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FPGA�������AI
• Microsoft DataCenters have FPGAs for acceleration including Deep Neural 

Networks
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Neural Networks ��
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Each layer is a large 
matrix multiply
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EFLX eFPGA����DSP/MAC��
• For EFLX DSP tile, the LUT6:DSP ratio is around   50:1
• For Xilinx devices, the LUT6:DSP ratio is around 100:1
• For Altera devices, the LUT6:DSP ratio is around 200:1
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EFLX4K eFPGA IP Cores
EFLX 4K

Logic
4K LUT4

>1000 I/O Pins

EFLX 4K
DSP

3K LUT4
40 MACs 22x22
>1000 I/O Pins

EFLX 4K is a complete eFPGA encircled 
by a narrow trip of interface pins (a few 
% of area).

There are two versions
• all-logic and DSP where ~1/4 of the 

logic is replaced by strips of pipelined 
MACs

• Both are the same size and exactly 
the same at the edges
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EFLX4K IP
������	�7x7���

EFLX 4K
DSP

EFLX 4K
DSP

EFLX 4K
Logic

EFLX 4K
Logic
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�����SMIV SoC���EFLX4K eFPGA TSMC16FFC
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�����EFLX eFPGA��� DNN
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eFPGA��
	DNN�������

FixedFlexible
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��FPGA����
	��
• EFLX DSP is 22bx22b MAC

• Xilinx DSP is 25bx18b MAC

• Altera DSP is 18bx18b MAC

• BUT, most NN applications use 8b x 8b MAC, and
uses millions of them for inference (millions of 
weights)
§ Option to perform 16x8b at half-rate, or 16bx16b at 

quarter-rate

• EFLX can fit 6 x 8-bit MAC into footprint of 1 
traditional DSP
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EFLX-AI�: ���FPGA�10���	MAC
• Optimized for AI

§ 8/16 bit MACs

§ More MACS, fewer LUTs

§ >10x MACs/second vs EFLX4K

§ More memory (MLUTS=RBBM)

• 441 MAC8s/tile, >11x EFLX4K DSP
§ ~1GHz worst case operation in TSMC16FFC

§ ~440 GMACs/second for 1 core
§ 22 TeraMACs/second for 7x7 array

• 16x16, 16x8 and 8x16 modes too

• Reconfigurable any time

• ~1.2 mm2 in TSMC16FFC

• Available on any TSMC process in 6-8 months
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Same Width as EFLX4K Logic

1.2x 
height
of
EFLX4K
Logic

Reconfigurable building block for 8 or 
16bit Matrix Multipliers for AI of any size



TSMC IP ALLIANCE MEMBER

�	�
��
����Tensorflow/Caffe
• Neural Network models ��map�eFPGA�����

HLS�RTL
layer {
name: "ip1"
type: "InnerProduct"
bottom: "pool2"
top: "ip1"
param {
lr_mult: 1

}
param {
lr_mult: 2

}
inner_product_param {
num_output: 500
weight_filler {
type: "xavier"

}
bias_filler {
type: "constant"

}
}

}
layer {
name: "relu1"
type: "ReLU"
bottom: "ip1"
top: "ip1"

}

Not used for 
inference

Not used for 
inference

layer {
name: "ip1"
type: "InnerProduct"
bottom: "pool2"
top: "ip1“
inner_product_param {
num_output: 500

}
}
layer {
name: "relu1"
type: "ReLU"
bottom: "ip1"
top: "ip1"

}
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	����NMAX™ Neural Network Inference Engine
• ����31
�Linley Processor Conference
���
• NMAX is an IP core, like EFLX

§ Maps directly from Caffe/Tensorflow to NMAX without translating to HLS or RTL
§ Reconfigurable, scalable high-speed NN accelerator with low DRAM bandwidth
§ EFLX eFPGA control logic reconfigured at each stage
§ Novel high-bandwidth on-chip memory architecture using XFLX/ArrayLinx interconnect
§ Result is high MAC utilization and low DRAM bandwidth
§ Targeted at edge inference NN applications
§ More data available under NDA for strategic customers
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eFPGA + AI ®

��AI��
����eFPGA


