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Abstract

Index selectivity plays a central role in Oracle’s cost-based optimization process, yet it becomes highly
unreliable when data distributions exhibit Zipfian or power-law characteristics. In such cases, a small
number of high-frequency values distort the optimizer’s cardinality estimates, leading to inefficient index
range scans, unstable execution plans, and inconsistent query performance. This study examines how
selectivity distortion emerges under non-uniform value frequencies, evaluates the limitations of
histogram-based statistical modeling, and analyzes the conditions under which adaptive cursor sharing
and parameter-sensitivity detection can stabilize plan behavior. The results show that no single tuning
feature is sufficient; performance stability requires coordinated alignment between statistics
maintenance, workload predictability, and physical data organization. When data lifecycle monitoring and
query structure governance are applied consistently, index performance becomes more robust, even in
highly skewed enterprise environments.
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1. Introduction

Index selectivity is a core factor in cost-based query optimization within Oracle databases, determining
whether the optimizer chooses an index access path or a full table scan. However, when underlying data
follows a Zipfian or power-law distribution, a small subset of values occurs disproportionately more
frequently than the rest, causing the optimizer’s statistical model to misestimate cardinality [1]. This
misestimation leads to selectivity distortion, where the optimizer assumes uniform data distribution but
the actual distribution is highly skewed. In enterprise workloads such as sales, clickstream analytics,
payroll, or IoT telemetry, Zipf-like skew is extremely common, especially when certain entities, locations,
or periods dominate activity [2,3]. As a result, index access paths can appear optimal in theory but
produce performance degradation in practice when popular values trigger large index range scans [4,5].
Oracle’s cost-based optimizer relies on histograms, column statistics, and cardinality models to
approximate value frequency distributions. While frequency and top-N histograms attempt to capture
skew, they often fail to represent long-tail patterns when data cardinality is high or when the distribution
changes over time [6,7]. In cases where only the most common values are captured and the remainder are
bucketed uniformly, queries requesting popular values experience cardinality under-estimation, while
rare-value queries are over-estimated. This mismatch contributes to plan instability, especially in OLTP-
driven reporting workloads where parameterized queries frequently target hot values [8,9]. Similar
instability patterns have been observed in enterprise analytical systems where skew propagates across
dependent query layers [10,11].

Zipfian skew affects not only index usage decisions but also join ordering and join method selection.
When skewed columns participate in joins, particularly in star-schema analytics, inaccurate selectivity
estimates propagate through the join graph, causing nested loop joins to be chosen where hash joins
would be more efficient [12,13]. Adaptive cursor sharing attempts to compensate for parameter
sensitivity by generating alternative plans, but its effectiveness depends on the detectability of skew at
parse time [14,15]. When skewed patterns evolve over time such as during seasonal load spikes or
campaign-driven data surges historical statistics rapidly lose accuracy [16,17].

Applications built on Oracle APEX and middleware-driven service layers further amplify the issue.
Parameterized queries generated from forms, REST endpoints, or interactive reports often reuse bind
variables, allowing hot values to repeatedly trigger poorly estimated execution plans [18]. Workspaces
with multi-tenant or federated data structures encounter even more pronounced skew, since shared
schemas integrate business domains with uneven activity distribution. In such environments, query
response times become inconsistent across parameter ranges, leading to user-visible latency variability
and degraded trust in reporting outputs [19].

From a data-lifecycle perspective, skew is rarely static. Operational systems continuously accumulate new
entries while historical data becomes colder, shifting query access patterns over time. As new dominant
values emerge, existing histograms become stale and optimizer assumptions decay. This dynamic skew
requires continuous re-estimation, but statistics gathering alone cannot guarantee stable selectivity
models when the underlying distribution curve itself changes. Storage tiering, partition growth, archiving
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strategies, and lifecycle-driven data movement further influence selectivity behavior as transactional
locality shifts across partitions [20].

Mitigating selectivity distortion therefore requires a multi-layer strategy that combines statistical
visibility into long-tail distributions, query-layer awareness of skew sensitivity, and physical data
organization aligned with access locality. Hybrid histograms, extended statistics, adaptive plan feedback,
and workload-aware routing form the foundation of modern correction techniques. These approaches
become more effective when integrated with metadata-driven low-code platforms and automated
validation layers that adapt query behavior based on observed execution outcomes [21].

Cloud deployment introduces additional complexity, as elastic scaling and distributed execution amplify
the cost of misestimate access paths under skewed workloads. Performance and scalability studies in
public-cloud Oracle environments show that skew-aware tuning is essential for maintaining predictable
latency under mixed OLTP and analytical loads [22]. Automated ETL pipelines and transformation engines
further reshape data distributions, requiring selectivity models to account for evolving data semantics
rather than static snapshots [23].

Recent enterprise database architectures increasingly integrate intelligent optimization layers, where
workload pattern recognition and rule-based correction mechanisms guide execution plan stability under
skewed access. Similar principles are observed in reinforcement-driven optimization systems, where
adaptive feedback loops stabilize behavior in non-uniform environments. Cross-domain studies in
enterprise data engineering demonstrate that selectivity distortion is ultimately a structural phenomenon
arising from interaction between data distribution, application behavior, and optimizer assumptions [24].
This article investigates how Zipf-distributed data impacts index selectivity estimation in Oracle
databases, analyzes the mechanisms that contribute to optimizer misestimation, and evaluates strategy
patterns that improve plan stability and execution efficiency in skew-affected enterprise workloads.

2. Methodology

The methodological framework for analyzing index selectivity distortion under Zipfian data distributions
was designed to isolate how skewed value frequencies influence the Oracle optimizer’s cardinality
estimation and index access path selection. The study focused not only on the statistical mechanisms that
describe data frequency but also on how those mechanisms interact with plan generation, adaptive
feedback, and runtime execution consistency. The objective was to observe differences in optimizer
behavior under controlled workload patterns and evolving data distributions that reflect real-world
transactional and analytical environments.

A representative dataset was generated to mimic power-law behavior, where a small number of values
appeared disproportionately more often than the rest. To accomplish this, data was populated using a
weighted sampling approach that assigns high-frequency access to a primary subset of values while
allowing the long tail to retain many low-frequency entries. The table schema included a primary lookup
column serving as the index key and additional descriptive attributes representative of common
enterprise domains such as customer, product, or location. This ensured that skew behavior did not
appear synthetic but reflected real data models where operational concentration is typical.

The evaluation compared three primary test configurations: (1) a standard B-tree index on the skewed
column, (2) the same index with histogram statistics generated at varying bucket resolutions, and (3)
adaptive cursor sharing enabled to detect parameter sensitivity. For each configuration, identical query
workloads were executed, consisting of both high-selectivity and low-selectivity lookups. These
workloads represented interactive APEX-driven Ul queries, service-layer parameterized queries, and
analytical reporting queries with mixed predicate shapes to capture a wide range of index utilization
scenarios.

To emulate realistic database usage, testing was conducted under both cold-cache and warm-cache
conditions. Cold-cache runs revealed the underlying /0 behaviors associated with access path selection,
while warm-cache runs highlighted whether poor selectivity estimation led to unnecessary buffer
pressure or latch contention. Execution plan traces were collected to identify whether the optimizer
consistently chose index range scans, full table scans, or hybrid plans involving partial bitmap operations.
Runtime statistics including block access counts, buffer gets, and elapsed execution time were recorded
for each execution pattern.

The methodology also included incremental data evolution to reflect changing skew conditions over time.
Additional high-frequency values were introduced in phases, mirroring real-world scenarios such as
seasonal spikes, promotional events, or shifting user engagement. After each phase, statistics were
manually gathered to evaluate whether the optimizer adjusted selectivity estimates in correspondence
with the new distribution. The timing between data changes and statistics refresh cycles was also
observed to determine whether stale statistics contributed to plan instability.
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Plan stability was further evaluated through repeated executions of parameterized queries, where bind
variable peeking could trigger plan misalignment if the initial peek did not represent the overall
distribution. The analysis compared the behavior before and after adaptive cursor sharing was allowed to
generate alternative execution child cursors, ensuring that runtime conditions were adequately captured
when skew caused parameter-sensitive performance divergence.

This methodology enabled a comprehensive evaluation of index selectivity distortion under skewed data
conditions, focusing on realistic workload diversity, evolving value distributions, and optimizer adaptive
behavior. The resulting findings reveal not only when and why selectivity distortion occurs but also the
effectiveness of available mitigation strategies and the operational contexts in which they remain stable
over time.

3. Results and Discussion

The results demonstrated that Zipfian data distributions create systematic distortions in index selectivity
estimation when the optimizer assumes uniformity across column values. Queries targeting highly
frequent values consistently experienced underestimated cardinality, leading the optimizer to select index
range scans that returned far more rows than anticipated. This resulted in increased logical reads, buffer
utilization, and in some cases, degraded response times due to unnecessary block processing. Conversely,
queries targeting low-frequency values were often overestimated, producing execution plans that favored
full table scans when a targeted index lookup would have been more efficient. Thus, distortions emerged
in both directions, reinforcing that incorrect distribution assumptions are the core cause of plan
inefficiency.

The interplay between histogram type and data skew was central to pruning these distortions. Frequency
histograms provided accurate statistics for the most common values but were less effective for the long
tail of rare values, where frequency differences were too subtle to capture. Height-balanced histograms
provided broader coverage but frequently misrepresented dense clusters, especially when the majority of
the dataset was dominated by a small number of key values. When data cardinality exceeded the number
of histogram buckets, precision diminished rapidly. This behavior showed that histogram tuning provides
only partial improvement and that more structure-aware techniques are often needed to maintain stable
execution plans in skew-heavy environments.

Adaptive cursor sharing produced clearer benefits when workloads involved parameterized queries
referencing both common and rare values. Once the optimizer identified parameter sensitivity, alternate
execution child cursors were able to treat hot and cold values differently, improving plan consistency
across repeated executions. However, this benefit was fragile. Frequent schema alterations, statistics
refreshes, or high parsing volumes resulted in child cursor invalidation, causing the optimizer to revert to
general-purpose plans before re-learning selectivity differences. This indicates that adaptive cursor
sharing is effective, but only in environments where plan lifecycle and mutation frequency are well
controlled.

In scenarios where data skew evolved gradually, the stability of execution plans depended on how quickly
optimizer statistics were refreshed and whether changes in the distribution were large enough to trigger
significant plan adjustments. When dominant values shifted over time, latency fluctuations appeared
before statistics gathering recaptured the new distribution, creating a lag window where performance
degraded. Workloads with stable user behavior exhibited fewer fluctuations, while those influenced by
seasonal trends, promotions, or dynamic user bursts were more vulnerable to plan drift during
transitions. This confirmed that skew-induced performance instability is not only a statistical modeling
issue but also a temporal alignment problem.

Overall, the study found that index selectivity distortion is not an isolated optimization issue but a
compound behavior emerging from data distribution shape, workload variability, statistics refresh
cadence, and adaptive optimizer mechanisms. Effective mitigation requires coordinated strategies rather
than single-parameter adjustments. Techniques such as workload-aware histogram maintenance,
controlled bind variable usage policies, adaptive cursor sharing stabilization, and selective index
restructuring can significantly improve performance stability. When applied systematically, these
approaches enable the optimizer to make more accurate cardinality predictions, reducing plan volatility
and improving execution efficiency even in highly skewed enterprise environments.

4. Conclusion

The analysis of index selectivity distortion under non-uniform, Zipfian data distributions demonstrates
the fundamental challenges that arise when the optimizer assumes evenly distributed value frequencies
across indexed columns. In workloads where a small fraction of values dominate access patterns, index
lookups that should theoretically be selective instead return disproportionately large row sets, causing

18



Education & Technology
Vol. 7, No. 1, 2025, pp. 16-20

increased logical reads, buffer pressure, and elevated execution time. These inconsistencies are further
amplified in parameterized query environments, where the same SQL text may behave efficiently for rare
lookup values but perform poorly for frequently occurring values. The core issue is not the index structure
itself, but the statistical model used to predict result cardinality. When the model does not capture real
distribution shape with sufficient precision, execution plans deviate from optimal behavior, and
performance predictability erodes in both OLTP and mixed analytics environments.

Furthermore, the evaluation highlights that compensation mechanisms, such as histogram tuning and
adaptive cursor sharing, while useful, cannot independently guarantee stable and accurate selectivity
estimation. Histograms provide improved visibility only when distribution density is not excessively
skewed; once the number of dominant values exceeds what can reasonably fit within histogram buckets,
the optimizer loses detail and falls back to generalized cardinality assumptions. Adaptive cursor sharing
performs well when parameter-sensitive execution paths are detected early, but its effectiveness is tied to
the persistence of child cursors across system restarts, statistics refreshes, and application deployment
cycles. In practice, environments with frequent schema or workload shifts often reset these adaptive
structures, resulting in recurring periods of suboptimal performance before stabilization occurs again.
These findings reinforce the need for a coordinated, lifecycle-driven approach to managing skew-induced
selectivity distortion. Monitoring data distribution drift and workload behavior over time is essential for
determining when histograms must be regenerated, when bind variable peeking must be constrained or
allowed, and when cursor sharing rules should be calibrated. Workload governance at the application tier
also plays a significant role; dashboards, reporting layers, and APEX-generated queries that consistently
pass filter predicates produce far more stable execution behavior than free-form analytical exploration
environments. When indexing, statistics, query patterns, and data lifecycle policies are aligned, query plan
stability improves, resource utilization becomes more predictable, and performance remains resilient
even as underlying data evolves.

Overall, the study concludes that resolving selectivity distortion is not achieved through isolated
optimizer tuning, but through synchronizing physical design, statistics strategy, adaptive runtime features,
and workload-level consistency. Organizations that adopt this holistic perspective can maintain efficient
index performance in the presence of significant data skew, ensuring that query behavior remains stable
and scalable as systems grow. This approach ultimately supports better resource allocation, improved
system responsiveness, and more reliable user experience across diverse enterprise workloads.
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