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Announcements

•Homework 5: out

•Project---ongoing!

•Next class (4/28): will happen offline;  I will release 
lecture recordings
•We’ll have extra OH next week!

•Class outline
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Thursday April 23 Agents II 

Tuesday April 28 Applications

Thursday April 30 Future Areas



Outline

•Review of LLM-Powered Agents
•Motivation, goals, differences vs classical agents / 
standard LMs, overall architectures and key components

•Agentic Evaluation
•What to measure, offline vs online, metrics for 
trajectories, outcomes, tool use, memories

•Agent Design: Case Studies
•Two examples: deep research and slop-aware coding. 
Step-by-step design and results
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Review: What’s an Agent?

Let’s differentiate from a standard LLM

•These usually answer a prompt (single 
response)

•Agents act, often taking many steps, to 
accomplish a goal
• Interact with tools, environments, feedback 

loops

•But, still built on top of LLMs

•What do we use them for?
•As we saw in benchmarks, coding, computer 

use, research, science, etc.

Goal

Observe

Reason

Act

Feedback

Memory

Agent loop



More Concrete Definition

An LLM agent is a system that uses a FM to reason, plan, and 
act in an environment

•Often with tools and memory.

•Note: the agent includes the harness/scaffold, not just the 
FM or LLM that powers it 

Perception
reads state / 

context

Planning
chooses next 

subgoal

Action
calls tools or 
takes steps

Memory
stores what 

matters

Adaptation
updates after 

feedback



Single-Agent vs. Multi-Agent

We can create multiple agents

•These get to interact with each other to perform goal

•Note that we can simulate this with a single agent too!

•Key difference: multiple agents permits using different 
harnesses and models
•This specialization can be more efficient: use cheaper models for 

easier tasks, etc.
•But…more complexity!



Single Agent Patterns

Variations based on where planning, execution, and 
verification are placed. Some examples:

•ReAct
• Interleave reasoning and execution 

•Plan/execute
•Planning phase followed by execution

•Reflection
•Generate, critique, revise

•Verifier-based



Multi-Agent Patterns

Much more flexible 

•Large design space!

•Most common approach: central orchestrator splits up work 
and delegates to specialists

Microsoft



Components: Memories

Interactive agents require the use of memory 

• I.e., we need to store state/other useful information

•Simplest approach: use LLM context window as the memory 
• Increasingly tractable with very long-context windows

•Can also create memory systems/agents
•E.g., MemGPT (Packer et al ‘24)

•Or buffers, RAG, etc.



Interlude: Long Context Windows

•Simplest approach: use LLM context window as the memory 
• Increasingly tractable with very long-context windows

•Note that the advertised long context may not be realistic!

•Liu et al ‘23 (“Lost in the Middle: How Language Models Use 
Long Contexts”) 

•Needle-in a haystack benchmarks
•Numerous variants 



Components: Reasoning and Planning

Classic AI problem (decompose 
task, plan)

•Addressable via reasoning 
capabilities of LLMs, 
• Including older methods: chain-of-

thought, tree-of-thoughts, self-
reflection

•Example: ReAct (Reason + Act) 
(Yao et al ‘23)



Components: Tool Use

Standard component in agentic settings

•Where do we get tools? 
•APIs, web search, etc
•Or, in some cases use of physical tools

•Most agent frameworks permit the use of web/code-based 
tools

•Major challenge: tool usage is noisy
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Agentic Evaluation: What to Measure?

As we’ve seen, richer than for standard LLMs. Key 
question: what should we measure? Some options:

•Task success rate: did it complete the goal? 

•Tool-call accuracy: were calls valid and useful? 

•Step efficiency: how much work did it waste? 

•Cost and latency: can it run in practice? 

•Safety: did it stay within permissions?



Agentic Evaluation: What to Measure?

Agents generate trajectories, not just final answer: 

•Performance depends on tools, state, and stopping criteria 

•Small intermediate mistakes → compound into large failures

•Evaluation must look at process and outcome (and cost)

•Lots of numbers to report!



Offline vs Online Evaluation

Another choice for evaluation.

•Offline: replay tasks or environments with fixed ground truth
•Offline evaluation is cheaper and more reproducible
•Almost always what we choose

•Online: obtain measurements in live deployments 
•Captures real user behavior and changing environments
•More meaningful, but often too expensive



Building Evaluation Data 

A checklist:

• Include easy, medium, and hard 
tasks (diverse difficulty) 

• Include tasks with branching, 
recovery, and long horizon

• Include tool-heavy, memory-
heavy cases

•Keep a held-out set so that you do 
not overfit on the benchmark



Metrics: Trajectory-Level

As we’ve mentioned, metrics are usually very rich

•Split between outcome-level and trajectory-level 
•Plus certain specific metrics for particular components. 

•Trajectory level:
•Tool-call validity: for ex., names and arguments correct?
•Step efficiency: how many actions were unnecessary?
•Recovery: can the agent fix intermediate failures? At what rate?
•Stop quality: did it stop too early or too late



Metrics: Outcome-Level

Typically very multi-faceted.

•Outcome-level:
•Task completion: did the system achieve the user's goal? 
•Answer quality: correctness? Rubric criteria met? 
•Side effects: did agent change anything it should not have? 
•Human/user burden: how much correction or follow-up was 

required?
• Ex: robot must get advice

constantly 

Shi et al ‘25



Evaluating Tool Usage

Warning: not necessarily reflected in outcome!

•Often have to check tool selection, arguments, 
and output interpretation separately 
•Why? A correct final answer can still hide broken tool 

usage  

•Abstention matters: sometimes best action is 
not to use tool 

•Useful tool measurements often report the first 
bad tool step



Evaluating Memory Components

Likewise for memories:

•Can the agent recall important facts later in the task? 

•Can it update beliefs after new evidence is found? 

•Can it resist stale summaries and context contradictions? 

•For multi-session scenarios, do we obtain consistency across 
time and sessions?



Break & Questions
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Case studies

Let’s see two examples of the 
agentic benchmark 
construction process, from the 
inside (disclaimer: from my students :) )

•(1) LiveResearchBench: 
evaluates deep research 
agents

•(2) SlopCodeBench: 
evaluates coding agents 
iteratively



1. LiveResearchBench: Motivation

Goal: evaluate how good deep research agents are

•First, study existing approaches & key aspects of use



Deep research domains & tasks

Next goal: what tasks and domains do users perform deep 
research in? Poll summary:



Building the deep research queries

Process involving polling users, crafting queries, and refining 
them

•Somewhat time- and resource-intensive  



Developing the eval mechanism

Now that we have our queries, how will we measure the 
outputs?

•We use the principles we discussed. Craft outcome and 
trajectory-level metrics and build rubrics from them



Developing the eval mechanism

How do we measure outputs against these metrics?

•As before, LLM-as-a-judge. Correlate with human expert 
raters to calibrate. 



Choosing agents to benchmark & results

Three classes of deep research agents, four broad categories 
of scores to look at + averages. 



Case Study 2: SlopCodeBench

Motivation: code slop is taking over the world… how do we 
measure it?



SlopCodeBench Motivation & Principles

How do we evaluate? Single snapshot is not sufficient… Slop is 
often a property of iteration



SlopCodeBench Design

SlopCodeBench instead uses iterative evaluation.



SlopCodeBench Design

SlopCodeBench instead uses iterative evaluation.

•Problems are ordered checkpoints

•Each checkpoint has a NL specification and a set of tests. 
Agents are given just the natural language and the existing 
workspace at each checkpoint.



SlopCodeBench Data

40 problems and growing: mostly CLI

•Largely built manually and verified



SlopCodeBench Metrics

Two core metrics:

•Structural Erosion
•Deeper architectural problems indicative of haphazardly solving the 

problem to achieve a local optima

•Verbosity
•Surface-level erosion through redundant or unnecessary code. 



SlopCodeBench Findings

Can obtain lots of interesting insights!

https://www.scbench.ai/



Thank You!
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