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Research Gap
Previous Work Problem Ours

Layer as Reuse Unit
Sequence sharing

Repeating each layer makes representations
homogeneous across depth

Block as Reuse Unit
Grouping adjacent layers into blocks

enables local refinement while preserving
depth specialization

Network as Reuse Unit
Cycle sharing

One set of shared weights cannot specialize to
different depths

Motivation
Reuse Topology Is an Overlooked Design Axis
• Sequence and Cycle sharing are two boundary cases: overly fine-

grained vs. overly global reuse
• Layers at different depths play specialized roles; lower layers keep local

and lexical information, upper layers integrate higher-level features

How should shared parameters be organized across depth?

Observation
BRT Refines Locally, Specializes Across Depth

Functional specialization patterns support block reuse. BRT shows local
refinement with clear differentiation across depth.

Method
Block Recursive Transformers (BRT)

Fs = B(·; θs,K) ∘ ⋯ ∘ B(·; θs,1)

hout = B( FS
R ⋯ F1

R( B(h0; θ1) ); θL )

Unifying Static Sharing Topologies
S = 1 Global cyclic reuse (Cycle / Middle-Cycle)

S = P Layer-wise repetition (Sequence / Middle-Sequence)
1 < S < P BRT: block-level recursive reuse

Experimental Results
Comparison across SmolLM model sizes: 135M, 360M and 1.7B parameters. Results are mean ± std over three seeds.

Main Results Ablation on Block Granularity

Performance across Token Budgets

Results at 1.7B Scale

NLL across Compute Budgets Generalization across Architectures

Key Takeaways
• Reuse topology is a key design factor

for recursive architectures
• Vanilla-level accuracy with 50% of

parameters
• Gains hold up to 1.7B model size

Future Work
• Adaptive or learned block partitions
• Input-dependent topology
• Scaling architecture size
• Broader number of tasks
• Multimodal and vision models
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