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1 Recap

As you might recall from my previous presentation, I did a comparison between a baseline LLM
(no agent capabilities) vs a single LLM-Agent (with all agent capabilities). The LLM Agent had
capabilities such as API integration, error check and self recovery, communication with other agents,
and more.

Before I continue on, I would just like to go over this quote:

Agents Index (2026) states, “What is the difference between single agent and multi-agent Al systems?
The key difference is specialization and parallelism. A single AT agent handles all tasks sequentially
within one context window; a multi-agent system distributes tasks across specialized agents working
in parallel. Multi-agent systems outperform single agents on complex, multi-domain workflows but
underperform on simple sequential tasks where coordination overhead exceeds the efficiency gain.”

2 My objectives:

e Briefly explain the 3 “agents” I'll be using.

¢ Conduct and interpet 3 hypothesis tests.

e Interactive plots

e Provide further examples in specific areas of how to use LLM-Agents.
e Conclusion.

3 Key Variables:

o Baseline = OPENATI gpt-4.1 model.

e Single Agent = Uses all 3 tools, has self recovery, replanning, prompts, API intergration all in
a single agent.

e Multi Agent = Built simiarliy as the single agent but the process is broken up into multiple
agents. One for planning/reasoning, one for execution/solving, one for final reviewing.



4 Data and Research Question:

4.1 Research Question:

Based on speed, accuracy, and token usage, which performs better, a single agent or
multi agent?

4.2 \What dataset was used?

o [ used a dataset of Bing queries from anonymous user. There were over 1 million queries
gathered but I only downloaded about 5k and ended up using less than 100 for this presentation.
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Using committed benchmark results.
Set RUN_BENCHMARK=1 to re-run the live benchmark instead.




query_index query baseline__answer

0 84 define: inclusive *Inclusive** (adjective):\n\nl. **Including e...
1 54 cancer types facts Certainly! Here are some key facts about commo.
2 7 how many minutes per pound to boil beef The general guideline for **boiling beef** (su...
3 46 how does vitamin ¢ helps **Vitamin C** (ascorbic acid) is an essential ...
4 45 what is odtug **ODTUG** stands for **Oracle Development T

4.3 Hypothesis Test #1 - Completion Time:

1 Hypothesis Test

To compare completion time between the single-agent and multi-agent systems, a paired
t-test was used because both systems were evaluated on the same set of queries.
The paired difference for each query was defined as:

d = multi_ time — single_ time

A positive value of
d

means the multi-agent system took longer to complete the query, which implies the single-agent
system was faster.
4.3.1 Null Hypothesis

Hy:pg =0

4.3.2 Alternative Hypothesis
Hy:pg>0

If the p-value is less than 0.05, the null hypothesis will be rejected, providing evidence that
the single-agent system is faster on average.

@ Test Statistic (Paired t-Test)

The paired t-test evaluates whether the mean difference in response time is significantly
greater than zero.
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Descriptives
Single agent: {'n': 100, 'mean': np.float64(3.5974809288978578), 'sd': np.float64(0.5145737041

Multi agent : {'n': 100, 'mean': np.float64(7.437277483940124), 'sd':
Paired diff (multi - single): {'n': 100, 'mean': np.float64(3.839796555042267), 'sd': np.float

Summary table

group n mean sd
0 single 100 3.597481 0.514574
1 multi 100 7.437277 0.663324
2 diff (multi - single) 100 3.839797 0.646571

Paired t-test results

t(99) = 59.3871

Two-sided p-value = 0.00000

One-sided p-value = 0.00000

Mean difference (multi - single) = 3.8398
95% CI for mean difference = [3.7115, 3.9681]
Cohen's d_z = 5.9387

Interpretation

np.float64(0.66332442708

Reject HO: there is evidence that the single-agent system is faster on average.
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Completion Time by Agent Type

Completion Time (seconds)

Single Agent Multi Agent
Agent

Paired Completion Times by Query

Completion Time (seconds)

Single Agent Multi Agent
Agent

4.4 Hypothesis Test #2 - Accuracy using McNemar and Permutation tests:
We test whether the single-agent and multi-agent systems differ in accuracy.

Because both systems answer the same queries, this is a paired classification comparison, and
McNemar’s test is appropriate.

i Hypotheses

Null Hypothesis
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H, : AccuracySingle = Accuracymulti

Alternative Hypothesis

H,: AccuracySingle # Accuracy .

@ Test Statistic (McNemar’s Test)
McNemar’s test evaluates disagreement pairs:

o cases where the single-agent is correct and the multi-agent is wrong

o cases where the multi-agent is correct and the single-agent is wrong

If these counts differ significantly, accuracy differs.

curacy.")

acy.")

b (single wrong, multi right): 8
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c (single right, multi wrong): O

statistic: 0.0

p-value: 0.0078125

McNemar Interpretation: Statistically significant difference in accuracy.

4.4.1 Hypothesis #2 - Permutation Test for Accuracy:

Observed accuracy difference: -0.07999999999999996




Permutation p-value: 0.0078
Permutation Interpretation: Evidence of an accuracy difference.

4.4.2 Hypothesis #2 - Accuracy Summary Table:




Agent Errors Error Rate (%)

0 Single Agent 9 9.0
1 Multi Agent 1 1.0




Metric Single Agent Multi Agent

0 Total Queries 100 100

1 Correct Answers 91 99

2 Incorrect Answers 9 1

3 Accuracy (%) 91.0% 99.0%
4  Disagreements (b + c) 8 8

5 McNemar b (S wrong, M right) 8

6 McNemar ¢ (S right, M wrong) 0

7 Observed Accuracy Difference  -0.080

8 Permutation Test p-value 0.007
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4.5 Hypothesis Test #3 - Token Usage:

We test whether the multi-agent system uses more tokens than the single-agent system.
Because token counts are paired per query, a paired t-test is appropriate.

1 Hypotheses

Null Hypothesis

Hy: pg=0
Alternative Hypothesis

Hy: prg>0

where

d = multi_ tokens — single_ tokens

@ Test Statistic (Paired t-Test)

The paired t-test evaluates whether the mean difference in token usage is significantly greater
than zero.
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Metric

Mean Tokens
Median Tokens
Std Dev

Min

Max

IQR

Single
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0 Mean Difference (multi - single) 2122.56
1 Median Difference 2141.50)
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Token Usage: Single vs Multi Agent
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Token Usage per Query
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4.5.1 Token Usage Summary
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Token Usage by Agent

- Single-Agent: 242,479 tokens
- Multi-Agent: 454,735 tokens
- Baseline: 25,760 tokens

Total Token Usage

- Total tokens: 722,974
- Estimated cost: $1.8074

5 Interactive Plots




5.1 Completion Time

Unable to display output

Unable to display output

5.2 Answer Length:

Unable to display output

5.3 Token Usage:

Unable to display output

5.4 Dashboard Summary
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Answer Length (characters)

Total Tokens

Completion Time vs Query Index

Single: y = 0.005x + 3.323
Multi: y = 0.002x + 7.337
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6 Real Life Uses:

6.1 Sports:

Game/Practice Data -+ Performance Analysis Agent - Performance Metrics
4
Video Analysis Agent -+ Video Insights
4
Opponent Scouting Agent - Opponent Reports
+

Injury Prediction Agent -+ Injury Risk Scores

+

Game Strategy Agent - Game Plans

Figure 1: Multi Agent Sports analytics diagram

ReputAgent (2024)
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6.2 Medicine:

System Design and Agent Roles

l

Diagnosis Agent
Doctor Agent.
Data Agent Pharmacy Agent

l

Communication
Agent

Figure 1: Flow Chart of Multi-Agent Al System for Patient Care

IJSDR2506188 | International Journal of Scientific Development and Research (IJSDR) www.ijsdr.org | b740

Figure 2: Multi Agent healthcare diagram

Saeed et al. (2025)

7 Key takeaways:

API integration ability

o Agents are efficient on their own or part of a multi agent system.
e Cost goes up quite a bit when using a multi agent system.
o Extremely low percentage of incorrect answers/hallucinations.

e Can be applied to anywhere.

8 Conclusion:

Overall, the single agent and multi agent outperform your standard LLM. When it comes down to
whether a single or multi agent is better, you could really go either way. Based on my data, a single
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agent would be much faster per query but the multi would be more accurate. As always, cost is a
big factor in deciding which to use. Both have the major appeals of an LLM-Agent.

9 Further Reading

o LLM-Agent Capabilities - https://www.geeksforgeeks.org/artificial-intelligence/llm-agents/

10 DISCLAIMER:

Never blindly trust AI! Keep those critical thinking skills on hand!

11 Questions?
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