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4.6x power cost
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Challenge 3: Low PE Utilization due
to Non-Linear Kernels on SFU
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Figure 23.8.3: Principle of the proposed active-bit-allocate format (ABAF) and design F
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details of codebook-free decoder and bit-serial workload allocator.
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Cluster-Aligned Mixed-Precision for INT-FP GEMM

AolFP) x Wy
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Figure 23.8.4: Cluster-aligned mixed-precision PE (CAMP) design for efficient integer-

work How

float MP- GEMM implementation.

Traditional Separated Integration of PE and
Special Function Unit (SFU)
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Bi-Dimensional MAC-SFU Reformulation (BMSR)

Input Buffer (A)

PE for MAC
EJIED)y
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W Allocator (Taylor)
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PE as SFU

EE)

Special Function Mode
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Input Buffer (S)
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Decoder
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‘ T-Param
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Max Value Comparation
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L=32

Evaluated with LLaMA-2-7B model (average of all layers)

PE Utilization Improvement w/ BMSR and TDSW

L=128

L=1024

Figure 23.8.5: Bi-dimensional MAC-SFU reformulation design and triple-directional
systolic workflow for high-utilization nonlinear function.
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Efficiency and Perplexity Analysis on
GPT-2-Small | OPT-1.3B | LLaMA-2-7B
[ Model | GPT2Small] OPT-138 | LLaMA 278 LLaMA-2.7B Model®

Dataset Wikitext-2 Language Modeling 60 57
Accuracy and Loss!)  30.85 (+0.90) 15.50 (+0.88) 5.66 (+0.19) O . . o Bl
Precision? A: BF16, W:INT8 with ABAF ég“” . g
Latency (ms) 40.3(6.72)) 419.4(68.9) 2139(3565) 2 20 53 B
Efficiency (uJ/Token)* 31 36.2 194.1 gt’ m i ‘ -
i O Baseline Baseline +ABAF  +CAMP  +BMSR =

Energy Saving 4.00x 4.62x 4.32x e (FP16)  (INT4)

2) ABAF is used for weight dynam

) has an t with EMA

1.0V, 460MHz, avera

the generation process of 102 nly on-chip performance and cost.
_ ISSCC’22 [13] VLSI'22 [20] ISSCC’23 [22 ISSCC’23 [17] ISSCC’24 [23] This Work

rce. 4 1 g

General LLM
5)
LLM Acceleration NO NO NO NO Specific Model?  Cenere -1
Technique (nm) 28 5 12 28 28 28
Die Area (mm?) 6.82 0.153 460 3.93 2025 3.52
Supply Voltage (V) 0.56-1.1 0.46-1.05 0.62-1.0 0.64-1.03 0.7-1.1 0.63-1.0
Frequency (MHz) 50-510 1521760 77117 20-320 50-200 50-460
BF16 (A)
Precision INT12 INT4/INTS FP4/FP8 INT8 INT8/16 il
Power (mW) 1242728 NA 10122(FP8)  8.27-250.65 47.5469.2 16.95-105.0
Performance’ 2) 0.734 (FP4) 7 s
ik 0.52-4.07 1.8 (INT8) pidba v 0.49-33.3 3.41 (INT8) 0.707-3.58%
1)
Energy Efficiency 1.91-27.569 39.1(INT8)® 16.1 (FP4) 1.96-53.839  22.9-47.8 (INT8)® 10.077-88.369

(TOPS/W)

ry

8.24 (FP8)Y

50% non-zero
LLM like LLaMA. 6) W : I r zer g. 7) ABAF
throughput / efficiency for a single layer (including attention and FFN) with ABAF, CAMP, and BMSR, ABAF compression ratic

Figure 23.8.6: Measurement results and comparison with state-of-the-art processors.

s\ 2
i\ #
LLM generated response examples with proposed methods on OPT-1.3B

Input Response
What is math? Math is the study of numbers and their relationships.
What is artificial intelligence? Artificial Intelligence, basically, it is the ability of a computer program to think.
Where is New York? New York, NY is located in the United States.
i Voltage-Frequency Scaling Specification
e Technique (nm) 28
400
- 2
3 Peak Efficiency og Die Area (mm?) 3.52
= .
S 30 1=OFFH/-I00MH= i E Supply Voltage (V) 0.63-1.0
c o” -
$ 200 BIP= 3 SRAM (KB) 384
H - .
= . Frequency (MHz) 50 - 460
; A: BF16
; ‘ Data Precision W: INT8Y
0.65 0.70 0.75 vo(l)tlia()ga (()\!;’; 0.90 0.95 1.00 Pow.r (mw) 16.95 = 105
Performance (TOPS)? 0.70% - 3.58%
m ABAF w Area Efficiency (TOPS/mm?)2 0.20% - 1.02%
S 0.71V
an il I £ Energy : 10.07%) - 88.36%
FAEBE[E cmcioney 200
e (TOPS/W)® Y 6.73% - 59.034
ABAF || ABAF
Core #6 | |Core #10| m : 460MHz
ABAF 1) With ABAF compression. 2) Evaluated at 1.0V, 460MHz
E m 1MAC = 20Ps. 3) Baseline with no optimizations. 4) The peak
9 3 throughput / efficiency for a single layer (including attention

and FFN) with ABAF, CAMP, and BMSR, ABAF compression
2.71 mm ratio = 75%. 5) EMA energy cost is not included.

Figure 23.8.7: Large language model generation examples and chip summary.




