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Take back control with Small
Language Models in Multi Agent
Systems without compromising on

quality
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Overview

language models, agents and multi-agent systems

understanding the fundamentals

multi-agent systems with small language models

solutions it can offer

conclusion
What did we learn
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Models released in 2025

Proprietary models
34%

Open Source
66%
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Preference model use in production

Open Source
46%

Proprietary models
54%
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Models in production use

Open Source
16%

Proprietary models
84%
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Open Source
16%

o GPU purchase cost ~300k

o Cost of cooling

o Cost of power

o Power often not available

» Ease of use of generdlistic models

Proprietary models
84%
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Open Source
16%

e No reliance on the US

« Avoid privacy concerns

o Control over model availability
and data

Proprietary models
84%
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o Specidlized models

o Comparable quality

e Easy to deploy

o Control over your data

>
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Artificial Intelligence

Machine Learning
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The cat sat on the mat.
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inputs, confirming the viability of pretraining at scale. the quick [MASK] jumped over the [MASK]
fence before #8%MMn such [MASK] times, people often forget the [MASK] reasons beRfi3el
ordinary things. meanwhile, a small [MASK] of data flows continuously across the system,
rebuilding fragments of [MASK] context for every token. however, [MASK] remains
unpredictable under partial masking. it's unclear how the [MASK] behaves when coupled with
long-range dependencies, though several [MASK] experiments have shown promising
coherence patterns emerging spontaneously. in conclusion, [MASK] modeling continues to
demonstrate robust generalization on cross-domain [MASK] inputs, confirming the viability of
pretraining at scale.forget the [MASK] reasons behind ordinary things. meanwhile, a smalll
[MASK] of data flows continuously across the system, rebuilding fragments of [MASK] context
for every token. however, [MASK] remains unpredictable under partial masking. it's unclear how
the [MASK] behaves when coupled with long-range dependencies, though several [MASK]
experiments have shown promising coherence patterns emerging spontaneously. in conclusion,
MASK] modeling continues to demonstrate robust generalization on cross-domain [MASK]
inputs, confirming the viability of pretraining at scale. the quick [MASK] jumped over the [MASK]
fence before dawn. in such [MASK] times, people often forget the [MASK] reasons behind
ordinary things. meanwhile, a small [MASK] of data flows continuously across the system,
rebuilding fragments of [MASK] context for every token. however, [MASK] remains
unpredictable under partial masking. it's unclear how the [MASK] behaves when coupled with
long-range dependencies, though several [MASK] experiments have shown promising
coherence patterns emerging spontaneously. in conclusion, [MASK] modeling continues to
demonstrate robust generalization on cross-domain [MASK] inputs, confirming the viability of
pretraining at scale.

N,

8.000.000.000.000 -15.000.000.000.000
tokens
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User:
Can you explain what photosynthesis is?

Assistant:

Sure! Photosynthesis is the process plants use to convert
sunlight into energy. They absorb carbon dioxide from the
air and water from the soil, then use sunlight to produce
glucose and oxygen.

User:
Why is it important?

Assistant:
Because photosynthesis produces the oxygen we
breathe and forms the base of the food chain—it’s
essential for life on Earth.
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User:
What's the weather in Paris right now?

Assistant:

— web.search("current weather in Paris")
< 16°C, mostly cloudy

It's 16 °C and mostly cloudy in Paris.
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User:
What's the weather in Paris right now?

b
Assistant: Assistant:
— web.search("current weather in Paris") — python("2.5 * 60")
< 16°C, mostly cloudy <150

There are 150 minutes in 2.5 hours.
It's 16 °C and mostly cloudy in Paris.
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GPT-4
1.800.000.000.000
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MMVLU scores

Against model size

® 2021 @ 2022 @ 2023 () 2024 @ 2025

(o]0

80

N
o

MMLU score
N
O

N
o

0 500 1000 1500 2000
Model size



MAS-SLMs 2025

MMLU scores

Against year of release
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What you lack in strength,
make up for in wit.
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Multi-Ag
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Org

Alzheimer's disease prediction

Li, R et al. CARE-AD: a multi-agent large language model framework for Alzheimer's
disease prediction using longitudinal clinical notes (2025)

npj | digital medicine

Published in partnership with Seoul Mational University Bundang Hospital

hit ‘ot ora10.1 058/ a4 T46-025-01040-4

CARE-AD: a multi-agent large language
model framework for Alzheimer’s disease
prediction using longitudinal clinical notes

®i| Check for updates

Rumeng Li"2, Xun Wang®, Dan Berlowitz>**, Jesse Mez®, Honghuang Lin" & Hong Yu'=58
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—» (= — E Concern by others

Data extraction
agent

109

Physiological changes

Neuropsychiatric symptoms

Alzheimer's disease prediction
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Primary care
([=]) physician agent

Neurologist

1= agent
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Alzheimer's disease prediction
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Virtual software company

Qian, C et al. Communicative Agents for Software Development (2023)

ChatDev: Communicative Agents for Software Development

Chen Qian* Wei Liu*  Hongzhang Liv*  Nuo Chen*  Yufan Dang*
Jiahao Li* Cheng Yang* Weize Chen*  Yusheng Su*  Xin Cong*
Juyuan Xu* Dahai Li* Zhiyuan Liu* Maosong Sun*
*Tsinghua University  *The University of Sydney *BUPT  *Modelbest Inc.

1.com iuzy@tsinghua.edu.cn sms@tsinghua.edu.cn

ymplex task that

nultiple mem-

effective development proc In this paper,

2025
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Phase [Design H Coding —>[ Testing
Subtask [Design [Coding [Code complete [ Code review ] Testing
CEO CTO CTO Reviewer Tester
Instructor o
fﬁé —
, & &
Assistant ﬁ
4 -
CTO Programmer Programmer Programmer Programmer

Virtual software company
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Why should you use Small Language Models?

Easier to run locally @

=
Control over your data

Not dependent on tech giants

% Require less power
Smaller & cheaper GPUs/CPUs {:Iil}

But can we achieve similar performance?
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The virtual software company with Small Language Models

Olloma Qwen 3 - 4B Dell XPS 16 9640
RTX 4060 Laptop GPU

~€2000
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[Tulcatndunppm users can add todo items, check off todo items to complete them, and delete

R L a E R

<INFO= Python
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Result: simple TODO list app

§ CIMSOLUTIONS

Clean kitcher]

Add Item

Try ChatDevAl

Prepare presentation

Delete

Edit
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Result: simple TODO list app

¢ CIMSOLUTIONS

Clean kitcher| ¢ CIMSOLUTIONS - ToDo A... — 0 X

Add tem| CIMSOLUTIONS

Try ChatDevAl

Prepare presentation
Add Task

Mark Completed | Edit Task | Delete Task

Delete |

Edit

Qwen 3- 4B GPT - 4o
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2WikiMultiHopQA

adia

ikipedia.org/v

in Page. For Wi

iting
and is one of the most popular websites ranked by Al as of June 2019, It features usively
wned and supported by the nrofit fundec

2 -

r languages were quic developed. With 5,91 t =nigli { he largest of the more than 290 ~
ipedia encyclopedias. Overall, Wikipedia comprises more than 40 million articles in 301 differe guages!'®l and by February PEDI A
2014 it had re and nearly 500 million unique visitors per month. glebe fealu
from

In 2005, published a peer review comparing 42 hard s g arficles from paela and Wikipedia and
accuracy approached that of Brifar 7l although ¢ at it might not have fa Screenshot
of all articles o i SSUes, 3 Type of site
Available in 303 languages
Owner

Created by

Wikipedia hz : for exhibiting for presenting a mixture of "truths, half truths, and s

and for being subject to manipulation and anir C Howeve announced that by 2017 it would h
] Website

Alexa rank

r plan in 201

Commercial

Registration
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=® Which film directed by Christopher Nolan stars Leonardo DiCaprio?
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;® Which film directed by Christopher Nolan stars Leonardo DiCaprio?

Christopher Nolan - "He directed Inception.”
Inception - "The film stars Leonardo DiCaprio.”

]
2
‘ Interstellar - "Directed by Nolan, stars McConaughey.”

Leonardo da Vinci - "[tdlian polymath.”
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Which film directed by Christopher Nolan stars Leonardo DiCaprio?\
Christopher Nolan - "He directed Inception.”
Inception - "The film stars Leonardo DiCaprio.”
Interstellar - "Directed by Nolan, stars McConaughey.”

Leonardo da Vinci - "[tdlian polymath.”

LA

Inception
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Solo

0[P

4

Single agent
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2WikiMultiHopQA 2WikiMultiHopQA
F1 score over references EM score over answer
@ Solo @ Solo
0.7
0.6
0.5

Qwen3-4B GPT-40 ' Qwen3-4B GPT-40
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CMAT: A MULTI-AGENT COLLABORATION TUNING
FRAMEWORE FOR ENHANCING SMALL LANGUAGE
MODELS
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Putiiizhod m parinorsheg with the Shanghai Institube of Coramics of the Chness Acadonry of Scionoos

SLM-MATRIX: a multi-agent trajectory
reasoning and verification framework for
enhancing language models in materials
data extraction

Xin Li'*, Zhixean Huang'?, Shu Quan’, Cheng Peng' & Xiaoming Ma'

Small Languaga Modals offer an afficiont aRomsative for struciunmd inforrmation axtraction. Wo prasant
SLM-MATRIX, a mulli-path collaborative reasoning and verification framework based on SLMs,
dasignad 1o extract malonal namos, rumoncal values, and physical units from matonials scoence
literature. The framework integrates three complementary reasoning paths: a multl-agent
collaborative path, a goneralor-discriminator path, and a dual cross-verification path. SLM-MATRIX
achlves an accuracy of 82.85% on the BulkModulus dataset and reaches ¥7.68% accuracy on the
MatSynTriphot datasel, both outperforming conventional mathodsand singla-path modals. Moreow

cpavimants onganernal reasoning benchmarks sech as GEMBK and SVAMP validate the framework's
strong gendralization capability. Ablation stedies avaluale the affects of agont nurmibaer, Mixture-ol
Agants (Mo} depth, and discriminator design on overall performanca. all, SLM-MATRIX prosents
an affedtive approach for high-guaiity mataral information oxtraction i resourch-Constrsined and
offars new insights info struciured scentific b understanding lasks.
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bl breakibroughs in natural lapguage enderbanaling aed generation
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coberent end pracikal lngesge oulputs’. Meamwhile, in malerials
science, automated data exiraction plays a orwdal role in building
comprehensive databaws and accelerating knowledge  discovery.
Huwore, iraditiona] approsches ofton rdy o0 hand -crafied nales,
tesnplatex, or fGec-tennd modek, which zre costly, laee adaplable, and
limsited i pracralizsiion, Indoed, conventions] mcthods for sutoenaned
dats cxtraciion, such & rule based parsing and lemplale matching,
typacally perform well om structired comlent bt fsce limitatsons when
handling sciemtifsc temts characieriesd by long range dependencies,
implicil semantics, and cross- paragraph ressoning. For example, Kim
ol 2l. identilbed synthesis parametors using syatacic pars nos com
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precision and recall raies approaching 9%, Broadly speaking. gen
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lew shot seitings, and are now widdy applied in diverse domains
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Small Language Models are the Future of Agentic Al

Peter Belcak”  Cireg Heinrich'!  Shivhe Diaa'
Sauray Moralidharan'  Yingyan Celine Lin
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CMAT: A MULTI-AGENT COLLABORATION TUNING
FRAMEWORK FOR ENHANCING SMALL LANGUAGE
MODELS
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npj | computational materials

Putdizhod m parinorshe with the Shanghai Institute of Coramics of the Clenese Aoy of Scionoom

SLM-MATRIX: a multi-agent trajectory
reasoning and verification framework for
enhancing language models in materials
data extraction

Xin Li'*, Fhixean Huang', Shu Ouan’, Chong Pong' & Xiaoming Ma®

Senall Languaga Models offer an officiont aRomative for structumd inforrnation axtraction. Wi prasont
SLM-MATRIX, a multi-path collaborative reasoning and verification framework based on SLMs,
csigrand 1o extract matoral namas, numoncal values, and physical units from matenals sconce
literatura. Tha framework integrates three complementany reasoning paths: a multl-agent
collaborativa path, a generator-discriminalor path, and a dusl cross-verification path, SLM-MATRIX
achkves an accuracy of 82 85% on the BulkModulus dataset and reaches ¥7.68% accuracy on the
MatSynTriphot datasel, both outperorming conventional mothods and singke-path modils. Moreowr
expavimants on ganermal reasoning bonchmarks such as GEMBK and SVAMP validate the framework's
strong ponoralizalion capability. Ablation studies avaluate the effects of agoent nurnber, Mixhere-of
Agents (MoA) depth, and discriminator design on overall performance. Overall, SUM-MATRIX presents
ar affed:ive approach for high -guasity matarial infommation oxtraction & rsourcd-Consiraingd and

e Multiple SLMs generating answer
e SLM as discriminator

offars new insighis info struciuned scentific bed understanding lasks.
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Humwores, iradditiona] approsches ofton rdly oo hand -crafind neles,
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limmited in pracralizsiion, Indeed, conventions] mothods for sutcenated
dats cxtraciion, such & rule besed parsing and lemplaic matching,
typacally perform well on structuned comtemt bt Boe limitusons when
handling sciemtilsc texts characterized by long ange dependencies,
implicil semantics, and cross-paragraph reasoning. For example, Kim
ol 2l identilbed synthesis parametors using stadic pars: inos com
bined with rule srtx’, while Mavracic o1 al cuend hemitataki
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minimal doenain e e, uainyg only carefully destgned prompt engl
neeTing siralegies. instance. Polak & al. proposed Chatkixtrac’
framework that demonsirates the potential of advanced general
L for elfiiont data cxtsaction. The cone of this mecibod oy i 2t of
engineeral promple tha gde the LLM 1o identify and cxtract tampe
imfarmation ltom rdovant scnbonoee. More @mponiantly, it introdsom 2
seriea of follow up guesibons o repesially verily the scowmcy of the
extracial dats This nteractive verilication mechandos eff:
mitigates the inberent kallucination problem of LiMs. In evaluati
maderials relaled datasets, Chal Extract combined with GIFT A achieved
precision and recll raies approaching #0%. Bmadly speaking, pen
wrative LLMs have demondrated drong performanoe somes 2 wide
rangr of nalural bngmapr procosing tasks, Lrpcly sitributad 1o
Tramalormer srchilectore™ and larye- scale pretrsining, The CFT seties
modds’ hove shown codlent generslivstion in both sero-shot =nd
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CMAT: A MULTI-AGENT COLLABORATION TUNING
FRAMEWORK FOR ENHANCING SMALL LANGUAGE

e Comparable results to GPT-4

Small Language Models are the Future of Agentic A1
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Small Language Models are the Fulure of Agentic Al

Peier Bebeak”  Gireg Heinrich'  Shidwe Dise"  Yooggan Fu'  Xin Doag'
Saurav Moralidharan'  Yingyan Lim' Pavis Molchanay"
TNVIMA Rescarch  *Ceongia Institute of Technolo
agenta rescarchfovidia. com

.. o Overkill of generdlists

Tormance: on 2 wikle ran; ahility 1o hold 4 general
lems ix, however, ushering in 2 mos
m which language masdels porfanm 2 small umsher ol specisloosd L

wsiliom Lhad small language models (SLMx) ane sfficientiy
erful, inhererily more seitahle, and necer e economical

e  Are faster, cheaper, easier to fine-tune

ol 51Msx i agentic sysierms and outlioe 2 peneral LLM-to-51M agenl
algarithm.

e They can understand us

[ Al ol the presnt d Callim r bl coninbubions e amd on
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When small language models
collaborate like specialists in a team,
they can reach the power of giants.
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Takeaway points

Using LLMs brings concerns about privacy and security
Companies lack the infrastructure to run LLMs themselves
SLMs are getting better and better
Using SLMs in MAS can achieve similar performance as LLMs

In many cases, LLMs are overkill
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Used sources

CARE-AD (Alzheimer prediction): https://www.nature.com/articles/s41746-025-01940-4

ChatDevAl (virtual software company): https://chatdev.ai/

Small Language Models are the Future of Agentic Al: https://arxiv.org/abs/2506.02153

How Small Language Models Are Key to Scalable Agentic Al: https://developer.nvidia.com/blog/how-small-language-models-are-key-to-scalable-agentic-ai/
SLM-MATRIX: https://www.nature.com/articles/s41524-025-01719-x

CMAT: https://openreview.net/forum?id=e8JgXGeuqJ

MMLU: https://medium.com/%40makarenko.romani2l/what-you-need-to-know-about-lim-rankings-in-2025-bfdac3d0e 466

Qwen3-235B-A22B: https://www.actuia.com/en/news/dlibaba-launches-gwen3-235b-a22b-instruct-2507-and-breaks-away-from-hybrid-reasoning/
LLM Leaderboard: https://www.vellum.ai/lim-leaderboard

Qwend technical report: https://arxiv.org/pdf/2505.09388

Gemmad: https://deepmind.google/models/gemma/gemma-3/

Gemini2.5 Pro: https://deepmind.google/models/gemini/pro/

Liama 4 herd: https://developer.puter.com/encyclopedia/llama-4/

Deepseek v3.1: https://www.cometapi.com/what-is-deepseek-v3-1/

Reflective Multi-Agent Collaboration based on Large Language Models: https://proceedings.neurips.cc/paper_files/paper/2024/hash/
fa54b0edceSeefObb07654e8ee800cb4-Abstract-Conference.html

A survey on LLM-based multi-agent systems: workflow, infrastructure, and challenges: https://link.springer.com/article/10.1007/s44356-024-00009-2
Multi-Agent Collaboration Mechanisms: A Survey of LLMs: https://arxiv.org/abs/2501.06322

Symbiotic Agents: A Novel Paradigm for Trustworthy AGI-driven Networks: https://arxiv.org/abs/2507.17695
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