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Introduction:

In search systems, retrieval metrics play a crucial role in evaluating performance.
This white paper examines several key retrieval metrics, including Reciprocal Rank, Mean
Reciprocal Rank, Precision, Recall, and F1 Score.

We analyse the significance of each metric in the context of identifying a single
relevant document as well as multiple relevant documents. Furthermore, we will explore
the implications of these metrics within Retrieval-Augmented Generation (RAG) systems.
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Retrieval Metrics:

Retrieval metrics are quantitative measures used to assess the effectiveness of
search and recommendation systems. These metrics evaluate how well a system
retrieves relevant information in response to user queries. By analysing factors such as
precision, recall, and ranking quality, retrieval metrics provide insights into the system's
performance, helping developers optimize algorithms and improve user satisfaction.
Ultimately, they serve as critical tools for ensuring that users receive accurate and
relevant results in their search experiences.

When designing and implementing systems, it is essential to measure quality
effectively. This allows for continuous iteration and improvement, ultimately enhancing
the overall efficiency of the system. In the context of search and retrieval, particularly
within Retrieval-Augmented Generation (RAG) systems, these factors become
increasingly critical.

Common Retrieval Metrics

Precision@k

Definition and Formula
Precision@k is a metric that measures the proportion of relevant documents among the
top k retrieved results. The formula is given by:

Precision@k=Number of Relevant Documents in Top k/ k

Use Cases and Applications

Precision@k is commonly used in search engines and recommendation systems to
evaluate how well the top results meet user expectations. It is particularly useful in
scenarios where users are likely to engage with only the first few results, such as in web
search or product recommendations.

Advantages and Limitations

An advantage of Precision@k is its simplicity and ease of interpretation. However, it has
limitations, as it does not consider the relevance of documents beyond the top k
results, which may overlook the overall effectiveness of the retrieval system.

Example: 10 documents were retrieved, 4 are relevant precision@10=4/10=0.4

Recall

Definition and Formula
Recall measures the proportion of relevant documents that are retrieved compared to
the total number of relevant documents available. The formula is:
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Recall = Number of Relevant Documents Retrieved /
Total Number of Relevant Documents

Importance in Conjunction with Precision

Recallis crucial in conjunction with precision, as it provides insight into the system's
ability to capture all relevant documents. A system with high precision but low recall
may miss many relevant results, while a system with high recall but low precision may
retrieve many irrelevant results. Balancing these metrics is vital for effective retrieval.

Let’s say there was search and there are 20 relevant documents but the search retrieved
4 relevantresults. Recall=4/20=0.2

Mean Reciprocal Rank (MRR)

Definition and Calculation

Mean Reciprocal Rank (MRR) is a measure of the effectiveness of a retrieval system
based on the rank of the first relevant document. It is calculated as the average of the
reciprocal ranks of the first relevant result for a set of queries.

Situational Use Cases
MRR is particularly useful in scenarios where users are likely to be satisfied with the first
relevant document.

Example: Let’s say 1 search request happened and the 3™ document was correct.
MRR=1/3=0.33
Example: Let’s say 3 requests happened the relevant document was in place 1, 2, 3.

Average MRR=(1/1+1/2+1/3)/3=(1+0.5+0.33)/3=1.83/3=0.61

Average Precision (AP)

Explanation and Relevance

Average Precision (AP) is a metric that summarizes the precision at various recall levels.
Itis calculated by averaging the precision scores after each relevant document is
retrieved. AP is relevant in evaluating systems where the order of results impacts user
satisfaction, as it accounts for both the precision of individual results and their ranks.
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F1 Score

Balancing Precision and Recall
The F1 Score is the harmonic mean of precision and recall, providing a single metric
that balances the two. It is calculated as:

The F1 Score is particularly useful in situations where there is an uneven class
distribution, as it emphasizes both false positives and false negatives.

Comparative Analysis of Metrics

When to Use Which Metric

Choosing the appropriate retrieval metric depends on the specific requirements and
context of the search or recommendation task. Here are some scenarios for different
metrics:

o Precision@k: Best utilized when the focus is on the relevance of the top results.
Forinstance, in e-commerce product recommendations, where users tend to look
at the first few items, Precision@k provides valuable insights into the initial user
experience.

¢ Recall: Idealforapplications where retrieving all relevant documents is critical. In
legal document retrieval, missing even one relevant document can have
significant consequences, making recall a priority.

e Mean Reciprocal Rank (MRR): Suitable for systems where users are likely to stop
searching after finding the first relevant result.

e F1 Score: Offers a balance between Precision and Recall.

Summary:

This white paper delves into the critical role of retrieval metrics in evaluating the
performance of search systems, particularly within the context of Retrieval-Augmented
Generation (RAG) systems. It explores several key metrics, including Precision@k,
Recall, Mean Reciprocal Rank (MRR), Average Precision (AP), and the F1 Score,
providing definitions, formulas, and practical applications for each.

Retrieval metrics serve as quantitative measures that assess how effectively a
system retrieves relevant information in response to user queries. By analyzing these
metrics, developers can optimize algorithms to enhance user satisfaction and ensure
the delivery of accurate results. The importance of measuring quality allows for
continuous improvement and greater overall efficiency within search and retrieval
systems.
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The paper details Precision@k as a straightforward metric that evaluates the relevance
of the top k results, while also discussing Recall's importance in capturing all relevant
documents. MRR is highlighted for its effectiveness in situations where users are likely
to be satisfied with the first relevant document encountered. Average Precision (AP)
summarizes precision across various recall levels, and the F1 Score provides a
balanced measure of precision and recall.

A comparative analysis of these metrics outlines when to use each based on specific
scenarios, guiding practitioners in selecting the most appropriate metric for their needs.
Overall, this white paper serves a comprehensive resource for understanding and
applying retrieval metrics to improve search and recommendation systems.

Building complex RAG systems, Generative Al systems requires some expertise.
Please contact me for a free 2 hour consultation for understanding the project
requirements and then we can look into architecting the application and developing the
application.
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