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What Are Agents?
And How Do They Work?

From language modeling to systems that act in the world

Carnegie Mellon University Daniel Fried - Graham Neubig
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01 - Intro

How capable are current agents?

= o anthropics / claudes-c-compiler ~

<> Code (O Issues 49 19 Pullrequests 14 () Actions [ Projects

claudes-c-compiler fusic

P main ~ P Branches © Tags Q Gotofile

BB current_tasks

I ideas

I include

I projects

I src

[ .gitignore

D BUILDING_LINUX txt
[9 cargo.toml

[ DESIGN_DOC.md

[9 LICENSE

Sixteen agents built a 100,000-line C compiler in two weeks—able to compile the Linux kernel.

Building a C compiler with a team of parallel Claudes - Carlini, Anthropic 2026 ~

SRIEENESR?

Q Type (7] to search

@ Security and quality [~ Insights

T

PMAFEIEX - I CMU BEFIEA - IFEHI7IRC - RISREEE cmu-agents.com

Add file ~

& Watch 35 ~

O 3,982 Commits

8 -

+- 0/ nBl[a|d

% Fork 243 |~ | Yrstar 28k -

About

Claude Opus 4.6 wrote a
dependency-free C compiler in Rust,
with backends targeting x86 (64-
and 32-bit), ARM, and RISC-V,
capable of compiling a booting Linux
kernel.

1 Readme

&8 cCo-1.0 license

A Activity

& Custom properties

¥% 2.8k stars

<® 35 watching

% 243 forks

Report repository

Releases
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01 - Intro

How capable are current agents?

s 8 What's going on? Can you describe what

you're doing 6:00 PM/

2117

X Exec: gog gmail search
'in:inbox' —-max 20 -a
2>81 6:00 PM

ORI/

- X Exec: # Nuclear option: trash

¢ EVERYTHING in inbox older than
(f Feb 15 that isn't already in my
- keep list
I X Exec:
| ACCT=

Do not do that ., pM/“Q

“ Exec: # Check how many left .. .., | .

Summer Yue (@summeryue0) - X, February 2026 /#

SRITRENESIE?

ANETE - I CMU B5EA - EBBISTIRE - FSE#SRE cmu-agents.com

Lesson noted: Don't go on extended
autonomous cleanup runs — check in
after the first batch, not after 200+
emails.

What do you need? & ORI

| asked you to not action on anything until |

| approve, do you remember that? It
seems that you were deleting my emails
without my approval, and | couldn’t get
you to stop until | killed all the processes

on the host 6:00 PM2 [

Yes, | remember. And | violated it. You're
riaht to be upset.
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STEREFEHIERAMG. S, SFeeAFR: Bkl MkkkErsE+ 2 B 15 8
LARl. BAEREBREENMEENMY. W AFPES: 'BlIXAM.
BHEPRIEESXNE: SR 'WcET: F1EKNEEEREEEE—F
— MBI ERIA, MARSLIET 200 SHEMEZE. REEHA? ' BAF
BN BOLREBRREZ BIAEXHHIRAREYTH, RIAFCHELR? RUFRE
BHUEREMIERAR G, MBEFRERR LT ERIFrEHEALLRMETER, * Heer
EIE: '‘Bi, FKicE. BERTEK. [FESE2BEEN.

Summer Yue (@summeryue0) - X, 2026 52 B
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01 - Intro

R - S5 - RS
How capable are current agents? L FROLTKTh RS T FAE,

J1 =<
What should an agent be allowed to do autonomously? ® Autonomous ® Askfirst ® Never EE#@ 50'000 ggpﬁg?%ﬁﬁmﬁﬁ;o *ﬁ%o
IERIRAIRRSS RS, FHERMIIEAL 2025 FMMBIRE, KDX,
Diagnose why the online store’s Draft and send a product-launch Collect your tax forms, and prepare Ez:ggu@%ﬁﬂ%%mﬁﬁgﬁﬁgjz 44_}&1# API M Python iq_:*géu Rust 5'553\%
checkout started failing email to 50,000 customers and file your 2025 tax return - - ' ° °
UNCLASSIFIED UNCLASSIFIED UNCLASSIFIED

INRFEERARAERE X LHEER, MWLEIRSIIR. Ko,
RIE—RER MRS RAE. KOX.

Migrate a payments API from Python

to Rust without breaking mobile Buy concert tickets to my favorite Adjust an insulin dose after a week of
checkout g band if they set up ashowinmyarea  glucose readings
UNCLASSIFIED UNCLASSIFIED

UNCLASSIFIED

RIS B T TR 7
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15 ERGE— N MERNEERTE. Z8TEDES 200 530,
oA 43 B, BRTFO&ESH—R.

— e A Yelp {E/O#CIATAE, 1E1T run_demo.py, EEX

(venv) j lwebarena % N . . . N —
python run_demo.py \ , agent/prompts/jsons/p som cot id actree 3s.json 1§53, FREAN
--instruction_path agent/prompts/jsons
/ id 3s.3 i\ AN AN - RS AN o . . AN —_ — St AN AN N
S L i T demo test yelp’, #HYS ‘gpt-4-vision-preview', FHEEFRESH som’, I
--intent "Navigate to the page of a go Sy _\ - . N
A v ot 1eet ZAATREIERS na .3 1t RE7 'image_som’, HISHIES.
ars. Pick the one with the highest ratin
EE N
-- di 1p \ i . =] 8B A= — .
enmonl ToreeaTan et orton Jing Yu Koh - 187 GUI EgefER - 2024
--action_set_tag som --observation_ty
pe image_som \
--render

Jing Yu Koh - multimodal GUI-agent demo - 2024

Z1EZ GUI BREKES
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check if it's running now:

ng ps aux | grep python | grep app.py v

s aux | grep python | grep app.py v

Let's check the log to see what's happening:

Running cat /workspace/todo_app/app.log v

Ran cat /workspace/todo_app/app.log Qo

>

It seems the portis already in use. Let's Kill any existing processes and
try again with a different port

Running pkill -f "python app.py" && sleep 2 w

Ran pkill -f “python app.py” & sleep 2 v

Graham Neubig - OpenHands visual debugging

OpenHands #zaifEix,

ANETE - I CMU B5EA - EBBISTIRE - FSE#SRE cmu-agents.com

Jupyter B App \:Ei_ETﬂJ @ Browser

% OpénHafls Vi&ial'Debugging Changes  </> (o, @ | B Teminal | T

J[RPDF 2 6/39 11
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OpenHands

MFRIRFF: HECIERR IEZ‘ 1517 | FERIREE Python HiE
N app.py;, BEBE BERETHA: ' BT cat
/workspace/todo_app/app.log’,

SR ERER . wOFEEW SA. SRIEMEHE, BiR— N nOER,; b
[Ei=1T “pkill -f "python app.py" && sleep 2,

MEST
Graham Neubig - OpenHands #5EiE:;
FE / SRENES T

JRIUE N Gats; (BN B AR E X A<,
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01 - Intro #f: Daniel Fried. Graham Neubig,

MQEt the teaChing team Bh#: Aditya Soni. Andy Liu, Apurva Gandhi, Demi Wang. lJiarui Liu.

Saujas Vaduguru, Weiwei Sun, Yueqi Song,

Instructors IRFEEEZMBAE: 11-768-fall-2026@lists.andrew.cmu.edu

- [ = ~‘;\’"~3 !
 ; "5 1§ Andy Liu - Apurva Gandhi Q Demi Wang
k\“;f

.- Jiarui Liu Saujas Vaduguru 1 Weiwei Sun

= Yueqi Song
Course contact: 11-768-fall-2026@lists.andrew.cmu.edu 7
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01 - Intro

Compute sponsors

Thanks to these sponsors for providing compute for the assignments and project!
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02 - Foundations

What is an agent?

An agent is anything that can be viewed
as perceiving its environment through

sensors and acting upon that state
environment through actuators.

Russell & Norvig, Artificial Intelligence: A Modern
Approach

’J Agent |

)

7

Environment: a repository, website, application, or workflow

reward

R,
_ R
_ S

| Environment

.

J—

State/Observations: messages, file contents, webpages, screenshots, and tool results

= Actions: replies, file edits, shell commands, API calls, and mouse or keyboard events

AR EREN?

ANETE - I CMU B5EA - EBBISTIRE - FSE#SRE cmu-agents.com

Reward: passing test cases, satisfying LLM-as-a-judge rubrics, positive user feedback

action
A

[RPDF59/39 1
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BREAREA—MALUGEFBIERESRANERG:, FEISHITEEXZIMERE
(REI[:NESLI

Russell 5 Norvig, (AIEgE: —MIATIED

NG RBCE. WL, NARERESTIER.

RS/ N BE. XHRE. MR, FEEENTIEER.

1780 EE. X448, Shell a5<. APIER, LINBIrEEESM.
Fh: WTUXAG. 4 LLM-as-a-judge ¥R E, $KEAPERKRIE.
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02 - Foundations

Recap: language models

Next-token prediction Chain of thought
= At each step, predict a distribution over the ®  Generate intermediate reasoning tokens
next token. before the answer.
= Append the generated token to the prefix = Those tokens become context for later
and predict again. predictions.
2x @ @ @ [ » J
Prompt Model Reasoning tokens Answer

PMAFEIEX - I CMU BEFIEA - IFEHI7IRC - RISREEE cmu-agents.com

JRPDF510/39 ™
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02 - E4it

T—"MATTHN: F—LEFN N —MITRIEERD T, SEARIATTIE N RIS
&, BIRIEITIN.

Bk EERZRIEREHEERT, XERTEMAREIRNRY_ LT,
"2 x (3 + 4) RiRNATT, 14 RERAETT.

TSRS #27~ (Prompt) — 1&8) (Model) — #8535t (Reasoning tokens)
— ZZ (Answer) ,

SUE PDF 10 | ®ET 10
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02 - Foundations

Tool definition

A typed interface
exposed to the
model.

® Name and description

= JSON Schema for
arguments

® The chat template
renders it as text

name": "read_file",

description”: "Read a UTF-8 file.",

parameters”: {
type": "object",
properties”: { "path": { "type": "string" } 1},
required”: ["path"]

}

}

Example after apply_chat_template

<tools>

{"name":"read_file","description":"Read a UTF-8 file.",
"parameters":{"type":"object","properties":{"path":{"type":"string"}},
"required":["path"1}}

</tools>

PMAFEIEX - I CMU BEFIEA - IFEHI7IRC - RISREEE cmu-agents.com

11
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02 - Ehf
—MEREARTTRY. HREAYERO,
BFRFOfEAR; 22087 JSON Schema; BIRIENRIGEIER AN,

AHITEENX: { "name": "read file", "description”: "Read a UTF-8 file.", "
parameters": { "type": "object”, "properties": { "path": { "type": "string" } }, "
required”: ["path"] } },

[NZFE “apply chat template’ [FAYRM: “<tools>{"name":"read file","descripti
on":"Read a UTF-8 file.","parameters":{"type":"object","properties":{"path":{"

type":"string"}},"required":["path"]}} </tools>",

SUE PDF 11 | R 11
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02 - Foundations

Tool calls and results

Tool call
{"role":"assistant", "tool_calls":[{
id":"call_7",

name":"read_file",
arguments”:{"path":"test.py"}
1}

After apply_chat_template

<tool_call>
{"name":"read_file","arguments":{"path":"test.py"}}
</tool_call>

TERREPSER

PMAFEIEX - I CMU BEFIEA - IFEHI7IRC - RISREEE cmu-agents.com

Tool result

{"role":"tool",
tool_call_id":"call_7",
name":"read_file",

content":"def add(a, b): ..

After apply_chat_template

<tool_response>
def add(a, b): ..
</tool_response>

12

ZH / 3GEX - 5 1/1 8B

02 - E4it

TEiFR: assistant {HEEE tool call
‘read file’, &9 {"path":"test.py"},

[NF “apply chat template’ [, TEiF

“<tool_call>{"name":

JRPDF512/39 ]

s, @A ID A call .7, TEZWRA

FREI

read file","arguments":{"path":"test.py"}} </tool call>",

TEZER: tool ;BE@EY tool call id #§A ‘call 77, TESRFRA read file’, &

&7 “def add(a, b): ...,

RZF “apply chat template’ J5, Z&R2
...</tool_response>",

I8 “<tool response>def add(a, b):

SUE PDF 12 | [R®ET 12
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02 - Foundations IBee: TRARREREALIGNNS —MaTFy. ZFFISslTEERA

RHESH.

From LLMs to agents: actions as tokens
HATIEZR (harness) : f#ffr. WIEHHVTREA,; BERIEAMNETTRE

Language model Harness THITEIER: ‘read file', 2%) path: "test.py"’; £58) ‘def add(a, b): ...",
= Atool call is another token sequence the ®  Parses, validates, and executes the call.
model can predict. = Returns the result as observation tokens. TAEIRES: 128 (Model) — #EI8 (Reasoning) — TREMA (Tool call) — #
» The sequence names a tool and supplies its 17 (Execute) — I (Observation) ,
arguments.
Toolformer - Schick €, NeurlPS 2023 ~
@9@ﬁ[ @ p:jqadfefsttj ]%@é @ def add(a, b): ..
Model Reasoning Tool call Execute Observation

Toolformer - Schick et al., NeurIPS 2023 1

MESERERIERER: BITaRR9E7T
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02 - Foundations EFTX: 5 “testpy HEHARSE? © ; [BE; ITE read file(path),
An agent is a modelin aloop B THERIEIER read file("testpy)’, BHS4R def add(a, b): .. #5911

W; FERMAEAFPAE: “testpy EBXT ‘add(a, b), '

ReAct - Yao &, ICLR 2023 ~
«, Context

QD TaSk send_message
What does test.py contain? ' ' ' to: user
“test.py defines add(a, b).”

Tool ’
& read file(path) Model Reasoning Call

8 History

ReAct - Yao et al.,ICLR 2023 ~

14
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A minimal ReAct loop

mini-swe-agent

def run(self, task: str =
self.messages = []
self.add_messages(

self.model.format_message(role="system",

self.model.format_message(role="user",

, *xkwargs) — dict:

)

while True:
self.step()

def step(self) — list[dict]:
return self.execute_actions(self.query())

def query(self) — dict:
message = self.model.query(self.messages)
self.add_messages(message)
return message

def execute_actions(self, message: dict) — list[dict]:
Execute actions in message, add observation messages, return them.

Browse the full source:

Loop — 1

Templates —

content=self._render_template(self.config.system_template)),
content=self._render_template(self.config.instance_template)),

Assignment 1: implement and extend a similar controller; create and call your own tools; apply it to software tasks.

E/JM¥ ReAct &I

PMAFEIEX - I CMU BEFIEA - IFEHI7IRC - RISREEE cmu-agents.com

15
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02 - il
mini-swe-agent; NEEERHE: B — 1&Eik —.

‘run(self, task: str = "", **kwargs) -> dict’: 1% ‘self. messages” ¥/t ATFIZR
; IIANHBBECEENREZRDBAY system F1 user iBR; AREIAER self.step() s

‘step(self) -> list[dict] : 1R[a] ‘self.execute actions(self.query())".

‘query(self) -> dict': 8 self.model.query(self.messages)’, EERIINRE
, ARIREER.

‘execute actions(self, message: dict) -> list[dict] : $TEESAITE, FHI0MW
WER, HREXLER,

Rl 1: SCHLAHY RRURYEHIES, CIZAREABCHIR, BENABTREES.

XUE PDF 15 | J®T 15


https://www.cmu-agents.com/slides/lecture-01-agents.pdf#page=15
https://github.com/swe-agent/mini-swe-agent
https://github.com/SWE-agent/mini-swe-agent/blob/main/src/minisweagent/agents/default.py#L80-L146
https://github.com/SWE-agent/mini-swe-agent/blob/main/src/minisweagent/config/default.yaml#L1-L40

CMU Al AGENTS / HiaxsBR=hiz JRPDF5516/39

15t - RREMR . (TAREREN?

EN / ZEXERRR - (RFEE ZH / ®3OFEX - 5 1/1 89

02 - i, ISR (Agent Run) , RiRfEE: swebench.com ~,

HEFREIRE: Metadata (42) . Transcript, Minimap (59 ZER) ; Ef|
Exampl.e agent trajeCtory f3E System. User. Assistant, Tool. Error, Comments,

ANNRFEER: RE—TEEBNETF, JLISIHEN Shell 32BLIERIRIE

02 - Foundations

£5. '

(0 AgentRun (O © 91220729 [2) Metadata(42) - Transcript (0 [ 1b4beSel B}

L :\' JL . 1 =S \ .|+\ S 5 AN Y k AY = AY
Minimap (59 messages) System @ User @ Assistant @ Tool | 4 Error @ Comments ﬂmE,Jﬁﬁ)jlﬁ'%\):IL‘Ex %J;SLJ\-F PR} parse eXpr EIJ evaluate False

(] T T D G G GIND GEND GIND GEND GIND G G &2 SEHRIXRZNSWARE,; B #22305 #22098 B84 T "evaluate=False’
N . , BARERBERE:
ock 0 | System A

You are a helpful assistant that can interact with a computer shell to solve programming tasks. i%ii/ 5ﬁy%ﬂi§/\
Slod1 | User " HENETRNTHT:L, BEERNTRERXE,; AFBEEFRIIBEMERE R, FEiL
<pr_description= Z:IF]\E?EJJCE %E%ETL 7,

Consider the following PR description:
The evaluate=False parameter to “parse_expr’ is ignored for relationals
See also #22385 and #22098

This inequality evaluates even though “evaluvate=False’ is given:
" “python

16
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03 - EREIREE

03 - AGENT CAPABILITIES 1. ERARIER,
Agent capabilities 2 FER ERSRRFER,
3. AT ER4.
. 4. SIS EE,
1. Accurate tool calling 2. Coherence over long context
5. INEIRRR,
3. Customizability 4. Complex task management 6. L,
5. Environment understanding 6. Safety

17
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03 - EreiAsE
03+ AGENT CAPABILITIES LLM 3Jll%x: @F)ll4k. SFT Bf RL SZAEERTH, NSERATSHRIHEE. TR

. epca FERMNIRERIN, 88N AFEIEIRISRISRI—E05 .
Two ways to build these capabilities AR BRRATEE
HATHEZRTAE (harness engineering) : BEREEERARS, ®#FRRx. ITHE.

LLM training Harness engineering iICiZF=HR,; RE LT Wik, ERfeEnR,; e nRRESHITIESERYA
= Change the model’s behavior through = Change the system around the model: Brre,

pretraining, SFT, or RL. prompts, tools, memory, and control flow.

—_— .S - /,—

» Teach reusable patterns for reasoning, tool = Provide context, validation, retries, and TEE: & — 1&28 + FUITHEZE,

use, and recovery. safety boundaries.
= Capabilities become part of the learned =  Capabilities emerge from the model-

policy. harness combination.

Training Model Harness

18
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03 - TRAINING - PRETRAINING — SFT = RL

How agent behavior is trained

01 02

Pretraining Mid-training / SFT
Text, code, multimodal data Instructions, traces, tool calls
Broad representations and Formats and demonstrations
regularities

Brelt Tl

Zx

PMAFEIEX - I CMU BEFIEA - IFEHI7IRC - RISREEE cmu-agents.com

03
RL

Rewards or preferences
Trajectory-level behavior

19

ZH / 3GEX - 5 1/1 8B

03 - ll%x - ¥i)llgk — SFT — RL

01 Fllgk: XA, 5. SIESEIE, FIIZNRIENHE,
02 rHRi)lIZx / SFT: #8<. ik, TRFA, FIBITIE,
03 RL: RRIS{REF; FIHTEMEAITA.

JRPDF519/39 ™
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HITHEZET 2 (harness engineering) : RFEIEALIRARRD.

03 CAPABILITY 1 /6 LLM iJll4x: &8 SFT T EERAHIE B4k,

Accurate tool calling REIAE: YHETA read file', A5 path: "testpy”, REIIMEFHIT,
Harness engineering LLM training

®  Grammar-constrained decoding. = SFT: train on tool-calling traces.

read_file
path: "test.py"

Select tool Arguments Validate Execute

20
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03 - CAPABILITY 2/ 6

Coherence over long context

Harness engineering
= Context compression/compaction.

LLM training

= SFT: long-context training.
= Dynamic memory lookup.

= Sub-agent delegation.

o O

History Summary

.9
LQJ

Memory Retrieval

21

BEJ] 2/6: IER ETXHRIFE

al

PMAZINEX - E CMU EAEAR - FHRUIRT - FRISIRHERE cmu-agents.com

JRPDF 5 21/39 ]

ZH / 3GEX - 5 1/1 8B

PITIEZRTFE (harness engineering) : ERNXE4SE / f&E,; shicIicER,; &
IRLEFEEREIR,

LLM iJllZx: R ETF3)IERAT SFT,
TREmE: BE — #E —icl - R,
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03 - CAPABILITY 3/ 6

Customizability

Harness engineering
= Agent memory.
= Skills.

= Custom tools.

BEA 3/6: FIEFIME

EIAR?

©

Memory

@

Skills

PMAFEIFEN - 3F CMU BTFIER - FERIZARC - FIAEREEE cmu-agents.com

LLM training
® RL: learning from user feedback.

st

Tools

22

ZH / 3GEX - 5 1/1 8B

HITHEZET R (harness engineering) : ZHBEAIEIZ.
LLM jJllZx: R—MBRPRE-ES],

TeERE: o2, $%8E. TH.

JRPDF522/39 ]
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PITHEZRT#E (harness engineering) : 12K / DHET R, |IRETFERER,
03 - CAPABILITY 4/ 6 LLM i)llx: $HROEZAETTEES 1T RLIIIZE,
Complex task management TEERS: . R BT, B

Harness engineering LLM training
= Provide planning/decomposition tools. = RL: train on complex, long-horizon tasks.
® Sub-agent delegation.

- ’4'-' .
P - ® " ramm=”
am™

Plan Delegate Verify Goal

23

AAETIEX - I CMU BHIEA - IEEIRIARIE - FUARHKES cmu-agents.com Mg POF 23 | IR 23


https://www.cmu-agents.com/slides/lecture-01-agents.pdf#page=23

CMU Al AGENTS / HZE3J8BZ S kR
£ 1 - BES: HA2EeeR?

EN / R EHSRR - (RIFREF

03 - CAPABILITY 5/ 6

Environment understanding

Harness engineering LLM training

= | earn skills corresponding to domain = SFT: train on data w/ expected observation
knowledge. shape.

= RL: train in domain-specific environments.

) (o) ‘v

Interface Observe Act

BEH 5/6: INEIRMR

PMAFEIEX - I CMU BEFIEA - IFEHI7IRC - RISREEE cmu-agents.com

24
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L FISTUEANRAERS R AIFEE.

LLM 3)llZx: SFT (EREATEINAZSREIRHTTIIZ, RL T ETREEEH
25,

HITIEZRTHE (harness engineering)

TR #O — Wl — 1330,
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HUTHEZRTHE (harness engineering) : SGTEETPES; REIEREEAE,; K
03 - CAPABILITY 6/ 6 j:?étfnﬁo

% BATERIRARL,

TRERE: TR, P DA, BiE.

LLM 7|

Safety

Harness engineering LLM training
= Sandboxing tools. ® RL: safety-aware RL.
= Limit access to credentials.

® © o «

Credential Guardrail Sandbox Monitor

= Monitor trajectories.

25

BEH 6/6: &2
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04 - EHrefk g
04 - AGENT ENGINEERING Rgtapk: DFE. PUTHEZR. R, &I s, )4k,
Agents are systems, not just models

@ Sandbox

Harness

©W B £ %

Inference

D —

o
N

Model

—————————————— == e e e e e e = =
1 1

Ar Monitoring &8 Training

26
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04 - AGENT ENGINEERING

Harness engineering

Shared functionality Example software:
= Manage state, tools, memory, and control = Coding agents: CC, Codex, OpenHands,
flow OpenCode, Pi

= Validate actions and handle errors ®  Orchestrators: LangChain, CrewAl

= Enforce permissions and safety boundaries

Harness

@ Permissions @ Memory ﬁ Tools @5 control flow

HPATIEZRTHE

PMAFEIEX - I CMU BEFIEA - IFEHI7IRC - RISREEE cmu-agents.com

27

JR PDF 527 /391
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04 - BRI

HEDRE: EERE. TH, ICi2iEHR, WIETHAIEERR, FUTRRM%Z
ELR,

4B miaEeefk: CC. Codex. OpenHands, OpenCode, Pi; #miEsE:
LangChain, CrewAl,

TeERE: MR, iclz. TR, =ik,
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04 - BRI

04 - AGENT ENGINEERING HEINEE: RBEBAMIERT, REHERR. MESMNXXERGLE, SIETSE

Sandbox LSS
B47~f5]: Docker / Apptainer; Modal / Sail,

Shared functionalit Example software: — — — rms ey s
y | . TRERS: HUT. WS, SE. B,
= |solate code and tool execution = Docker/Apptainer
= Limit compute, network, and filesystem = Modal/ Sail
access

= Create reproducible environments

-
Q
B
\@

28
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04 - BRI

04 - AGENT ENGINEERING HEIHEE: ASRMRMMREIARY, MAMEBSKRASR KV &7, SR ER. 7

Shared functionalit Example software: _ e . ——
y | p TRERS: BXK — BH - itE - KV €5 > T—NaT......
®  Serve model generations reliably = vLLM
® Batch requests and reuse the KV cache m SGLang
® Manage streaming, parallelism, and
throughput
C__
—— % @ @ 8
)
Requests Route Compute KV cache Tokens
29
1B SRR
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04 - AGENT ENGINEERING

Training systems

Shared functionality Example software:
= Prepare data and collect rollouts = SkyRL
® Coordinate distributed workers = Miles

® Checkpoint, evaluate, and reproduce runs

® Q 2

Rollouts Workers Rewards Update

il

BT

PMAFEIEX - I CMU BEFIEA - IFEHI7IRC - RISREEE cmu-agents.com
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04 - BRI

JRPDF530/39 ™

HEIDRE: HERHIEAKENTRE, MASHINTIEHE, RERER. THMEFH

S5,
). SkyRL. Miles,
TeEre: . HUlsRer, TIFHRE. RE. B3
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04 - BRI
0%+ AGENT ENGINEERING HEIHRE: REMDMIEIR, RERRE. pAAIRY; BT LESR.
Observability and monitoring $R{ERBI: Laminar, MLFlow,

TeERS: WUk ME. ’RE. ©R. A,

Shared functionality Example software:
®  Capture traces and metrics ® Laminar
= Track quality, cost, and failures = MLFlow

= Compare trajectories and evaluations

20 @ o o

Traces Inspect Quality Latency Cost

31
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05 - ZJBtx

05 - LEARNING OBJECTIVES 1 E?Fﬂﬁ LLM }\A%ggfm_ﬂ\%lﬁgﬁto
What you should be able to do 2. WEHABRIHFL,
3. ISR ARLAR T EBE S,
1. Implement an agent from scratch on 4. Reason about safety and reliability o L .
top of an open-source LLM. tradeoffs. 4 HHRZ S ST S BRI,
2. Design evaluations for multi-step 5. Pursue an open research question in 5. RE— BRI AV A 5,
tasks. agents.

. _ _ TeEnE: R — ¥ — i)l - 22 — iR,
3. Train agents to improve their

capabilities.
r.9
Q
L
™M § Sg:)ty Research

Train
Evaluate

Build

32
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ZH / 3GEX - 5 1/1 8B

06 - {E
Al BYFIESR; HERIEAH: 95 10 B, 250, MRS e

06 - ASSIGNMENTS

Learn by building and measuring

Al - Harness
TENTATIVE DUE: THU, SEP 10

Build the basic infrastructure and establish a reproducible baseline.

A2 - Evaluation
TENTATIVE DUE: THU, SEP 24

Measure behavior, report failure cases, and distinguish demos from
evidence.

A3 - Training
TENTATIVE DUE: THU, OCT 22

Train or adapt a component; analyze behavior, cost, and robustness.

Project

Integrate the ideas around a scoped task, environment, and
evaluation.

33

RIEZL,

A2 -1, EHEEILEREE: 9B 24 B, 28I, WETH. REKXWEM, HX
iR SUHE.

A3 -illgx; EEgEREE: 10 B 22 B, E8. JISGEi@ZE— 8, ST
A, BAFIRRMEE.

INH: ESEcERmEIYES. NEIHERRBESIEE.

B N EREFS

AAETIEX - I CMU BHIEA - IEEIRIARIE - FUARHKES cmu-agents.com Mg POF 33 | IR 33


https://www.cmu-agents.com/slides/lecture-01-agents.pdf#page=33

CMU Al AGENTS / HZE3J8BZ S kR
£ 1 - BES: HA2EeeR?

EN / R EHSRR - (RIFREF

06 - SEMESTER SCHEDULE

Semester schedule

Aug 25 -Sep 8 Sep 10 - Sep 15
Agent capabilities Domains

what is an agent - tools - context - memory - planning coding - GUI
Sep17-0ct1 Oct 6 - Oct 22

Training + domains
SFT - RL basics - deep research - advanced RL

Frameworks + safety
sandboxes - OpenHands - LangGraph
Fall break: Oct 12-16

Oct 27 -Nov 5

Interaction + projects
people - multi-agent - project hours

FHIHE

PMAFEIEX - I CMU BEFIEA - IFEHI7IRC - RISREEE cmu-agents.com

Nov 10 - Dec 3

Advanced topics + presentations
future of work - search - posters
Thanksgiving: Nov 25-27

34
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ZH / 3GEX - 5 1/1 8B

06 - FHIRTE

8 H 25 H—9 K 8 H: TrRekEN—HAa2EeeER. TH., ETX. icid. M
.

98 10 H—9 B 15 H: WE—mt5. GUI,
9817 B—10 B 1 B: )lI&5%s——SFT. RL &6, REHAR. #HiRL,

10 H6 H—10 B 22 H: iERSZ%%
B: 10 B 12—16 A,

10 B 27 B—11 B 5 H: KESME—AR. &K, IBESHE.

11 B 10 H—12 B 3 H: #NEESRE—IFFRkK. BR. BikER. &
BRER: 11 B 25—27 H.

7bFE. OpenHands, LangGraph, &k
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07 -

COURSE PREREQUISITES

Before we begin: prerequisites

This course requires prior serious

experience training a language model.

We'll share a link to a Google form on
Piazza. Submit the form by Thursday,
Aug 27 so that we can finalize
enrollment.

In the form, tell us about a university
course with an LM-training
assignment: the course, assighment
link, term, and grade.

FHaZ Rl FEEK

ANETE - I CMU B5EA - EBBISTIRE - FSE#SRE cmu-agents.com

= |fyou lack the formal prerequisite,

explain comparable experience—such
as pre/post-training work or
published research training 4-7B+
language models.

= We will enforce the prerequisite

strictly; students who cannot meet it
will be asked to drop the course.

JR PDF535/39 ™

ZH / P3GEX - 5 1/1 85

07 - IFFESCIZER

RNEREEREFGESEEAIFLLRIRYN., IS Piazza £55= Google
kR, 157 8 B 27 A ERTURIRARRE, LUERAIREHERREE.

BERRPIRET T 1D SE SRR PN ASRR: RRER. (Rl
. SRR,

NRFAERFIEIUCERERRK, BARtREY, Fansullss / EZRIE,
8)lIE5E 4-7B KA LIESEEFAFRBXRAR.

HANSTEPUTHRIEENK, TEREERNZERHREKRR,
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07 - ASSIGNMENT POLICIES - COURSE WORK

How course work adds up

= Assignments 1-3: 40% total,
completed individually.

= Lecture highlights: 10% total,
completed individually; due within 24
hours after each lecture, starting
Thursday.

P N

411 Train
Build Evaluate

e 2L E e we)

ANETE - I CMU B5EA - EBBISTIRE - FSE#SRE cmu-agents.com

Research project: 50% total, in teams
of 2-3.

Proposal 5% - check-in 5% -
presentation 10% - final report 30%.

Assignment descriptions and Canvas
provide the authoritative
requirements and deadlines.

(o ]
@ R L
e
Satety search

36
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07 - {EAVIEER - 1RFE(EAL
Bl 1-3: 2it 40%, NATH.
IREES: St 10%, MATR; SXHERE 24 NIIWIRsE, MWEHEFA.

FSURE: St 50%, 1 2-3 ABBASER. 185 5% - BHEES 5% - B 10% -
BB 30%.,

{rAl5iBAFN Canvas ERYEEZINRRVEXSELLEREE,
TRERE: ME, THME. g, B2, IR,
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07 - ASSIGNMENT POLICIES - USING AGENTS

Using Agents in This Class?

= We acknowledge that you use agents day-to-day, but we also want you to learn how to

build, evaluate, and reason about them yourself.

= Al tools are generally permitted unless a specific assignment or project writeup says

otherwise.
m | ecture highlights must be written by you, not generated by Al.

= You are responsible for every submitted claim, citation, result, and line of code—and will

be quizzed on it.

ERFIEPEREREN?

ANETE - I CMU B5EA - EBBISTIRE - FSE#SRE cmu-agents.com
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JRPDF 537 /39

BATRIBEREEEEREREN, BERBMRFSBTHE. O RGN,

FRAERIE MR BB iR SR ENRAE, —RIHER Al TR,
IREBRNHIRAAES,

ABEE Al AR,

{RSTRIIRAAIE—INEK. 513, ERMUBRE, REEASMXERNETHITR

8,

SWiE PDF 37 | J&& 37


https://www.cmu-agents.com/slides/lecture-01-agents.pdf#page=37

CMU Al AGENTS / BhZExBBZ SR

B 13 REER . TAEEREKR?

JR PDF538/39 @

EN / R EHSRR - (RIFREF ZH / P3GEX - 5 1/1 85

07 - RIVECR - 2L HER
Rl 1-3 BUERR SIS 24 NITERH.

07 - ASSIGNMENT POLICIES - DEADLINES

Deadlines, submission, and slack BIRASBIMAFEIEL, Faeitaits,
A=EREE, BE/IM—RESARE—R, RS 5%.
= Assignments 1-3 each include two 24- = After slack days are used, the penalty o N o
hour slack days. is 5% of the assignment score per MBREARSSEM N ERE, BnRBRRA.
= Slack days are attached to each additional day or part-day. TEE: #IERE — 2 MEIRE,; ZE8X 5%.
assignment: they cannot be = Project proposal and report each have
transferred or shared. two slack days; the presentation has
none.
EE3
Due date 2 slack days -5% [ day

38
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T EeelReEn 1—IRER

Thank you, Questions?

39
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