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ABSTRACT

Representation Adaptation and Decision Attribution

for Agent Learning

Wanpeng Zhang (Computer Applied Technology)
Directed by Prof. Zongqing Lu

ABSTRACT

As visual observations, language feedback, dynamic relational structures, and heteroge-
neous demonstrations enter agent learning, a training system must handle two intermediary is-
sues: representational differences when information enters the learning loop, and responsibility
differences when updates are assigned to relations, feedback, and samples. Visual inputs are
continuous, local, and multi-scale; language feedback carries task-stage semantics; dynamic
relations may drift under perturbations; and offline demonstrations vary in source, embodi-
ment, and execution outcome. Improper visual unitization increases the difficulty of sequence
learning, coarse feedback weakens the direction of policy correction, missing relation attribu-
tion lets local environment changes disturb stable updates, and uneven demonstration quality
can assign similar gradient weights to samples with different values. Without organization ori-
ented toward learning updates, the learning operator can hardly absorb reliable information,
and gradient updates can hardly distinguish the responsibility carried by different objects. Tak-
ing learning updates as the intermediary concept, this dissertation studies the mechanisms from
representation adaptation to decision attribution.

For input-side representation adaptation, this dissertation first proposes Being-VL to study
how visual information is organized before entering a unified generative model. Being-VL in-
troduces BPE-based visual tokenization, priority-guided encoding, vocabulary expansion, and
multi-stage training to convert continuous visual content into visual semantic units with explicit
boundaries, while preserving two-dimensional local structure in a learnable token sequence.
The method converts high-dimensional continuous visual features into discrete semantic units,
allowing a unified generative model to process visual inputs in a sequence form closer to text
while retaining local compositional relations among image patches. Theoretical analysis and
experiments show that locality-preserving explicit tokenization reduces the learning difficulty

of visual information and improves training stability and visual understanding. Thus, visual in-
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formation is organized as representation units that can participate in unified sequence learning,

instead of entering the multimodal model only as external features.

For feedback-side representation adaptation, this dissertation proposes AdaRefiner to ad-
dress the semantic mismatch between language feedback and policy updates. Raw feedback in
long-horizon decision tasks often mixes reward changes, intermediate achievements, and un-
finished goals, and therefore may not reveal which behavior should be corrected at the current
learning stage. AdaRefiner uses an adapter language model, a decision language model, and
a comprehension score to transform trajectories, reward changes, and achievements into tar-
get semantics aligned with the current policy capability, turning raw evaluation into semantic
objectives for policy correction. The adapter language model extracts subgoal semantics from
interaction trajectories, the decision language model turns such semantics into trainable policy
signals, and the comprehension score measures the semantic match between a trajectory and
the target. The method shows that representation adaptation covers the input, feedback, and

supervision sides.

For relation-level decision attribution, this dissertation proposes COREP to address un-
stable update evidence caused by changing state relations in dynamic environments. COREP
constructs an environment-shared union graph, learns causal-origin representations, and per-
forms selective relation updates so that policy learning can rely on relation structures preserved
across environments and reduce the disturbance caused by local relational drift. The union
graph gathers state dependencies that repeatedly appear across environments, causal-origin
representations describe how relation structures contribute to the current state, and selective
updates preserve stable relations while adjusting perturbed ones. Thus, policy updates priori-
tize relational components that are more stable for transfer and adaptation, instead of treating
all state relations uniformly. The method refines update responsibility from the whole state
representation into internal relational structures, providing a relation-attribution mechanism

for stable policy learning in dynamic environments.

After input unit organization, feedback semantic refinement, and relation attribution have
been established, this dissertation further proposes PTR to study posterior attribution in offline
post-training of vision-language-action models. With multi-source and cross-embodiment
demonstrations, the value of action supervision often depends on whether the execution out-
come is clear, whether the action segment is attributable, and whether the data source is reli-
able. PTR identifies action execution outcomes through a candidate set, converts the recog-

nition posterior into a PTR score, and maps the score to conservative weights that control the

v



ABSTRACT

gradient budget assigned to different demonstrations. PTR also introduces a belief tokenizer to
improve intermediate-state organization, enabling visual inputs, language instructions, actions,
and execution outcomes to participate in the same post-training loop. Conservative weights re-
duce the update strength of ambiguous or weakly attributable samples, so the model can focus
more on demonstrations with clearer execution outcomes and higher supervision value. In
this way, PTR combines intermediate-state adaptation with posterior sample attribution and
extends representation adaptation and decision attribution to VLA post-training with hetero-
geneous demonstrations.

The proposed methods are evaluated in unified multimodal generation, long-horizon de-
cision tasks, non-stationary reinforcement learning, and VLA post-training. The evaluations
cover theoretical verification, training diagnostics, case analysis, perturbation tests, cross-
embodiment training, and robot assessment. They examine task performance, training stability,
perturbation degradation, sample-use differences, and execution reliability. The results show
that Being-VL improves the training stability of visual tokens in unified generative modeling,
AdaRefiner improves language-feedback guidance in long-horizon policy learning, COREP
yields more stable policy updates under relational drift, and PTR uses heterogeneous demon-
strations more selectively in complex robot tasks. Ablations and diagnostics further show that
input-side unit organization, feedback-side semantic refinement, relation-level update alloca-
tion, and posterior sample weighting correspond to distinct intermediary bottlenecks in agent
learning. Overall, effective agent learning requires both representation adaptation and princi-
pled attribution over relational structures, feedback semantics, and post-training samples. To-
gether, they determine whether heterogeneous information can be absorbed stably and whether

learning responsibility can be allocated properly.

KEYWORDS: agent learning, representation adaptation, decision attribution, visual tokeniza-

tion, posterior attribution
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