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Office Hours: Tuesday at 3:30–5:00 pm.

Team Signup: Use this link if you haven’t signed up yet.

• More in-class activities coming up!

Slack Signup: Issues should be fixed. Use this link if you haven’t signed up 

yet: https://join.slack.com/t/cs839scientif-tav7625/shared_invite/zt-
49srj0go7-fMbEgaj8RiRNr97PEENVYw

First Assignment : Coming on Thursday!

https://docs.google.com/spreadsheets/d/1RfNel6luK-ub9mjSxLSiDxIXfAD9A9UXK8P9U0_wHls/edit?usp=sharing
https://join.slack.com/t/cs839scientif-tav7625/shared_invite/zt-49srj0go7-fMbEgaj8RiRNr97PEENVYw
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From Last Time: Different Agentic Surfaces

Fred Sala · UW–Madison

Examples of common agentic surfaces: 

API / function: offers typed arguments and structured returns. Good for bounded 

operations. 

Code / CLI: Flexible and composable. However, broad access means security and 

reproducibility issues.

GUI: Works with existing software; state may be partial or visually ambiguous.

Instrument: Actions can consume samples, money, time—or create physical 

hazards.
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From Last Time: The agent–computer interface

Fred Sala · UW–Madison

The interface makes a big difference!

It’s not (just) the model: The available 

commands, observations, and feedback 

from the interface shape the agent’s

behavior.

Example: An interface designed for an 

agent can make work easier than a 

generic shell. Especially true for coding 

agents.
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From Last Time: Protocols can help!

Fred Sala · UW–Madison

MCP idea: A host can connect an agent to servers exposing tools, resources, and 

prompts.

Why? A common interface reduces one-off integration work.

• Convenient in lots of ways!

Warning: A tool description is untrusted input; the host still decides access and 

approval.
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From Last Time: Errors are actionable observations

Fred Sala · UW–Madison

We can do a lot using feedback from errors! Some examples:

Validation error: Fix an argument; do not retry unchanged.

Rate limit: Wait or switch to a cheaper path within policy.

Timeout: Check job status before assuming failure.

Domain warning: Inspect scientific assumptions before reporting a result.
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From Last Time: How do we deal with timeouts?

Fred Sala · UW–Madison

Let’s see an example:

Scenario:  You submit a simulation job, then the client times out.

Unsafe/bad move: Submit the same job again immediately.

Safer move:  Query by job ID; retry only if no job exists.

Why:   Retries can duplicate cost, data writes, or physical actions.
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Today’s motivation: from one call to a task

Fred Sala · UW–Madison · 2

So far, we have discussed our agents doing individual things

• But we want them to do entire tasks. What’s the difference?

One call. Example: Find candidates below a temperature threshold.

A task. Example: Select, simulate, validate, compare, and explain a candidate.

Planning problem: Which actions, in what order?
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Today: planning and task decomposition

Fred Sala · UW–Madison · 3

1 · Idea: Break an objective into executable subgoals.

2 · ReAct: Act, observe, and revise.

3 · Search, reflection, and verification when a first plan fails.

4 · Keep long-horizon work within cost and safety limits.
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Outline

Fred Sala · UW–Madison · 4

Plan construction

Goals, dependencies, and actions

Search and verification

Replanning, alternatives, reflection, and checks

Long-horizon science

Budgets, checkpoints, and recent research systems
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What is a plan?

Fred Sala · UW–Madison · 5

What shall be generated in a plan? Some things to keep in mind:

Goal:  A desired outcome and success criterion.

State:  What is known now (including uncertainty and artifacts).

Actions: Available operations the agent can take.

Policy: A rule for what to do after the next observations.

Budget: Time or tokens or money or # of experiments.
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There are multiple ways to plan!

Fred Sala · UW–Madison · 6

Not every task needs same level of flexibility. For 

example, we might have:

•  Fixed workflow: steps and failure cases are 

known in advance.

•  Decomposition: identify subgoals and 

dependencies first, but then the plan is fixed.

•  Online planning: decide again after each 

observation.

How much flexibility do we actually need?
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Before We Plan
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Let’s go back to our running example from the 

exercise: materials stable below 323 K.

We’ll need to answer basic questions. E.g., 

•  What does “stable” mean? Which data / 

metric?

•  What must we return: IDs, measurements, 

source, evidence?

•  What are the limits on tools, cost, and 

physical actions?
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Example: Candidate-Screening Plan
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One possible plan for our example:

•  Query the data and save the raw 

response.

•  Normalize units; flag missing or 

ambiguous fields.

•  Simulate a shortlist; retain job IDs and 

logs.

•  Check the result independently before 

finishing.

Where could this plan fail?
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Where Does Planning Fit In our Frameworks? ReAct
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Reasoning and action interleaved (Yao et al. ’23).

•  Reason: what is the next uncertainty?

•  Act: choose and call a tool.

•  Observe: use the result (or error) to choose again.

Main difference from ordinary CoT: observations come 

from the environment.

Example of online planning, as we saw earlier! 
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ReAct: Running Example

Fred Sala · UW–Madison · 10

Recall our “below 323 K” query.

•  The first query gives a threshold in °C.

•  323 K is 49.85 °C; the first call used the 

wrong value.

•  Correct the query and inspect the 

returned candidate.

•  Then run an independent check before 

reporting it.
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What Makes a Useful Subtask?

Fred Sala · UW–Madison · 13

Just giving a label: “Search, analyze, write” does not give us much to work with. 

Useful to be more detailed:

•  Specify the input and output of each step.

•  Add a check before moving to the next step.

•  Keep the raw artifact, not only the agent’s summary.

What would count as completing the “analyze” step?
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Example: Reproducing a Figure From A Paper

Fred Sala · UW–Madison · 14

Suppose we want to reproduce one result in a paper.

Detailed plan:

•  Locate the data, code, metric, and exact target figure.

•  Fix the environment and random seed.

•  Run the baseline and save the raw output.

•  Compare with the paper, including its tolerance.

•  Explain deviations; keep failed runs in the record.
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Dependencies Between Steps

Fred Sala · UW–Madison · 15

Some steps can run in parallel.

•  Get the data while inspecting code and dependencies.

•  Wait for both before launching the experiment.

•  Verification needs the raw result and run configuration.

Task list by itself does say what can run when. Example:

•  Data access: 10 min. Environment setup: 20 min.

•  Those two can overlap; the 30-min run waits for both.

•  Verification takes another 10 min after the run.
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How Big Should a Step Be?

Fred Sala · UW–Madison · 17

One of our major challenges. Planning granularity matters a lot!

• “Do the experiment” is too big: it doesn’t give us any useful recovery point.

•  Every keystroke is too much detail.

•  Best: a step with an observable result and reasonable/bounded cost.

Example: run the baseline and save outputs plus logs.
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BREAK & QUESTIONS

When should an agent revise its plan?

Next: search, reflection, and verification
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Outline
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Plan construction
Goals, dependencies, and actions

Search and verification
Replanning, alternatives, reflection, and checks

Long-horizon science
Budgets, checkpoints, and recent research systems
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When Do We Replan?

Fred Sala · UW–Madison · 20

Our original plan is based on what we knew before. Now, we might realize:

•  A tool fails or the expected artifact is missing.

•  New data change a key assumption.

•  The next step costs too much, or a check fails.

Don’t blindly continue with the old plan
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Example: A Failed Simulation

Fred Sala · UW–Madison · 21

The simulator rejects an invalid lattice parameter. We might:

•  Check the source units and the tool input mapping.

•  If the correction is clear, submit a new job.

•  If the source is ambiguous, stop and ask for review.

Useful: keep the failed call in the trace.
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Why Not Just Take the Next Easy Action?

Fred Sala · UW–Madison · 22

I.e., a “greedy” loop. A greedy loop can look productive while going nowhere.

•  The easiest call may not reduce the main uncertainty.

•  An early guess can trap the rest of the trajectory.

•  Compare a few plausible next steps before spending.

Especially important when experiments are expensive.
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Search Over Plans

Fred Sala · UW–Madison · 23

Search Over Actions (Koh et al. ’25)  

• The agent proposes several 

possible next actions.

• Execute them in a resettable 

environment, score the resulting 

observations for progress toward the 

goal.

• Expand the most promising branch 

first, and backtrack when a path fails. 
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Example: Three Possible Next Calls

Fred Sala · UW–Madison · 24

The agent returned a candidate material. What should the agent do next?

•  Run the same query again: cheap, little new information.

•  Check units and provenance: cheap and diagnostic.

•  Independent simulation: stronger evidence, higher cost.

Check the source before paying for the simulation.
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Does Repeating the Model Fix a Unit Error?

Fred Sala · UW–Madison · 25

A: No. The same pipeline can repeat a systematic mistake.

•  Inspect the original source and metadata.

•  Check the unit conversion separately.

•  Compare with a method that does not share the same error.

Which evidence would change your mind about A-03?
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Reflection Versus Verification

Fred Sala · UW–Madison · 26

Self-reflection can help when we have feedback 

(recall our evaluator workflow). Idea:

•  Use a failed attempt and a concrete signal to 

revise.

•  Without that signal, the model may rationalize 

the error.

•  Verification needs a check outside the same 

reasoning trace (from verifier, evaluator, etc.) 

E.g., Reflexion (Shinn et al. ’23); Huang et al. 

’23.
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Example: The Metric Does Not Match

Fred Sala · UW–Madison · 27

Our run gives 0.84; the paper reports 0.90.

•  Same data split? Same metric definition?

•  Same code version and preprocessing?

•  Fix a specific discrepancy, rerun, keep both attempts.

One thing to avoid: don’t just ask the model whether 0.84 is “close enough.”
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How Do We Check a Scientific Result?

Fred Sala · UW–Madison · 28

A useful sequence of checks:

•  Syntax: did the tool accept the inputs?

•  Semantics: do the units and definitions make sense?

•  Reproduction: can the procedure recover the result?

•  Independence: does a different method agree?

•  Claim: are we saying more than the evidence supports?
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Are We Evaluating the Plan or the Execution?

Fred Sala · UW–Madison · 29

Important distinction! Starting to get 

attention. Recent example: Agent 

Planning Benchmark (Sun et al. ’26).

•  Tests planning with extra tools, broken 

tools, and impossible tasks.

•  Separates a bad plan from a failed 

execution.

Would the agent notice an infeasible 

step before spending credits?
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Outline
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Plan construction
Goals, dependencies, and feedback-driven action

Search and verification
Replanning, alternatives, reflection, and checks

Long-horizon science
Budgets, checkpoints, and recent research systems
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Planning With a Small Budget

Fred Sala · UW–Madison · 31

Even lots of money in API credits can be a significant constraint!

How to handle it?

•  Track calls and compute as the task runs.

•  Use cheap checks to eliminate bad branches early.

•  Keep enough for a repeat or independent verification.

Stop when another call cannot change the decision.
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Long Tasks Need Checkpoints

Fred Sala · UW–Madison · 33

A research task may outlive one context window.

•  Save the goal, current plan, and open questions.

•  Keep artifacts and the exact state needed to resume.

•  Inspect that state before launching more work.

Next lecture: memory systems for agents.
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Example: ScienceFlow

Fred Sala · UW–Madison · 34

Zhao et al. ’26 study long-running 

research agents.

•  Store executable states, not only prose 

summaries.

•  Return to a live or archived state after a 

dead end.

•  Allocate compute based on budget and 

evidence of progress.

Good area for a class project ☺ 
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Putting the Pieces Together

Fred Sala · UW–Madison · 35

One reasonable planning loop:

•  Set a success criterion and constraints.

•  Decompose the task into checkable steps.

•  Take one action and record what happened.

•  Verify, revise the plan if needed, then stop or continue.
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Takeaways

Fred Sala · UW–Madison · 37

Planning is key! 

•  Decomposition tells us what each step must produce.

•  ReAct gives us online planning via an action-observation loop.

•  Search and replanning help us deal with uncertain paths.

•  Verification is separate from model confidence.
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Readings:

Fred Sala · UW–Madison · 38

ReAct: Yao et al. (2023), arXiv:2210.03629.

Tree of Thoughts: Yao et al. (2023), arXiv:2305.10601.

Reflexion: Shinn et al. (2023), arXiv:2303.11366.

Self-correction limits: Huang et al. (2023), arXiv:2310.01798.

Agent Planning Benchmark: Sun et al. (2026), arXiv:2606.04874.

ScienceFlow: Zhao et al. (2026), arXiv:2608.14354.
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