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Where We Are

L36 made one agent that can sustain a long task.
L37 asks: what if one agent isn't enough?

Two threads we left open last time:
 Can several specialized agents outperform one generalist?
* How do humans stay in the loop when agents run for hours?

The arc: L35 =theloop - L36=thelonghorizon - L37=manyagents +the human
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The Question

A single GPT can plan, code, and critique — but never all three well, at once, in

one context window. What breaks, and what do we do about it?

CS3317

(7 &)

ONE GPT AGENT

PLAN CODE CRITIQUE

ONE CONTEXT WINDOW
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Something gets squeezed out:
details, constraints, or past lessons
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Today: the limits of one agent > teams of agents > who supervises them.
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WHAT BREAKS

Shallow plans or
forgotten constraints

Bugs slip through
weak self-critique

Repetition and
lost lessons

Context fills up,
important context drops
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WHAT DO WE DO?
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Teams of agents

€@D divide responsibilities
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Specialize
planner - coder - critic

Use memory
summarize + retrieve

Supervised by

a higher-level agent
sets goals, checks work,
keeps them aligned
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Objectives

By the end of this lecture, you should be able to:

* Explain why a single agent saturates as tasks scale (role, context,
parallelism).

* Distinguish the main multi-agent patterns (orchestrator-worker, pipeline,
debate, peer).

* Evaluate whether a multi-agent gain comes from the design or just from
more compute.

* Place a deployed system on the autonomy spectrum and locate where a
human must stay.

* Critique the cost, trust, and accountability tradeoffs of autonomous systems.
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1. One agent’s
ceiling

Limited context, memory,
and bandwidth cap what a
single agent can do.

Roadmap

Multiple agents bring more
perspective, capacity, and
parallel work.

3. The human
in the loop

Humans provide goals,
judgment, ethical guardrails,
and course corrections.

4. Reality
check

Outcomes are measured
against reality; feedback
closes the loop.

O Plan
set direction

Collaborate
get the work done

®9 Guide
‘ keep it aligned

//I Verify

[ ] l check results

Four beats — each one forced by the limit of the one before it.



1. Why One Agent Isn't Enough
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The Single-Agent Ceiling

e Situation: our L35-L36 agent — one model, one context window, a ReAct
loop, memory, and tools. It works. Until the task gets big.
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2 Plan

x
o set goals,

decompose tasks,
choose approach

~

Memory
aa recall facts,

store history,

keep track

Single LLM Agent

one context window

o

Tools
}gﬂ search, code,

calculate,
use APls

Critique

review results,
find mistakes,
improve




Three Things That Saturate

* Complication: one agent hits three walls at once.

One context window, four competing demands

S context full —
. {ET Code Logs / tool output Docs / RAG o~ things get
O)x goals, tasks, </ > current files, runs, results, references, dropped

approach snippets errors, data knowledge

e Context overload — plan, code, logs, docs all fight for one window (recall L36's
auto-compact).

e Role conflict — the same prompt can't be a rigorous planner and a skeptical critic.
e No parallelism — one agent does one thing at a time; a 10-file refactor is serial.
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Think: Where Does This Break First?

You ask ONE agent to: research a topic, write a 20-page report, then fact-check its
own claims. Which step fails first — and why?

a) the research

(a)
(b) the writing

(c) fact-checking its own work
(d)

it runs out of context first

Discuss with your neighbor before we reveal it.
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The Move

Question: if one context, one role, one thread is the bottleneck —
what's the obvious move?

Answer: split the work across several agents
— each with its own role, context, and tools — and let them talk.

We don't make the agent smarter. We make a team.

CS3317
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2. Multi-Agent Systems
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What Is a Multi-Agent System?

Definition: several LLM agents — each with a role, its own context/memory,
and possibly its own tools — that communicate via messages to solve a shared
task.

1. one agent 2. agent team 3. supervision

=

/ | \\

q q // | \
x 4 “x
Cove I

execute execute review

too much to do, one bottleneck divide work, parallelize, iterate oversees, aligns, ensures quality
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Roles & Specialization

Commonroles:

 Planner/ Orchestrator — decomposes and delegates.

* Workers / Specialists — each handles one subtask.

* Critic/ Reviewer — a separate reader that checks the work.
* Judge / Aggregator — picks or merges the final answer.

plan

review ‘\
—> [E]--» Q" -|©

feedback

A critic with its own context is a genuinely different reader — it catches what the author
missed. This is 'separation of concerns, applied to prompts.

CS3317
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Coordination Topologies

Orchestrator-Worker Pipeline

/l\ ‘ .‘ .‘ .‘

Debate / Consensus Peer / Group Chat
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Manager-led - assembly line - argue-then-judge - free-form channel.
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Why Debate Works (a Little)

Multiple agents arguing surfaces errors a single chain-of-thought

hides; a judge picks the better-supported answer.

L
Il
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Agent A

"answer = X"
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\
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Agent B

"no, answer = Y"

~

&

O %

Judge

(weighs arguments)

Check reasoning
Compare evidence
Weight credibility

Decide

Better-
supported
answer

\

J
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The Systems Zoo

( B ( ) 4
AutoGen CrewAl MetaGPT / ChatDev
(Microsoft) (open source) (research)
) 6 69 &5
S )
R, S s 4 ° 0 ° o
Conversational multi-agent framework Role-based agent 'crews' A software company of agents
. J . J .
e .
CAMEL Generative Agents
(research) (Stanford)
Q Q ‘é)fm! |'l|l| ﬁ.&
~ R
Two agents role-play a task 25 agents living in a sandbox town
\ J
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Emergent Social Behavior: “Smallville”

Joining for coffee at a cafe

Taking a walk

in the park
' [Abigail]: Hey Klaus, mind if
I join you for coffee?
[Klaus]: Not at all, Abigail.

How are you?

Finishing a .~ Y T
morning routine | : - | o > - R 3 ks [John]: Hey, have you heard
I, ; ) g ¥ . . F‘ﬂ'm o 1 anything new about the
r | s P-q ; '.} . | = upcoming mayoral election?
) ! [Tom] : No, not really. Do you
know who is running?

S i i

s - W i
Park et al., Generative Agents: Interactlve Simulacra of Human Behavior, 2023

An agent plans a party; invitations propagate through the town.
Believable — but be careful reading too much into it.

CS3317
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Worked Example: the Research-Report Crew

* Task: produce a vetted 2-page brief on solid-state batteries.

revision loop

£

r N A 5} a4 N
Researcher Writer Critic Reviser
RAG, gathers drafts the checks every fixes flagged
sources brief claim claims

v
v
xz—

Walk it live: the Critic flags an unsupported claim > the Reviserfixes it > the Judge
approves. One loop is usually enough.

\
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Does “More Agents” Actually Help?

The seductive story: The reality:

* more agents = more brains = better.

Cost explodes (N X M X tokens)
Errors propagate between agents

Echo chambers — same model agrees

e Coordination overhead, deadlocks

More agents: quality plateaus, cost keeps climbing

—8— Task quality
= = Cost (tokens) ~

Task quality (%)
~
w
N
o
Cost (relative)

CS3317 Number of agents 19



3. Human-Al Collaboration
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The New Situation

* Situation: whether one agent or a crew, they now run autonomously, for a
long time, taking real actions
— writing files, sending emails, spending money.

L36's long horizons + L35's tools = real-world consequences.

CS3317
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The Control Problem

Complication: as autonomy rises, human visibility drops and
errors compound silently.

* High-stakes, irreversible actions (delete, deploy, pay) cannot be
fully delegated.

* Yet babysitting every token defeats the point of an agent.

Question: how do humans stay meaningfully in control — without approving
every single step?

CS3317
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* Answer (part 1): autonomy is a ladder, not a switch.

Increasing autonomy — decreasing human visibility

The Autonomy Spectrum

>

Advisory

Al suggests,
human does all

,
Human-in-the-loop

Al acts, human
approves each step

©

N\

s

Human-on-the-loop

Al acts, human
monitors & intervenes

~

s

Fully autonomous

Al acts, human
reviews after

~\

spell-check

CS3317

Copilot accept

[ Claude Code monitor ]

overnight trading bot
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Collaboration Modes

Answer (part 2): the same agent can sit in different modes depending on the
task.

* Tool — autocomplete; you drive entirely.
* Assistant — Copilot suggests, you accept or reject.
* Collaborator — pair-programming; mixed initiative.

* Supervised operator — Claude Code runs, asks before destructive ops.

Mixed-initiative: either party can take the next step;
a good interface makes the handoff cheap.

CS3317

24



Oversight Mechanisms

approval
gate

“ B [ N - =) - )
R e v — =
— -> = —> </> —>|—>
read files plan edits write code delete database
& J € ¥y € J - y
e Approval gates for irreversible e Audit logs / traces — see why it did X.
actions. ¢ |nterpretable plans — show before

e Sandboxing — let it fail safely. executing.

CS3317



A Real Approval Gate

e Allow Claude to run Remove .claude directory? project (local)

Remove .claude directory

rm -rf .claude/ && echo "removed" && 1ls -la

Claude requested permissions to edit /Users/hunto/Projects/cs3317_final_proj/.claude which is a sensitive file.

Deny Always allow

The approval gate is the cheapest, highest-leverage safety mechanism in deployed
agents today.

CS3317
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High

Human
trust

Low

CS3317

Trust Calibration

OVER-TRUST CALIBRATED
(automation bias) appropriate
errors ship ’,IV reliance
/,,’
: il ¢ ) UNDER-TRUST
'(CaL.lthUS) | I l (disuse)
fine, if costly agent wasted

S

Low

Agent reliability

High

Two failure modes:

* Over-trust > automation bias:
you stop checking; the error ships.

 Under-trust - disuse:
you redo everything; agent wasted.

Goal: trust scaled to demonstrated
reliability.
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Collaborations in the Wild

* Coding — Copilot / Cursor / Claude Code: suggest, human
accepts.

* Radiology — Al flags suspicious regions, the doctor decides.

* Content moderation — Al triages volume, humans handle edge
cases.

* Customer support — Al drafts the reply, a human sends it.

The pattern across all of them:
Al handles volume, humans keep judgment and accountability.

CS3317



Where Autonomous Systems Deliver

* Works now:

bounded, reversible, high-volume, human-reviewable tasks — drafting, triage,
scoped coding.

e Still shaky:

open-ended autonomy, high-stakes irreversible actions, and 'multi-agent
wins' that disappear once you compute-match the baseline.

The bottleneck isn't capability demos — it's trust, cost, and accountability.

CS3317
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Open Problems / Frontier

* Accountability gap — when an agent crew makes a bad call, who is
responsible?

* Evaluation — how do we honestly measure a multi-agent system at all?
* Cost & latency — autonomy is expensive; many agents, many turns.

e Safety as autonomy grows — the more it acts, the more an oversight
failure costs.

CS3317
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Summary

* One agent saturates on role, context, and parallelism — so we build
teams.

* Coordination helps (orchestrator, pipeline, debate) — but often less
than the token bill suggests. Always compute-match before believing a
win.

* Autonomy is a ladder — the human's job is judgment, accountability,
and the approval gate.

* Trust must be calibrated — over-trust ships errors, under-trust wastes
the agent.
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Next Week

Every agent so far — one or many — acts through text and software.
L38 asks: what happens when the agent has a body?

Two questions for next lecture:
e How does an agent turn pixels and language into motor actions?

e \Why is the physical world so much harder than the digital one?

L38: Perception-to-Action Models — the Vision-Language-Action paradigm.
(Week 14, Embodied Intelligence)

CS3317
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