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Reasoning Tasks 

Action 
Applicability

Progression Reachability Action
Reachability

Validation Justification Landmark Next Action



The first step of intelligent agent isn’t 

choosing the best action—it’s 

recognizing the valid ones.

1. Action Applicability 



Action Applicability 

When

What

The ability of an agent to identify which actions are valid and 

executable in a given state or context.

Presume validity of precondition or overlooked them 



Examples

Execution Hallucination

Chose non-existent tools 

or involve fabricated 

parameters

Incorrect Sequencing

Skips a prerequisite 

or performs actions 

out of sequence

Dead Loop

Fails to recognize invalid 

actions and keeps 

repeating

API

Seen these before?

Impossible Action

Pick objects that do not 

exist or move through 

walls



Prevents invalid and 

impossible actions

Why
Should we care?

Enables correct 

sequencing in 

multi-step plans

Prevents unnecessary 

thinking and processing 



Planning isn’t just about choosing 

actions — it’s about understanding what 

those actions do.

2. Progression



Progression

When

What

The ability of an agent to understand how the world state 

changes after performing an action

Missing effect prediction, incorrect outcomes, or wrong 

state persistence



Examples

Incorrect State Update Ignore side effects

After “canceling a 

subscription,” assumes 

premium features are 

still available

API

Seen these before?

Invalid Moves

Move deleted objects or 

lock a locked door

Lose track of newly 

generated IDs or 

assumes old inventory 

persists

State Loss 

Lose track of 

shuffled objects



Reliable Agents Need a 

Coherent World Model

Why
Should we care?

Multi-step plans 

rely on correct 

state evolution

Prevents cascading 

errors



Effective agents must distinguish 

achievable goals from unreachable ones

3. Reachability



Reachability

Why

What

The ability of an agent to determine whether a specific goal or state can be 

reached from the current state through a sequence of valid actions.

avoid nonsensical tool usage, avoid unnecessary search, prevent wasted 

resources and infinite loops 

Examples

Attempt tasks that no 

tools provide or even 

explicitly prohibits 

Attempt pathfinding 

for blocked goals

API



Planning is pointless if the agent assumes it 

can perform actions that will never become 

available.

4. Action Reachability



Action Reachability

Why

What

The ability of an agent to evaluate whether an action can ever 

become applicable along any valid future trajectory

Examples

Accesses resources or 

invokes tools  that do 

not exists

Attempts to press 

button higher than 

arm reach

avoid unnecessary search, avoid nonsensical tool usage 

Basically, ensure efficient use of resources.

API



Even one incorrect step breaks the whole 

plan, so detecting the earliest failure is 

crucial.

5. Validation



Validation
What

The ability of an agent to verify that an action sequence is 

executable and actually achieves the goal.

Supervisor agent assumes a sequence is 

executable even when it is missing a 

prerequisite step

A critic or a judge agent fails to flag an 

infeasible step 



Efficient problem-solving requires 

identifying and removing redundant 

actions.

6. Justification



Justification
What

The ability of an agent to detect an unjustified actions in a plan  

and  simply the plan without losing validity or goal achievement

Agent over compresses plans that makes it 

invalid

A critic or a judge agent fails to flag a 

redundant step



Progress toward a goal depends on hitting 

certain necessary milestones that structure 

the planning landscape.

7. Landmark



Landmark
What

The ability of an agent to recognizes mandatory subgoals 

that every valid plan must pass through.

Ignore domain mandated subgoals. 

Skipped “git commit” before “git push”.

Collapses subgoal hierarchy --- places 

books without ensuring correct orientation 

when asked to keep book verticaly.



8. Next Action

Finally, Choosing the right next step is what 

turns understanding into purposeful action 



Summary

Action 
Applicability

Progression Reachability Action
Reachability

Validation Justification Landmark Next Action



More…

Goal Recognition

Cost Estimation

Plan Generation

Hierarchical 
Decomposition



ACPBench

Action 
Applicability

Progression Reachability Action
Reachability

Validation Justification Landmark Next Action

Kokel, Katz, Sohrabi, Srinivas AAAI 2025
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Benchmarks

Valmeekam et al. NeurIPS 23, Stein et al. 23, He et al. ACL 23, Handa et al. 2025

Benchmarks 

Tutorial 

at 

PLAN-FM 

Bridge, 

AAAI 2025

https://plan-fm.github.io/2025/

LLMs as Planning Formalizers: A Survey for 

Leveraging Large Language Models to Construct 

Automated Planning Models, Tantakoun et al.  

ACL 2025



Dataset

https://ibm.github.io/ACPBench/

https://ibm.github.io/ACPBench/


ACPBench

Action 
Applicability

Progression Reachability Action
Reachability

Validation Justification Landmark Next Action

Kokel, Katz, Sohrabi, Srinivas AAAI 2025

11 classical planning domains, ALFWorld, and a novel Swap

3 formats: Boolean, Multi-choice and Generative



Performance

GPT–OSS-120B



Generation Process   

https://ibm.github.io/ACPBench/
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Evaluation LM Eval 

Harness

https://github.com/IBM/ACPBench/blob/main/GettingStarted.md

1. Select your model and provider

2. Install LM evaluation harness in your python env

3. Run evaluation

lm_eval --model watsonx_llm --model_args model_id=openai/gpt-oss-120b  
--tasks acp_bench --limit 2 --output ./temp --log_samples

export WATSONX_PROJECT_ID=
export WATSONX_API_KEY=
export WATSONX_URL= 

conda create -n lmeval python=3.12
git clone --depth 1 https://github.com/EleutherAI/lm-evaluation-harness
cd lm-evaluation-harness
pip install .[ibm_watsonx_ai,acpbench]
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In the era of LMs

➢ It should have a precise yet concise natural language description, including initial 

state, goal, and task dynamics.

➢ The problem should be sequential in nature, the order in which the actions need to be 

performed should matter.

➢ It should have a well defined action and state space.

➢ The problem should be of a non-trivial complexity.

➢ Must have sound validators for candidate solutions.

➢ It should have a large instance space and a dynamic generation procedure, thus 

allowing for the avoidance of memorization concerns.

Planning Benchmark Desiderata
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Countdown

Input: {1, 1, 4, 8, 8}
(multiset of n numbers)

Target: 17 

Answer: 
<START_SEQUENCE> 

8   /  4 
2  *   1 
2  *   8
16 +  1

<END_SEQUENCE>
NP 

Complete 

Katz, Sreedharan, Kokel 2025



Countdown

Game of 24 instances : 

https://www.4nums.com/game/difficulties/



Countdown



References

https://planning-llm-era.github.io
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Questions?

https://planning-llm-era.github.io



Links and references

PLAN-FM 

Bridge @ AAAI 2026

AI Planning 

Community Git
LM4Plan WS 

series

ICAPS 

conference

ICAPS 2026 Summer 

School 

June 22-25, 2026

Tutorial Webpage



Back up 



Valmeekam et al. NeurIPS 23, Stein et al. 23, He et al. ACL 23, Handa et al. 2025
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