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Introduction

> Biomimicry: practice of designing engineering solutions
inspired by biological phenomena.
» Barriers of Biomimicry:
» Finding plausible biological strategies
» Extending biological strategies to engineering solutions
» Solution: Streamline literature review process and biological
abstraction cycle by developing BIDARA: an LLM-based,
Bio-Inspired Design And Research Assistant.



Introduction (cntd.)

» Issues with LLMs:
» |ncorrect Information
» Qutdated Information

Alexandre Vinet

VinetIn 1838
Personal

Bomn 17 June 1797
near Lausanne, Switzerland

Died 4 May 1847 (aged 49)
Clarens, Vaud

Profession  Teacher (French & literature)
Literary critic

Your search - "Aerodynamics of the Ariane-5 fairing: from
experiments to computations.” - did not match any articles.

Unrelated Paper does not exist
author

Vinet, A., & Henrion, M. (2012). Aerodynamics of the Ariane-5
fairing: from experiments to computations. Journal of Spacecraft
and Rockets, 49(2) 227 235.

Gravity Recovery and Interior Laboratory Simulations of Static and
Temporal Gravity Field

» Some solutions include COT Prompting, Retrieval-Augmented
Generation, LLM Agents.



Experiments

» Retrieval-Augmented Generation (RAG): Accessing data
outside an LLM, and then prompting the LLM with that data.

> LLM Agent: LLM is given a list of descriptions of tools to
use, and decides which tool to use, following the zero-shot
ReAct framework.

> Experiment Settings:

» Zero-Shot Prompting LLM

» Few-Shot Prompting LLM with RAG
> LLM Agent

> LLM Agent with RAG

» Explore to what extent RAG helps in each setting.



Experiment Modules

> Prompting:
> LLM prompted to generate design solution using the
Biomimicry Design Toolbox.

> LLM Agent:
> LLM prompted to generate design solution using the steps
from Biomimicry Design Toolbox as tools.
> RAG:
» Uses Semantic Scholar API to retrieve papers.
» Title and abstract of top-k papers appended to prompt.
> Setting k = 2 is max value of k that consistently fits within
context window.



Example System Diagram

Few-Shot Prom|

Few-shot “Biologize, Discover,
Abstract” examples

Question: How can | design a

LLM with Retrieval Augmentation:

rocket that can travel long >
distances? @ G PT_4

¥

Biologize: We can look at look at the Arctic
Tern beetle, which migrates thousands of
miles each year.

Arctic
Tern

Keyword Search

Action: Search[Arctic Tern]

@GPT—4

Discover: This Arctic Tern's long-distance travel
is...

Abstract: A system uses efficient flight,...

Answer: This could involve a system that uses
efficient flight, wind-assisted travel, and flocking
behavior to travel long distances with minimal
energy expenditure.

A\ Retrieve
r top-k papers

Semantic Scholar

Arctic Tern (Sterna paradisaea) by J.
Hatch, A. Poole, F. Gill.
https://www.semanticscholar.org/paper/0
05f09528d19f0dbed2173debe77e86ea94
ef037

Abstract:

The Arctic Tern is most numerous in fall,
with up to 350 between San Diego and
San Clemente...




Evaluation

» Human annotators (expert biomimicry practitioners) label a
test set.

P> Asked to score solutions in terms of feasibility and novelty on
a score of 0-5.



Results

Feasibility of Solutions
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Method Feasibility
Zero-Shot Prompting 3.45£1.77
Few-Shot Prompting + RAG | 3.70 + 1.58
LLM Agent 2.45+£2.06
LLM Agent + RAG 3.50 +1.50

Table: Feasibility scores for different methods.
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Novelty of Solutions

BB Zero-Shat Prompting

104 B Few Shot Prompting + RAG
N Agent

BN Agent + RAG

Frequency

Expert Annotations for ‘Novelty’ Metric

Method Novelty
Zero-Shot Prompting 1.90 £ 1.55
Few-Shot Prompting + RAG | 1.75 + 1.41
LLM Agent 1.85 4+ 1.53
LLM Agent + RAG 2.00+1.34

Table: Novelty scores for different methods.



Main Takeaways

» Integrating RAG increases feasibility of design solution in all
settings, but the novelty of the design solution varies.

» Design solutions generated with RAG are less likely to be
unrelated to the design question.

» Prompting methods have higher feasibility and novelty scores
than the LLM agent counterparts in most cases.

» Few-Shot Prompting LLM with RAG is the most appropriate
setting.



Directions and Motivations

» Expert interviews were conducted asking for feedback and
potential improvements.

» Liked: Detailed and structured answers, citations, ease of
chatting

> Improvements: Fact-based generation, links, visuals



Recent Work

» Function-calling framework added to address expert
suggestions, provide expanded capability.
» Functions include:
» paperSearch()
P> setResearchSpace(), queryResearchSpace()
> generateImage()
> patentSearch()
» Initial testing shows functions are called with a very high
degree of accuracy, paper Q&A responses also align with
papers in research space.



Function-calling System Diagram

User

“Find me patents on harbor seal vibrissa.”

[Google Patents
AP eall]

“Here are some patents related to harbor seal
vibrissae. The patent by William N Martin
discusses a "Vibrissa Sensor”, which seems
more relevant to your query. Would you like to
examine any of these in more detail, or
continue searching with a different query?”

GPT API

Prompt: *Find me patents on harbor seal

rissa.
Avallable functions:

- papersearch(query)
setResearchSpace(research_spsce_
query)
querykesearchSpace(query)
seneratelrage(pronpt)
patentSearch(guery)

Call patentSearch(“harber seal vibrissa™)

Result: “Administration of...
Runhild Gammelsaeter [pdf link] [img link]

Vibrissa sensor
William N Martin [pdf link] [img link]”

Response: “Here are some patents related to
harbor seal vibrissae: ... The patent by
William N Martin discusses a "Vibrissa
Sensor”, which seems more relevant fo your
query. Would you like to examine any of these
in more detail, or continue searching with a
different query?™




Conclusion

> First work integrating RAG within LLM-generated biomimetic
design solutions.

> BIDARA uses RAG and ReAct frameworks to reduce
hallucinations.

» Few-Shot Prompting + RAG was the most feasible method
with Agent + RAG being the most novel (via expert blind
ratings).

» Function-calling adds more avenues for RAG and interactive
tools for users.



