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We have covered

● S1: LLM Basic Alignment 
● S2: LLM Alignments for Reasoning 
● S3: Agent applications 
● S4: LLM Data synthesis 
● S5: Agent Memory 
● S6: LLM model serving 
● S7: Agent Evaluation and Attack/Defense Landscape ➔ This lecture!
● S8: Agent Planning
● S9: World Modeling for GenAI Agents
● S10: Multi-Agents
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From a horse to the utility vehicle

The LLM

Raw power, no direction

Parameters Pretraining Capability

The System & Tools

Structure around the model

Tool use Guardrails Memory

The Agent

Directed, reliable, useful

Goal-directed Observable Reliable
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The horse The Harness
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Horse-drawn vehicle
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From model engineering to harness engineering 

Reliable agents are increasingly seen not just as a model problem, but harness-design 
problem (the control, tool-use, monitoring, and testing layer around a model). 5



If agents are increasingly designed as complex systems, 

how should we evaluate them?
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Conventional LLM evaluation falls short for agent systems



LLM evaluation vs. Agent evaluation
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LLM

Agent

LLM evaluation 
(final outputs):
• Is the final answer correct? 
• Is the response fluent? 
• Does it follow instructions? 

Agent evaluation
(full trajectory):
• Planning; tool calling;
• observing feedback; 
• revising; 
• recovering from mistakes



Today’s Talk: Evaluation of LLM-based agent

How to evaluate?
Data; metric; framework

What to evaluate?
Core capability + Specific applications

Future directions
Holistic evaluation; Realistic setting; Saling and automating 
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LLM agent vs. Traditional Software
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Input 1

Input 2

Response 1

Response 2

Traditional Software

Deterministic!



Prompt

Response

Agent

Tools

Database

APIs Functions

Agent

Generative AI models
(An agent can use 
multiple models)

Orchestration
(Agent brain)

Memory
(short-, long-)

Model based 
reasoning/planning

(decomposition 
and reflection)

Profile, goals, 
and instructions

LLM agent vs. Traditional Software

Probabilistic!
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The agent evaluation pyramid

Component-level unit test

Trajectory-level integration test

Multi-agent end-to-end tests/human review
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The agent evaluation pyramid

Component-level unit test
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The agent evaluation pyramid

Tool 
use

Pick the right tools;

Pass right 
parameters;

Handle outputs.

MemoryReasoning and 
planning

Final
outcome

Success rate;

Output quality.

Decompose complex
Tasks;

Set logically goals.

Retrieve past info;
Handle long-context

and conflicts

Evaluation: Cheap, Fast, and Automated.
14

Testing smallest building block in isolation.



The agent evaluation pyramid

Component-level unit test

Trajectory-level integration test
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Prompt

Response

Agent
Orchestration
(Agent brain)

Tools

Database

APIs Functions

Agent

Generative AI models
(An agent can use 
multiple models)

Profile, goals, 
and instructions

LLM agent vs. Traditional Software

Model based 
reasoning/planning

(decomposition 
and reflection)

Memory
(short-, long-)

16Testing a full multi-step task end-to-end.



The agent evaluation pyramid

Component-level unit test

Trajectory-level integration test

Multi-agent end-to-end tests/human review

17Involve humans to check helpfulness, commonsense, … Slow and Expensive



How to evaluate LLM agents?
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Evaluation Process: Interaction Modes
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Evaluation Process: Evaluation Data
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Evaluation Process: Evaluation Data
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Evaluation Process: Metrics Computation Methods
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Evaluation Process: Evaluation Tooling
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Evaluation Process: Evaluation Contexts
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What are we evaluating?

Self-reflection Memory
Tool 

use

Planning and

reasoning 

Scientific Agent Conversation AgentSWE AgentWeb Agent

Core capability

Applications
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What are we evaluating?

Self-reflection Memory
Tool 

use

Planning and

reasoning 

Scientific Agent Conversation AgentSWE AgentWeb Agent

Core capability

Applications
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Agent Capabilities: Planning & Reasoning
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Agent Capabilities: Tool use
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Agent Capabilities: Self-reflection

Self-reflection requires the model to understand the feedback and dynamically update its beliefs to carry out adjusted 
actions or reasoning steps over extensive trajectories.

Metric Description

Success Rate (SR) % of tasks where the agent achieves the main goal completely.

Pass@k Did any of k trials succeed?

Relevant Benchmarks
• LLF-Bench: A standardized benchmark for interactive self-reflection. It diverse decision-making tasks and 

incorporates task instructions as part of the environment rather than as part of the agent.

• LLM-Evolve: Evaluate self-reflection on  standard benchmark such as MMLU.

• Refection-Bench: Designed to assess LLMs’ cognitive reflection capabilities, breaking down reflection into 
components like perception of new information, memory usage, belief updating following surprise.
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Agent Capabilities: Memory
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What are we evaluating?

Self-reflection Memory
Tool 

use

Planning and

reasoning 

Scientific Agent Conversation AgentSWE AgentWeb Agent

Core capability

Applications
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Application: Web agent

An agent that perceive and act on the web.

Benchmarks:
Mind2Wen;  WebArena;  WorkArena;  ST-WebAgentBench

Key metric:
Success rate; Trajectory quality.

Why hard:
• Live web change constantly
• Error accumulate over steps 
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Application: Web agent WebArena: Shopping



Application: Web agent
WebArena: Change Profile



Application: Web agent
WebArena Leaderborad



Application: SWE agent

An agent that read, write, fixes code through an agent-computer interface.

Benchmarks:
SWE-Bench;  SWE-bench verified; SWE-Bench Lite
LiveCodeBench/-Pro

Key metric:
% resolved; Test pass rate;
Edit efficiency.

Why hard: Repo context could be huge; Many valid solution exist
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Application: SWE agent
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Tasks instances are obtained from real-world Python repositories by connecting
GitHub issues to merged pull request solutions that resolve related tests

SWE-Bench



Application: SWE agent SWE-Bench: Leaderboard



Application: SWE agent
LiveCodeBench: Leaderboard



Application: Scientific agent

An agent that accelerate scientific research.

Key metric:
Scientific idea; Experiment design;
Experiment code; Peer-review.

Benchmarks:
AAAR-1.0; ScienceAgentBench; CORE-Bench;
DiscoveryWorld; MLGym.

Why hard:
• Ground-truth rarely exist
• Need domain expertise 

40



Application: Scientific agent

41

MLGym: Improve an RL task



Application: Conversation agent

Customer service agents are required to handle user requests, while adhering to the 
company’s policies and procedures.

Why hard:
• Context span multi-turns
• No single correct answer

Key metric:
• Task completion
• User satisfaction
• Coherence

Benchmarks:
• ABCD
• ALMITA bench 
• IntellAgent
• 𝜏-Bench 42



Application: Conversation agent
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𝝉-Bench



Future Directions
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Thanks
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