
child nodes are created by sampling from LLM within the
Node Expansion process. Third, in the backpropagation
phase, the results of a two-step rollout are summarized. This
involves considering the values of the two-step children and
updating the value of the parent node accordingly. Finally,
the MCTS process continues to iterate until a termination
condition or goal is reached, signifying that the search is
finished.

S5. More Dataset Statistics
We provide lists of most frequently used motion and ob-
jects in Fig. S3-S4 and Table S4-S5. Example scene is il-
lustrated in Fig. S1. We next give brief description of the
scene dataset we incorporate for data generation: (i) Scan-
Net [4] is a widely known dataset in computer vision and
3D scene understanding. ScanNet is a large-scale RGB-D
dataset containing 3D scans of indoor spaces, along with
detailed semantic and instance-level annotations. It is com-
monly used for tasks such as 3D scene understanding, ob-
ject recognition, and semantic segmentation. Researchers
and developers use ScanNet to train and evaluate algorithms
for various applications related to understanding the 3D
structure of indoor environments. (ii) Habitat-Matterport
3D Research Dataset (HM3D) [5] is the largest-ever dataset
of 3D indoor spaces. It consists of 1,000 high-resolution 3D
scans (or digital twins) of building-scale residential, com-
mercial, and civic spaces generated from real-world envi-
ronments. Researchers can use it with FAIR’s Habitat sim-
ulator to train embodied agents, such as home robots and AI
assistants, at scale.

S6. More Visualization and goal-plan JSON
More illustrations of qualitative visualization and detailed
goal-plan tree JSONs are given in Fig. S2.

S7. Discussion
Asset License and Consent. We build BEHAVIORHUB
on top of three human motion datasets (i.e., AMASS [6],
BABEL [7], GRAB [8]), and two indoor scene datasets
(i.e., ScanNet [4], HM3D [5]), that are all publicly and
freely available for academic purposes. We implement our
agent with LangChain codebase using GPT-3.5 and GPT-
4 models. AMASS (https://amass.is.tue.mpg.
de/) is released under this License; BABEL (https:
//babel.is.tue.mpg.de/) is released under this
License; GRAB (https : / / grab . is . tue .mpg .
de/) is released under this License; ScanNet (http://
www.scan-net.org/) is released under this License,
and the code is released under the MIT license; HM3D
(https : / / aihabitat . org / datasets / hm3d -
semantics/) is released under this License; LangChain
codebase (https://github.com/langchain-ai/

langchain) is released under the MIT license. GPT mod-
els from OpenAI are available for academic research under
this License.
Crowdsourcing Data Collection. BEHAVIORHUB is pri-
marily collected through an automated data collection
pipeline, with minimal human intervention required for ver-
ification. In addition, we conduct user studies to evaluate
the quality of the human-subjective generation. All human
experts involved in the annotation and evaluation process
are well-informed that their contributions will be utilized
for academic research, and their consent is obtained through
signed agreements. To ensure privacy and equality, the an-
notation process strictly adheres to guidelines that prevent
the disclosure of personal information about the experts and
minimize data bias.
Limitation Analysis. One limitation of this work is that al-
though the generated human motions are scene-aware, the
interaction with objects is currently assumed to be static.
In our future work, we aim to enhance the capabilities of
BEHAVIORHUB and the ACTOR agent by incorporating in-
teractions with interactive objects. To achieve this goal,
we have developed our environment using the Habitat-Sim
simulator, which offers the necessary flexibility to realis-
tically simulate these interactions in future developments.
Furthermore, we are committed to designing a more real-
istic benchmark and algorithm for simulating interactions,
ensuring that our work aligns with future advancements in
this area. To encourage broader exploration and engage-
ment from the research community, we will also release
our complete code implementation, comprising the environ-
ment simulator, dataset construction, and agent implemen-
tation.
Broader Impact. This study focuses on simulating high-
level, long-horizon, abstract goal-driven human behaviors
in 3D scenes. The approach has several positive implica-
tions, including advancements in Embodied AI, potential to
populate virtual reality communities, and enhancement of
non-player game character development. However, there
are potential negative consequences to consider. The gener-
ated results could be exploited for malicious purposes, such
as the creation of highly realistic and deceptive virtual char-
acters for social engineering or online scams. While this
issue falls outside the scope of this paper, we intend to re-
lease our models in a gated manner to ensure that they are
solely used for academic research purposes and prevent any
misuse.



Figure S1. Example Scene. (a) Global view from a slanted perspective; (b) Global top-down view; (c) Local view of a living room.

Figure S2. More qualitative visualization on our BEHAVIORHUB dataset.



Figure S3. (a) Counts of actions in our BEHAVIORHUB dataset; (b) Object counts.

Figure S4. (a) Most frequently used objects; and (b) Most frequently used actions.



Table S2. Detailed prompt design for intermediate nodes labeling.
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#2 Intermediate Nodes Labeling Stage – With the input goal-plan tree in JSON, the AI should assist in labeling the intermediate nodes
in the trees using the attribute "interchangeable groups". Note: Intermediate nodes must be grouped, and the order of nodes in the
same group is interchangeable. For a more comprehensive understanding of this procedural step, please refer to the corresponding
demonstration {{Demonstrations}}. Remember you should reply in JSON format.

Demonstrations
Please label the intermediate nodes in the following goal-plan tree:
Query:
{“Root”: “evening routine”, “children”: [“node1”, “node2”, “node3”]}

{“node1”: “watch TV”, “children”: [“node1-1”, “node1-2”, “node1-3”] }
{“node1-1”: “<walk>”, <couch>”, “children”: []}
{“node1-2: “<sit>, <couch>”, “children”: []}
{“node1-3”: “<press>”, <remote>”, “children”: []}

{“node2”: “have dinner”, “children”: [“node2-1”, “node2-2”, “node2-3”, “node2-4”, “node2-5”, “node2-6”] }
{“node2-1”: “<walk>, <refrigerator>”, “children”: [] }
{“node2-2”: “<open>, <refrigerator>”, “children”: [] }
{“node2-3”: “<take>, <food in refrigerator>“, “children“: [] }
{“node2-4“: “<walk>, <dining chair>“, “children“: [] }
{“node2-5“: “<sit>, <dining chair>“, “children“: [] }
{“node2-6“: “<eat>, <food in refrigerator>“, “children“: [] }

{“node3”: “edtime routine”, “children”: [“node3-1”, “node3-2”] }
{“node3-1“: “<walk>, <bed>“, “children“: [] }
{“node3-2“: “<lie>, <bed>“, “children“: [] }

Response:
{“Root”: “evening routine”, “children”: [“node1”, “node2”, “node3”], “interchangeable groups”: [“group1”, “group2”]}

{“node1”: “watch TV”, “children”: [“node1-1”, “node1-2”, “node1-3”] }
{“node1-1”: “<walk>”, <couch>”, “children”: []}
{“node1-2: “<sit>, <couch>”, “children”: []}
{“node1-3”: “<press>”, <remote>”, “children”: []}

{“node2”: “have dinner”, “children”: [“node2-1”, “node2-2”, “node2-3”, “node2-4”, “node2-5”, “node2-6”] }
{“node2-1”: “<walk>, <refrigerator>”, “children”: [] }
{“node2-2”: “<open>, <refrigerator>”, “children”: [] }
{“node2-3”: “<take>, <food in refrigerator>“, “children“: [] }
{“node2-4“: “<walk>, <dining chair>“, “children“: [] }
{“node2-5“: “<sit>, <dining chair>“, “children“: [] }
{“node2-6“: “<eat>, <food in refrigerator>“, “children“: [] }

{“node3”: “watch TV”, “children”: [“node3-1”, “node3-2”] }
{“node3-1“: “<walk>, <bed>“, “children“: [] }
{“node3-2“: “<lie>, <bed>“, “children“: [] }

{“group1“: [{“node1“}, {“node2“}]}
{“group2“:[{“node3“}]}



Table S3. Detailed prompt design for goal-plan trees refinement.
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#3 goal-plan Tress Refinement Stage – Given the goal-plan tree in JSON format, the AI assistant helps improve its rationality from
two aspects: 1. Completing the missing internal steps, which can often be revised on commonsense (e.g., opening the refrigerator
without closing it). 2. Enhancing the non-leaf node descriptions to be more abstract (e.g., from ‘use toilet’ to ‘feel the call of nature’).
Note that: You should only output the revised goal-plan tree in JSON. To facilitate goal-plan tree refinement, a set of illustrative cases
is provided for reference: {{Demonstrations}}.

Demonstrations
Please refine the goal-plan tree:
Query:
{“Root”: “use toilet”, “children”: [“node1”, “node2”], “interchangeable groups”: []}

{“node1”: “<walk>, <toilet>”, “children”: [] }
{“node2”: “<sit>, <toilet>”, “children”: []}

Response:
{“Root”: “feel the call of nature”, “children”: [“node1”, “node2”], “interchangeable groups”: []}

{“node1”: “<walk>, <toilet>”, “children”: [] }
{“node2”: “<sit>, <toilet>”, “children”: []}

Please refine2the goal-plan tree:
Query:
{“Root”: “evening routine”, “children”: [“node1”, “node2”, “node3”], “interchangeable groups”: [“group1”, “group2”]}

{“node1”: “watch TV”, “children”: [“node1-1”, “node1-2”, “node1-3”] }
{“node1-1”: “<walk>”, <couch>”, “children”: []}
{“node1-2: “<sit>, <couch>”, “children”: []}
{“node1-3”: “<press>”, <remote>”, “children”: []}

{“node2”: “have dinner”, “children”: [“node2-1”, “node2-2”, “node2-3”, “node2-4”, “node2-5”, “node2-6”] }
{“node2-1”: “<walk>, <refrigerator>”, “children”: [] }
{“node2-2”: “<open>, <refrigerator>”, “children”: [] }
{“node2-3”: “<take>, <food in refrigerator>“, “children“: [] }
{“node2-4“: “<walk>, <dining chair>“, “children“: [] }
{“node2-5“: “<sit>, <dining chair>“, “children“: [] }
{“node2-6“: “<eat>, <food in refrigerator>“, “children“: [] }

{“node3”: “watch TV”, “children”: [“node3-1”, “node3-2”] }
{“node3-1“: “<walk>, <bed>“, “children“: [] }
{“node3-2“: “<lie>, <bed>“, “children“: [] }

{“group1“: [{“node1“}, {“node2“}]}
{“group2“:[{“node3“}]}

Response:
{“Root”: “engage in the rituals of dusk”, “children”: [“node1”, “node2”, “node3”], “interchangeable groups”: [“group1”, “group2”]}

{“node1”: “indulge in the visual leisure”, “children”: [“node1-1”, “node1-2”, “node1-3”] }
{“node1-1“: “<walk>, <couch>“, “children“: []}
{“node1-2“: “<sit>, <couch>“, “children“: []}
{“node1-3“: “<press>, <remote>“, “children“: []}

{“node2”: “partake in the evening nourishment”, “children”: [“node2-1”, “node2-2”, “node2-3”, “node2-4”, “node2-5”, “node2-6”] }
{“node2-1“: “<walk>, <refrigerator>“, “children“: []}
{“node2-2“: “<open>, <refrigerator>“, “children“: []}
{“node2-3“: “<take>, <food in refrigerator>“, “children“: []}
{“node2-4“: “<walk>, <dining chair>“, “children“: []}
{“node2-5“: “<sit>, <dining chair>“, “children“: []}
{“node2-6“: “<eat>, <food in refrigerator>“, “children“: []}

{“node3”: “embrace the rituals preceding slumber”, “children”: [“node3-1”, “node3-2”] }
{“node3-1“: “<walk>, <bed>“, “children“: []}
{“node3-2“: “<lie>, <bed>“, “children“: []}

{“group1“: [{“node1“}, {“node2“}]}
{“group2“:[{“node3“}]}





Example JSON - Prepare for the day.

[
{

Root: prepare for the
day

children: [
{

node1: getting
dressed

children: [
{

node1-1: <open>,
<wardrobe>

children: []
},
{

node1-2: <take>,
<clothes>

children: []
},
{

node1-3: <put on
>, <clothes
>

children: []
}

]
},
{

node2: breakfast
preparation

children: [
{

node2-1: <walk>,
<kitchen>

children: []
},
{

node2-2: <open>,
<

refrigerator
>

children: []
},
{

node2-3: <take>,
<food in

refrigerator
>

children: []
},
{

node2-4: <walk>,
<dining

chair>
children: []

},
{

node2-5: <sit>,
<dining
chair>

children: []
},
{

node2-6: <eat>,
<food in

refrigerator
>

children: []
}

]
},
{

node3: home
cleaning

children: [
{

node3-1: <walk>,
<bedroom>

children: []
},
{

node3-2: <take>,
<broom>

children: []
},
{

node3-3: <clean
>, <floor>

children: []
}

]
},
{

node4: work from
home

children: [
{

node4-1: <walk>,
<computer

desk>
children: []

},
{

node4-2: <sit>,
<computer
chair>

children: []
},
{

node4-3: <typing
>, <
keyboard>

children: []
}

]
}

],
interchangeable

groups: [
{

group1: [node1]
},
{

group2: [node2,
node3, node4]

}
]

}
]

Example JSON - Prepare dinner.

[
{

Root: prepare dinner
children: [

{
node1: gather

ingredients
children: [

{
node1-1: <walk>,

<
refrigerator
>

children: []
},
{

node1-2: <open>,
<

refrigerator
>

children: []
},
{

node1-3: <take>,
<food in

refrigerator
>

children: []
}

]
},
{

node2: cook
ingredients

children: [
{

node2-1: <walk>,
<stove>

children: []
},
{

node2-2: <place
>, <food in

refrigerator
>, <stove>

children: []
},
{

node2-3: <wait>
children: []

},
{

node2-4: <check
>, <food in

refrigerator
>

children: []
},
{

node2-5: <cut>,
<food in
refrigerator
>

children: []
},
{

node2-6: <cook>,
<food in

refrigerator
>

children: []
}

]
},
{

node3: serve dinner
children: [

{
node3-1: <walk>,

<dining
table>

children: []
},
{

node3-2: <sit>,
<dining
chair>

children: []
},
{

node3-3: <eat>,
<food in
refrigerator
>

children: []
}

]
}

],
interchangeable

groups: [
{

group1: [node1]
},
{

group2: [node2]
},
{

group3: [node3]
}

]
}

]


