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XILINX Get Started Community Developer Program Articles Q

S . Adaptive Computing Challenge 2020 Winning Projects

[T ‘ T 1 In the startup track of our Adaptive Computing Challenge, we asked technology startups, early-stage technology
\“2"] $100,000 e companies, and research institutions to use any hardware platform built around Xilinx's 28nm/20nm/16nm devices to
$50,000 USD {% create an exciting new application designed to show hardware acceleration with programmable logic. Our startup track

UsD $30,000 was all about real-world problem solving with technology innovation on Xilinx platforms.
usD

LET'S MEET THE WINNING STARTUPS

I‘

L A

413

FAST AND INTELLIGENT VISUAL CLOUD COMPUTING S N

Third Place: Katoid

Second Place: SnowlLake

First Place: BLUEDO

W-Reglution A

FPGA

Plerated by Molecular Dynamics Simulation Solution on Xilinx FPGA FPGA-powered Interactive Analytics

ards for Drug Discovery Market
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Alveo U50 FPGA card (Xilinx)
- HBM (High Bandwidth Memory)
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3 x U50 cards for upscaling
720p30 => 2160p30 in realtime
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Development Flow - HLS Design
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Designing modules

HLS
({E++

template<int L_KX, inflll KY, int L_
void conv_core_T(
const ap_int<WEGT_W> i  (
const ap_int<BIAS_W> in_bias[L_0
{
// Parameter List
// OCH : output channel
// ICH : input channel
// KY : kernel Y
// KX : Kernel X
for (och = 0; och < OCH; och++)
{

acc_result[och] = 0;

for (ich = 0; ich < ICH; ich++)

{

for (ky = 0; ky < KY; ky++)
{
for (kx = 0; kx < KX; kx++)
{
mul = fmap_kernellich] [ky] [kx] * weight[och][ich] [ky] [kx];
acc_result[och] += mul;

// added bias
ot_local.act[och] = acc_result[och] + bias[och];
//activation function (RelU)
if (ot_local.act[och] < @)
{
ot_local.act[och] = 0;
}
} // CORE

Directive

Synthesis &

Co-Sim

Vivado™ HLS

),
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Development Flow - RTL Merge

Integrating modules
to build a top module

smartconnect_0

e+ 500_AXI

+ s01_AXI

| For |
+ 502 ax W

+ so3.axi mEEE

proc_sys_reset 0

slowest_sync_clk
ext_reset_in
aux_reset_in
mb_debug_sys_rst

mb_reset

bus_struct_reset[0:0]
peripheral_reset{0:0]

=4 S04_AXI .Z..

AXI SmartConnect

hbm_0

HEM REF_CLK 1

util_vector_logic_0

0p1{0:0] . ]
0p2(0:0) 3 MO.O]J

AXI_07_ACLK

AXI_07_ARESET N
AX|_07_WDATA_PARTY[31:0]

Utility Vector Logl

ic

AXI_08_ACLK

AXI_08_ARESET N
AXI_08_WDATA_PARITY(31:0]

AXI_23_ACLK

axi_apb_bridge_0

e[+ AXI4_LITE

s_axi_ack

dem_locked peripheral

]

APB_M - |
vy APB_M2 - ||

AXI_23_ARESET N
AXI_23_WDATA_PARITY[31:0]

AXI_24_ACLK

AXI_24_ARESET N
AXI_24_WDATA_PARITY([31:0]
APB_0_PCLK

Processor System Reset

hbm_clk [
satellite_gpio[1:0] D>

pcie_perstn [—

clk_wiz_0_hbm_ctrl

resetn ck_outl
clk_inl locked

Clocking Wizard

xdma_0_axi_periph I

AXI_07_RDATA_PARITY[31:0]
AXI_08_RDATA_PARITY[31:0]
AX)_23_RDATA_PARITY[31:0]
AX_24_RDATA_PARITY[31:0]
apb_complete_0
apb_complete_1
DRAM_0_STAT_CATTRIP
DRAM_0_STAT_TEMP[6:0]
DRAM_1_STAT_CATTRIP
DRAM_1_STAT_TEMP[6:0]

{> hbm_cattrip_0

H+ s00_axi

ACLK
F—= ARESETN

S00_ACLK

b S00_ARESETN "
m—m MOAX +

MO0 ACLE X MoLAXI +

L MoO_ARESETN H-—-W oAt

MO1_ACLK .X o

MO1_ARESETN

M02_ACLK

MO02_ARESETN

MO3_ACLK

peie_refck [

MO3_ARESETN

AXl Interconnect

util_ds_buf_1

IBUF_OUT[0:0]

jj+ cLkInD IBUF_D5_ODIV2[0:0]

APB_0_PRESET_N
AX| APB Bridge APB_1 PCLK
APB_1_PRESET N
clk_wiz_0 \ J
HBM IP
ll+ clx Nt dkoutr
‘l resetn locked I-
Clocking Wizard cms_subsystem_0
o4 s_axi_ctrl
satellite_gpio[1:0]
adk_ctrl
aresetn_ctrl N
3 upt hbm_c interrupt_host
hbm_temp_1[6:0]
hbm_temp_2[6:0]
axi_intc_0 -
- e Card Management Solution Subsystem
|4 s axi
s_axi_aclk interrupt —. ||
5_axi_aresetn irqp
intrf0:0]

AXIInterrupt Controller

I

Utility Buffer

{> hbm_cattrip_1

satellite_uart - (|jm———1]) satellite_uart

> MO0_AXI_0

{2 pci_express_x16

[ aclk_extern

xdma_0
MAXI |
4 M_AXI_LITE |-
e, mt i i
|+ peie_cfg_mg peie.mat -+
sys_dk
dk gt user_ink_up =
o axi_ack
R axi a';em
usr_irq_req(0:0] usr_ilq__addo:ol -
msix_enable =

L J
DMA/Bridge Subsystem for PCl Express

[ aresetn_extern
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Implementation ->
FPGA bit file 24
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Development Flow - Function Test

FPGAO bit file = 2{A| HIAE

//reset

REG_W(pci_bar_handle, map_base_addr + REG_USER RESET , (6b11l));
sleep(1);

REG_W(pci_bar_handle, map_base_addr + REG_USER_RESET , (0b000));

//src resolution setting

REG_W(pci_bar_handle, map_base_addr + REG_PARAM_FG_PIC_IN SIZE,
res_src_h));

REG_W(pci_bar_handle, map_base_addr + REG_PARAM_FG_PIC_KN_SIZE,
) + (res_src_h+1)));

REG_W(pci_bar_handle, map_base_addr + REG_PARAM_FG_PIC_LP_CNT,

REG_W(pci_bar_handle, map_base_addr + REG_PARAM_FG_PIC_OT_SIZE,
res_wrp_h));

REG_W(pci_bar_handle, map_base_addr + REG_PARAM_FG_STAGE,

src_v<<l12) + res_src_h));
REG_W(pci_bar_handle, map_base_addr + REG_PARAM_FG_PIC_VER_POS,

//loop counter setting
REG_W(pci_bar_handle, map_base_addr + REG_LOOPCNT_RDMA_1

+ res_src_h_ich));
REG_W(pci_bar_handle, map_base_addr + REG_LOOPCNT_CHAN_TO_CHAN9
REG_W(pci_bar_handle, map_base_addr + REG_LOOPCNT_WCHAN_MUX
REG_W(pci_bar_handle, map_base_addr + REG_LOOPCNT_WCHAN_SPLIT
REG_W(pci_bar_handle, map_base_addr + REG_LOOPCNT_CHN_MERGE
REG_W(pci_bar_handle, map_base_addr + REG_LOOPCNT_CHAN_SPLIT 2
REG_W(pci_bar_handle, map_base_addr + REG_LOOPCNT_WDMA_1

+ res_wrp_h));

//dma option setting

REG_W(pci_bar_handle, map_base_addr + REG_ADDR_INTRA_RDMA_ 1
REG_W(pci_bar_handle, map_base_addr + REG_ADDR_INTER_RDMA_ 1 U
REG_W(pci_bar_handle, map_base_addr + REG_ADDR_INTRA_WDMA_1
REG_W(pci_bar_handle, map_base_addr + REG_ADDR_INTER_WDMA_ 1 U

(unsigned int)((res_src_v<<16) +
(unsigned int) (((res_src_v+1)<<I{

(unsigned int) (buffer_size_1r));
(unsigned int)((res_wrp_v<<16) +

(unsigned int)(0x0000));

//REG_W(pci_bar_handle, map_base_addr + REG_PARAM_SPACE_TO_DEPTH, (unsigned int)((0b0<<24)+ (res

(unsigned int)(0x0000));

, (unsigned int)((res_src_v<<16

buffer_size wp);
buffer_size 1r);
buffer_size 1r);
buffer_size_1r);
buffer_size wp);

(unsigned int)((res_wrp_v<<16

0x200000000/AXI_BYTE_ALIGN) ;
CORE_DDR_B_BASEADDR U) ;
0x000000000/AXI_BYTE_ALIGN);
CORE_DDR_A_BASEADDR U);

Test
codes
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Development Flow - Host Program
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Output
Input 240P 360P 480P 720P | 1080P 1440P 2160P
240P 1x 1.5x 2X 3X
360P 1x 1.33x 2X 3X 4x
480P 1x 1.5x 2.25x 3X
/20P 1x 1.5x 2X 3X

S AH[20 B5O| ArE
C|= o|0O|X| A7

Name Resolution

240P 426x240

360P 640x360

480P 720x480

720P 1280x720

1080P 1920x1080

1440P 2560x1440

2160P 3840x2160

o|0|X| 27| C}Fs}D ...

HetHlE 5 CfYol,
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Traditional
3X scalin Al-based SR + traditional scaling
Z|CH &S dlief == 1280x720.

HEQIZ FE M=~H| Hl 22 K| S||OF SFL}? =821 28, 481 = K| Hote = o=l CHE 88t
H| Wl &= 2t A 0] BOX|X] HZ.
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Single Image Super Resolution
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» motion-blurs L} video coding ‘= 0| =0

Super-Resolution

-r‘ el ot = A& o= 4% (Single Image SR)

Multi-frame Super Resolution
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Super-Resolution

O 2 &2 AR St= 8% (Multi-frames SR)
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Visual artifacts due to
Too blurry

mis-alignment of frames
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HR image Bicubic EDSR DUF EDVR DeepField-SR HR
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Video(multi-frame) SR

traditional Single-Image SR
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Coding Noise SR
Reduction > Netwen:
Network
Multiple Frame LR Image \

Super-Resolution

HR image DeepField-SR

L AEFHUM FZ A8 20 2E L0[= KO MAE
S

— LS

(bitrate, condition)2 £ 9I3 25t | 0| E
2 Sk MFQE: Yang et al.,"Quality-Gated Convolutional LSTM for Enhancing
Compressed Video®, ICME, 2019
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Multiple Frame LR Image \
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guality mode = default process
* boost mode = bypassing noise reduction process
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or Discriminator
Fake Loss
Perceptual Loss Network
:
Perceptual _ o _
Loss DeepField-SR training architecture

GAN AET
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X : Bit, y : PSNR
L. o X :Bit,y : LUT per MAC
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Convolutional Neural Network (CNN)
Multipliers and adders
Channel size, kernel size, activation function, etc

Number of Input : N Kernel X : KX
Number of Output : M Kernel Y : KY

CNN Core

® B O
0o ©0 &0

N channel
Feature Map

= N

M channel
Feature Map

Activation
Function

N*M channel M channel
Weight Bias



Fixed Functional 2}£7|9| O|&

< Number of TOPS >

Fixed functional 7} 7|
A& 20| O =L 14 TFLOPS

DRAM bandwidth 7} & %C}.

TOPS
V100 : 14 FLOPS (FP32)
Ours: 1.5 TOPS (INT13)

Frame / TOPS Ratio 1 5 TOPS
V100 : 1.66

GPU

O urs . 29 . 3 3 Nvidia Deep&i;(l,d SR

V100
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< Frame / TOPS Rate >

640x360 20 .33
to
2560x1440
(Upscale 4x)

17.67x |
More /
efficient

GPU
Nvidia
V100

Deepfield SR
Us0
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S
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2 2[X| FL=X, pipeline

L

L- O

11 for (och = 0; och < OCH; och++)
12 {
14 for (ich = 0; ich < ICH; ich++)
15 {
16 for (ky = 0; i< KY; Ky++)
17 < | |
18 for (kx 3 kx < KX; f+)
19 {
20 nul e h] [ky] [ Bht [och] [ich] [ky] [kx];
21 acc_result[och] # mul;
22 }
23 }
¥

27 //activation function (ReLU)

ot_local.act [och] = @;

4

RTL 4/

PR

CNN Core

X |E]« D O [
X I_lﬁ @ [] [Aetaten
® EB |:| Aetvatio

N*M channel M channel
Weight Bias
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Hand RTL

SO\ 10%
RTL Sim 50h

No. of modules written in each language hours to simulate one 4K frame
9Xx more modules 10x faster simulation
of’:.x
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250MHz £ <Foldd

U502 SLRO, 1 (Super Logic Region)
2 24
Logic2 SLRO, 10| HidtM
Signal®| SLR crossing a2

- Circular placement
SLR crossing0ll= AXI register
slices& A&0lA] timing closure

AXI register slices

: SLRO to SLR1
Blue : SLR 1 to SLRO




Utilization and Timing

Utilization

Resource

Usage

LUT 60.16%

CLB Registers 34.03%
DSP 82.75%
BRAM 50.07%
URAM 45.63%

Utilization

5%

2%

7%

20%

34%

38%

60%

50%
46%

|>EV|Ew'EE
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Post-Synthesis | Post-Implementation

Graph | Table

83%

80%

250MHz Implementation g5

Design Timing Summary

Setup

Worst Negative Slack (WNS): 0.000 ns
0.000 ns

Total Negative Slack (TNS):
Number of Failing Endpoints: 0
Total Number of Endpoints:

1942716

Hold

Worst Hold Slack (WHS):
Total Hold Slack (THS):

Number of Failing Endpoints:

All user specified timing constraints are met.

Total Number of Endpoints:

0.000 ns
0.000 ns
0

1942110

25

Pulse Width

50
Utilization (%)

Worst Pulse Width Slack (WPWS):

Total Pulse Width Negative Slack (TPWS):

Number of Failing Endpoints:

Total Number of Endpoints:

2 : ' TG0

0.000 ns
0.000 ns
0
643223
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Results name: power_ 1l

Environment

Device Settings
Temp grade:

Process:

Environment Settings

QOutput Load:

() Junction temperature:

Ambient temperature:
Effective 9)A:

Airflow:

Heat sink:

9SA:

Board selection:
Number of board layers:
8)B:

Board temperature:

Power Supply

Total On-Chip Power: 50.015W

Switching | Output

typical v
0 2

57.671

BE

0.75

250 v

medium (Medium Profile

=

medium (10"x10") v

12tolS (12 to 15 Layers v

Option

pF [O-10000
°C

*C

°C/W [0 -100]
LFM

°C/W [0-100
°C/W [0 -100]
°C  [-55-100]

Summary

Power analysis from Implemented netlist. Activity
derived from constraints files, simulation files or

vectorless analysis.

Total On-Chip Power:
FPGA Power:
HBM Power:

Design Power Budget:
Power Budget Margin:

Junction Temperature:

Thermal Margin:
Effective 9JA:

Power supplied to off-chip devices:

Confidence level:

50.015wW
43.419W
6.597 W

60 W

9.985 W
92.5°C

7.5°C (9.1 W)
0.8°C/wW

ow

Medium

Launch Power Constraint Advisor to find and fix

invalid switching activity

On-Chip Power

s B Hard IP:
.| Dynamic:
8%
Il Clocks:
19% | [] signals:
] Logic:
e B BRAM:
80% M URAM:
B DSP:
B MMCM:
] 17o:
W GTv:
B HBM:
| Static:
19% | HBM:
94% || Device:

Summary

39.906 W

9.562 W

0.538 W

3.041 W
7.501 W
8.185 W
1.862W
0.475 W
2.346'W
0.292 W
0.003 W
4.812W

11.388 W

0.590 W
8.973 W
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FPGA LIl £

» U50 HBM total
bandwidth: 316 GB/s

» 2 Gbps between the IP

' and HBM
1.1 Gbps 0.13 Gbps
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HIAE - Hardware

Verification Flow

Verification Number of
frame / hour Test Frame
(720P -> 2160P)

Step 1. C/C++ Sim 0.2 50

Al Model
Training

300x
saster 0.02 o

Golden RTL

Model —— Step 2. RTL Sim

Quantization

| Step 3. Real World

660 15000+




|>EV|Ew°EE
2021

HIAE - Quality

oIS WIL X|H
. 2H3X I} : PSNR, SSIM
e Z=IM DL LPIPS s e Db

PSNR, SSIMO| &=C}11 3}zl0| £ AL 0}

-
x J__l_ x 'I ]I. 1 |- -6 I' E = | |- R High quality EDSR EDSR learned with GAN
—I— I- - o 7 — E ER x EE * O - : (PSNR / SSIM / LPIPS) (26.31/0.6975/0.375) ’ (24;90 /0.8339/0.162)

LPIPS: Zhang et al., “The Unreasonable Effectiveness of Deep Features as

- n High quality EDSR EDSR learned with GAN
a Perceptual Metric,” CVPR, 2018. (PSNR / SSIM / LPIPS) (27.09/0.6567 / 0.504) (24.77/0.7097 / 0.236)
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360P to 1440P (4x)

3|2t

* 44 fps at a single U50 card.

FPS
o Longer(slower) than
year Network Parameters# | at NVidia ure
u
V100
2017 EDSR 43000 K 0.98 FPS 44 .9x
2018 DUF 5800 K 0.2 FPS 220x
2019 EDVR 20600 K 1.02 FPS 43x

DEVIEW

2021

44 FPS

44.9

640x360
to
2560x1440
(Upscale 4x)

0.98 0.2 1.02

EDSR DUF EDVR Deepfield-SR
+ + + +

V100 V100 V100 U50

(2017) (2018) (2019) (2020)
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= L L
AEM S=20| LI=0|7FX]| ZE|= A[2F (360p to 1440p)
640x360
to
. 2560x1440

year Network @ Device Latency (sec) EDSR

017 1.02 sec (Upscale 4x)
2017 EDSR @ V100 1.02

DUF
2018 DUF @ V100 5 V100 o sec

(2018)
2019 EDVR @ V100 0.98 COVR

V100 0.98 sec
2020 Deepfield-SR @ U50 0.023 (2019)

Deepfield-SR
eelDulseo 0.023 sec oW
(2020) latency

2 SEH0| LQSHS B0 AFRILS (YAES HY, 5



9000 Watts @ '
DEVIEW
2021

* NVIDIA V100: 300 Watts

. Alveo U50: 75 Watts 1/120

360p to 1440p @ 30 FPS Of| & A2 M &
e« EDSR atV100 x 30: 9000 Watts

» DeepField-SR at U50 x 1: 75 Watts

/5 Watts

EDSR at Ours at
V100 x 30 U50 x 1
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Demo 1. H|C|Q AEZ|Al

Demo environment
Data flow : Server — Client

720P

(HD)
B

Demo server

v K

(U50 x3 with GPU)

Client
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«* Applications Places Terminal

y

root@demo01:/user2/deepfield - O X

File Edit View Search Terminal Help
[root@demo®l deepfield]# |}

A2 at cooe 7 20p mpd

® ® e H

Host

LIBRARY

WL.C meda player

) Mesia Lbrary

NY COMMUTER

B v veen

33 Wy Muse

B8 My Pictares
LOCAL NETWORK
OWMNOM
OWMWM
Qomm-:m.-,um
INTERNET

) Podcavs

& Jamanac Sewcsors
) ioecant Racke Dwectary

0 € - J/







Bicubic DeepField-SR



Moving Forward



DeepField-SR 45 Il

e De-blur?|s 37}

DeepField-SR
Enhanced SR HR
with de-blur

/

Guidance Image

Guidance Bank
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o = [ AIANSE Texture
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Texture Transfer
/
Coding Noise SR
Reduction —————» Network
Network
“y Multiple Frame LR Image f \
; T ; Super-Resolution
Texture
Search - :
Network_> Extraction
Network

+ 1080p YA X[
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| On Xilinx U250 board
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