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Introduction to verl
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— Same front—end code

® verl in 2025

— Auto—-backend selection

Awesome work using verl

:arepradiction ¢f Desplon< R Zeoro recipe for recassing taskas
R tiann) for Sy <1<78 oy NonasSky Al leam ﬂ
EmpicAL 200! Imvestgoling and Taming Zero Rery'arcervent Leamng for Cpen Seae
Miadls i1 trve Wil
Viutiemadal 2L training framewert ﬂ
LM Agents RL turneng framawerk ‘or vultiole agert enmvironmernts, Mﬂ
~anre R trainng ath a
{20 o g puss wdsun it g agent L iy De 'l.mu‘ku
: AL with reasorirg and searching (tool-call) mtadeased LiVe m
¢ Learring 1o Reason wih Search 10 LLIVS via Ferforoemen: lr:rrl'):x
Skywork opon resoncer sores () ss £ 736
: Seelvg roo-mentaied HL KD

shabdy lraivd iy lrar vk o long<eeiaon LLMNVLY syunis, dony wilh amew aigo it

Ar oy and fficien: RL peat-training ‘rersewerk for Agentic .utrrgn
RTON: e rYorcemay! Baming 'or STEtecic TDOIUSE N LS, COO9 "alease |5 NDrocress
s An unitiee and eagy o edend e dent Yunag Fimework based o ilning €1
MOCes reiforsersent tFrocoh it ‘ewaics mu
MerAgovt Jechaping Leng Comoxt LLM with MUl Corn AL basod Memory Agort m

LA PCSI-IranNi g NecCoD2 10 SCEING KL on AOVancad Hagsonng moeeis — n

:CLERT A Cengdiat T -atyle Yision-Largaege Acier Modd lNer CUIl Agenta <
#1 Trzining of Search AJent with Saar=iRatriaval .').ﬂmrmn
. Reovodecing R for Code with Ieliabis Rewerds

* Srzling deap recose s vin reiafsremant saming in sakwnorid o winamants

s Trehmng YLM eopon®s wil r muit-a 1 riy o ol bea nieg g

QCon

EHENEREXSE

O https://github.com/volcengine/verl

chel https://arxiv.org/abs/2409.19256

G4t e

14.6k star, 2.3 fork

Contributors 398

Star Aotery
el —
- o e e ——
-
- 5 -~
-
e -
."
»
P4
tll
e S
’
-
-
,,
”
5 i
-
’
l‘.
< e
g
'l'
‘i
Y -
,’..
4
&~ tl k—
-
- -
it il
e [ Tum Ntobas
wte ¥, o . .

InfoQ HEIER



® Reinforcement Learning is

Reinforcement learning (RL) at Bytedance

+ Classic Alignment with Human values

Reasoning: O1/Claude-3.7 performance

on math benchmarks

Image/video/music generation

Agentic LLM tool using

Desktop operator, coding assistant,

Gaming...
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@ Introduction to Reinforcement Learning

Step 2
Collect comparison data,
and train a reward model.

A promat and @
several mode
veral m Enplain the moon
outpuls are i L b e kS
sampled o o
T G b e
Mas » waw P e =
ot 1B o wiee

A labeler ranks

the outputs from (/6 )

best to viarst

0'9-0-0
This detais usad "M
%o train our T XN
Dl o
reward model, .2 04
0-0-0-0
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Step &

Optimize a policy against
the reward model using
reinfarcement learning.

Anew prompt
i1s sampled from
the dataset

The policy
generates
an output,

The reward model
calculates a
reward for

the output

The reward is
used to update
the policy
using ERD

™

Wite astong
slod Trogs

Supervised fine—tuning
+ Learning from labeled examples
+ Optimize a single model
Reinforcement Learning
+ Maximize the reward

+ Play with multiple models in a single

system
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@ HybridFlow Programming Abstraction

Make LLM training/rollout as a service

on math benchmarks

Gaming...

QCon
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Classic Alignment with Human values

Reasoning: O1/Claude-3.7 performance

Image/video/music generation
Agentic LLM tool using

Desktop operator, coding assistant,
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Critic
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Receive Future
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Receive Future
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WorkerGroup
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Agent: software systems that use Al to reasoning, planning, and

memory and autonomy to make decisions, learn, and adapt.

," T EMD —Tool calling: Allowing the LLM to select and use various tools
' BY ’g as needed.
START ——= (LM ) —--_ q, %
N y 7 Q\’P —Memory: Enabling the agent to retain and use information
| 0 "X
2 % ! vV S from previous steps.
e U
%0 @"L — Planning: Empowering the LLM to create and follow multi-
©
"% step plans to achieve goals.
“Tool Executor
ReAct (from langchain-ai) Agent RL: training LLM to make better decisions in complex,

dynamic, real world.
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® Reinforcement Learning for Agents — AgentLoop

Rollout AgentLoop: given a user prompt, execute user defined loop, output
multi—turn chat history as trajectory.
[ um ]
— Search: online web search
,I\gmc'“w —MCP tools: image, video edit, ...
— Code sandbox: execute code, python, java, ...
prompt —= | Agent Locp ’ = Qutput
— Virtual machine: operate browser, ppt, excel, ...

— Android emulator: operate app

class Agentiocplasel(ARS):
cce Mbst racteethod
async def runl

self,
messages: listidictistr, Anyll,
prompt i rcmare A sampling _params:! dictistr, Aayl,
- » AgentLospDutput:
) il “ERUs agent 1o0p 10 Iateract with LIM server and envirossest.
r use ] ( ase lars ] [ twal J[ asstant )[ Jee ]( Assisrant ]
- - -~ - Ar
sessages (List[Dictistr, Anyll): Ingut sessages.
( p ‘l o J[ 1 ]( 3 Jr . ] sampling params (Dictistr, Anyl): LM saspling paress.
J e \
. eturns;
—
- leop o .
respe e mask
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® Reinforcement Learning for Agents — System

¢.g, SWE-Agent
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L Agent Framewark ]
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— Server mode: vlim/sglang AsyncLLM engine

rzoponsk toher
|

— Parallel running: asyncio loop run multiple prompts in

parallel

- Load balance and sticky session: better kv cache utilization
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@ Pitfalls in Agent RL

® Lesson 1: token-in-token-out vs chat completion

= o —

s [ IR wd wgscmee [ ety ] — a::':;:m sdestary
| 1 ‘ ' :
AgentLoad Ipoly Shit wreine caccdl & parss ook e ceosde A parss tools @
: J— e | : T
gl ik e 1 O foo ’r::.;.;:m [ £ "m-_izlu] ';—ol =iy
| . \ 1 - . -
1] LLM . | |
[RN T BN | LLM
- " Denvaees ==

Qwen3 tokenizer
—decode([35946, 20412, 105165]) —> FE=E2HFEA

—encode(F =2 EA) —> [104198, 105165]

QCon
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Tool call regex extraction is
irreversible

Tokenizer encoder-decoder is
irreversible
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@ Pitfalls in Agent RL (cont’)

- phservation —»

[Ioken-n |tnken-1 H tokan-2 I 'token-S] [tokan-? |[token-8 ” tokan-8 ‘

L 3 /
A% /s
\\\ /.
-
\“ "/
~ -
S —

-~ -
—

TD=-eiror

v Mask out observation token in
loss
v SKip observation token in GAE
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EERNEFEXSE

InfoQ HREER



Code Agent RL Training
with verl
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® How To Evaluate LLM Code Ability?

Real world software engineering is more

complicated than solving a few lines of code:

-+ Search
+ Navigate
+ View

- Edit

* Run

We need more comprehensive benchmark!

SWE-bench

QCon

SHENEFEAR
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® SWE-bench

Mede Input Gold Patch
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® SWE-bench

SWE-bench has been widely adopted to evaluate LLM code ability.
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https://www.swebench.com/

@ Build Large Scale SWE-bench Infrastructure

SWE-bench Infrastructure

+ SWE-agent: enable LLM to autonomously use tools to fix issues.
+ SWE-Rex: runtime interface for interacting with sandboxed shell environments.

+ veFaaS: Volcano Engine Function as a Service, provides image cache, sandbox

isolation, fast deployment.
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® veFaaS

+ Kata container with strong isolation -

+ Image warmup with nydus and P2P distribution et
- Image affinity scheduling (o) (Lo
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® SWE-agent

Step 1~5: setup container, install tools, and initialize shell session

Step 6: setup agent with tool config yaml

Step 7~11: agent query model, parse action and execute shell command

QCon
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ERenenns

I SWE-ReX deployment
1
- X Modal 8WS

|

RES|

sweagent

run

sweagent run-batch J

SWEENvV

L=

o
Bl

v

!

Agent

config.yaml

forward()

)

History
Processor

-/

Model

SWE-agent architecture
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https://swe-agent.com/latest/background/architecture/

SWE-agent

SWE-agent implementation Tool definition
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1. AgentLoop Abstraction
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Train SWE-agent with verl:

rollout

AgentLoop: given a user prompt, execute user defined loop,

output multi-turn chat history as trajectory.
Search: online web search

+ MCP: image, video edit, ...

+ Code sandbox: execute code, python, java, ...

+ Virtual machine: operate browser, ppt, excel, ...

+ Android emulator: operate app

class AgentLoopBase{ABC):
Aabstractnethod
async def run(
self,
messages: Listidict str, Any) .,
sarpling_parans: cict[str, Anyl,
) == AgentlcapDutput:

|||||

Run agent leop Lo inleract with LN server and envirorment,
Args:

reéssages (List[Diculstr, Any]l): Inpul messages.
sanpling_params IDictlstr, Anyl): LUM sampling parans,

Returns:
AgentloopQuiput: Agent Loop output.

-----

raise NotInplesmentedError
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® Train SWE-agent with verl: rollout

2. SWEAgentLoop

QCon

SHEREFEXSE

clnss SaT/oentiospligentiasplinge]:
wSync dof ratlael!, saqplicg_paraes: dictlats, Awyl, =ekaargs) » &entlioglutput:
100, _Conriq dity = aqert_cortig cata.getittocla®, 11}
too! _config = Yan'lonfizl
defauls agent canfig = Dafa itAneetConf gl -

deplopeatt corfig = velzasheplowwantronfigf =

e config = FavircaresrCon’igl«
erv_contig.deslaynent = dep . oprent_confip

prozley_staterwmnt = TestProd lerStatesent| -
single_ran_vattip = AusSinpieContigl -

single_rin = Selloatong e frea_contagisangle_rn_scotig)
# repluce chat wndel W=z wnent.

#o0cl « ChatMidell -

I noert = Seefgent.trur roatiz(defeult spent ccnfig, wodel=szzwl)

try:

resdt « Inddt Jgettirurizingle_run

outpat dor = sangle runcsatpet e

patcr_outzut_dir « Pathioutput_dir) 7 instanze_id

et autzat Cile = putch outgut Zar F ' Linstunee o). prwd?

tusl xpms = mabe tesl o [ertatinteg
with opendpazcr_outpus_?dle,*r') 22 1
srod = sar.lneslF)

wnfaax_vasfing = Vel wasbDeplopwn i Config -
deployrent = Yefaasleployrent.fron_zon®iglvefaas_zonfig)

|w.1l_'e-,.|'.l = anull run_=all -
printlevat_recoitl

| moumn wIel.ooauert_To_aqent_autput] result, eval _result]

< SWE-agent instance

<:I Run specific task: image, commit, problem, ...

<:l Run tests with patch to get reward score

<:l Convert messages to AgentLoopOutput
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® Train SWE-agent with verl: rollout

3. Bridge the gap between chat completion and token-in-token-out

- [
woly I
E== =3 E= e | T e |

- gcnuatc(tobcv\)
g ool N Mwelle s A pam Ly eacade U S e ey Gl"l
[ pes 4 "".";"‘ }m “ . Ny | .‘
r = Trajectory
am
uw L |
- Lo e

\
poTe .‘-Qs o)

ChatModel

SWEAgent.'_oop
* Encode messages and tools to tokens in request
+ Decode tokens and
[ vemmeit @ "Pow meny verlice! ssympiutes doos U g ogh of Speifrac{2Ha"2va=424 hovz? Lol ™ Lhund sies by step owd owtput e Fise!l evaee: withiy Vuso b ™
el wer)
. Keep Chat history in foamtert 1 T detemmine the nusber of vertical asysplotes for the fesction § ¢ & \WIrac{ihee™2 + » =~ 6F 5, we ned % f0v the /aiues of § x § wihere the denmndtor ¢Quals 2e70, &5 these polnt: are whete the fusction |s wd

"ol ssistant',

fnct.on's ("arguments® '{"iode’: “fros sympy isport wymools, solve'\rx = sysbolsl\ XV N\\areots = 0 weimend « 3 < 6, 2)V\arcets™)",
‘nase @ TOOOe_n%ermprater’),

et 'fenciin’,

feddey ¢ 23010
aalett maalt, ‘sartent's Y1l Y]'a'),
VAT T ras AT TR M T S T s v s A et At v e sl LAt e T b e are e unlant af L 0 Dere The tearairatar o 1ery, WAL meaas the Tt an £y e \WTraci2Mv*? & » ) ¢ e indefinadt ot the

"releti mciztnt'))
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® Train SWE-agent with verl: training

Reinforcement Learning with Verifiable Reward(RLVR)

+ reward: model generated patch pass all test cases

« algorithm: PPO or GRPO/DAPO/GSPO

Group relative advantage estimation:

- mean({r1,r, - ,ra})

A=
l Std({"lﬂ'z,"',"n}:’

We will release the training recipe soon!
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Figure 4 | Demonstration of PPO and our GRPO. GRPO foregoes the value mncel, instead
estimating the baseline from group scores, significantly reducing training resources.

DeepSeekMath, Zhihong Shao, et al, 2024
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® Limitation and Future Work

Limitation: AgentLoop chat history append only

How to compress context?

How to handle extreme long—context?

ll'.il‘;- . ~.
1 Sngle-call GFPO
am-a - Hee-m-

an-u

(M) Brasiai s ralistar ERPO

microsoft/agent—lightning

QCon
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Some awesome works based on verl!

Solving Long Context Task with Long Contest LLM [EI

——— \ LungComens LLM |
- 3 ' & ,
J 1] 231« %) © 71 (6] (3] B ) [ @) W ) ) () aa ) (N Y =t Crash |

T —— NEEEEN DD 5EE D E6EE a6 e EF Lo
o 58 o q 3 B

) N us | LM B LM [ b 116 ‘ ’

\ + - 3 ) : X

ms-un- smlE venls Do s SN B

()L ghtringRi (nars Solving Long Context Task with Memory Agent via RL

BytedTsinghua—SIA/MemAgent
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https://github.com/microsoft/agent-lightning
https://github.com/BytedTsinghua-SIA/MemAgent?tab=readme-ov-file
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Large Language Model Is Redefining The Software
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