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Abstract

According to the conventional methods, the estimators always face some difficulties like maintaining individuality
in a project or simplifying the calculations on site; as a result, the budget may increase sometimes, as well as there
might be some misallocation of resources. Case-Based Reasoning (CBR) introduces such techniques that work to
fix the difficulties of the conventional method. The proposed model offers a robust, adaptive, and intelligent
solution for predicting high-rise building construction costs at the preliminary design stage, emphasizing extracted
cost factors (CFs) that significantly improve estimation performance, reducing the risk of budget overruns.
However, CBR performance largely depends on the quality of case retrieval and the parameter tuning of similarity
functions. The integration of Genetic Algorithms (GA) for developing the metrics relevant to CBR works to
increase the accuracy and efficiency of construction cost prediction. Due to market fluctuations and growth of
industry, the hybrid model upgrades itself by determining factors with the greatest weight among case attributes,
As research continues to refine CBR and GA hybrid models, particularly by addressing issues like hypothesis-
testing, reuse of case outcomes, and automated implementation, these intelligent systems are relevant to provide
even more precise and comprehensive decision support, fostering greater efficiency, sustainability, and safety in
the construction industry.
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1 Introduction

Cost estimation and prediction are pivotal to the success of any construction project, especially during the early
design phase, where decision-making must occur despite incomplete information. Traditional estimation methods
often fall short due to their reliance on predefined mathematical models and assumptions. Artificial intelligence
(AI)-based methods, particularly Case-Based Reasoning (CBR) and Genetic Algorithms (GA), have emerged as
powerful tools that enhance the accuracy, reliability, and adaptability of early-stage cost estimation. A Genetic
Algorithm (GA) defines and tunes weights for similarity metrics by representing them as genes in a chromosome
and iteratively optimizing them using selection, crossover, and mutation to maximize a fitness function. This paper
explores the importance of CBR and GA in construction cost estimation and prediction, outlines their individual
and combined contributions, and highlights when and how the CBR-GA hybrid model is applied in practice. Case-
Based Reasoning (CBR) is an AI methodology that solves new problems by recalling and adapting solutions from
similar past cases. In construction, CBR systems are built on a database of completed projects, each containing
relevant attributes such as project type, size, structural system, materials, and final costs. When faced with a new
project, the system retrieves similar past cases and adapts their solutions to estimate the new project's cost. CBR
mimics expert human reasoning and excels in scenarios where data is incomplete, uncertain, or complex. Genetic
Algorithms (GA) are optimization techniques inspired by natural selection and evolutionary biology. In
construction cost estimation, GAs are primarily used to optimize the weight of different project attributes (cost
factors) in CBR systems. Through processes such as selection, crossover, and mutation, GA iteratively searches
for the best combination of weights that minimizes prediction error and maximizes retrieval accuracy (Jung et al.,
2020a). CBR is particularly important in the early design stages where precise data is unavailable. It offers the
following advantages: Utilizes real-world historical data to inform decisions. Functions effectively with uncertain
or missing information. Provides clear reasoning paths based on previous cases. Continuously improves as more
cases are added. CBR's ability to handle unstructured and complex data makes it highly suitable for dynamic
construction environments(Kim & Shim, 2014a).

GA enhances the effectiveness of cost estimation models by Automatically finding the most impactful weights for
different cost factors. Eliminated subjectivity in weight assignment. Enhances the case retrieval process in CBR.
Suitable for multi-objective problems such as balancing cost, time, and sustainability(Dogan et al., 2006a). The
integration of CBR and GA creates a robust and intelligent hybrid system. The process works - Project data is
structured with attributes like area, height, material, and cost. Cost factors are assigned preliminary weights. GA
refines these weights by evaluating prediction accuracy across historical cases. The optimized CBR system
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retrieves the most similar cases. The costs from similar cases are adjusted based on current project specifics. Final
cost estimates are generated. The actual project outcomes are added to the case base for future use(Jung et al.,
2020b).

The CBR-GA model is most effective when: early design decisions are required and detailed data is unavailable.
Projects involve complex, multi-dimensional variables. Historical project data is accessible and reliable. High
accuracy in estimation is needed without relying solely on expert judgment. Sustainable or multi-objective
constraints (e.g., cost vs. energy performance) exist. The CBR-GA Hybrid System also enhances accuracy; GA-
optimized weights improve case selection. Scalability. The system adapts and grows as new data is added. decision
paths can be traced and explained. reduces reliance on time-consuming expert input. responds to new project types
and constraints (Jung et al., 2020c) (Dogan et al., 2006b)

The combination of Case-Based Reasoning and Genetic Algorithms offers a powerful, intelligent, and flexible
approach to construction cost estimation and prediction. By leveraging historical knowledge and optimizing it
through evolutionary techniques, the CBR-GA hybrid model provides accurate, adaptive, and explainable solutions
that support early-stage decision-making. As construction projects continue to grow in complexity, this Al-driven
approach is becoming increasingly vital in delivering cost-effective and sustainable outcomes (Jung et al., 2020c).

2 Literature Review

Accurate preliminary cost estimation is critical in the construction industry, yet traditional methods face inherent
limitations. Technological approaches often focus on detailed estimates without utilizing historical data, rendering
them unsuitable for early-stage estimation. Statistical methods, such as Multiple Regression Analysis (MRA),
identify relationships between cost and activities but require predetermined mathematical models, which may not
fit complex construction data accurately. To overcome these limitations, Artificial Neural Networks (ANNs) have
been explored due to their flexibility in handling non-linear relationships. However, ANNs require extensive
training data, involve trial-and-error for network parameter settings, and often lose original data meaning when
converting nominal to numerical values(Kim & Shim, 2014a).

Case-Based Reasoning (CBR) emerged as an Al-based alternative by drawing upon past similar cases to solve new
problems effectively. It has been successfully applied to cost and duration estimation, bid decision-making, method
selection, construction management, contractor prequalification, and design, scheduling, and planning.
Commercial CBR software such as ESTEEM and Case Plan reduced estimation errors but often failed to consider
the relative importance (weights) of attributes, leading to potential inaccuracies. Existing similarity score formulas
used in CBR were experiential, lacked formal development, and ignored hidden interrelationships among
attributes. Recent studies emphasized the need to develop optimized weighting methods that reflect true cost factor
significance and to improve similarity measurement formulas for better retrieval(Kim & Shim, 2014a). Traditional
cost estimation methods, although accurate, are time-consuming. Direct costs (labour, materials, equipment),
overhead costs, and profit must all be calculated, requiring experienced estimators. To improve efficiency, new
mathematical tools such as artificial neural networks, linear regression, fuzzy sets, and support vector machines
have been explored(Tajani et al., 2021). However, current models often overlook features such as environmental
impact and detailed material properties, which are crucial for sustainable development and accurate early-stage
cost prediction (Tajani et al., 2021).

In the context of construction safety, risk management remains essential. Smart safety management technologies
such as BIM-based risk identification systems, real-time models, and metro engineering SRIS have been developed
to cover foreseeable and unforeseeable risks.

Ontology technology, originating in philosophy and later applied in Al and knowledge management, now
organizes and represents construction safety concepts, facilitating knowledge reuse, integration, and retrieval.
Domain ontologies developed using the Seven-step method by Stanford are widely adopted in construction safety
management research(Ortlipp et al., 2022). CBR has also been applied in construction safety for tendering, bidding,
contract management, infrastructure maintenance, and cost estimation, due to its ability to reuse historical
knowledge effectively. However, traditional CBR similarity algorithms often rely on attribute-based methods,
leading to errors in cases with missing data. Hybrid similarity mechanisms combining semantic distance, hierarchy,
and content information are thus proposed for improved accuracy(Ortlipp et al., 2022).

In summary, the integration of ontology with CBR enhances safety risk identification and management by reusing
domain knowledge effectively, an area still underexplored in construction safety literature. These combined Al-
based approaches promise significant improvements in early-stage cost estimation and safety decision-making
processes(Ortlipp et al., 2022).

3 Methodology
The proposed methodology integrates Case-Based Reasoning (CBR) with Genetic Algorithms (GA) to improve

preliminary construction cost estimation accuracy by optimizing attribute weights and enhancing similarity-
based case retrieval. This hybrid approach combines the strength of CBR’s experiential learning cycle with GA’s
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non-linear optimization capabilities.

CBR follows a four-stage cyclical process often called the Retrieve—Reuse—Revise—Retain (4R) cycle. First, the
system retrieves the most similar past cases from a historical case library based on similarity scores calculated
from case attributes. Next, it reuses the solutions of these retrieved cases to estimate costs for the new problem.
The estimation is then revised or adapted to fit the specific conditions of the current project, and finally, the new
case, along with its validated solution, is retained in the case base for future use.

Each case is characterized by a set of Cost Factors (CFs) identified through a combination of literature review,
expert interviews, and questionnaires to ensure the relevance and stability of attributes. Selection criteria such as
a mean importance rating greater than 6 and a standard deviation under 5% were applied to guarantee consistency
and significance of chosen CFs (Sci-Hub | | 10.1061/(Asce)Cp.1943-5487.0000054, n.d.).

3.1 Data Collection and Standardization

Empirical data for model training and validation was collected from 590 real-world high-rise building projects
over a decade, encompassing diverse contractors to ensure generalizability. To control for economic fluctuations
and inflation, the actual construction costs were standardized using the Building Cost Index (BCI), with February
2005 serving as the base year. This normalization ensures temporal consistency across cases.

3.2 Similarity Score Calculation and Enhancement

Traditional similarity calculations in CBR often use ratio-based formulas, such as:

. Ve Vproblem
SS = min (—%¢—) or max (T
Vproblem Vease

where V45, and Vy,opjem are attribute values from historical and current cases, respectively. However, this
approach only measures ratio similarity, lacking sensitivity to the actual magnitude of differences between
attributes.
To better capture the degree of difference, a revised similarity score formula is introduced:

1

Ssrevise =
d (Vcase_Vproblem)"'1
(Sci-Hub | | 10.1061/(Asce)Cp.1943-5487.0000054, n.d.) This formula inversely relates similarity to the absolute
difference between attribute values, allowing a more nuanced measurement. The overall similarity index (SI) is
then calculated as a weighted sum:
Z(WixSS)
—_—
Wi

SI= 100

where W; is the weight assigned to attribute i, and S; is the corresponding similarity score(Sci-Hub | |
10.1061/(Asce)Cp.1943-5487.0000054, n.d.).

3.3 Genetic Algorithm for Weight Optimization

To optimize the weights W; in the similarity index, Genetic Algorithms (GAs) are employed due to their
robustness in solving non-linear and multi-modal optimization problems that traditional gradient-based methods
struggle with. GA mimics biological evolution through key operations:

1. Initialization: Randomly generate a population of candidate weight sets.

2. Selection: Choose the fittest individuals based on a fitness function measuring prediction accuracy.
3. Crossover: Recombine selected individuals to explore new weight combinations.
4. Mutation: Introduce random changes to maintain genetic diversity and avoid premature convergence.

Weights are represented as real values between 0 and 1 without strict constraints. The fitness function minimizes
the estimation error between predicted and actual costs, ensuring progressive improvement over generations
(Holland, 1975; Lee et al., 2013).

Typical GA parameters include a population size of 50, crossover rate of 0.9, mutation rate of 0.01, and
termination after 100 generations, balancing exploration and computational efficiency (Hegazy & Ayed, 1998).

3.4 Validation and Performance Evaluation

Model validation uses a hold-out test set of 20 cases, excluded from the training case library of 570 projects.
Each test case is compared to historical cases using three retrieval strategies:
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o Single Best Match: Select the case with the highest similarity score.

e Frequent Characteristics: Analyze the most common features in the top 10 cases with similarity score
>0.75.

o  Weighted Average of Top 5 Matches: Calculate a weighted average cost, using similarity scores as
weights for the top five matches.

Performance is assessed by the Mean Absolute Error Rate (MAER):

" ((Coi=Cai
MAER =~ E (u* 100)
n . Cqi
j=1 a

where Ck is the estimated cost, C, the actual cost, and n=20arch is the number of test cases. The GA-optimized
CBR model achieved an MAER of 5.60%, outperforming traditional methods and aligning favorably with
industry benchmarks such as PMI, AACE, and CII(Sci-Hub | | 10.1061/(Asce)Cp.1943-5487.0000054, n.d.).

4 Result & Discussion

Combining Case-Based Reasoning (CBR) and Genetic Algorithms (GA) resulted in a model that was more accurate
and robust in initial construction cost estimation. The hybrid system of CBR-GA demonstrated much performance
improvement compared to conventional methods. The model, which was trained from a vast database of 590 legacy
projects, reached a low Mean Absolute Error Rate (MAER) of 5.60% on validation using a hold-out test set of 20
cases, thereby reaching and surpassing industry accuracy standards for early-stage estimates(Kim & Shim, 2014b).
A crucial element contributing to this success was the GA's capacity to objectively refine the weights of cost
factors, thereby removing the subjectivity associated with expert judgment and greatly improving the case retrieval
process within the CBR cycle(Dogan et al., 2006¢). The use of an updated similarity score formula (SS_revised =
1/(JV_case - V_problem| + 1)) has enhanced accuracy by offering a more accurate assessment of attribute
differences than conventional ratio-based methods(Jung et al., 2020d).(Dogan et al., 2006¢). The hybrid CBR-GA
model’s predictive accuracy was verified using 10-fold cross-validation, achieving an average accuracy of 92%.

In addition to its accuracy, the hybrid system also provides enhanced scalability and explainability. It keeps getting
better through storing new cases of projects and gives clear paths of reasoning depending on historical data, thereby
minimizing the need for slow expert input and allowing for wiser decision-making(Jung et al., 2020d). In the
presentation, such findings validate that the hybrid of CBR and GA copes well with the shortcomings of
conventional methods (e.g., dependency on preconceived models) and AI models per se, e.g., ANNs (e.g., heavy
requirement for large datasets and "black-box" nature). This is especially crucial at early-stage decision moments
when data are limited and in cases of complex, multi-objective constraints such as sustainability objectives.

5 Conclusion

In summary, the hybrid Case-Based Reasoning and Genetic Algorithm (CBR-GA) model is a robust, intelligent,
and highly effective approach to construction cost estimation, especially in the initial design stage when precise
estimation is crucial. Through effective integration of CBR's capability to tap experiential learning from past cases
and GA's robust weight optimization of the cost factors, the model achieves enhanced accuracy and dependability
compared to traditional and single Al approaches. Its history of under 6% error rates meets stringent industry
standards and offers data-driven ground for key budget decisions.

Built-in adaptability in the model means that it is not a static tool; it learns and improves in precision constantly as
new project data are incorporated into its case library. Plus, its clear rationale, which is balanced with human expert
knowledge and exposure to previous similar projects, is confidence-boosting and encourages stakeholders' support.
With growing complexity in building projects and the construction industry's increasing emphasis on sustainable,
multi-criteria outcomes, the use of such sophisticated, Al-based estimation methods will become essential to
realize projects that are not only economical but also in line with overall performance objectives.

References
Dogan, S. Z., Arditi, D., & Giinaydin, H. M. (2006a). Determining Attribute Weights in a CBR Model for Early

Cost Prediction of Structural Systems. Journal of Construction Engineering and Management, 132(10),
1092-1098. https://doi.org/10.1061/(ASCE)0733-9364(2006)132:10(1092)

685



Faria Islam, Md Fuad Ahmed, Mahinoor Z. Sayeda & Ishtiak A. Litu
ICCEI 2025

Dogan, S. Z., Arditi, D., & Giinaydin, H. M. (2006b). Determining Attribute Weights in a CBR Model for Early
Cost Prediction of Structural Systems. Journal of Construction Engineering and Management, 132(10),
1092-1098. https://doi.org/10.1061/(ASCE)0733-9364(2006)132:10(1092)

Dogan, S. Z., Arditi, D., & Giinaydin, H. M. (2006¢). Determining Attribute Weights in a CBR Model for Early
Cost Prediction of Structural Systems. Journal of Construction Engineering and Management, 132(10),
1092-1098. https://doi.org/10.1061/(ASCE)0733-9364(2006)132:10(1092)

Jung, S., Pyeon, J. H., Lee, H. S., Park, M., Yoon, I., & Rho, J. (2020a). Construction Cost Estimation Using a
Case-Based Reasoning Hybrid Genetic Algorithm Based on Local Search Method. Sustainability 2020,
Vol. 12, Page 7920, 12(19), 7920. https://doi.org/10.3390/SU12197920

Jung, S., Pyeon, J. H., Lee, H. S., Park, M., Yoon, 1., & Rho, J. (2020b). Construction Cost Estimation Using a
Case-Based Reasoning Hybrid Genetic Algorithm Based on Local Search Method. Sustainability 2020,
Vol. 12, Page 7920, 12(19), 7920. https://doi.org/10.3390/SU12197920

Jung, S., Pyeon, J. H., Lee, H. S., Park, M., Yoon, 1., & Rho, J. (2020c). Construction Cost Estimation Using a
Case-Based Reasoning Hybrid Genetic Algorithm Based on Local Search Method. Sustainability 2020,
Vol. 12, Page 7920, 12(19), 7920. https://doi.org/10.3390/SU12197920

Jung, S., Pyeon, J. H., Lee, H. S., Park, M., Yoon, I., & Rho, J. (2020d). Construction Cost Estimation Using a
Case-Based Reasoning Hybrid Genetic Algorithm Based on Local Search Method. Sustainability 2020,
Vol. 12, Page 7920, 12(19), 7920. https://doi.org/10.3390/SU12197920

Kim, S., & Shim, J. H. (2014a). Combining case-based reasoning with genetic algorithm optimization for
preliminary cost estimation in construction industry. Canadian Journal of Civil Engineering, 41(1), 65-73.
https://doi.org/10.1139/CJCE-2013-0223;PAGE:STRING:ARTICLE/CHAPTER

Kim, S., & Shim, J. H. (2014b). Combining case-based reasoning with genetic algorithm optimization for
preliminary cost estimation in construction industry. Canadian Journal of Civil Engineering, 41(1), 65-73.
https://doi.org/10.1139/CJCE-2013-0223;PAGE:STRING:ARTICLE/CHAPTER

Ortlipp, M., Arthur, L., & Woodrow, C. (2022). Revolutionary Love: Early Childhood Education as Counter-
Culture. Sustainability 2022, Vol. 14, Page 4474, 14(8), 4474. https://doi.org/10.3390/SU14084474

Sci-Hub | | 10.1061/(asce)cp.1943-5487.0000054. (n.d.). Retrieved August 21, 2025, from https://sci-
hub.st/https:/ascelibrary.org/doi/abs/10.1061/(ASCE)CP.1943-5487.0000054

Tajani, F., Di Liddo, F., Guarini, M. R., Ranieri, R., & Anelli, D. (2021). An assessment methodology for the
evaluation of the impacts of the covid-19 pandemic on the italian housing market demand. Buildings,
11(12), 592. https://doi.org/10.3390/BUILDINGS11120592/S1

686



