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= Powerful LLMs suffer from large deployment cost = Step 1: Quantize the TR 5070 o = Evaluation setup
" Extensive parameters and memory usages: scaling factor matrices 070170 1 170701 = Tasks: One language modeling task (WikiText-2) and eight downstream tasks
= E.g., GPT-3 has 175B parameters and needs 350GB GPU memory to Fiowerlipoi; i'f f Sign Exponent Mantissa = Datasets: WikiText-2, ARC, BoolQ, Copa, PIQA, RTE, StoryCloze, and MMLU
perform shift for .
. inlications: _ o » Models: OPT, LLaMA-1/2/3, Gemma, Mistral, and Bloom
Dense multiplications: the input activations .
= E.g., GPT-3 performs 1015 FLOPs for a single forward pass i L e Koy Vol *Benchmark baselines
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= Solution 1: Post-training quantization: to accelerate the 5 . .
_ _ J4 _ _ _ _ multiplication between = ShiftAddLLM over SOTA baselines
@ Directly guantize the pretrained LLMs without fine-tuning : b'00111111(d'63) BiOGTOIG10(@42) - BRI - _ _
) Still have many multiplications and need de-guantization the shifted activations = Average perplexity reductions of 5.6 a.n_d 22.7 at_comparable or even Io_vver
and the binary weight Output Act, O latency compared to the most competitive quantized LLMs at 3 and 2 bits
» Solution 2: Shifts and adds reparameterization: natrices Binary Weight b: {-1>0, +1>1} ' = More than 80% memory and energy reductions over the original LLMs
@Up to 31X unit energy reduction and 26X unit area reduction —+— OPTQ —— LUT-GEMM —— AWQ —e— Ours (Lat.)
=~ Previous methods need full parameter training to recover accuracy (a)TOPT LI (b) OPT (2-bit) gp CLLLAMAZ (3it)  (d) LLAMA'3 (2bit) _ (e) Gemma (3-bit)
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Can we reparameterize the pretrained LLMs with shifts , .4;‘25 107 55 ad 35
and adds in a “post-training” manner? | * Problem: Accuracy drops after reparameterization <. 10° 5.0 T s
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_ " Scaling Input Act. a1} (b1 b1z = by | | n ' 1a1: B b/ b ‘; ba)' Models Methods Bits | ARC_C ARC_E Copa BoolQ PIQA Storycloze RTE MMLU | Mean
= ShiftAddLLM Factora@ X az| | bai b2z ~ bay, e | - : 2 (b A ; Floating Point 16 | 3720 7125 8 69.82 7867 7747  60.65 25.89+0.37 | 63.37
At A ) i ot 3 | ' L | =2 @2 (a1 baa  banli | OPT-66B OPTQ 3 | 2466 4886 70 5205 6447  67.09  53.07 23.9840.36 | 50.52
© Do not need fine tuning and de-quantization 'l' ‘l' bmi bmz ** Bun | o) ! | o : g LUT-GEMM 3 | 2415 5185 81 5352 6197  60.60 4874 23.73+0.36 | 50.70
@Reparameterize multiplications with shifts and adds E=P16 Shifﬂ Weight wq | Ours (Acc.) 3 | 3524 7088 87 7245 7764 7715 6318 27.56+0.38 | 63.89
Floating Point 16 | 4957 7614 90 8257 8079  78.61 6823 65.24+0.37 | 72.89
W (<4bit) X (FP16) 1,71, ..} l . . L . . . LLaMA-2-70B | OPTQ 3 | 4582 7634 90 8174 7971 7734  671.51 60.14+0.36 | 72.33
) = Solution: Multi-objective optimization with column-wise scaling factors LUT-GEMM 3 | 4770 7642 89 8031 8020 7778 6859 ] i
[ . 5 Ours (Acc.) 3 | 4838 77.06 93 8425 8047 7849 7509 62.33+0.38 | 74.88
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