COrAL: Order-Agnostic Language Modeling for Efficient Iterative Refinement
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Motivation and Contribution
Background Decoding: Sliding Blockwise Order-Agnostic Decoding
- lterative Refinement and Self-Correction have emerged as an
effedctllve(ffl\r/?d)lgm for enhancing the capabilities of large language what | te | lcorall 7 Sliding Blockwise Order-Agnostic Decoding
models S).
Existi : : : ' ' What is coral ? Coral is a Forward Backward

- Existing approaches typically implement iterative refinement at the Multi-Token — Multi-Token

. . . s . Dependency Dependency
application or prfm.lptlng level, as a multi tur:n process relyl.ng on R oot
next-token prediction based on autoregressive (AR) modeling. L/l Token Fixed Response Token
Pros and Cons of Next-Token based AR Language FE N PR R O R R v o e e the Decoding Block
Modeling .
PrOS: What is coral ? Coral is a marineorgan that in the form of hard skelet , which is built by
Simplicity — Scalability: S
Zero_shot Genera“zation; What is coral ? Coral is a marineorgan that in the form of hard skelet , which is Dbuilt by small animals .

Cheap Training Cost; etc. Figure 2: Sliding Blockwise Order-Agnostic Decoding. COrAL performs multi-token prediction

Cons: and refinement in the sliding block with context window size £ =3 and block size b=6.
- Sequential generation limits the ability to capture dependencies
spanning beyond the immediate next token, especially when Experiment Result

requiring backward context.
- The sequential nature of AR models leads to high inference
latency, resulting in computational inefficiency for long sequences

Result comparison of performance (accuracy%), speed (tokens per second),
and cost (seconds per sample) on GSM8K.
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=) Research Question Approach
Can we unify the strengths of denoising techniques with order-agnostic Accu. Speed  Speedup  Cost
modeling to enhance the capabilities of AR-LLMs NT 74.1 39.7 1.0x 3.67
while mitigating their respective limitations? SC@4 76.2 37.8 - 15.5
» VL:varying-length generation Ours 70.3T12 434 1.1x 3.3
« BT: backtrack / look-ahead Ours w/o verifier 72.4)1.7 156.8 3.9 % 0.96
* MV:multi-variable generation Ours wio multi-forward ~ 18.7 T4.6 14.9 -~ 9.81
« MD:multi-dependency (inter-sample connection) modeling
* FS: fitting feasibility Quality—Speed Trade-off
* EF: inference efficiency 80.0 , . ; : : 2.0
: : . : " —— Ours w/o verification (Accuracy) —s [ 4-0 80.0. —— Ours w/ verification (Accuracy) ... .
* IT: mechanism of iterative refinement 78.01 —— Ours wlo verification (Speedup) | _~ —— Ours w/ verification (Speedup) 1,75~
T o - —H w780 | 1.5 9
Architectures VL BT MV MD FS EF IT < 7a.0| Nextioken /30 g = 3
> | (Accuracy) - 3 76. 1.25°5
Next-Token AR (Uria et al., 2016) X X X & X X T ] — e e 257 ® S Lo o
Permutation-Based AR (Uria et al., 2014) X v v/ v E: & B § P I Y A N NPy g 74.0 -
NAR (Gu et al., 2018) X v v v & L « | I £ L 2 < '
Diffusion (Ho et al., 2020) ¥ & f £ & B T T 15¢ 72.0 0.5 W
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Modeling: Context-Wise Order-Agnostic Language Modeling
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Figure 3: Context-Wise Order-Agnostic Language Modeling. We visualize the order-agnostic

dependencies within a context window size k = 2. For target-aware position encoding, we show how =T —io - ; -
COrAL obtains query representations for multiple positions within a context window size k£ = 2. Token Position



