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Key takeaway

* Industry professionals and researchers increasingly use Al agents (Al systems such as
ChatGPT or Claude that can search, run tools, and act on a request, not only chat) to find
and apply scientific findings to agriculture related issues and questions

 Need to rethink how we deliver research outcomes.

« Today’s principles for sharing data (FAIR: Findable, Accessible, Interoperable, Reusable) and
research software (FAIR4RS) were written for human and machine. Making research agent-
actionable (usable by an Al agent without) needs additional standards for discovery,
execution, interpretation, and traceability.

« \We show, with one scientific modeling paper, how a paper can become a knowledge unit: a
package of model, data, and instructions that anyone with an Al agent can reuse.
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Outline

« Background
» Impact of Al on science

« Challenges
« Scientific knowledge is scattered
e Scientific models can be hard to reuse

* FAIR4AG2 principles

» A case study
A plugin for milk spoilage decision-support
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Al agents can substantially
improve the research workflow

Q milk spoilage Pseudomonas shelf life

Post-pasteurization contamination of fluid milk by psychrotrophic...
J Dairy Sci - 2019 - Cited by 214

Shelf life of HTST milk: effects of storage temperature...
Food Microbiol - 2017 - Cited by 96

Finding the

literature

1 2 3| ... 27 about270results

The search is matched by keyword only. A researcher has to open each abstract,
download the PDF, and keep a bibliography manually.

= “Find every paper since 2015 that reports a post-pasteurization
contamination rate for HTST milk, and tabulate the sampling method
used.”

® Queried PubMed through a connected ® Screened titles and abstracts against the
tool (MCP): 312 records criteria: 41 relevant

® Pulled open full text from PMC; flagged @ Wrote the table: paper - year - n - method
13 behind paywalls - rate - DOI

The search is matched by semantic similarity; the agent searches, screens, and records, and can
complete a much more comprehensive search in a much shorter turnaround.
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Al agents can substantially
improve the research workflow

analysis_v7_FINAL.R

df <- read.csv("plates_v3_fixed.csv")

02 df$log_cfu <- loglO(df$cfu + 1)
< > for (i in 1:nrow(df)) § # loop by hand

if (df$day[i] == 7 && df$lot[i] == 9) df$log_cful[i] <- NA
Wrangling and fit <- nls(log_cfu ~ buchanan(day, mu, lag), ...)
analyzing data # see also Fig2_v6.R, Fig2_v7.R, Fig2_v7b.R ...

Every cleaning rule and model fit written and debugged line by line. Documentation
can be a headache as codes accumulate over time.

e “Clean the plate-count data, fit the three-phase growth model to each lot,
and produce Figure 2 with 95% intervals. Add tests.”

[load_plates() ] > [ clean(xules.yaml) ] = [fit_growth() >

[ plot_fig2() | > [ tests v 14/14]

Describe the pipeline in plain language; the agent writes, runs, and checks the code end to end. New
data arrive: rerun with one command.

CornellCALS  Siissasictre




Al companies are investing in Al
for science

* Resources are disproportionally abundant in bio science
compared to agricultural science
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Plugins improved accessibility to
scientific database and tools

Preferences
Account
Privacy

Usage
Capabilities
Memory

Design systems
Claude Code

Cowork

General
Extensions

Developer

Skills
Connectors

Plugins

CornellCALS

Life sciences = 2 Searchec

& Connectors

PubMed &

-~
Search biomedical literature from v
PubMed

m} Clinical Trials + bR

Access ClinicalTrials.gov data

@ ChEMBL +

Access the ChEMBL Database

BioRender

Search the BioRender library, find your +
files, and generate new scientific figur..

Elicit ¢
e e+ @
Search and analyze scientific papers
AdisInsight ~
SN Pharmaceutical drug & clinical trial 1 .J

Claud

College of Agriculture
and Life Sciences

Consensus
Explore scientific research

bioRxiv &

Access bioRxiv and medRxiv preprint
data

Scholar Gateway ©

Enhance responses with scholarly
research and citations

Scite

Evidence-based answers grounded in
research

Open Targets

Drug target discovery and prioritisation
platform

Cortellis Regulatory Intelligence
Trusted Regulatory Answers, by Clarivate

+

< Plugins

Scientific Research

Explore scientific literature, data, methods, and discoveries.

Undermind

Inductive

i‘_ Proto

Pendar
[6-1] Genomic Intelligence
r”% Molecular Structure Viewer

Rosalind Workbench

_|_

v

I

Tamarind Bio

Boltz

Rowan

NGS Analysis Workbench

Life Sciences Literature

Slide Viewer

Biological Sequence & Alignment Viewer

ChatGPT



Al improved scientific writing

Prism

Introducing a free, Al-first, LaleX editor and scientific
workspace that integrates ChatGPT and Codex

directly into scientific writing and collaboration.

Explore Prism 7

CornellCALS  cintionare

« Afree, unified LaTeX (a

machine-readable text format)
workspace with unlimited
collaborators

Al-assisted proofreading,
citations, and literature search

Al-driven automation for
formatting and editing

https://openai.com/prism/



workspace for scientific workflow

SCWI Hyperparameter S3creen

Claude Science ) Notebaok
- Dispatching the 8-arm scV¥l sweep to lab_cluster A100s — n_latent € {18, pbmc-pipelina Shared with the agent » Live
¢ scRMA-seq - 20, 30, 58] = n_layers € {1, 2} .40k cells = 2,000 HVGs,
batch_key="sample_id" .50 epochs, seed 0. [2&]
+ Mew
£ Customize arm n_latent n_layers label -
2 dmport pandas as pd
[ Files 1 10 1 0=18 L=1 - scVI COVID-PEMC (1/8) i pd.zet_option('mode.string storage’, 'python’
2 o 3 d=i8 L=2 - o\ COVID-FEMC (2/8) import numpy &s np, scanpy &s sc, anndata as ad, scipy.sparse &
3 20 1 d=28 L=1 - scVWI COVID-PBMC (3/8) é a = sc.read_hSad("covid_pbmc_48k_hvg.hSad
r rint({"loaded:", a.shape. "uns keys:", list{a.uns.keys
SCVIHyperparameter 3. & 3 20 2 d=20 L=2 - scVl cOVID-PEMC (4 . F '
5 a0 1 d=38 L=1 - scVI COVID-PEBMC (5/8) 3 Lkt R e DU I AS LIBT L S0 sh Gl 2 bts) o BRLE Ll
18 keep_obs = [“sample_id", “donor_id "site” initial clusterin
& o 2 d=38 L=2 - scVWI COVID-FBMC (&6/8) 11 "author_cell_type", “disease", "Status"
7 50 ] d=58 L=1 - =cVI COVID-PEMC (7/8) 12 ;,':.atda__-n_:a'_.-_-:ollec:'_o'_5..1"1'.5-'-, cell_type
13 keep_obs = [c for ¢ in keep_obs if ¢ in a.obs.columns
a 50 2 L=2 - =cVI COVID-PBMC (&/3) 14 obs = a.obs|keep_obs ].copy
15 for c in obs.columns
Soepretriion D021 COVID PRl — b Cols. D00 DU Geaie HYWUS. S0 T B0 16 obs|cC = pd Index |'|P aE.arra_'r' obs|cC Ijt'!‘I'PE_:-

17 obs.index = pd.Index(np.asarray(obs.index, dtype=object
18 war = pd.DataFrame(index=pd.Index(np.asarray(a.var_names, dtype

28 clean = ad.AnnData

S 1 . 3 71 ¥=sp.cer_matrix(a.layers["counts"
lab_clester - d=2 L=1- 5oV GO... 1¢ -
= : 22 obs=obs, wvar=var
lab_closter - d=10L=2- 4 e -

d kzb_chester - d=20L=1-scMIC... e 24 clean.layers["counts®] = clean.X.copy
& -
lab_closter - d=200L=2-scWl... 14 i = . 25  clean.write_hSad(*covid_pbmc_48k_heg.hSad
i k2 chester - d=30L=1-scV1C... 14 1S ‘ 26 print{f"remritten os.peth.getsize( 'covid_pbmc 40k _hvg.hSad')f
— b lab_clester - d=30L=2-scWIC... ’

& B running - 16m 2=

C orne ‘ | CALs s:cljlel_?fz c;fc?fnrl‘;ilt”re https://claude.com/product/claude-science



HUMAN

AI AGENT

Human and Al have different preferences

DOCUMENT DATA WEB-BASED INFO SOFTWARE

Fig. 2. Spoilage by storage day [mean £95% €I}

on.exangle. edu/ re:

Figure 2. Percantage of lots spoiled
during storage t 6 °C_ Ervor bars show|

% — untitled project
Predicting the shelf life of HTST fluid milk from post-pasteurization

, Initial PPC count {logyg CFU/mL} Dairy Extension Progams  Resources Events About | Login iR R Eh [ s [0
n n o 95% confidence intervals (n =40 lots
contamination . per da 21 © Dpen & Impentdata | | > Run Pt | [ & Expont
T B AN R DS T o o S G i e = Sanitation resources for fluid milk processors
pree UATERIALS AXD METHODS : e Model variant Factshests, checkists, and recorded webinars from our extension tear Pt sel Import
H 14 . Thres-phase linear . & platesisn - -
£ Filler i i ife testing - File plates.rlse Browse..
3 » POF - 2 pages - updated 2023 contamination Video - 88 min - 2022 o Countcolumn SPC (CFUfmL) +
rreeueTion / . BB oo spoieabyday 11 £xonvof epon pg . . . Lz Resulis
acishest - POF 2021 =
= First row s header O Log-transform
S—— . R 05C-PRC1LS —day13
2 4 p ou
Storage day
We use cookles to Improve your experience
] ede o by gy FOET b o

day,pct_spoiled,ci_low,ci_high,n_lots,temp_c

"model
“parameter
-

_logie®: 2
"three_phase_line:

0 £rom plate
e=-phase linsar 0
data: data/plates. csw

## Methods

“storage_tem

“default™: 6 1

“license”: "CC-BY-4.0"

"required”: [

PDF, Word vs Markdown, JSON, database Table, figure vs CSV Web interface vs script, API Website vs API GUI vs MCP tool

GUI: graphical user interface (windows, menus, buttons). API: application programming interface (a way for software to request data or run a function). MCP: Model Context
Protocol (a standard way for an Al agent to connect to tools and data). CSV, JSON, Markdown: plain-text formats machines read reliably.
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Human and Al have different
preferences: documents

2 HUMAN READS - PDF OR WORD DOCUMENT {3 AI READS - MARKDOWN + JSON, OR A QUERYABLE DATABASE
paper.md model.json
Journal of Dairy Science - Vol. 107 - 2024 RESEARCH ARTICLE
. . . o . --- 1
Predicting the shelf life of HTST fluid milk from post-pasteurization . .. . . . .
: 5 . P P title: Predicting the shelf life of HI "model": "three_phase_linear",
contamination . . . . " BTN
. ) s ) fluid milk from post-pasteurization parameters": {
A. Researcher,” B. Coauthor,” and C. Advisor Department of Food Science, Cornell University, Ithaca, NY contamination " mu_max ". 9.42 )
ABSTRACT MATERIALS AND METHODS doi: 10.3168/jds.2024-XXXXX "lag_h": 6.1,
— model: three-phase linear growth "unit": "logl® CFU/mL/day"
- data: data/plates.csv Ly
SAME R "validation": {
INTRODUCTION / PAPER #F Methods "rmse": 0.31, "n": 240
Plate counts (n = 240 lots) were taker % . .
Figure 1. Spoilage over storage time at 6 °C (mean + 95% CI, n = 240 lots) days 1 , 7 s 10 ) 14 at 6 °C SOUlC.e ° doi:10. 3168/]d5 - 2024 - XXX
## Results ; version": "2.3.1
Spoilage reached 25% of lots by day 17
Layout, typography, and figures for human to read. The parameter values and reported outputs can Structure, fields, and units for Al to read. Every value has a name; the agent reads the number
be somewhere in the text, which can be hard to retrieve. without guessing where it is.
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Human and Al have different
preferences: data

2 HUMAN READS - TABLE IN THE TEXT, OR A FIGURE {3 AI READS - CSV (OR ANY TIDY, MACHINE-READABLE TABLE)
data/spoilage_by_day.csv
. . o
Fig. 2. Spoilage by storage day (mean + 95% Cl) Figure 2. Percentage of lots spoiled
during storage at 6 °C. Error bars show day,pct_spoiled,ci_low,ci_high,n_lots, temp_c
95% confidence intervals (n =40 lots 3, 0.8, 0.0, 1.3, 40, 6.0
day).
R per day) 5, 1.9, 0.2, 2.8, 40, 6.0
=S T )
E i Day 11 is about... 25%? i 7, 4.1, 2.0, 6.2, 40, 6.0
.g 527%?Thevalueisonlyin i — 1@, 18.6, 14.2, 23.@, 4@, 6.0
2 | the figure. i - 11, 25.3, 20.1, 30.5, 40, 6.0
o ! J
B [ 1 SAME DATA 14, 61.7, 55.0, 68.4, 40, 6.0
# units: pct_spoiled in % of lots; temp_c in degrees C
# source: doi:10.3168/jds.2024-XXXXX, Fig. 2
0 2 4 6 8 10 12 14
Storage day
Data are only presented in the figure. Exact values, intervals, and sample sizes must be read off the Data are preserved in a structured format. The agent can plot and refit it, without the need to eyeball
axes, if they are reported at all. the values.
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Human and Al have different
preferences: models

2 HUMAN USES - A WEB INTERFACE

milk-shelf-life.cornell.edu/model

Storage temperature (°C) Initial PPC count (log;q CFU/mL)
2 . 6.0 12 21 Y
Storage duration (days) Model variant
14 v Three-phase linear v &—
-
SAME
25% of lots spoiled by day 11 Export PDF report MODEL

RECENT RUNS

Run1-6.0°C-PPC2.1 = dayll | Run2-4.0°C-PPC2.1 —day15 | Run3-6.0°C-PPC 1.5 — day 13
Each run entered by hand; results copied into a spreadsheet to compare.

Sliders, dropdowns, and a button. The model runs one scenario at a time, by manually changing the
input, and the user has to know what each parameter means.

{3 AI USES - A SCRIPT OR AN API CALL

POST https://api.example.edu/v1/predict

i# request
{ "storage temp c": 6.0, "ppc_logle": 2.1,
"days": 14, "variant": "three_phase_linear" %

i response

i "day 25pct _spoiled": 11,
"curve": [[7,4.1],[10,18.6],[11,25.3],[14,61.7]1],
"model_version": "2.3.1", "units": "% of lots" %

# the agent can loop: 6.0 - 4.0 - 2.0 °C, 50 scenarios in seconds

Named inputs, structured outputs, a version number. The agent can run multiple scenarios and
explain the result based on the model developer's instructions.

CornellCALS  Siissasictre




Human and Al have different
preferences: web information

2 HUMAN BROWSES A WEBSITE
dairyextension.example.edu/resources

Dairy Extension Programs Resources Events About Login

Sanitation resources for fluid milk processors

Factsheets, checklists, and recorded webinars from our extension team.

Webinar: shelf-life testing
Video - 88 min - 2022

Post-pasteurization
contamination

Factsheet - PDF - 2021

Filler sanitation checklist

PDF - 2 pages - updated 2023

Accept all

Navigation, layout, and pop-ups. A person clicks through menus; an agent has to use browser
extension to read and navigate through bot detection.

We use cookies to improve your experience.

e
%

SAME
CONTENT

{3 AI QUERIES AN API

GET https://api.example.edu/v1/resources?topic=sanitation&type=factsheet

i
"count": 2,
"items": [

i "title": "Filler sanitation checklist",
"type": "checklist", "updated": "2023-05-02",
"text_url": "/vil/resources/1042/text" %,

i "title": "Post-pasteurization contamination",
"type": "factsheet", "updated": "2021-11-15",
"text_url": "/vl/resources/0877/text" %

1,
"license": "CC-BY-4.0"
i

A predictable request, a structured answer. Same content, plus the date, the license, and a direct path
to the full text.

College of Agriculture
and Life Sciences
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Human and Al have differen

preferences: so

2 HUMAN OPERATES A GRAPHICAL INTERFACE (GUI)

SpoilagePredictor 2.3 — untitled project

File Edit Data Model Plots Help

[= Open X, Import data > Run |~ Plot &, Export
Sel Import data
3 Project
plates.xisx File plates.xlsx Browse...
3T Settings
|~ Results Count column SPC (CFU/mL) ~

First row is header O Log-transform

Menus, dialogs, and clicks. Intuitive for a trained person; while Al's computer use ability has been
improving, it is less native and much slower to operate.

e
%

SAME
SOFTWARE

ftware

{3 AI CALLS A TOOL EXPOSED THROUGH MCP

MCP server - tools/list — one tool definition

1
"name": "predict_default",
"description": "Predict fluid-milk shelf life from plate
counts. Returns % of lots spoiled by day.",
"inputSchema": 1§
"type": "object",
"properties": {
"spc_dayl_logl®": { "type": "number" %,
"storage_temp_c": { "type": "number", "default": 6 %
[
"required": ["spc_dayl_logle"]
t
t

A name, a description, and a typed input schema. The agent reads what the tool does and calls it
directly, no clicking, no training

College of Agriculture
and Life Sciences
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Outline

« Challenges
« Scientific knowledge is scattered
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Research outputs that should be
Al-accessible, and why

* Peer-reviewed papers so an agent can access the finding and methodology across similar
papers, and read the license (which indicates whether agent can redistribute the information)

. Underlyinﬁ_ data so an agent can re-analyze or reuse for different purposes (e.g., meta-analysis
across mulliple studies)

» Possible concerns about us of data to answer questions data were not designed for

. gt?tistical and other code so an analysis can be repeated exactly, audited, and applied to new
ata.

* Models so a prediction can be run on the user’s inputs without the hurdle for download and
installation.

* Research outputs from academic or _industr%/ orc?anizations such as extension report, industry
guidelines, webinars so that agent can interpret and apply the knowledge properly

CornellCALS  cintionare



esources are not equally accessible

Extension factsheet

Peer-reviewed paper

PAYWALL - $39.95 PER
& prTICLE

r+ SCANNED PDF - NO TEXT
“* LAYER

?

f,,/
= - ONE QUESTION FROM A DAIRY PROCESSOR
Industry guideline ¢ . L.
£ MEMBERS-ONLY LOGIN === ®- ----- “What post-pasteurization .contammatlon rate
should I expect for HTST milk, and what fixes

it?”

-~
’I
<= Regulation
L agg@ e (PMO) @ Open database &
- PDF - ' h
©® o ANSWER ON preprints
@ OPEN API - FULL TEXT
reachable and preferred - --- reachable but not native ~ ===~ blocked

=

@

Webinar recording

90-MIN VIDEO - No
TRANSCRIPT

Product formulation

sheet
PROPRIETARY - REQUEST BY
EMAIL

Publisher website
© BOT DETECTION - CAPTCHA
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Centralized database in a virtual

file-system can help
Paperclip by GXL

An agent-native filesystem over full-text papers, clinical trials, regulatory documents, patents,

biological databases, and much more. Everything the modern biotech company needs.
O o O J

Install Sources Blogs Cite

12 sources - 385M+ documents

Select a source for a short description

% @ B &

PMC bioRxiv medRxiv arXiv Abstracts FDA

7.5M 388K 82K 3.0M 200Mm 225K

® ® & u

ClinicalTrials Intl. registries Patents UniProt PDB ChEMBL
-gov 430K 170M 575K 256K 2.9M
580K

CornellCALS rihiioa

Agent-native = a system designed
primarily for Al agent to operate

One query searches all relevant
databases, faster and more
comprehensive than intensive web
search

Stateful = the agent works inside a virtual
file system where every paper is a folder,
so it can browse, search, and return to

what it found instead of starting over with

each query

paperclip.gxl.ai



Outline

« Challenges

e Scientific models can be hard to reuse
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Scientific information can be hard
to reproduce

® VALUES THAT LIVE ONLY IN A FIGURE Z AN ANALYSIS THAT CANNOT BE REPEATED
Fig. 3. Log reduction by treatment (mean + SD, n=3)
o METHODS, STATISTICAL ANALYSIS
“Data were analyzed using a mixed model
E 6l {447 4.67 | with treatment as a fixed effect and lot as a of surveyed biologists have tried and failed
=, gmmmmmmmme e - P Adr 400 . .. .
g a b 4.124.27 _-'i'_ R g random effect (SAS 9.4). Qutliers were 77% to reproduce another scientist’s experiment.
[ == --I-" ToTEEEEE T T removed prior to analysis. Means were o
= T " Nature survey of 1,576 researchers; more than 70% across all
3 T . separated at P < 0.05. fields (Baker, 2016, Nature 533:452-454).
: I
- (® Which covariance structure, which degrees-of-freedom
0 p— c c c c | method? If a trained researcher struggles to reproduce a result from the
ontro IP60° IP75° Rinse only . . . . .
(® Which observations were outliers, and by what rule? paper alone, an Al agent, which has only the paper, will struggle
. . . . more.
2 NeEhlbaiveEies X No underlying data (® Which multiple-comparison adjustment separated the
) — means?
X No analysis code X SDor SE? Legend is silent

Cornel|CALS grfc'j'eLgifi‘;fc‘i‘egng“”re Baker, M. (2016). 1,500 scientists lift the lid on reproducibility. Nature 533, 452—454.



Scientif

reuse

DEAD END 01

Paywalled software

SpoilagePredictor Pro

Your 30-day trial has ended.

$2,400 per seat per year

The model described in the paper is available
only inside this application.

The paper is open; the developed model in the
paper is not.

DEAD END 02
Repository nowhere to be

found

github.com/foodsci-lab/growth-model

This repository has been deleted or made
private.

“Code 1s available at
github.com/foodsci-lab/growth-model” —
Data availability statement, 2019

The link in the paper outlived the researcher who
owned the account.

ic models are hard

DEAD END 03
“Contact the author”

Mail

To: corresponding.author@university.edu
Subject: Request for model code (J. Dairy Sci. 2019)

Dear Dr. Author, | am trying to apply the growth
model from your 2019 paper and would be
grateful for the code or parameter files...

9 Automatic reply: This mailbox is no longer
monitored. The account holder left the
institution in 2021.

“Available upon request” assumes someone is
there to answer.

O

DEAD END 04

Code drifts from the paper

Which one is “the model”?

CODE - V2.3
PAPER - TABLE (2023)
o) mu_max = Q.38
Hpax = 0.42 d? i lag h = 4.0
A = 6.1 h n_max = 8.5
Npax = 8.5 log # re-tuned on

# 2022 data

The code kept evolving; the paper froze. Results from

one cannot be checked against the other.

CornellCALS  Siissasictre



It is also hard for industry
professionals

THE RESEARCHER THE INDUSTRY PROFESSIONAL

A | Publishes a model to support £ ) Decides from experience
decisions
A “We have always cleaned the filler every eight
A predictive model for post-pasteurization spoilage of HTST THE GAP

hours. Shelf life is fine most weeks. When it is not,
we clean more.”

fluid milk: application to sanitation decisions X Paper behind a paywall
“The model can be used by processors to

prioritize interventions and estimate the resulting Written for researchers, not ind ustry users

X
e % Parameters the reader has to estimate Experience || Intuition | | Ruleofthumb || Trial and error
X Nothing to run: no tool, no interface ® Actual outcome: the published modelis rarely part of the decision.
X

Peer-reviewed || Validated on 240 lots | | Fig. 4: what-if scenarios No time to read, no one to ask

Cited 38 times

® Intended outcome: a processor runs the model on their own data
before choosing an intervention.

CornellCALS  Siissasictre



Executable model repository facilitates
model reuse

RAK|PInitiative RAKIP-Web Model Repository

risk assessment knowledge integration platform

Q 58 models

EXECUTION UPLOAD

SOFTWARE ENVIRONMENT TIME DATE

Dose-response Model R « no information Salmonella Salmonella Enteritidis Dose-response 12s 2021-11-03 ®
of Salmonella with 2D Salmonella typhimurium model 11:05
L
>
Dose-response model FSK-Lab * Any product Campylobacter jejuni Dose-response 59s 2021-11-03 ®
for Campylobacter model 11:08
jejuni J,
>

CornellCALS  Siissasictre



New tool to improve reusability

o | @ — DT+ g e « Paper2Agent turns a research paper into an Al
E e ithrii e agent: it reads the paper and its code, wraps the
st st et e s methods as MCP tools, tests them, and hosts

[ { C:‘l ) <Paper> Agent .
e the result so any agent can use it.

scientific task 1

ooty s o A A o sl * “Reimagining research papers as interactive

scientific task 2 results are presented below:

e I | and reliable Al agents™: a scientific outcome is
e — l - no longer a static document but a conversation
------------------------ with an agent.

MCF tools MCP resources MCF prompts ‘

Enabling scientific discovery through paper agents

b | & » The software tools developed for the paper can
T % (o) T be used directly, without rewriting the underlying

Input nvironment

N e [ ST et 2 code.
o = I emote Hugging Face onnect witl m
codebase server Al agent ( )

B
Codebase Test ces
Paper MCP server
g O / Python file Paper agent
Extractio ()
sent 37

Implemented tools

Corne ‘ ‘ CALS College of Agriculture Miao, J. et al. Paper2Agent: Reimagining research papers as interactive and reliable Al agents. Nature (2026)

and Life Sciences



Outline

* FAIR4AG2 principles
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Existing principles were written
for human users

* FAIR (2016), for research data. Findable, Accessible, Interoperable, Reusable: persistent
identifiers, rich metadata, open protocols, clear licenses. Designed to help both researchers
and computational systems find, interpret, and reuse data.

* FAIR4RS (2022), for research software. The same principles adapted to code: version-level
identifiers, documented dependencies, provenance. Designed to help both researchers and
computational systems discover, access, understand, and reuse research software.

« Both make knowledge available to someone who can read a paper and run a script. Neither
tells an Al agent how to discover, execute, interpret, or trace a result.

Corne ‘ ‘ CAL College of Agriculture  Wijlkinson, M. D. et al. (2016). The FAIR Guiding Principles for scientific data management and stewardship. Sci Data 3, 160018.
and Life Sciences Barker, M. et al. (2022). Introducing the FAIR Principles for research software. Sci Data 9, 622.



We extend the principles to Al

agents: FAIR4AG?

2016 - DATA 2022 - SOFTWARE 2026 KNOWLEDGE UNITS
FAIR FAIR4RS FAIR4AG?
Persistent identifiers, rich metadata, open S Version-level identifiers, dependencies 5 Data, models, agent skills and tools.
protocols, clear license. Written for a human at a accounted for, detailed provenance. Written for a Component-level identifiers, execution
search box. human who runs the code. interfaces, machine-readable provenance,
runtime records.
Findable Accessible Interoperable Reusable
From searching for keywords to agents Beyond downloadable files: Version control and metadata forevery =~ Research software as modular,
discovering specific skills and tools standardized interfaces that retrieve unit, so an agent can display an explicit ~ executable tools an agent can pick up
autonomously. data without human assistance. chain of thought. and apply to new problems.
ADDS ADDS ADDS ADDS
version- and component-level execution interfaces, so models and machine-readable, version-controlled runtime provenance logging and
identifiers; registries searchable skills can be called by agents provenance; alighment metadata for machine-readable licensing
by agents multimodal resources
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Outline

» A case study
A plugin for milk spoilage decision-support
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Case study: a plugin for milk
spoilage decision support

* We took a model we developed and turned it into a plugin: an add-on tool that
connects to ChatGPT or Claude.

« A dairy processor wants answers to three questions:
« What is the leading cause of spoilage in our milk?
« What should we implement to improve milk quality and extend shelf life?

« Which strategies give the best return on investment?
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Why a general Al tool cannot
answer these today

« General Al such as ChatGPT gives generic answers. It does not know the
processor’s own data, for example the microbial counts in their milk.

* The published models that predict milk spoilage and shelf life are not accessible to
ChatGPT.

« Even when a model has a web interface, the user needs training to understand the
parameters and settings, run it with confidence, and interpret the result correctly.
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Solution: package the model as
one knowledge unit

« A knowledge unit packaged as a plugin, available to everyone through the OpenAl or
Anthropic plugin marketplace.

« Components:
* An executable model hosted on Hugging Face

 Tools the agent can run directly, for example predict_default, model _an_intervention,
classify lot samples

A skill document that routes the user’s intent to the right tool:
* Predict the shelf life
« Compare what-if scenarios

» Ask for guidance in troubleshooting
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p I g - “
USER
& ) Dairy QA
manager

“Here are ten plate counts
from last week. What is
spoiling our milk, and
what should we fix first?”

Speaks in plain language and
their own records. No model
parameters, no training.

9

@ DISTRIBUTION To belisted inthe OpenAland Anthropic plugin marketplaces: anyone with an Al agent can install it in one click.

AI AGENT
ChatGPT,
Claude
Reads the skill document,
decides which tool fits the

question, calls it with the user’s
data, and explains the result.

General knowledge, plus whatever
plugins are installed.

THE PLUGIN - ONE KNOWLEDGE UNIT
Milk spoilage decision support

SS SKILL DOCUMENT ROUTES THE USER'S INTENT TO A TOOL

[ predict_default ]

“Predict the shelf life”

[ predict_customize ]

[ model_an_intervention ]

“Compare what-if scenarios” >

[ model_a_disruption ]

[ classify_one_sample ]

“Help me troubleshoot™ > [ classify_lot_samples ]

read_guidance

£ TOOLS - EXECUTABLE INTERFACES THE AGENT CAN CALL
DIRECTLY

User inputs (plate counts, temperature, days), structured outputs (percent spoiled

by day, dollars, CO,e), the model version, and an out-of-scope refusal when the

question is about pathogens.

EXECUTABLE MODEL
=

& ) Hosted on
Hugging Face
The published spoilage models,
packaged to run on request:
spoilage classifier, shelf life
prediction model, economic and
environmental analysis.

Versioned, with the paper’s DOI
attached.

§° v2.3.1-doi:10.3168/...

The answer returns in the interpretable language, supplemented by the model’s numbers, its version, and the source paper.

CornellCALS
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The plugin in action

AI AGENT - MILK SPOILAGE PLUGIN - ONE MEDIUM-CATEGORY FACILITY, 120,080 HALF-GALLONS A WEEK

QUALITY-ASSURANCE MANAGER 2 ( “The DC lost refrigeration; pallets sat near 12 °C for most of a day.” ]
“Sanitation problem, or something coming in on the raw milk?” Here are

the data for ten samples, plate counts on three test days. SIMULATING SUPPLY CHAIN DISRUPTION

Equivalent temperature 6.97 °C against 3.59 °C, 2.1x the baseline microbial

EXECUTING THE MODEL o growth. Consumer storage days 0.7 to 0; 25.5% of the median lot spoiled at day
5 PPC, 3 spore, 2 no spoilage. PPC frequency 0.50; variant accuracy 95.8%. Half 10 against 22%.

the lot points to post-pasteurization contamination: look at cleaning and
sanitation downstream of the pasteurizer.

“If a drain swab comes back positive for Listeria, does that change the
shelf-life picture?”

[ “How does that impact the she{f'fg'fé?"]

{ DECLINES AN OUT OF SCOPE ANSWER

SIMULATING THE BASELINE MODEL Out of scope. Neither model represents pathogens. Refer to the HACCP plan and
A total of 25% milk is expected to be spoiled on day 11. | the regulator.

“What intervention strategies should we be looking at, and what is it

worth?” Clear boundary for the scope of expertise; safety questions stay out of scope.

SIMULATING AN INTERVENTION AND COMPARE TO BASELINE

Filler-nozzle cleaning first, by published evidence. Against your baseline: +5 days
(11 to 16); +50.15 per half-gallon, +$18,000 a week; CO,e down 9,144 kg a
week.
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Agent-ready science requires
infrastructure

Government
Researchers Publishers agencies Funding agencies
Maintain an accessible Adopt standards that make Provide MCP servers for the Financially support the long-
repository for each published articles machine-accessible: full databases, standards, and term maintenance of
model: code, data, and a skill text and structured metadata regulations they already executable models beyond the
document, versioned and through an API, not only a PDF. publish, so agents can query grant that produced them.
licensed. them directly.
FOR EXAMPLE FOR EXAMPLE FOR EXAMPLE FOR EXAMPLE
A GitHub or Hugging Face Parameter tables and data- The Pasteurized Milk Ordinance, Hosting, version updates, and a
repository that an agent can find availability links exposed as FoodData Central, and NASS named maintainer for five years
from the DOI and run without structured fields, with a machine- statistics as queryable endpoints, after publication, written into the
emailing anyone. readable license. not 400-page PDFs. award.

2 S
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Risks of agent-actionability

An unsuitable model can be applied quickly and repeatedly.

Invalid inputs can produce convincing explanations.

Agents may continue using outdated model versions.

Data may be used to address questions the data were not intended to answer
Model developers and data curators may not be attributed with credit properly.
Unequal infrastructure may widen existing research disparities.

High-stakes decisions still need a person to check the answer.
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Barriers: why researchers hesitate
to make work agent-ready

» Fear of exposure. Once code and data can be run by anyone, it is easy for others to show that a
result does not hold.

« Unpaid work. Packaging and maintaining a model is not funded by the grant and not required by
the journal.

« Skills. Many labs have no one whose job is to build and maintain software.

 What helps: treat reproducibility as a design goal from the first day of a project, share
infrastructure, give credit for reusable outputs, and use Al agent (e.g., Claude code) effectively to
build accessible knowledge unit
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Future-proofing research

» A research paper can document what we learned.

« But an agent-ready research output can keep that learning usable by the
entire scientific community, and by the industry it was meant to serve.

 Which research output in your field should become agent-ready first?

PERSPECTIVE article

Front. Artif. Intell.,, 05 August 2026

Sec. Al in Food, Agriculture and Water
Volume 9 - 2026 | https://doi.org/10.3389/frai.2026.1877344

Future-proofing agricultural research: FAIR
principles for agriculture Al agents (FAIR4AG2)
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