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Motivation: LLMs on Mobile Devices?

Qutput

Probabilities
Softmax
Add & Norm
Feed
Forward
f_ir_\ | Add & Norm l‘-\
S IO Mult-Head
Feed Attention
Forward J) Nx
N | Add & Norm
Add & Norm Masked
Multi-Head Multi-Head
Attention Attention
At £ At 2
\—— J . —
Positional o) @ Positional
Encoding Encoding
Input Output
Embedding Embedding
Inputs Qutputs

(shifted right)

70B LLMs [138GB] VRAM

LittleBit: Ultra Low-Bit Quantization via Latent Factorization

©Copyright Samsung Research

Mobile [12GB] VRAM

L
Samsung Research



Motivation: LLMs on Mobile Devices?
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Motivation: LLMs on Mobile Devices?
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Motivation: LLMs on Mobile Devices?
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Our Approach
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1. Compress 2. Recover

(Latent Factorization) (Quantization-Aware Training (QAT))
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Factorization & Initialization ouat-svin)
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Factorization & Initialization ouat-svin)
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2. Binarization
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Factorization & Initialization ouat-svin)
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3. Multi-scale Compensation
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Recovery Via QAT (Knowledge Distillation)
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Recovery Via QAT (Knowledge Distillation)

Teacher (FP16) Student (0.1bit)
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Result1: SOTA Perplexity
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Result2: Memory Reduction

Model FP16 OneBit [13] LittleBit (Ours)
BPW 16 1 0.3 0.1

GPU Memory J Llama2-7B  1349GB  1.36GB (9.92x) 0.79GB (17.08%) 0.63GB (21.41x%)

Llama2-13B  26.06 GB 228GB (11.43x) 1.15GB (22.66x)
Llama2-70B 138.04GB  9.72GB (14.20x) 3.70GB (37.31x) J1.98GB (69.72x)

BPW KV Latent Rank KV Cache
(r) Reduction Factor
0.80 1,624 ~2.5%
KV Cache ¥ —
0.30 600 68 %
0.10 192 =213
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Result3: Up to 11.6x Kernel Speed-Up
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Conclusion

LittleBit: SOTA Sub-1-bit Quantization
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