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AGENDA

* What is LeNet Handwriting Application ?

* ASIC Prototyping Challenges and Synopsys Solution
* LeNet Design on HAPS-200

 HAPS real-time Al inferencing demo

 Key Takeaways

OQA
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Handwriting In Today’s Products

A Search: S_AN FRANCISCO

Touch Display “S” recognized
Input
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3008//8/' a © Accellera Systems Initiative 5 QM&QM

SYSTEMS INITIATIVE *




LeNet Application

. convolution pooling dense
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pooling dense

dense
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C1 feature map C3 feature map

120 - F5 full
84 - F6 full
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S4 feature map
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LeNet Application

* LeNet, handwritten numerical character recognition

* lenet.html (hex_data.bin)
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FPGA Prototyping Challenges

 How to fast bring up your design?
* How to easily resolve FPGA timing closure?

* How to test/confirm your FPGA environment ?
— FPGA
— Extension boards

* How to debug your design on FPGA ?
* How to partition your design ?
* How to analysis timing budgeting for multi-FPGAs ?

Lack of Integration/Examples Leads to Problems
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How Synopsys Solves Challenges ?

HAPS Prototyping System

HAPS (R) ProtoCompiler N-2017.12-5P1-1 - [LED] (on tw52-vgx008)
File Edit View Database Slate Tools Options Window Tech-Support Web Help

+2 X D BBRDB Bf¥eva@ds HAPS Design Advisor

Database View, =] [TeL script [

DaUAUp L/ By LSS/ LS LS L/ DLUL AL L/ CISUR_gU LA_VANaU0/ DLD. nLa | L4 e Lio
LED =] any 5€andarg browser. - B
Reports and files available for state m0 (use "export file <filename>"
| to access them):
top_system memory.rpt: system memory report (OUT OF DATE 10:52:49 Jul
State Name 24 2018)
QLED (root) top.est: Area estimation file (10:53:03 Jul 24 2018)
E}S c0 (compile) top_est.csv: Area estimation results (10:53:03 Jul 24 2018)

B G moO (pre_map) hierarea.rpt: Hierarchical Area Report (10:53:16 Jul 24 2018)

& mo (map) map.srr: Synthesis Log (10:53:11 Jul 24 2018)

Wrote /slowfs/gts-
backupl/andylee/customer/Storart/check_gelk_vivado/LED vivado_apr/run_vi
vado_haps.tecl
Wrote /slowfs/gts-
backupl/andylee/customer/Storart/check_gclk_vivado/LED_vivado_apr/top_ed
if.xde
€N: Writing netlist for Vivado in gzip compressed format. Use "option
set compress_netlist for vivado 0" to write uncompressed.
Wrote /slowfs/gts-
backupl/andylee/customer/Storart/check_gclk_vivado/LED_vivado apr/top.ed
[ Formal Verify £
Copied /global/apps/protocompiler 2017.12-

State Tree | Design Flow TCL Script Summary . m0

O Complete

ProtoCompiler
HAPS-200

2024
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Synopsys HAV Product Family

Highest-performance and Most Versatile HAV Systems

ZeBu Server 5

New: ZeBu-200
ZeBu EP1/EP2

New: HAPS-200
HAPS-100 4F/12F

HAPS-100 1F

© Accellera Systems Initiative
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Highest Capacity-Scalable Emulation Platform
(>60BG with Modular HAV Methodology)

Highest Performance Emulation Platform
(upto 15.4 BG)
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Highest Performance Prototyping Platform
(Up to 10.8 BG)

IP Prototyping Platform
(<100 MG)
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HAPS-200 Prototyping
K

 HAPS-200
e Latest AMD Versal™ Premium VP1902 adaptive SoC

* Industry-leading runtime performance
up to 2X over prior generation HAPS-100

 Same compile time for larger FPGA

* Improved debug performance

* Leverages HAPS ecosystem
Support of HAPS-200/HAPS-100 Connections TS

User
Block

e Scalable from single FPGA to multi-rack setups
Scales up to 10.8 BG

2 x VU19P
HENNEN]

I User I
Block
TTTTT1
Performance Difference

davoenerd R o o o S

SYSTEMS INITIATIVE




HAPS-200 vs HAPS-100 Comparison

HAPS-200 6F HAPS-100 4F

Module/
Capacity

Dimensions /
Weight

Modules
per Rack

10 Connector
Transceivers
Host Interface
Debug

User Memory

Embedded
Processor

SYSTEMS INITIATIVE

6x AMD Versal Premium VP1902, 336 MG 4x AMD Virtex UltraScale+ VU19P, 112 MG

219mm (W) x 990mm (L) x 218mm (H) / 40 kg 449mm (W) x 680mm (L) x 106mm (H) / 21.5 kg

8 modules in 19” 42U rack 8 modules in 19” 42U rack

Field-replaceable HT3 Connector left/right HT3 Connector on the top

8x GT per user FPGA 6x GT per user FPGA

Bandwidth: 4x, 6 hosts for 6 FPGAs for multi-user Bandwidth: 1x, 2 hosts for 4 FPGAs for multi-user

192 GB total trace buffer, 4x DTD, 10x GSV bandwidth 32 GB total trace buffer, 1x DTD, 1x GSV bandwidth

DDR5/DDR4 Daughter Card DDR5/DDR4 Daughter Card

Yes N/A
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IP Prototyping Kit
IPK

When DUT has SNPS Interface IP
and closes timings at-speed

Reference Design Kit
RDK

When DUT has 3" party Interface IP
and closes timings at-speed

Speed Adaptor

When DUT Interface IP
cannot close timings at-speed

avueincia
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Protocol Solutions for HAPS

Protocol Connectivity and Compliance Testing is a Key Use Case for Prototyping

Connector
Real-World

Device

Real-World
Device

Real-World
Device

. Adaptor

© Accellera Systems Initiative

PHY I/F

pry e - AMDIXLX Ay

CTRLIP <«—
at-speed

ZeBu ZS5 / ZeBu EP1/2 /| HAPS

PHY I/F  CTRb

[
—> . DUT

speed

14

= SNPS CTRL IP Prototyping Reference design
= SNPS PCle IP PHY Test Chip Board
» CTRL IP runs at-speed w/ reduced FPGA config

= SNPS PIC Card with PCle connector
» AMD/Xilinx CTRL+PHY IP
» CTRL IP runs at-speed w/ AMD/XLX config

= DUT PHY IP replaced by a SA Wrapper Logic

= Real-world devices connect to the SA

= DUT runs at ZeBu / HAPS speed

B W el el B ™
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LeNet Design on HAPS-200

e203_soc_top

Co-processor

MICE Interface

GPIOA
UARTOD

oo " | I Addition of modules

| Syn[]PSVS“ —  Virtual UART alternative

for Physical UART
I GPIO

-
<

- CAPIM for UART Selection
JTAG | | Board - Dynamic Force to load

boot and application
memory

4

. Addition of HAPS Daughter
B XTOR I_ — —_ Boards
. . 2 Connect -
=1 Hummingbirdv2 : SYNopsys © Gumeome
—>| [TCM E203 Core 3 -
(v ] [w ]| =L :
T T T g
T UARTZ
] ! \!
(P12 SYNOPSYS
PLIC CLINT UMR3 Hih
e —— CAPIM
e L
p L — (QsPI0_] SYNoPSYS
o  AXIRAM ROM QSPI-Flash
- R |
(Read Only) Clocks{ Clock & Reset
Reset < Controller
€203 _haps_top SYNOPSYS
y
sirv_sim_ram
Dynamic <4— boot_mem.haps (ITCM boot memory)
axi_ram
Force €= hidden_layer_weight_f_final_infer_only.txt } Inference weight data DES,GNANDVE%Q:gin
Syn[]PsyS :: output_layer_weight_f_final_infer_only.txt DVLCOON

hex_data.hex (Application data, generated from lenet.html)

CONFERENCE AND EXHIBITION



Convert handwriting grey scale data for backdoor

Python script — hw_scripts/bin2hex.py

ByteO->Byte1 -> Byte2 -> Byte3 ->

HAPS memory backdoor format

@000000
Byteo -> 00000000 00000000 00000000
00800008000000000600000000000A0A0AO0EAAOH0000000800000E0 00000000 00000000 Q0000000
99000000000000000000000090000000000000000000000099000000
00PEOAABARD0A000NSHERE 0060000000000000080000 Q0000000 00000000 00000000
ek FrTTT 11 0066000000865006680008 00000000 00000000 00000000
200000000000 1 renavasbaghorto0ntFF 006000000060000060 00000000 00000000 00000000
g FFEf
St el el ot o L iorticrion s e 00000000 00000000 00000000
900ddff
0000000000000  ha000000000400  7520000000009000000600D 00000000 00000000 00000000
Bt
3060004BB00800000048 11 1741 Re00B00000A0008060000060 00000000 00000000 ££££9100
00800§9000000000000000TFFFFF00OKANNOEARONEARO000BBE0EEN O00000Fff 000000 00eu0
0000§908000000000000008FF {11 {f1|60000000000000000000000
000§900000000000003bf fff6c0030f fikf2200000000000000000000 db000000 Tt 4
e e 00000000 §o odo
§5600000800076 1 510000000080000000: Eﬁ%%ﬁ%ﬁ%gﬁ 00086000
oo oo oo 00000680 9000900 ££000000
mwmwmwmﬁwmwmmmmmaﬁf?gxﬁgxﬁgﬁ 67 00££££00 0000000
ueosomossan ££000004 00000014
06000006000060000000080800808008000 ?Wxﬁggﬁgﬁ 00kdaf£01 0000 00000000
LN LA AL LR LW LWL, £5000000 00000000
n HHHE]_-F-I:-I:-I:-F-F-I: 000000400 0000 00000000
000QBOLfE 0000beff
00a00000 LAO0O0O0000 Q00000000

dbffffffffrffd

SYSTEMS INITIATIVE
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00000000
00000000
00000000
00000000
00000000
00000000
00000000
ffffffff
00000000
O0feffff
f£000000
00000000
00000000
00000000
00000000
00000000
0000ffdd
ad000000
00000000
00ffffbl
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Clock, Configuration and Reset

e Clocks used in HAPS-200

— HF Clock — 50 MHz, LF Clock — 10 MHz, AXI RAM Clock — 150 MHz, JTAG Clock — 10
MHz

— Configured through constraints/board.tss — FB1.uA Clocks
— Loaded through runtime/system/targetsystem.tsd
— Active low reset, reset_n is generated from USR_LOCAL RESET of FB1.uA

8008//8f3 © Accellera Systems Initiative 17 QM!;MQM
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UMR3 CAPIM & Virtual UART

 CAPIM for selecting between VUART and Physical UART
— Bit 0 in CAPIM is set to O to select Virtual UART
— Configured through hw_scripts/capim.tcl

* VVirtual UART Configuration

— UMR3 Clock Frequency — 125 MHz, Baud Rate — 115200, Parity — Disabled, Stop bits
-2

36’08//8[‘3 © Accellera Systems Initiative 18 RME!;!BWI}!
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HAPS-200 Resource/Area and Timing Constraints

e Resource Utilization
Netlist Logic Block RAM

R e E TP R +e-mm-- Fommmmmmm e R LR +o-mm--- + L d=====- I LT b e +
| Site Type | used | Fixed | Prohibited | Available | Utilx | | Site Type | Used | Fixed | Prohibited | Available | Util% |
L LT T T LR de-mme-- drmmmmmmmna Femmmmmmaa +------- + e T T +------ +o------ e e +------- +
| Registers | 134334 | 24 | @ | 16920576 | ©.79 | | Block RAM Tile | 60.5 | 0| 0| 6808 | ©.89 |
| Register as Flip Flop | 134326 | 24 | @ | 16920576 | 0.79 | | RAMB3GES | 58 | 0| 0| 6808 | ©0.85 |
| Register as Latch | g | a | 8 | 16928576 | <0.81 | | RAMB18ES* | 5 | 0| 0| 13616 | 0.04 |
| CLB LUTs | 138274 | a | @ | 8460288 | 1.63 | | Block RAM Imux registers | 0| o | | | |
| LUT as Logic | 127166 | a | a | 8460288 | 1.50 | I Pipelining | 8 | | | | |
|  LUT as Memory | 11108 | o | O | 4230144 | 0.26 |
| LUT as Distributed RAM | 9416 | a | | | | I Eﬁ Inux registers I 23 I g I 0 I 2200 I ©.91 I
| LUT as Shift Register | 1692 | a | | | | | Pipelining | o | | | | |
| Variable Length SRL | 1296 | a | | | |
| Fixed Length SRL | 396 | o | | | | A Foomoes Foooooes FoTmoToooToes FoTmomooes Foooooeo *
| LOOKAHEADS | 1410 | 0 | @ | 1857536 | ©.13 |
R e T R R R it R e R +
WNS(ns) TNS(ns) TNS Failing Endpoints TNS Total Endpoints WPWS (ns) TPWS(ns) TPWS Failing Endpoints TPWS Total Endpoints
1.049 B.e608 ] 174736 @.5604 B.060 ] 64952
— Constraint to HF Clock — 50 MHz, LF Clock — 10 MHz, AXI RAM Clock — 150 MHz, JTAG
’ ) )
Clock — 10 MHz
DESIGN AND VERQIFQZg'Iﬂ.)N“‘
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Lenet Simulation Results

Steps to run simulation

Using VCS to compile DUT and
Testbench

Load the hex file, simulate the
DUT and print the results in the
terminal as shown

File Edit View Search Terminal Help

Hello world From RISC-V Processor!
This is demo of running LeNet to detect hand writing digit!

output: possibilit
possi
poss.
possi
: possibilit
possibilit
possi
possibilit
: possibilit

number
number

number 3
number ¢

number
number
number
number

number 9

Mate Terminal

2024
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Lenet HAPS-200 Demo

[l INO1 Shared Linux 7 - Desktop Viewer - [=] X

1) Applications Places System .- [l SRR «})) 58 Mon Feb 3,17:56

Mate Terminal
File Edit View Search Terminal Help

senan@sglabhaps-svrl:/remote/sbgindia_supt/senan/debug/lenet_haps %

p

EREN"T 0 S

G @ Mate Terminal | " I

DESIGN AND VERQIFQZg'Iﬂ.)N“‘
3008//8"3 © Accellera Systems Initiative 21 QMCEEQW'}!

SYSTEMS INITIATIVE *



Summary

« HAPS-200 is a state-of-the-art, scalable, high-performance integrated
Prototyping System

* Protocol Interface support is a key component for prototyping use cases

 LeNet Demo runs at 50 MHz system clock enabling fast verification of SW
and HW

86’08//8f¢7 © Accellera Systems Initiative 22 QM!;MQM
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Thank You
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