading 5 million rows). For the purposes of'the evaluation, only
FIR entrance and exit points are taken, positions inside the FIR,
which do not reflect Reservable column values, are not taken
into consideration. All the data are processed in one active
transaction and overall processing time is evaluated. The results
are shown in Table II Ordinary columns do not consider
Reservable columns, however, in a practical environment, it
would generate multiple waiting operations caused by the
locking. The second solution emphasizes Reservable columns
by using lock-free solution by placing the change requests in the
Reservable table.

TABLE I RESULTS — TRANSACTION WORKING PHASE
O Rese ble Re
0 0 € 0
nonitored attribute
) (BT T 79:42.195 | 608:25.648 | 1247:70.403
DAY(9) TO
OND

While the first experiment focuses on the working phase of
the transaction, the second evaluation experiment deals with the
certification phase by monitoring the process of applying
changes temporarily stored in the Reservation table, followed by
freeing it. If the ordinary columns are used, only active online
locks are copied into the database and transactions can be
flagged as successfully ended. However, if the Reservation table
is used, the whole process contains an additional step — applying
changes to the data, which must precede the transaction
approval. In this part, therefore, additional processing time
demands are taken into consideration. The reached results are
shown in Table III. Each evaluation run was performed 100
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times, the results express the average value to limit any side
server impacts.

TABLE III. RESULTS — TRANSACTION CERTIFICATION PHASE

Real
environment
ibutes
2:46.381

Ordinary Reservable
columns columns
3 monitored att

Data 13:26.735

aproaving
[INTERVAL
DAY(9) TO
SECOND(3)]

Reservable attribute management requires significant
additional resources in terms of processing time, as well as the
storage capacity. When dealing with the transactions by splitting
them into working and certification phases, performance impacts
can be complexly evaluated. To load 5 million rows consisting
of the flight positions and parameters, total demands are 79.42
seconds, which expresses only 13.06%, compared to the
Reservable columns. In other words, Reservable column
management required additional 528.83 seconds, which
represents an increase of more than 655.9%. Similarly, the
certification phase of the Reservable column management
requires update statements execution. Additional processing
time demands of this phase are 10.8 seconds (439.02%). At first
sight, it can be considered as a huge increase and the solution
should be refused. However, this reflects only an ideal solution
with no parallelism and waiting times. Thus, by using a practical
real environment, the total demands of the transaction working
phase are 1247.70 seconds. By applying Reservable columns,
processing time demands are lowered to 608.25 seconds, which
reflects the drop using 51.25%. Even the certification phase is
more demanding, overall, the total processing time cost drop
reflects 50.29%. The reached results in a graphical chart form
are in Fig. 7.

Transaction management (seconds)

1400
1200
1000
800
600
400
200 et
0
Ordinary Reservable Real
columns columns environment
W Data loading 79,42 608,25 1247,7
W Data certifying 2,46 13,26 2,46
Total 81,88 621,51 1250,16

m Data loading ™ Data certifying Total

Fig. 7. Transaction management processing time results

Finally, the Reservation table size is considered, which
required 2 GB for 5 million changed rows with 3 Reservable
columns. The limitation of the approach is related to the
vacuuming and freeding of the table. Whereas the Reservation
table is treated as a standard table with the segment and extents,
the already allocated storage is released by the transaction end.
Although the blocks can be later used, the required storage does
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not reflect the current usage, but the highest historical peak. In
the environment of the parallelism and flight monitoring, it
practically reflects the most significant extraordinary events,
mostly represented by the request to free the airspace and
airspace closure.

VIIL

Reservable column management provides a powerful
solution in the massive parallelism, which requires increment or
decrement of the particular attribute set, based on the
conditions. To serve the workload and minimize waiting time,
lock-free solution was proposed in the Oracle Database 23c¢
release. Instead of the direct update operation by applying
Exclusive transaction locks limiting any other parallel access,
the request is recorded in the system-managed Reservation
table, by referring to the attribute, value to be added or removed.
The merge operation and applying the change for the
Reservable columns physically is shifted to the end of the
transaction — at the beginning of the certification phase of the
transaction. Thus, the locks are applied for only time intervals,
just to ensure the loading and changing value in a single unit by
applying the atomicity property of the transaction.

CONCLUSIONS

As stated, it does not make sense to specify Reservable
column for non-parallel processing or for the systems, where
the waiting for the lock release is not critical. However, for the
analytical processing, and system monitoring (medical
treatment, transport systems or e-shop), accessing proper values
immediately is required.

This paper aims to provide a performance study of the
Reservable column management introduced in the Oracle
Database 23c release. In future research, we will focus on
creating our own solution for the lock-free Reservable column
management, enhanced by the triggers and autonomous
transactions managing data in the Reservation table. However,
the assumed structure is not a flat table, but it will be
automatically partitioned based on the transaction reference. It
would allow to purge (truncate) the partition dynamically if the
transaction is ended. Thanks to that, associated blocks could be
deallocated, mostly in case of a huge transaction. Moreover,
there would be an option to specify priorities across multiple
Reservable columns to optimize the performance.

Another aspect of the future research relates to the data
distribution, synchronization across the nodes, and efficiency of
the energy consumption and management to sharpen the Green
computing paradigm.
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