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ABSTRACT

Real-time transaction processing (RTTP) systems must
complete database operations within strict latency
budgets while sustaining high throughput, even under
bursty, skewed workloads. Index structures dominate the
critical path of these systems because almost every
transactional read, write, or predicate check touches an
index. This manuscript examines the practical application
of B-Trees and close variants to RTTP, focusing on
predictability, concurrency, and deadline-aware behavior.
We begin by revisiting B-Tree fundamentals—node fan-
out, height bounds, and page layout—and explain why
those properties make B-Trees attractive for bounded-
time access. We then review techniques that convert
theoretical advantages into end-to-end deadline
reliability: latch coupling, crabbing, B-link side pointers,
optimistic and lock-free traversals, and append-friendly

logging.
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Fig.1 Real-Time Transaction Processing,Source([1])

Building on these ingredients, we propose a deadline-
aware B-Tree (DABT) design that (1) pins upper levels in
memory, (2) pre-splits hot pages during slack time, (3)
uses deadline-aware latch acquisition with time budgets,
and (4) aligns group-commit windows to transaction
deadline bins. A discrete-event simulator and OLTP-style
microbenchmarks (read-heavy and write-intensive mixes
under Zipfian key skew) are used to evaluate baseline
latch-coupled B-Trees, B-link trees, and DABT. Results
show that DABT reduces p99 index latency by 29-44%
relative to baselines, cuts deadline-miss rates by more
than half, and improves overall throughput by ~11-20%
without sacrificing serializability. We analyze statistical
significance with repeated trials and report mean+SD
across key metrics. The findings indicate that carefully
engineered B-Tree variants remain a compelling choice
for predictable, real-time OLTP on modern
NVMe/DRAM systems.
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INTRODUCTION

Real-time transaction processing (RTTP) couples the
correctness requirements of database systems with time
constraints typical of cyber-physical and mission-critical

services. Payment switches, market gateways, industrial
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control back-ends, and low-latency online services are
representative domains where each transaction must meet a
deadline (firm or soft) in addition to passing concurrency-
control checks and durability guarantees. In such systems, tail
latencies (p95—p99.9) are often more consequential than
average latency because deadline violations—even if rare—
can cascade into backlogs, retries, and SLA penalties.

At the heart of transactional data access lies the index
structure. Hash tables provide O(1) expected access but are
ill-suited for ordered scans, range predicates, and multi-
attribute composite keys that appear in canonical OLTP
workloads (e.g., “all orders for customer C in last 15
minutes”). Log-structured merge (LSM) trees offer excellent
write throughput but can introduce multi-level reads,
compactions, and bloom-filter variability that complicate
deadline predictability. By contrast, B-Trees (and B+-Trees)
present an appealing balance: wide fan-out keeps the height
small; each operation traverses a bounded number of nodes;
page-oriented layout maps well to cache lines and storage
pages; and mature concurrency techniques exist for high core

counts.

Fig.2 B-Trees in Real-Time Transaction
Processing,Source([2])
However, unmodified B-Trees do not automatically
guarantee deadline compliance. Hot-page contention can
extend latch hold times; page splits inject variability into
write latency; and log flushes can dominate commit times.
The interaction of index operations with concurrency control
(2PL, SI), buffer management, and logging creates non-
obvious tail behaviors. The question addressed in this paper

is not simply “Are B-Trees fast?” but “How do we engineer

B-Trees so that p99 is predictable under transactional
deadlines?”
We make three contributions:

1. Operational framing for RTTP: We articulate a set
of performance goals tailored to real-time OLTP:
bounded traverse cost, deadline-aware latching, split
predictability, and commit alignment.

2. A deadline-aware B-Tree (DABT): We propose a
concrete design that integrates pre-split scheduling,
upper-level  pinning,  deadline-aware latch
acquisition, and deadline-binned group commit.

3. Evaluation under skew and bursts: Using a
simulator and a prototype microbenchmark, we
compare a latch-coupled B-Tree (LC-BTree), a B-
link tree, and DABT under read-heavy and write-
intensive mixes, reporting both throughput and
deadline-centric tail metrics.

The results suggest that B-Trees, equipped with modest but
deliberate real-time adaptations, remain a first-class choice
for RTTP, achieving both high throughput and tight tail
bounds.

LITERATURE REVIEW

The B-Tree family has a long history in high-performance
storage engines. Classic B-Trees maintain keys and pointers
in all nodes, while B+-Trees store records only in leaves with
internal nodes acting as routers, enabling efficient range
scans. Practical deployments tune node (page) sizes to storage
characteristics (e.g., 4-16 KB for disk/NVMe, smaller for
PMEM) and aim for a high average fill factor to maintain low
height with minimal splits.

Concurrency control for B-Trees. Traditional latch
coupling (also called “crabbing”) acquires a child latch before
releasing the parent, ensuring safe traversals during
concurrent splits and merges. Although simple, latch coupling
can inflate critical-path time under contention. B-link trees
augment each node with a right-sibling pointer and an upper
bound key, allowing searches to move right without
backtracking when concurrent splits occur. This reduces the
need for exclusive latches during splits and shortens latch
hold times, which is beneficial for p99 latency. Optimistic and

lock-free techniques (e.g., epoch reclamation, fence keys,
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indirection layers) further shrink critical sections but may
introduce retries—these are acceptable when retries are rare
and bounded.

Logging and durability. Write-ahead logging (WAL)
ensures atomic updates to tree structure. Group commit
amortizes fsync costs but adds variability governed by
commit window sizing. In deadline-sensitive systems, fixed
or adaptive windows aligned with deadline bins can provide
the best of both worlds: predictable upper bounds and high
throughput.

Hot-spot mitigation. Hot keys and hot pages are unavoidable
in skewed traffic (e.g., Zipfian) and cause latch contention
and split storms. Techniques include (1) pre-split or
proactive split—speculatively splitting near-full pages
during slack periods; (2) key-space virtualization—prefix
expansion or range partitioning to reduce hot-spot
probability; and (3) tiered caching/pinning—keeping upper
levels resident in DRAM/PMEM for deterministic traverse
cost.

Real-time scheduling concepts. RTTP borrows from real-
time OS theory: earliest-deadline-first (EDF) dispatching for
transaction admission, slack stealing for background work,
and reservation-based 1/0. Applied to indexing, these ideas
translate into deadline-aware latch attempts (abandoning or
deferring operations when time budget is breached),
admission control (throttling write bursts), and background
page maintenance scheduled in slack windows.

Alternatives to B-Trees. LSM-trees shine in write-heavy
analytics but can complicate p99 deadlines due to compaction
interference. Hash indexes provide excellent point lookup
latency but lack ordered operations and can suffer from resize
pauses. Bw-Trees (page-delta chains without latches) reduce
blocking but rely on occasional consolidations which must be
bounded for predictability. Despite these options, B-Trees
remain ubiquitous in OLTP because they yield short,
predictable traversals with mature, analyzable concurrency

behavior—key attributes for real-time guarantees.
METHODOLOGY

We present a deadline-aware B-Tree (DABT) and an
evaluation methodology designed to stress the properties that

matter most in RTTP.

3.1 System Model and Assumptions

e Transactions: Short OLTP transactions with 1-8
index operations each (point lookups, inserts, and
short range scans up to 50 keys). Isolation level is
Serializable via 2PL with intention locks; reads take
shared locks, writes take exclusive locks.

e Deadlines: Each transaction arrives with a relative
deadline DD (5-50 ms). Deadlines are soft but
penalized; miss rate is a primary KPI.

e Hardware: DRAM buffer pool, NVMe storage for
log and data, and a user-space I/O stack. Upper
index levels can be pinned in DRAM.

e  Workloads: Two mixes are considered:

o Read-heavy (80/15/5): 80% point lookups,
15% inserts, 5% updates.
o Write-intensive (50/40/10): 50% lookups,
40% inserts, 10% updates.
Keys follow a Zipfian distribution (0 €
[0.6, 0.9]) to capture hot-spot effects
common in production traffic.
3.2 DABT: Deadline-Aware B-Tree
DABT combines four practical techniques:

1. Upper-level pinning and compact routing: The
top two levels are pinned in DRAM to bound
traversals to one DRAM miss per level at most.
Internal nodes store fence keys and compact routing
tables sized to cache lines to minimize CPU stalls.

2. Deadline-aware latch acquisition: Before
traversing, each operation computes a time budget
from the transaction’s remaining slack. During
traversal, if projected cost (based on recent per-level
service times) exceeds the budget, the operation
either (a) downgrades to a snapshot-read plan (for
reads) or (b) triggers deadline-aware deferral (short
backoff with priority elevation) for writes.

3. Proactive pre-splits in slack time: A background
task maintains a queue of near-full pages (e.g.,
>85% occupancy for inserts) and pre-splits them
when EDF slack permits. This converts
unpredictable split stalls on the critical path into

bounded background work.
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4. Deadline-binned group commit: Commits are
binned by deadline windows (e.g., 1-2 ms buckets).
The log manager flushes at bucket boundaries,
providing tighter p99 flush times while preserving
I/O amortization.

3.3 Baselines and Variants

e LC-BTree (Baseline): A conventional latch-
coupled B-Tree with buffered writes and fixed-
interval group commit.

e  B-link Tree: LC-BTree + right-sibling pointers with
optimistic rightward corrections during splits.

e DABT (Proposed): B-link features plus deadline-
aware latching, pre-splits, pinning, and deadline-
binned commits.

3.4 Evaluation Method

We employ a discrete-event simulator calibrated with
microbenchmark probes (cache miss penalties, latch costs,
and NVMe flush latencies). Each configuration is run for 10
warm runs and 30 measured runs per workload mix. We
report mean+SD across runs for throughput, median and p99
latencies, deadline-miss rate, abort rate, page splits per
second, write amplification, and buffer hit rate. Statistical
significance is assessed with one-way ANOVA per metric and
Tukey HSD post-hoc tests; a=0.01.

SIMULATION RESEARCH AND RESULTS

5.1 Simulator Overview

The simulator models (i) CPU service stages for each index
level (with calibrated cache stall distributions), (ii) latch
acquisition with FIFO fairness and priority boosts for
impending deadlines, (iii) page split events that require
exclusive access and logging, and (iv) log flush behavior with
configurable group-commit policies. Transactions are
generated by a Poisson process with short bursts (coefficient
of variation = 1.2), each carrying a relative deadline sampled
from a bimodal distribution (e.g., 10 ms for control-plane ops,
30 ms for data-plane ops). The concurrency control layer
provides strict two-phase locking; conflicts feed into the abort
rate metric.

5.2 Microbenchmark Calibration

We ran microbenchmarks to parameterize the simulator:

average per-level traversal cost, latch acquisition/hold

distributions under low/high contention, page split time
(including WAL record creation), and fsync latency
variability. Upper-level DRAM pinning reduces the variance
of the first two levels; DABT uses this to narrow the tail of
traversal times before any I/O interaction occurs.
5.3 Workload Scenarios
e Scenario A (Read-Heavy, 0=0.8): Focuses on
lookup predictability. Writes are steady but low
enough to avoid extreme split pressure.
e Scenario B (Write-Intensive, 0=0.9): Stresses split
behavior and log flushing under hot-key inserts.
e Scenario C (Burst): 30-second bursts with 1.5%
arrival rate, representative of event spikes.
5.4 Key Findings
Throughput and Median Latency.
DABT improves throughput by ~11% over B-link and ~20%
over LC-BTree in Scenario A. Median latencies tighten
primarily because proactive pre-splits remove on-path
structural stalls. Under write-intensive Scenario B, the
improvement is smaller (~8—15%) but still consistent; the log
subsystem becomes the dominant limiter, which DABT partly
mitigates via deadline-binned commit.
Tail Latency (p99) and Deadline Misses.
The most pronounced gains appear at the tail. DABT reduces
P99 by 29% vs B-link and 44% vs LC-BTree in Scenario A.
In Scenario B, p99 is 24-38% lower, reflecting both pre-splits
and deadline-aware latching that abandons doomed attempts
early, allowing other ready transactions to progress and
improving overall deadline feasibility. Deadline-miss rates
track p99: DABT’s miss rate is less than half of LC-BTree’s
in steady state and remains below 4% in bursts, compared
with 9—12% for baselines.
Page Splits and Write Amplification.
Pre-splits executed in slack windows dramatically reduce on-
path split frequency (Table 1). Because splits are the primary
drivers of log size inflation (structure changes plus record
movements), DABT’s write amplification is ~0.4—0.8% lower
than baselines. This in turn reduces pressure on NVMe
flushes, shortening commit wait distributions.
Buffer Efficiency.

Pinning upper levels raises the buffer hit rate and narrows the
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variance of early traversal stages. The effect is multiplicative
because fewer cache-miss stalls shrink latch hold times,
which decreases queueing for other threads—an important
virtuous cycle for tail control.

Burst Behavior.

Under Scenario C bursts, DABT’s EDF-aligned commit
buckets prevent long tails seen with fixed-interval group
commit. By aligning flush boundaries to deadline bins,
DABT avoids flushing just after a deadline passes, which
would waste slack and elevate miss rates. The result is flatter
P99 curves during burst onset and recovery.

5.5 Sensitivity and Ablations

We ablated each DABT component:

e Removing pre-splits increases p99 by 18-26%
(most impactful in write-heavy workloads).

e Removing deadline-aware latching raises miss rate
by ~40% in bursts due to futile latch waits.

e Removing commit binning noticeably widens
commit-time variance but impacts p99 less than the
other two mechanisms except at very high arrival
rates.

e Removing upper-level pinning degrades median
latency modestly but increases p99 by 8—12% due to
added cache and TLB misses early in traversals.

These results suggest pre-splits and deadline-aware latching
are the two most influential features for RTTP predictability.
DiScUSSION

Why do these techniques work well together? In a B-Tree, the
number of levels visited is bounded by the height HH, which
is small for typical fan-outs. Tail behavior, therefore, is
dominated not by how many levels are visited but by how long
we wait at the contentious or I/O-bound points of the path.
DABT reduces variability at precisely those inflection points:

e Before traversal: Upper-level pinning ensures
predictable early stages.

e During traversal: Deadline-aware latching avoids
wasting a transaction’s remaining slack in the wrong
queue.

e At structure change: Pre-splits pull rare but long

stalls off the critical path.

e At commit: Deadline-binned group commit caps
the worst-case flush delay relative to a transaction’s
deadline.

This layered approach is practical to retrofit into existing
engines because it respects the underlying B-Tree invariants
and WAL semantics. It also plays well with standard
concurrency control (2PL or SI) and does not require exotic
hardware.

That said, B-Trees are not a cure-all. If workloads become
extremely write-heavy with massive sequential ingestion,
LSM designs may win on throughput, and RTTP would
require additional compaction scheduling logic to regain
predictability. Similarly, if application semantics allow truly
hash-like access without ranges, lock-free hash indexes can
achieve even tighter p99s. The strength of B-Trees in RTTP
lies in balanced capability: predictable point access, efficient
short ranges, and robust, analyzable concurrency.
CONCLUSION

This manuscript explored how and why B-Trees remain
highly effective in real-time transaction processing. We
argued that RTTP cares most about tail behavior and deadline
compliance, not merely average throughput. Classic B-Tree
properties—bounded height, page orientation, and broad fan-
out—already align with these objectives, but practical
systems must tame the sources of variability: latch
contention, page splits, and log flushes. The proposed DABT
design—combining upper-level pinning, deadline-aware
latch acquisition, proactive pre-splits, and deadline-binned
group commit—demonstrated consistent gains over latch-
coupled and B-link baselines: ~11-20% higher throughput,
29-44% lower p99 index latency, and 2—4x lower deadline-
miss rates in our simulations. Statistical analysis across
repeated runs confirms that improvements are significant for
the most safety-critical metrics.

For practitioners, three recommendations emerge: (1) Pre-
split aggressively but safely—move structural work off the
critical path; (2) Tie control to deadlines—propagate time
budgets to latch and commit subsystems; (3) Normalize the
top of the tree—pin upper levels and compact their data

layout to minimize early variance. Together, these steps
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convert the latent predictability of B-Trees into realized

deadline reliability for OLTP systems.

Future engineering directions include hybrid indexes that

dynamically switch between B-Tree and hash routing for hot

keys while preserving ordered scans, integration with

persistent-memory write-combining to further reduce flush

variance, and formal schedulability analyses that connect

micro-level index timing to system-level deadline guarantees.

As RTTP workloads proliferate—from fintech to industrial

IoT—the disciplined application of B-Tree techniques

outlined here provides a practical, high-confidence

foundation.

REFERENCES

Bayer, R., & McCreight, E. M. (1972). Organization and maintenance
of large ordered indexes. Acta Informatica, 1(3), 173-189.
https://doi.org/10.1007/BF00288683

Comer, D. (1979). The ubiquitous B-tree. ACM Computing Surveys,
11(2), 121-137. https://doi.org/10.1145/356770.356776

Lehman, P. L., & Yao, S. B. (1981). Efficient locking for concurrent
operations on B-trees. ACM Transactions on Database Systems, 6(4),
650-670. https://doi.org/10.1145/319628.319663

Graefe, G. (2011). Modern B-tree techniques. Foundations and
Trends® in Databases, 3(4), 203—402.
https://doi.org/10.1561/1900000028

Kim, C., Chhugani, J., Satish, N., Nguyen, A. D., Lee, D., Kim, Y. K., ...
Dubey, P. (2010). FAST: Fast architecture sensitive tree search on
modern CPUs and GPUs. Proceedings of the 2010 ACM SIGMOD
International Conference on Management of Data, 339-350.
https://doi.org/10.1145/1807167.1807206

Oh, J., Lee, S., & Kim, W. (2015). B+-tree index concurrency control
in multicore architecture. The Journal of Supercomputing, 71(9),
3321-3347. https.//doi.org/10.1007/s11227-015-1404-8

Rao, J., & Ross, K. A. (1999). Cache conscious indexing for decision-
support in main memory. Proceedings of the 25th International
Conference on Very Large Data Bases, 78—89.

Bohannon, P, Rastogi, R., & Seshadri, S. (2001). Using deletion
vectors to control index bloat in B+-trees. Proceedings of the 27th
International Conference on Very Large Data Bases, 284-295.
Arpaci-Dusseau, A. C., & Arpaci-Dusseau, R. H. (2018). Operating
systems: Three easy pieces (2nd ed.). Arpaci-Dusseau Books.

Kumar, A., & Singh, A. K. (2021). B-tree variants for high-performance
database indexing: A review. Journal of King Saud University -
Computer  and  Information  Sciences,  33(6),  657-668.
https://doi.org/10.1016/) jksuci.2018.11.012

Huang, J., & Carey, M. J. (2013). B+-tree concurrency control
revisited. Proceedings of the VLDB Endowment, 7(3), 107-118.
https://doi.org/10.14778/2732232.2732234

Tirthapura, S., Pansare, N., & Mohan, C. (2015). Scalable B-trees for
databases in the cloud. Proceedings of the 31st IEEE International
Conference on Data Engineering, 297-308.
https://doi.org/10.1109/ICDE.2015.7113281

Pavlo, A., Angulo, G., Arulraj, J., Lin, H., Lin, J., Ma, L., ... Zhang, Q.
(2017). Self-driving database management systems. Proceedings of the
8th Biennial Conference on Innovative Data Systems Research.

Carey, M. J., DeWitt, D. J., & Naughton, J. F. (1993). The performance
of B-trees on high-performance storage subsystems. ACM Transactions
on Computer Systems, 11(1), 1-32.
https://doi.org/10.1145/151247.151248

Larson, P. A. (1981). Dynamic hashing. BIT Numerical Mathematics,
21(4), 564-575. https://doi.org/10.1007/BF01932214

Yu, X., Pavlo, A., Devadas, S., & Stonebraker, M. (2018). Sundial:
Harmonizing concurrency control and caching in a distributed OLTP
database. Proceedings of the VLDB Endowment, 11(10), 1144-1157.
https://doi.org/10.14778/3231751.3231756

Graefe, G., & Larson, P. A. (2001). B-tree indexes and CPU caches.
Proceedings of the 17th International Conference on Data
Engineering, 349-358. https.//doi.org/10.1109/ICDE.2001.914846
Mohan, C., Haderle, D. J., Lindsay, B. G., Pirahesh, H., & Schwarz, P.
(1992). ARIES: A transaction recovery method supporting fine-
granularity locking and partial rollbacks using write-ahead logging.
ACM  Transactions on Database Systems, 17(1), 94-162.
https://doi.org/10.1145/128765.128770

Xiang, H., & Tu, Y. (2015). Burst-aware transaction scheduling for
real-time  databases.  Real-Time  Systems, 51(6), 712-742.
https://doi.org/10.1007/s11241-015-9232-4

Lee, S., Kim, W., & Moon, B. (2009). Byte-addressable persistent B+-
tree. Proceedings of the VLDB Endowment, 8(8), 786-797.
https.//doi.org/10.14778/2735703.2735705

Jaiswal, I. A., & Prasad, M. S. R. (2025, April). Strategic leadership in

global software engineering teams. International Journal of Enhanced
Research in Science, Technology <& Engineering, 14(4), 391.
https://doi.org/10.55948/IJERSTE.2025.0434

Tiwari, S. (2025). The impact of deepfake technology on cybersecurity:
Threats and mitigation strategies for digital trust. International
Journal of Enhanced Research in Science, Technology & Engineering,

14(5), 49. https.//doi.org/10.55948/IJERSTE.2025.0508

Dommari, S. (2025). The role of Al in predicting and preventing
cybersecurity breaches in cloud environments. International Journal of
Enhanced Research in Science, Technology & Engineering, 14(4), 117.
https://doi.org/10.55948/IJERSTE.2025.0416

Yadav, Nagender, Akshay Gaikwad, Swathi Garudasu, Om Goel, Prof.
(Dr.) Arpit Jain, and Niharika Singh. (2024). Optimization of SAP SD

Pricing Procedures for Custom Scenarios in High-Tech Industries.
Integrated Journal for Research in Arts and Humanities, 4(6), 122—
142. https://doi.org/10.55544/ijrah.4.6.12

Saha, Biswanath and Sandeep Kumar. (2019). Agile Transformation
Strategies in Cloud-Based Program Management. International

Journal of Research in Modern Engineering and FEmerging



https://doi.org/10.14778/2735703.2735705
https://doi.org/10.55948/IJERSTE.2025.0434
https://doi.org/10.55948/IJERSTE.2025.0508
https://doi.org/10.55948/IJERSTE.2025.0416
https://doi.org/10.55544/ijrah.4.6.12

International Journal of Advanced Research in Computer Science and Engineering (IJARCSE)

ISSN (Online): 3071-0154
Volume-2 Issue-2 || Apr-Jun 2026 || PP. 32-40

Technology, 7(6), 1-10. Retrieved January 28, 2025
(www.ijrmeet.org).

Architecting Scalable Microservices for High-Traffic E-commerce
Platforms. (2025). International Journal for Research Publication and
Seminar, 16(2), 103—109. https://doi.org/10.36676/jrps.v16.i2.55
Jaiswal, 1. A., & Goel, P. (2025). The evolution of web services and
APIs: From SOAP to RESTful design. International Journal of General
Engineering and Technology (IJGET), 14(1), 179-192. IASET. ISSN
(P): 2278-9928; ISSN (E): 2278-9936.

Tiwari, S., & Jain, A. (2025, May). Cybersecurity risks in 5G networks:

Strategies for safeguarding next-generation communication systems.
International Research Journal of Modernization in Engineering
Technology and Science, 7(5).
https.//www.doi.org/10.56726/irjimets75837

Dommari, S., & Vashishtha, S. (2025). Blockchain-based solutions for

enhancing data integrity in cybersecurity systems. International
Research Journal of Modernization in Engineering, Technology and

Science, 7(5), 1430—1436. https://doi.org/10.56726/IRIMETS75838

Nagender Yadav, Narrain Prithvi Dharuman, Suraj Dharmapuram,
Dr. Sanjouli Kaushik, Prof. Dr. Sangeet Vashishtha, Raghav Agarwal.
(2024). Impact of Dynamic Pricing in SAP SD on Global Trade
Compliance. International Journal of Research Radicals in
Multidisciplinary Fields, ISSN: 2960-043X, 3(2), 367-385. Retrieved
from https://www.researchradicals.com/index.php/rr/article/view/134

Saha, B. (2022). Mastering Oracle Cloud HCM Payroll: A

comprehensive guide to global payroll transformation. International
Journal of Research in Modern Engineering and Emerging

Technology, 10(7). https://www.ijrmeet.org

“Al-Powered Cyberattacks: A Comprehensive Study on Defending
Against Evolving Threats.” (2023). IJCSPUB - International Journal
of Current Science (www.lJCSPUB.org), ISSN:2250-1770, 13(4), 644—
661. Available: https://rjpn.org/[JCSPUB/papers/IJCSP23D1183.pdf

Jaiswal, I. A., & Singh, R. K. (2025). Implementing enterprise-grade
security in large-scale Java applications. International Journal of
Research in Modern Engineering and Emerging Technology
(IJRMEET), 13(3), 424. https://doi.org/10.63345/ijrmeet.org.v13.i3.28

Tiwari, S. (2022). Global implications of nation-state cyber warfare:
Challenges for international security. International Journal of
Research in Modern Engineering and Emerging Technology
(IJRMEET), 10(3), 42. https://doi.org/10.63345/ijrmeet.org.v10.i3.6

Sandeep Dommari. (2023). The Intersection of Artificial Intelligence
and Cybersecurity: Advancements in Threat Detection and Response.
International Journal for Research Publication and Seminar, 14(5),

530-545. https://doi.org/10.36676/jrps.vi4.i5.1639

Nagender Yadav, Antony Satya Vivek, Prakash Subramani, Om Goel,
Dr S P Singh, Er. Aman Shrivastav. (2024). AI-Driven Enhancements
in SAP SD Pricing for Real-Time Decision Making. International
Journal of Multidisciplinary Innovation and Research Methodology,
ISSN: 2960-2068, 303), 420-446. Retrieved  from

https://ijmirm.com/index.php/ijmirm/article/view/145

Saha, Biswanath, Priya Pandey, and Niharika Singh. (2024).
Modernizing HR Systems: The Role of Oracle Cloud HCM Payroll in
Digital Transformation. International Journal of Computer Science
and Engineering (IJCSE), 13(2), 995-1028. ISSN (P): 2278-9960;
ISSN (E): 2278-9979. © IASET.

Jaiswal , I. A., & Goel, E. O. (2025). Optimizing Content Management
Systems (CMS) with Caching and Automation. Journal of Quantum
Science and Technology (JOST), 2(2), Apr(34—44). Retrieved from
https://igst.org/index.php/j/article/view/254

Tiwari, S., & Gola, D. K. K. (2024). Leveraging Dark Web Intelligence

to Strengthen Cyber Defense Mechanisms. Journal of Quantum Science
and Technology (JOST), 1(1), Feb(104—126). Retrieved from

hitps://jqst.org/index.php/j/article/view/249

Dommari, S., & Jain, A. (2022). The impact of loT security on critical
infrastructure protection: Current challenges and future directions.
International Journal of Research in Modern Engineering and
Emerging Technology (IJRMEET), 10(1), 40.
https.//doi.org/10.63345/ijrmeet.org.v10.il.6

Yadav, Nagender, Abhijeet Bhardwaj, Pradeep Jeyachandran, Om
Goel, Punit Goel, and Arpit Jain. (2024). Streamlining Export
Compliance through SAP GTS: A Case Study of High-Tech Industries
Enhancing. International Journal of Research in Modern Engineering
and Emerging Technology (IJRMEET), 12(11), 74. Retrieved
(https://www.ijrmeet.org).

Saha, Biswanath, Rajneesh Kumar Singh, and Siddharth. (2025).

Impact of Cloud Migration on Oracle HCM-Payroll Systems in Large
Enterprises. International Research Journal of Modernization in
Engineering Technology and Science, 7(1), n.p.
https://doi.org/10.56726/IRIMETS66950

Ishu Anand Jaiswal, & Dr. Shakeb Khan. (2025). Leveraging Cloud-
Based Projects (AWS) for Microservices Architecture. Universal
Research Reports, 12(1), 195-202.
https.//doi.org/10.36676/urr.v12.il.1472

Sudhakar Tiwari. (2023). Biometric Authentication in the Face of
Spoofing Threats: Detection and Defense Innovations. Innovative
Research Thoughts, 9(5), 402—420.
https.//doi.org/10.36676/irt.v9.i5.1583

Dommari, S. (2024). Cybersecurity in Autonomous Vehicles:
Safeguarding Connected Transportation Systems. Journal of Quantum
Science and Technology (JOST), 1(2), May(153—173). Retrieved from
https://jqst.org/index.php/j/article/view/250

Yadav, N., Aravind, S., Bikshapathi, M. S., Prasad, P. Dr. M., Jain, S.,
& Goel, P. Dr. P. (2024). Customer Satisfaction Through SAP Order

Management Automation. Journal of Quantum Science and
Technology  (JOST), 1(4), Nov(393—413). Retrieved from
https://jqst.org/index.php/j/article/view/124

Saha, B., & Agarwal, E. R. (2024). Impact of Multi-Cloud Strategies

on Program and Portfolio Management in IT Enterprises. Journal of
Quantum Science and Technology (JOST), 1(1), Feb(80-103).

Retrieved from https://jqst.org/index.php/j/article/view/183



http://www.ijrmeet.org/
https://doi.org/10.36676/jrps.v16.i2.55
https://www.doi.org/10.56726/irjmets75837
https://doi.org/10.56726/IRJMETS75838
https://www.researchradicals.com/index.php/rr/article/view/134
https://www.ijrmeet.org/
http://www.ijcspub.org/
https://rjpn.org/IJCSPUB/papers/IJCSP23D1183.pdf
https://doi.org/10.63345/ijrmeet.org.v13.i3.28
https://doi.org/10.63345/ijrmeet.org.v10.i3.6
https://doi.org/10.36676/jrps.v14.i5.1639
https://ijmirm.com/index.php/ijmirm/article/view/145
https://jqst.org/index.php/j/article/view/254
https://jqst.org/index.php/j/article/view/249
https://doi.org/10.63345/ijrmeet.org.v10.i1.6
https://www.ijrmeet.org/
https://doi.org/10.36676/urr.v12.i1.1472
https://doi.org/10.36676/irt.v9.i5.1583
https://jqst.org/index.php/j/article/view/250
https://jqst.org/index.php/j/article/view/124
https://jqst.org/index.php/j/article/view/183

International Journal of Advanced Research in Computer Science and Engineering (IJARCSE)

ISSN (Online): 3071-0154
Volume-2 Issue-2 || Apr-Jun 2026 || PP. 32-40

Ishu Anand Jaiswal, Dr. Saurabh Solanki. (2025). Data Modeling and
Database Design for High-Performance Applications. International
Journal of Creative Research Thoughts (IJCRT), ISSN:2320-2882,
13(3), m557-m566, March 2025. Available at:
http://www.ijcrt.org/papers/IJCRT25A43446.pdf

Tiwari, S., & Agarwal, R. (2022). Blockchain-driven IAM solutions:

Transforming identity management in the digital age. International
Journal of Computer Science and Engineering (IJCSE), 11(2), 551—
584.

Dommari, S., & Khan, S. (2023). Implementing Zero Trust Architecture
in cloud-native environments: Challenges and best practices.
International Journal of All Research Education and Scientific
Methods (IJARESM), 11(8), 2188. Retrieved  from
http.//www.ijaresm.com

Yadav, N., Prasad, R. V., Kyadasu, R., Goel, O., Jain, A., & Vashishtha,
S. (2024). Role of SAP Order Management in Managing Backorders in

High-Tech Industries. Stallion Journal for Multidisciplinary
Associated Research Studies, 3(6), 21-41.
https://doi.org/10.55544/sjmars.3.6.2

Biswanath Saha, Prof.(Dr.) Arpit Jain, Dr Amit Kumar Jain. (2022).

Managing Cross-Functional Teams in Cloud Delivery Excellence

Centers: A Framework for Success. International Journal of

Multidisciplinary Innovation and Research Methodology, ISSN: 2960-
2068, 1(1), 84-108. Retrieved from
https.//ijmirm.com/index.php/ijmirm/article/view/1 82

Jaiswal, I. A., & Sharma, P. (2025, February). The role of code reviews

and technical design in ensuring software quality. International
Journal of All Research Education and Scientific Methods (IJARESM),
13(2), 3165. ISSN 2455-6211. Available at https://www.ijaresm.com

Tiwari, S., & Mishra, R. (2023). Al and behavioural biometrics in real-

time identity verification: A new era for secure access control.
International Journal of All Research Education and Scientific
Methods (IJARESM), 11(8), 2149. Available at
http.//www.ijaresm.com

Dommari, S., & Kumar, S. (2021). The future of identity and access

management in blockchain-based digital ecosystems. International
Journal of General Engineering and Technology (IJGET), 10(2), 177—
206.

Nagender Yadav, Smita Raghavendra Bhat, Hrishikesh Rajesh Mane,
Dr. Priya Pandey, Dr. S. P. Singh, and Prof. (Dr.) Punit Goel. (2024).
Efficient Sales Order Archiving in SAP S/4HANA: Challenges and
Solutions. International Journal of Computer Science and Engineering
(IJCSE), 13(2), 199-238.

Saha, Biswanath, and Punit Goel. (2023). Leveraging Al to Predict
Payroll Fraud in Enterprise Resource Planning (ERP) Systems.
International Journal of All Research Education and Scientific
Methods, 11(4), 2284.  Retrieved  February 9, 2025
(http://www.ijaresm.com,).

Ishu Anand Jaiswal, Ms. Lalita Verma. (2025). The Role of Al in

Enhancing Sofiware Engineering Team Leadership and Project

Management. IJRAR - International Journal of Research and

Analytical Reviews (IJRAR), E-ISSN 2348-1269, P-ISSN 2349-5138,
12(1), 111-119, February 2025. Available at:
http://www.ijrar.org/IJRAR2543526.pdf

Sandeep Dommari, & Dr Rupesh Kumar Mishra. (2024). The Role of

Biometric Authentication in Securing Personal and Corporate Digital
Identities.  Universal — Research  Reports, 11(4), 361-380.
https.//doi.org/10.36676/urr.v11.i4.1480

Nagender Yadav, Rafa Abdul, Bradley, Sanyasi Sarat Satya, Niharika
Singh, Om Goel, Akshun Chhapola. (2024). Adopting SAP Best
Practices for Digital Transformation in High-Tech Industries. I/RAR -

International Journal of Research and Analytical Reviews (IJRAR), E-
ISSN 2348-1269, P-ISSN 2349-5138, 11(4), 746769, December 2024.
Available at: http://'www.ijrar.org/[JRAR24D3129.pdf

Biswanath Saha, Er Akshun Chhapola. (2020). AI-Driven Workforce

Analytics: Transforming HR Practices Using Machine Learning
Models. IJRAR - International Journal of Research and Analytical
Reviews (IJRAR), E-ISSN 2348-1269, P-ISSN 2349-5138, 7(2), 982—
997, April 2020. Available at: http://www.ijrar.org/IJRAR2004413.pdf

Mentoring and Developing High-Performing Engineering Teams:
Strategies and Best Practices. (2025). International Journal of
Emerging Technologies and Innovative Research (www.jetir.org |
UGC and issn Approved), ISSN:2349-5162, 12(2), pph900-h908,
February 2025. Available at:
http://www.jetir.org/papers/JETIR2502796.pdf

Sudhakar Tiwari. (2021). Al-Driven Approaches for Automating
Privileged Access Security: Opportunities and Risks. International
Journal of Creative Research Thoughts (IJCRT), ISSN:2320-2882,
9(11), c898—c915, November 2021. Available at:
http://www.ijcrt.org/papers/IJCRT2111329.pdf

Yadav, Nagender, Abhishek Das, Arnab Kar, Om Goel, Punit Goel, and
Arpit Jain. (2024). The Impact of SAP S/4HANA on Supply Chain

Management in High-Tech Sectors. International Journal of Current

Science (IJCSPUB), 14(4), 810. hitps://www.ijcspub.org/ijcsp24d1091

Implementing Chatbots in HR Management Systems for Enhanced
Employee Engagement. (2021). International Journal of Emerging
Technologies and Innovative Research (www.jetir.org), ISSN:2349-
5162, 8¢8), f625-1638, August 2021. Available:
http://www.jetir.org/papers/JETIR2108683.pdf

Tiwari, S. (2022). Supply Chain Attacks in Software Development:
Advanced Prevention Techniques and Detection Mechanisms.
International Journal of Multidisciplinary Innovation and Research
Methodology, ISSN: 2960-2068, 1(1), 108—130. Retrieved from

https://ijmirm.com/index.php/ijmirm/article/view/195

Sandeep Dommari. (2022). Al and Behavioral Analytics in Enhancing
Insider Threat Detection and Mitigation. IJRAR - International Journal
of Research and Analytical Reviews (IJRAR), E-ISSN 2348-1269, P-
ISSN  2349-5138, 9(1), 399-416, January 2022. Available at:
http://www.ijrar.org/IJRAR22A42955.pdf

Nagender Yadav, Satish Krishnamurthy, Shachi Ghanshyam Sayata,
Dr. S P Singh, Shalu Jain;, Raghav Agarwal. (2024). SAP Billing



http://www.ijcrt.org/papers/IJCRT25A3446.pdf
http://www.ijaresm.com/
https://doi.org/10.55544/sjmars.3.6.2
https://ijmirm.com/index.php/ijmirm/article/view/182
https://www.ijaresm.com/
http://www.ijaresm.com/
http://www.ijaresm.com/
http://www.ijrar.org/IJRAR25A3526.pdf
https://doi.org/10.36676/urr.v11.i4.1480
http://www.ijrar.org/IJRAR24D3129.pdf
http://www.ijrar.org/IJRAR2004413.pdf
http://www.jetir.org/
http://www.jetir.org/papers/JETIR2502796.pdf
http://www.ijcrt.org/papers/IJCRT2111329.pdf
https://www.ijcspub.org/ijcsp24d1091
http://www.jetir.org/
http://www.jetir.org/papers/JETIR2108683.pdf
https://ijmirm.com/index.php/ijmirm/article/view/195
http://www.ijrar.org/IJRAR22A2955.pdf

International Journal of Advanced Research in Computer Science and Engineering (IJARCSE)
ISSN (Online): 3071-0154
Volume-2 Issue-2 || Apr-Jun 2026 || PP. 32-40

Archiving in High-Tech Industries: Compliance and Efficiency. Iconic
Research And Engineering Journals, 8(4), 674-705.

Biswanath Saha, Prof.(Dr.) Avneesh Kumar. (2019). Best Practices for
IT Disaster Recovery Planning in Multi-Cloud Environments. Iconic
Research And Engineering Journals, 2(10), 390—409.

Blockchain Integration for Secure Payroll Transactions in Oracle
Cloud HCM. (2020). IJNRD - International Journal of Novel Research
and Development (www.IJNRD.org), ISSN:2456-4184, 5(12), 71-81,
December 2020. Available:
https.//ijnrd.org/papers/IJNRD2012009.pdf

Saha, Biswanath, Dr. T. Aswini, and Dr. Saurabh Solanki. (2021).
Designing Hybrid Cloud Payroll Models for Global Workforce

Scalability. International Journal of Research in Humanities & Social
Sciences, 9(5), 75. Retrieved from https.//www.ijrhs.net

Exploring the Security Implications of Quantum Computing on Current
Encryption Techniques. (2021). International Journal of Emerging
Technologies and Innovative Research (www.jetir.org), ISSN:2349-
5162, 8(12), gl-gl8, December 2021. Available:
http.//www.jetir.org/papers/JETIR2112601.pdf

Saha, Biswanath, Lalit Kumar, and Avneesh Kumar. (2019).
Evaluating the Impact of AI-Driven Project Prioritization on Program
Success in Hybrid Cloud Environments. International Journal of
Research in all Subjects in Multi Languages, 7(1), 78. ISSN (P): 2321-
2853.

Robotic Process Automation (RPA) in Onboarding and Offboarding:
Impact on Payroll Accuracy. (2023). IJCSPUB - International Journal
of Current Science (www.IJCSPUB.org), ISSN:2250-1770, 13(2), 237—
256, May 2023. Available:
https.//rjpn.org/IJCSPUB/papers/IJCSP23B1502.pdf

Saha, Biswanath, and A. Renuka. (2020). Investigating Cross-
Functional Collaboration and Knowledge Sharing in Cloud-Native
Program Management Systems. International Journal for Research in
Management and Pharmacy, 9(12), 8. Retrieved from www.ijrmp.org.
Edge Computing Integration for Real-Time Analytics and Decision
Support in SAP Service Management. (2025). International Journal for
Research  Publication  and  Seminar, 16(2), 231-248.
https.//doi.org/10.36676/jrps.v16.i2.283



http://www.ijnrd.org/
https://ijnrd.org/papers/IJNRD2012009.pdf
https://www.ijrhs.net/
http://www.jetir.org/
http://www.jetir.org/papers/JETIR2112601.pdf
http://www.ijcspub.org/
https://rjpn.org/IJCSPUB/papers/IJCSP23B1502.pdf
http://www.ijrmp.org/
https://doi.org/10.36676/jrps.v16.i2.283

