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ABSTRACT 

Optimization of relational database queries is critical for ensuring efficient data retrieval and overall system 

performance. This manuscript examines pre-2016 query optimization algorithms and their effectiveness in 

reducing execution time and resource consumption. Through a comparative study of dynamic 

programming, heuristic, and genetic-based approaches, we evaluate performance across benchmark query 

workloads. Our findings indicate that appropriately chosen algorithms can yield performance gains of up 

to 45% on complex join operations while adhering to engineering constraints of 2017. The study contributes 

a structured methodology for selecting and applying these algorithms in legacy database systems. 

KEYWORDS relational database, query optimization, dynamic programming, heuristic algorithms, 

genetic algorithms 

INTRODUCTION 

Relational database management systems (RDBMS) underpin a vast array of engineering applications, ranging 

from enterprise resource planning to real-time analytics. As data volumes rise, the efficiency of query 

execution becomes paramount. Query optimizers leverage algorithmic strategies to determine optimal 

execution plans, focusing on join order, access path selection, and operator algorithms. Early seminal work 

by Selinger et al. introduced a dynamic programming approach that systematically explores possible join 

orders, setting the groundwork for subsequent enhancements. Despite advances post-2016, many engineering 

systems continue to rely on established pre-2016 algorithms due to stability, predictability, and resource 

constraints. This manuscript centers on optimization techniques available up to 2015, evaluating their relative 

merits in engineering contexts and providing guidance for their implementation in systems where newer 

techniques are infeasible. 

LITERATURE REVIEW 
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Author (Year) Algorithm Application 

Domain 

Key Findings 

Selinger et al. (1979) Dynamic 

Programming 

General-purpose 

RDBMS 

Established exhaustive join-order 

enumeration, guaranteeing optimal plans for 

small joins 

Goodman et al. 

(1991) 

Heuristic Greedy 

Heuristics 

Decision Support 

Systems 

Reduced optimizer overhead by pruning 

search space, achieving near-optimal plans 

efficiently 

Ioannidis (1997) Parametric Query 

Optimization 

Multi-user 

Environments 

Adapted plans at runtime based on parameter 

values, improving performance for ad-hoc 

queries 

Kumaran et al. 

(2002) 

Genetic Algorithms Distributed 

Databases 

Applied evolutionary search to join ordering, 

showing 20–30% improvement on complex 

queries 

Bruno & Chaudhuri 

(2005) 

Randomized 

Algorithms 

Web-scale Databases Introduced sampling-based cost estimation, 

reducing planning overhead with high 

accuracy 

Leis et al. (2014) Adaptive Query 

Processing 

In-memory 

Analytical Engines 

Demonstrated runtime plan adaptation yields 

significant gains under variable workloads 

Chaudhuri & 

Narasayya (1999) 

Cost-based Pruning OLAP Systems Incorporated cardinality estimation 

enhancements, lowering cost by 15% on 

multiway joins 

Ramakrishnan & 

Gehrke (2003) 

Volcano 

Optimization 

Framework 

Modular Optimizer 

Architectures 

Provided extensible optimizer framework 

enabling plugin of diverse algorithms 

Neumann (2011) Just-in-Time 

Compilation 

Column-store 

Engines 

Reduced execution overhead by compiling 

query code paths at runtime 

Graefe (2012) Micro-optimizations Enterprise RDBMS Identified targeted operator improvements 

yielding incremental gains in operator 

efficiency 

STATISTICAL ANALYSIS 

Metric Baseline Mean Time 

(ms) 

Optimized Mean Time 

(ms) 

Observed Improvement 

(%) 

Simple Select 12.5 8.2 34.4 
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Two-table Join 45.0 28.5 36.7 

Three-table Join 120.3 82.1 31.7 

Complex OLAP Query 450.7 248.2 45.0 

Ad-hoc Parameterized 

Query 

310.2 210.5 32.2 

 

FIG: performance of dynamic programming, heuristic, and genetic-based query 

RESEARCH OBJECTIVES 

1. To compare the performance of dynamic programming, heuristic, and genetic-based query 

optimization algorithms available before 2016 under engineering workloads. 

2. To quantify execution time improvements achieved by each algorithm type on benchmark queries. 

3. To analyze the trade-off between optimization overhead and runtime gains for each algorithm. 

4. To develop a decision framework for selecting appropriate pre-2016 algorithms based on query 

characteristics. 

5. To validate the decision framework in legacy RDBMS environments typical of 2017 engineering 

systems. 

METHODOLOGY 

We selected three representative algorithm families—dynamic programming (DP), heuristic greedy search, 

and genetic algorithms (GA)—all standardized by 2015. Benchmark queries include simple selects, two-table 
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and three-table joins, complex OLAP queries, and parameterized ad-hoc queries. Experiments were conducted 

on a standardized hardware setup: Intel Xeon E5-2630 v3, 64 GB RAM, SSD storage, running PostgreSQL 

9.3 with no post-2015 extensions. For DP, we utilized the native optimizer’s exhaustive join enumeration. 

Heuristic implementations pruned based on join cardinality thresholds. GA configurations followed Kumaran 

et al.’s encoding, with population size of 50, crossover rate of 0.8, mutation rate of 0.05, and 100 generations. 

Each experiment ran five times; mean execution times and standard deviations were recorded. Optimization 

overhead was measured as the time from query submission to plan generation completion. Finally, we applied 

our decision framework—deriving thresholds on query size and estimated cost—for selecting the optimal 

algorithm. 

 

Fig: Optimizing Databases Queries in Engineering 

RESULTS 

Dynamic programming consistently produced optimal plans but incurred high optimization overhead as query 

complexity rose. For three-table joins, DP overhead averaged 35 ms versus heuristic’s 10 ms and GA’s 120 

ms. However, DP’s execution time advantage was marginal over heuristic for simple joins (<5%). Heuristics 

struck a balance between planning speed and plan quality, achieving 95–98% of DP’s performance with 70% 

less overhead. GAs excelled on complex joins and OLAP queries, yielding up to 45% improvement over 

baseline, though at the cost of significant planning time. The decision framework directed simple queries to 

DP, moderate joins to heuristics, and complex analytical queries to GA, resulting in overall system throughput 

gains of 28% compared to a one-size-fits-all DP approach. 
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CONCLUSION 

Our comparative study confirms that no single pre-2016 algorithm suits all query types. Dynamic 

programming remains unrivaled for small to moderate joins, heuristics offer efficient near-optimal plans for 

routine workloads, and genetic algorithms deliver superior performance for highly complex queries despite 

planning overhead. The proposed decision framework enables systematic algorithm selection, balancing 

optimization cost and runtime benefit. By adhering strictly to technologies available up to 2015, engineering 

systems can leverage these findings without requiring post-2016 innovations. 

FUTURE SCOPE OF STUDY  

Future work may integrate adaptive strategies that switch algorithms at runtime based on live workload 

metrics. Exploration of hybrid algorithms combining heuristic pruning with evolutionary search could further 

improve plan quality while containing overhead. Evaluating the framework on distributed and cloud-deployed 

RDBMS platforms prevalent post-2017 would extend its applicability. Finally, incorporation of machine 

learning-based cost estimation models, restricted to pre-2016 research, may refine cardinality predictions and 

plan selection. 
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