Generate it. Prove it.
Sign off with Confidence.

Al-assisted high-reliability FPGA design and
verification

Blue Pearl Al Solutions



R
Requirements to Bitstream

INTEGRATED VERIFICATION WORKFLOW

REQUIREMENTS
Structured specification — JIRA - DOORS

20 GENERATE
LLM-assisted RTL Authoring

€0 REQUIREMENTS MATCH
Semantic implementation check

STRUCTURAL ANALYSIS
Lint, CDC, RDC, SDC, FSM

S0 FUNCTIONAL SIMULATION
SystemVerilog, Verilog, and VHDL

AUDIT EVIDENCE
Waivers, traceability, sign-off

L0 BITSTREAM
Vivado - Libero - Quartus
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Editor and Generative Al

Natural language RTL generation

e RTL and testbench creation

with generative Al

* Smart-editor to verify as you code

e RTL Analysis, dependency and
lines of code views

* Blue Pearl FPGA optimized LLM for
on premise

* Optional choice of your generative
Al LLM

e \VSCode interface available
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Do 0w WEE

RTL Requirements 8 x

File View

Context files: Remove

Root Module: uart_controller

uart_controller.sv

T R

Autoload Design

1. Add file Search Fie

E2]
EY

Design Browser  RTL Browser

9 D george

uart_controller.tx_serial type set DFf Data Clock Domain: clk_group Clock Pin's Domain: clk_group Fanou
uart_controller.tx_ack type reset Dff Data Clock Domain: clk_group Clock Pin's Domai

VJ@ k@Q Qtl{\;i

clk_group Fanout

uart_controller.tx_idle type set DFf Data Clock Domain: clk_group Clock Pin's Domain: clk_group Fanout: 4

Design Settings...

uart_controller.u_tx
Load Design

for Text uart_controller.u_rx

[ uart_controllersv |

Include BPS messages: (8 Informationals Warnings Errors Fatals
Fix BPS-0396 Informational messages

2. Enter instructions

- o o o P S|
g P B & s RA R 4
bps_rtl_preview.sv B
1 — modulsync_fi e
2 parametemtDATA_W 8 data + 1 framing-
3 parameteémtDEPTH
4 )
5 inputlogic ik
6 inputlogic rst
7 Write port
8 inputlogic
9 input 1ogi dDATA 4: w] nr data
10 outpulogic ull
1 // Read port
12 inputlogic
13 outpuiogi dDATA 4i: u] rd data
14 outpuiogic
15 bH
16 TocalparamtPTR_ $C10gDEPTH+ 1;
17
18 Togi dDATA_4:0] mem[0:DEPTH] ;
19 Togi dPTRS wr_ptrrd_ptr
20
21 assigfull = wr_ptPTR W] !=rd_ptPTR ¥]) &&
22 (Wr_ptPTR_2:0] d_pdPTR_42:0]) ;
23 assigempty- (wr_pte=rd_pon
24
25 - always Fﬁpusedge'l kor posedgest begin
26 - ifQ
27
28
29 ende]sebegm
30 = f (wr_er& ful) begin
31 meniwr. R_W:0]] <=wr_data
32 Wr_ptr=wr_pte 1'bl
33 end
34 =

iF (rd_eres tempty begin

uart_controller.u_tx.
.bit_cnt[2:0] type reset Dff register Data Clock Domain: clk_group Clock Pin's Domain: clk_
uart_controller.u_rx.
uart_controller.u_rx.
-bit_cnt[2:0]
uart_controller.u_rx.
uart_controller.rx_data_raw[7:0] type reset Dff register Data Clock Domain: clk_group Clock Pin's Domain: clk_g

shift_reg[7:0] type reset Dff register Data Clock Domain: clk_group Clock Pin's Domain: c1

state[1:0] Ttype reset Dff register Data Clock Domain: clk_group Clock Pin's Domain: clk_gr
sample_cnt[3:0] type reset Dff register Data Clock Domain: clk_group Clock Pin's Domain: ¢
type reset Dff register Data Clock Domain: clk_group Clock Pin's Domain: clk_
shift_reg[7:0] type reset Dff register Data Clock Domain: clk_group Clock Pin's Domain: cl

uart_controller.rx_frame_err_raw type reset Dff Data Clock Domain: clk_group Clock Pin's Domain: clk_group Fano

RTL Generation Review

Existing: uart_controller.sv

anout:
_group
> Fanou
> Fanou
>up Fan
Generated RTL smain:

? X

"
// UART Controller - SystemVeriog Implementation

## Analysis =
bmain:

The *1-BPS-0396" messages indicate that *case" statements using *enum’ types have no *default” bran

/1 Requirements covered: REQ-UART-001 through REQ-UART-013

+ 50 MHz
+1200 - 921600 (via divisor register)
/] FIFO depth : 16 entries (TX and RX)

1. Prevent htches in synthesis
2. Handle any ilegal/unreachable states gracefully
3. Satisfy lint/BPS rule requirements

The three flagged locations are:

/] Oversampiing : 16x
n

//
1/ Synchronous FIFO - parameterised, used for both TX and RX paths
/] REQ-UART-006, REQ-UART-007

n

module sync_ffo #(
parameter int DATA_\
parameter int DEPTH

V=9, //8data+1 framing-error bit for RX; 8 for TX
16

input logic ck, .
‘/"/";}m:gg;‘m = 4. Acce;pt or reject
m ko o Wi, frOM side-by-side
output logic full, & .
(ot comparison and editor
output logic [DATA_\ W :0] rd_data,

output logic empty

)i
localparam int PTR_W = $clog2(DEPTH) + 1;

logic [DATA_W-1:0] mem [0:DEPTH-1];
0] wr_ptr, rd_ptr;

logic [PTR_\

assign ful 4OUIPTR W-1]) &
0;

rd_ptr[P’

assign empty = (wr_ptr == rd_ptr);

alwavs ff @(nosedae ck or nosedae rst) heain

- **Line 156%*: "uart_tx_core’ — " case (state)" with *{IDLE, START, DATA, STOP}"
- **Line 237* _rx_core” — " case (state)” with " {IDLE, START, DATA, STOP}"
- **Line 380*=: "tx_handshake’ — " case (state)’ with *{HS_IDLE, HS_REQ, HS_WAIT_ACK, HS_WAIT_

* " systemveriog

/] UART Controllr - SystemVeriog Implementation

/] Requirements covered: REQ-UART-001 through REQ-UART-013

1/ System clock : 50 MHz
1200 - 921600 (via divisor register)
+ 16 entries (TX and RX)
1/ Oversamping : 16x
"

I
11 Synchronous FIFO - parameterised, used for both TX and RX paths
1] REQ-UART-006, REQ-UART-007

module sync_fifo #(

9, // 8 data + 1 framing-error bit for RX; 8 for TX
parameter int DEPTH = 16
(

input. logic ck,
input logic rst,
JI Wrte port

input lo

it lofic DATA Wi wr dafa

Save to: C:/Users/Bill.Gascoyne/Desktop/SimonAldemo/uart_controller.sv

Browse...

Accept | Cancel

Zoom Factor: o

HDL Format: | SystemVerilog ~

Current Design: C:/Users/Bill.Gascoyne/Desktop/SimonAldemo/uart controller.bps

© Blue Pearl Al Solutions

Generate RTL |3 L“CK Generate pution

returned.

~ | INS(Windows) SystemVerilog UTF-8 Line: 1 Col: 1
T
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BPS-Al Requirements Analysis

Ensure your designh meets the requirements

Starts with the specification requirements from
Doors, Jama, Enterprise Architect etc.

Catches functional issues early in the verification S

Report:
‘ ‘ I e Design Summary | Table Tex

Clocks

Gated Clocks Report Name: Requirements Verlfication Created: 2026-04-01 11:16:47 SortOrder: D7 | Clear Sort

Equivalent Clocks Enable Cross Probing to RTL?

Advanced Clock Environment Report

M M II M M ” atus Confidence itle cl ile tart Line End Line leason
* 480 billion parameter “thinking” LLM model ol o T — e e

Primary
ynchronous Reset nchronously reset to the value 450000 on the fallin f the active-low reset
tant N 1 REQ-001 PASS  HIGH SYicaos e [yneiionost Ieaet o he ilue SRATIO on the Sallny eclge of he BEINE-OW teel it gata st |5 implementation site for
Initialization signal rst, independently of the clock, ensuring a defined initial state prior o any pemenaon
el counting operation.”. All mandatory control paths were identified. ! s

. .
PY The implementation satisfies the requirement: “The counter register cntff SHALL be
na ZeS CO e a alns re ulrel I len O Dxts Synchronous Reset nchronously reset to the value 4b0000 on the falling edge of the active-low reset SSeniey
2 REQ-001 PASS  HIGH ihdeediess bustopeiaatt e 0 On fhe Ia im0 898 01 e acilve: oW reset | counter,gate.deco... (12 implementation site for
ers Rep Initialization signal rst, independently of the clock, ensuring a defined initial state prior to any it
B ele . counting operation.”. All mandatory control paths were identified.
The implementation satisies the requirement: “The decoded outputs €1 and €2
determine pro babil ity RTL imp lements the : e e e T B R P
Missing Modules/Objects 3 REQ-002 PASS HIGH Decode Output bits of cntff are zero (count = 0), and e2 SHALL be asserted (logic 1) only when cntff simple_fp.v 3 8 implementation site for
meter R Assertion equals 450111 (count = 7); all other counter states SHALL produce both outputs this requirement.
€ deasserted.”. All mandatory control paths were identified

.
re u I re l I I e nt C O r re Ct I FSh at The implementation satisfies the requirement: “The decoded outputs e1 and e2
Sets/Resets Bill.

@

Filename: C:/U t_gl_dec/simple_fp.v

* Cross probes to code, to reinforce learning L
Helps with third party assessor for safety critical 1

applications e.g. ESA / DO-254 e A

Requirements Verification (=

Future security extension to conform to EU-CRA . .

Available on prem or off
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D
Analyze RTL Al

Clean and readable code while avoiding potential issues

e Stimulus-free advanced RTL analysis
* Integrated Al generated code fixes with your LLM of choice

 Company Specific and Industry Standard coding style checks before simulation
and synthesis

* Over 400 checks that can be grouped into
company-specific checklists

e Deterministic

* Includes DO-254, STARC, FPGA and ASIC packages
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Clock and Reset Domain Crossing Analysis Al
Avoid metastability issues

uuuuuuuuuuuuuuuuuuuuuuuu

% oo XQUAARK 9 Ci00laYg 2 |% ool P

FH e ; D tural Basic/Results/bp_cdc_c

= Clock o Search: 2 |
[ I I I I I
O tching CDCs: chc]_
yyyyyyyyyyyyyyy et Dor Dest Net
Register Synch bp_cdc_check topgedel ck clk_group heck . d
nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn ipcdc[ >——(data  q—
<<<<<<<<<<<<<<<<<<<<<<<<<<<<< C||‘( > S C"(
reset

Zoom to Source

X
K & [~
]
El

begin
qcde2 <= qedel 5 // End of €OC

Clock Domain Crossing Analysis

Page 6

Easily runs CDC / RDC analysis using different
modes

Integrated Al generated code fixes with your LLM
of choice

Tcl parser to read in familiar inputs where clocks
and domains have already been defined

|dentifies synchronization issues between
interacting clocks and reset

Patented User Grey Cells enable verification with
black boxes, encrypted and hard IP

Generates SDC and assertions for simulation

© Blue Pearl Al Solutions (K )
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BPSim — RTL Simulation

High-performance RTL simulator at a fraction of the cost

Blue Pearl Visual Verification Suite+ - Current Design: SimulationVer = [m] X

file Setup Design Scenarios Check Design Al Design View Results Management Dashboard Design Verification ~ Path Verification Constraint Management ~ Settings  Help

=B e L‘.\éc’ '3 E‘ E{,\ ‘;/II 3 ﬁ iié‘]" ] 1 © @ & = =) BPs-0651 v J\ h@w Q.Q&.‘

. . @
S Ste l I IVe rl O Ve r I O a n V I I D L File View  Design Browser  RTL Browser [4/5] module tb_mac: 12 functions, 61 basic blocks
) ) [5/5] package std: 23 functions, 64 basic blocks

Linking userImage.so...

Search Design Browser for Text
: S2C PegaSim version: 2024.2 hash:6e493024(R)

v [ work Running:

PUD: C:/Users/Bill.Gascoyne/Documents/PutExamplesHere/Simulation/VerilogsimulationExample
W s mac Exec: wsl
a > Ports Options: --exec /mnt/c/Program Files/Blue Pearl Software, Inc/Blue Pearl Visual Verification Environment x64/BPSim/bin/bpsim -nc -work bpsim work -im
) ) l l Nets Using default typical min/typ/max.

=S:Begin run-time elaboration and static initialization...
[dumpVCD] preparing VCD dump to 'waveform.vcd'.
[dump] Dump started at time O

Instances

Starting event scheduler...
clk =0 --- A= XXXX X B= XXXX = XXXXXXXXXX
1 = XXXX X B= XXXXXXXXXX
0 = XXXX X B= XXXXXXXXXX
b | A= 0000 x B= XXXXXXXXXX
0 = 0000 x B= XXXXXXXXXX
1 = 0001 x B= XXXXXXXXXX
o A= 0001 x B= XXXXXXXXXX
o . 1 = 0002 x B= XXXXXXXXXX
m 0 = 0002 x B= 0000000000
a n I I n C e C S b | A= 0003 x B= 0000000000
0 = 0003 x B= 0000000002
1 = 0004 x B= 0000000002
) A= 0004 x B= 0000000006
1 = 0005 x B= 0000000006
0 = 0005 x B= 000000000c
b | A= 0006 x B= 000000000c
l l a n S l l O r 0 = 0006 x B= 0000000014
1 A= 0007 X B= 0000000014
Show Root module only? n 4- 0NN7 v R- ANNR — ANNANNNNTa

Waveform Viewer

Incremental and parallel compilation |~ ... =

adder.out(390]  reg

Competitive compilation and runtime E B

waveform.vcd - 23 signals, end 29 ns - cursor 0 ns

Current Design: C:/Users/Bill.Gascoyne/Documents/PutE: fer ler bp:
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Signoff With Confidence

 An LLM can generate RTL in seconds, however it cannot produce the required
certification evidence including traceability, validation and verification!

e Our solution is built around three tenets required for DO-254 or IEC 61508 audits

Deterministic

The same RTL, the same
constraints, the same report —
every run, every engineer, every
machine

No probabilistic output

No drift between sessions

Auditable

Every finding traceable to a named
rule

Every waiver documented with
rationale

Built for the audit trail your
certification authority will read

Reproducible

Identical input yields identical
output, on Windows or Linux, for
node-locked or floating licenses, in
command line or GUI

What you sign off is what your
successor will see five years from
now

Page 8
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To schedule a private demo while at DAC,
please contact
info@bluepearlsolutions.com
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