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Abstract: Transactions are a critical component of modern database systems, 

ensuring the reliable execution of data operations under various conditions, including 

concurrent access and system failures. The ACID principles—Atomicity, Consistency, 

Isolation, and Durability—form the foundation of transactional integrity in relational 

databases. Oracle Database, as one of the most mature and widely adopted relational 

database management systems, provides a powerful and finely tuned transaction model 

that closely follows and enforces the ACID properties. This paper explores how Oracle 

realizes these principles internally, examines the practical mechanisms and architectural 

decisions that support them, and highlights their importance for data correctness and 

reliability. 
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Introduction Transactions in database systems serve as logical units of work that 

either complete fully or leave no trace, ensuring data integrity and correctness. In Oracle 

Database, transactions begin implicitly when a user initiates a data manipulation operation 

such as INSERT, UPDATE, or DELETE, and conclude explicitly when a COMMIT or 

ROLLBACK statement is issued. This seemingly simple structure conceals a deep and 

sophisticated system of memory structures, background processes, and storage strategies 

that work together to preserve consistency and manage concurrency. The ACID principles 

are not merely abstract guidelines in Oracle—they are deeply embedded in the behavior of 

the database engine. 



   Ustozlar uchun                          pedagoglar.org 
 

72-son 2 –to’plam May  2025                  Sahifa:  282 

Atomicity ensures that all operations within a transaction are indivisible and 

irreducible. If any part of a transaction fails, the entire set of changes is reversed, leaving 

the database in its previous stable state. Oracle achieves this through undo segments stored 

in the undo tablespace. These segments maintain the "before images" of any data that a 

transaction modifies. In the event of a failure, the database can use this information to undo 

changes and restore data to its original form. Oracle automatically manages the allocation 

and recycling of undo space, ensuring that each transaction has sufficient resources to 

support rollback if needed. This mechanism not only supports manual rollbacks but also 

plays a key role in flashback operations and read consistency. 

Consistency guarantees that a transaction takes the database from one valid state to 

another. It requires that any data written to the database must be valid according to all 

defined rules, including data types, referential integrity, constraints, and triggers. In Oracle, 

this is achieved through both declarative constraints, such as NOT NULL and FOREIGN 

KEY, and procedural logic embedded in triggers and PL/SQL routines. Any violation of 

these rules causes the transaction to fail, which Oracle handles by automatically rolling 

back the offending changes. The consistency model also applies to internal structures such 

as indexes and materialized views, ensuring that these remain accurate and aligned with 

the base data after each transaction. 

Isolation ensures that the operations of one transaction are not visible to other 

concurrent transactions until they are committed. Oracle implements this using a 

multiversion concurrency control (MVCC) model. When a user queries data, Oracle 

presents a consistent snapshot of the database as it existed at the time the query began, 

regardless of what other users are currently doing. This means that readers do not block 

writers and vice versa, which significantly improves concurrency and performance in 

multi-user environments. Oracle’s use of system change numbers (SCNs) to tag each 

transaction and query ensures accurate versioning of data. Depending on the isolation level 

chosen—ranging from READ COMMITTED to SERIALIZABLE—Oracle can provide 

stronger or weaker guarantees about the visibility and ordering of transactions, giving 

developers the flexibility to balance consistency against performance needs. 
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Durability ensures that once a transaction has been committed, its effects are 

permanent, even in the case of a system crash or power failure. In Oracle, this is achieved 

using redo logs. Every transaction generates redo entries that describe the changes made 

to the database. These are first written to memory and then flushed to redo log files on disk 

by the Log Writer (LGWR) process at the time of commit. Only after this flush completes 

does Oracle consider the transaction to be fully committed. If the system fails before the 

modified data blocks are written to disk, Oracle can still recover the committed transaction 

using the information in the redo logs. This makes durability one of the most robust 

features of Oracle’s transaction model, allowing recovery with minimal risk of data loss. 

Oracle’s transaction engine is tightly integrated with its buffer cache, redo 

mechanisms, and locking strategies. Key background processes such as DBWR (Database 

Writer), LGWR (Log Writer), and SMON (System Monitor) coordinate efforts to write 

dirty buffers, flush logs, and recover from crashes. Oracle also implements advanced 

features such as savepoints, autonomous transactions, and distributed transactions, all of 

which operate within the boundaries defined by the ACID principles. Savepoints allow 

partial rollbacks within a transaction, giving developers finer control over logic execution. 

Autonomous transactions enable sub-transactions that can commit independently, useful 

in logging or auditing scenarios. 

System Change Numbers (SCNs) serve as the fundamental synchronization 

mechanism within Oracle, providing a consistent timeline for all operations and enabling 

the database to maintain consistency across instances and sessions. These SCNs are used 

not only to manage read consistency but also in backup, recovery, and replication features 

such as Data Guard and GoldenGate. Oracle's Flashback technology, which allows 

administrators to view or rewind data to a previous state, also leverages undo data and 

SCNs to restore consistency without requiring traditional recovery processes. 

Conclusion 
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In summary, the ACID properties are not simply academic concepts but essential 

principles that guide the design and implementation of Oracle’s transaction model. 

Atomicity, consistency, isolation, and durability together ensure that each transaction is 

processed reliably, even under concurrent workloads and failure conditions. Oracle’s 

internal mechanisms, from undo and redo to SCNs and MVCC, work in harmony to 

enforce these principles, offering developers a stable and predictable environment in which 

to build complex applications. The robustness of Oracle’s transaction model has made it a 

trusted choice for mission-critical systems where data correctness, availability, and 

recoverability are non-negotiable requirements. 
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