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* Microsoft DataCenters have FPGAs for acceleration including Deep Neural

Network switch (top of rack, cluster)
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Fig. 1. (a) Decoupled Programmable Hardware Plane, (b) Server + FPGA schematic.
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CPU vs. FPGA

FPGA: spatial compute

CPU: temporal compute
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Each layer is a large
matrix multiply
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More Efficient Matrix Multiplication (for NUMA)

Block matrix multiplication

1 e One processor follows the same algorithm as
» . simple matrix multiplication.
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EFLX eFPGAF 5 2 HJDSP/MACH I

®* For EFLX DSP tile, the LUT6:DSP ratio is around 50:1

the LUT6:DSP ratio is around 100:1
* For Altera devices, the LUT6:DSP ratio is around 200:1
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* For Xilinx devices,

Logic

Memory

Clocking

Integrated
P

1/0

Speed Grades

Footprint compatible with 20nm
Ultrascale Devices with same
footprint identifier

Device Name KU3P KU5P KU9P KU11P KU13P KU15P
System Logic Cells (K) 356 475 600 653 747 1,143
CLB Flip-Flops (K) 325 434 548 597 333 1,045
CLB LUTSs (K) 163 217 274 299 341 523
Max. Distributed RAM (Mb) 4.7 6.1 8.8 9.1 9.8
Total Block RAM (Mb) 12.7 16.9 321 211 26.2 34.6
UltraRAM (Mb) 135 18.0 0 225 315 36.0
Clock Mgmt Tiles (CMTs) 4 4 4 8 4 11
DSP Slices 1,368 1,824 2,520 2,928 3,528 1,968
PCle® Gen3 x16 / Gen4 x8 1 1 0 4 & 5
150G Interlaken 0 0 0 1 0 4
100G Ethernet w/RS-FEC 0 1 0 2 0 4
Max. Single-Ended HD 1/Os 96 96 96 96 96 96
Max. Single-Ended HP I/Os 208 208 208 416 208 572
GTH 16.3Gb/s Transceivers 0 0 28 32 28 44
GTY 32.75Gb/s Transceivers 16 16 0 20 0 32
Extended” -1-2-2L-3 -1-2-2L-3 -1-2-2L-3 -1-2-2L-3 -1-2-2L-3 -1-2-2L-3
Industrial -1-1L-2 -1-1L-2 -1-1L-2 -1-1L-2 -1-1L-2 -1-1L-2
Footprint®®  Dimensions (mm) HD 1/0, HP 1/0, GTH 16.3Gh/s, GTY 32.75Gb/s
8784 23x238) 96,208,0,16  96,208,0, 16
A676 27x27 48,208,0,16  48,208,0, 16
B676 27x27 72,208,0,16  72,208,0,16
D900%! 31x31 96,208,0,16 96, 208, 0, 16 96,312, 16,0
E900 31x31 96, 208, 28,0 96, 208, 28,0
A1156 35x35 48,416, 20,8 48, 468, 20,8
E1517 40x40 96, 416, 32, 20 96, 416, 32, 24
A1760 42.5x42.5 96, 416, 44, 32
E1760 42.5x42.5 96, 572,32, 24

1. -2LE (Tj= 0°C to 110°C). For more details, see the Ordering Information section in DS890, UltraScale Architecture and Product Overview.
2. Maximum achievable performance is device and package dependent; consult the associated data sheet for details

3. For full part number details, see the Ordering Information section in DS890, UltraScale Architecture and Product Overview.

4. GTY transceiver line rates are package limited: B84 to 12.5 Gbls; A676, D900, and A1156 to 16.3 Gbls. Refer to data sheet for details
5. The B784 package s only offered in 0.8mm ball pitch. Al other packages are 1.0mm ball pitch.
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EFLX4K eFPGA IP Cores

EFLX 4K EFLX 4K is a complete eFPGA encircled

Logic by a narrow trip of interface pins (a few

4K LUT4 o
51000 I/O Pins % of area).

There are two versions

EFLX 4K * all-logic and DSP where ~1/4 of the
DSP logic is replaced by strips of pipelined
3K LUT4 5 P v il Al
40 MACs 22x22 MACs
>1000 1/0 Pins  Both are the same size and exactly

the same at the edges
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M {8 K 24 FKISMIV SoCH A T EFLX4K eFPGA TSMC16FFC
SMIV: SoC platform

: AXl4 64-bit Interconnect \I Cache-Coherent
Arm Cortex-A53 : : Datapath
CPU Cluster ! Accelerators
(A53) ! acco § acct § acc2 § accs | (ACC)
\ l
AX14 128-bit Interconnect
. ( [ AHB 32-bit Interconnect \|
Flexlogix : : i hreshold
Embedded 4 Banks : , Near-Thresho
EPGA Core | «1MB SRAM VO SN : Always-On Cluster
| -
(eFPGA) : ! i ENGINE Periph. | (AON)
| ! ,
\
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K138 K 22 FHEFLX eFPGASRSZHL DNN

O(N-logN) Boundary-less Radix Interconnect Network

Embedded FPGA IP

Efficient interconnect enables density and scalability

Density & performance similar to full custom FPGA

Scalable and flexible array size and layout

Logic tile: 2,520 LUT6 + 21 kbits distributed mem
DSP tile: 40 22b hardware MACs + 1,880 LUT6

1 EFLX EFLX -
SMIV contains a 2x2 eFPGA array 4" o
2x logic tiles and 2x DSP tiles [~ Room for RAM___]
Total ~9,000 LUT6 Iogic@dwa re@ztkbits RAM : s
Attached as a first-class citizen on the SoC interconnect | - P b
flexlogiy 3 iUl __F
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Measured on representative DNN kernels

Energy efficiency range is >10x
CPU to fixed-function AON
This also spans the whole flexibility spectrum

AON will not benefit from new algorithm advances
eFPGA is 4.5x energy efficiency of CPUs

Area efficiency heavily impacted by SRAM

Important to share on-chip SRAM resources efficiently
ACP allows accelerators to use large L2 cache

eFPGA has the area overhead of reconfiguration

flexlogixX
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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
TSMC IP ALLIANCE MEMBER



Optimized for Al
= 8/16 bit MACs
= More MACS, fewer LUTs
= >10x MACs/second vs EFLX4K
* More memory (MLUTS=RBBM)
441 MACS8s/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 mm?in TSMC16FFC

Available on any TSMC process in 6-8 months

flex
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Reconfigurable building block for 8 or
16bit Matrix Multipliers for Al of any size
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Neural Network models E.#Zmap2lleFPGA, JoisiEd
HLSELRTL

layer {
name: "ipl"
type: "InnerProduct"
bottom: "pool2"
top: "ipl"
param { layer {
lr mult: 1 name: "ipl"
} B Not USEd for type: "InnerProduct"
. bottom: "pool2"
param { :
. inference e il
} B inner product param {
inner product param { num_output: 500
num output: 500 }
weight filler { }
type: "xavier" layer {
) Not used for name: "relul"
bias filler { . type: "Re;U"
tyge: "constant" |nference bottom: "ipl"
} top: "ipl"
} }
}
layer {
name: "relul"
type: "RelLU"
bottom: "ipl"
top: "ipl"
}
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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

L

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 + Al
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