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Applying agile/Cl methods to h/w design with static and formal

A g I ‘ ( E @ SOURCE .
CONTROL :
DEVELOPMENT

» Continuous Integration (Cl) is @ :ﬂ
development practice that requires =

B

developers to integrate code info a —— ﬂ'
shared repository several times a day. DEVELOPMENT UILD
Each check-in is then verified by an

automated build, allowing tfeams to

detfect problems early. =
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84% of FPGA projects have non-trivial bug escapes
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25%
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15%

Design projects
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- N

0 1 2 3 4 5 6 or More
Number of Non-trivial FPGA Bug Escapes into Production
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0%
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Complete continuous integration pipeline
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l Pass
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Image from Jenkins Project
https://jenkins.io/

Cl Pipeline

Restricted | © Siemens | STAC CI | October 2022 SI E M E N S



Static and formal design checks build a continuous integration pipeline

Design Check-in

Formal Lint =2 X Checking

Unexpected
Results

Results

lPass

RTL CI Pipeline

U UWJ UJ U

Results Results

l Pass

Pass l Pass

l Pass
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Team based early functional verification tied to CI flows

r— ClockDomainA  — ——— ClockDomainB ———

'j:* -

rstl

-

combo_loop
undriven_wire
syn_sim_mismatch

Cdl
asynchronous
path

Synchronization
Error

(DC Protocol
Error

(DC Reconvergence
Error

Static and Formal Checks

Static and
Formal Checks

Static and
Formal Checks

Static and
Formal Checks

Results
{Normalized)

Results
(Normalized)

Results
{Normalized)

Manager

I 3
l >
I 2

Designer Verification Engineer  Verification Engineer

Restricted | © Siemens | STAC CI | October 2022

Revision Control



Example: Comparing lint and formal lint

Lint?
No —this is not Lint

case (gstate)

3’b001: if (en) dstate = 3’b010;
else dstate = 3'b001;

3’'b010: dstate = 3’'bl00;

3’b100: if (rtn) dstate = 3'b001;
else dstate = 3'bl00;

default: dstate = 3'b001;

endcase

Syntax checks: v
Semantic checks: v

Structural checks: v

Stylistic checks: v
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Formal Lint?
Yes! It’s Formal Lint

Sequential checks:

* Understands whether rtn
can ever be 1.

* If not, the FSM will deadlock
at state 3’b100.

Advanced Linting checks
beyond static checks

SIEMENS



FPGA methodologies and library support to enhance value of a Cl flow

Pre-configured

Methodology
]

Goal
\

Simulation

Checksets

Implementation

Standards Goals

(STARC

share » fpga_libs » Xilinx » lib

Mame

ISE_13.2
ISE_13.4
ISE_14.7

lint3:
gwverify —od Output bbox -c -do ™ %
netlist fpga —-wvendor xilinx -library wviwvado;

lint methodology ip —doal release; 3\
hier ip generic_fifo d§ gray: ™
do gs_files/checks off §col; &

lint run -d ${DUT); *

VIVADO_2019.2
VIVADO_2020.1
WIVADO_2020.2
VIVADO_2021.1

share » fpga_libs » Intel » lib

Fat

Mame

QUARTUS_ 194 pro
QUARTUS_20.1_pro
QUARTUS_20.1_std
CQUARTUS_20.2_pro
QUARTUS_21.2_pro
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exit™
fpga_libs » Microchip » lib
\ Lattice > lib > DIAMOND 36 | ..o ”
Add Sources
Specify HDL and netlist files, or directories containing HDL andgetlist files, to add to your project. Create a new source file on disk and add it LIBERO 11.2
to your project. You can also add and create sources later. -
Verilog | VHDL | Precompiled Library | Liberty | FPGA Library | Custom Commands | LIBERO_11.9
LIBERO_12.0
FPGA Install Directory | ) (-] LIBERO 12.1
FPGA Library — e
LIBERO_12.2
Vendor [ XILINX [+]  Library [VIVADO [~]
il ) | LIBERO_12.3
Version [ 2021.1 [-]  Device -
|| * Ciear the form above | | + Add FPGA Library SROnT - LIBERO_12.4
virtex ultrascale LIBERO_12.53
kintex7l -
e LIBERO_12.6
artix?
irtex?
e LIBERO_2021.1
versalprime @:
nkintex wlitascale+ N
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Build and test using CI

Trunk check
« Sanity test
» Subset of regression

* Detect simple yet severe problems

* Frequency
« Ran at least daily on trunk
- Before every check-in

Regression
* Full test of functionality
* Verify implemented features
» Adds coverage
* Frequency
* Ran at most nightly
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Setup based
Smoke Inferred checks

Specified errors

no

Pass/Fail
es
Y Results based
Specified result
yes
no Pass/Fail yes

Revision Control
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Complete continuous integration pipeline
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Image from Jenkins Project
https://jenkins.io/

Cl Pipeline
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Automating Verification: Providing productivity and efficient use of resources

Typical Regression Limitations
* No alternative but to home grow

 Script based, little separation between configuration and control

* Expensive to create & maintain
» Hidden data & automation opportunities

Benefits of a pre-built environment

* Focus resources on verification, not infrastructure

« Simplify set-up & Maintenance
 Continual development & support

Improve throughput and turn-around

 Faster execution of regression tasks
« Automation and repeatability of process
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Regression Management and Continuous Integration
Run Management Plug-in for Jenkins

Verification Automation
| » Continuous Integration
R * Run Management

Project Ethmac

Ethemet MAC Controller

E Questa YRM Report

i Improved Quality
Ekasgm c
%M— T L T e P YT

* Frequent Testing
5/ [—— E | - Faster Coverage Closure

Testplan Coverage — Total Coverage

Atribute Graphs

/
&,’7 Latest Regression Result (no failures) i

Questa Results Summary Tost R 1t Trend Test Result
est Result Tren ’

Build  Duration  Passed Failed Skipped Total CPU Time Total Coverage Testplan Coverage

@ #2114 min13sec 105 o o 105 2 hr 25 min 69,3588 576413
#210 5 rmin 46 sec 88 90 2 hr57 min 69,3605 56,4361 £ o]
5 o

P Collab tion
09 7 min 26 sec B4 90 2 hr22 min 69.4030 245018 8 — v -
06 6 min3sec 67 89 2hr32min B9.4021 245018 =) ° R S u |t n | S I
90 3 hr56 min B9.3537 24508 M Faled Tty ‘ S A a S

0 tSmin 87
boi

i

[ERENE- N
oo oo

i

gm0 « Metric Visualization

+ Last stable buld (#211).19 min ago 1 | e e -
o Last successful build (#211), 19 min agn - 1
+ Lot foiled build (#191). 1 mo 12 do =

sam
- Last unstable build (#210). 4 days 23 hr ago w ¥ -1 e S

Mare

Permalinks

Questa VRM Host Utilization

Last build #2103, 4 days 23 hr age £ 5 Rogin sty o 3 ST

« Last completed build #2113, 19 min ago 6
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Powerful analysis
Who, What, When, Where, Why?

100 |

What’s my -
Coverage S
Progress ?
50 Functional [——
40 - e Branch o
30 —
20 == Statement|
10
0 T I I T T T T T
S} S} S} S} S} >>, IN » S}
& & & F ¢ @@
F oy AD XN Y g
100 ‘
When did we A\ —
lose Coverage
in the Micro IF ? — \
=V =Transmitter \
40

e Pre-processor

30
20 — Micro IF

10

Post processor

o
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Complete regression flow

'
Analysis/Reports Revision Control

B b e e t

Continuous Integration Server

P

Manager ” A H

L e L L
Designer Verification Engr Verification Engr
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Once intent is proven, ensure it is never broken with continuous integration
Run tools early and often to gain time-of-error insight

Integrate analyses into continuous integration flows
* Protect from faulty check-ins
* Protect from conflict errors

Build increasing rigor of checks into build stages
« Light high-value checks for check-ins
* Deeper checks prior to daily and weekend regressions

- Deepest checks prior to emulation/prototyping builds CO N tl NUOUS

Integration
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Siemens DVT’s Enterprise Verification Platform components

Verification engines

* Questa Simulation

* Questa Formal

* Veloce HW-Assisted Verification

Platform technologies

* Questa Visualizer Debug

* Questa Verification 1Q Coverage
» Portable Stimulus / Verification IP

Extended verification
* Questa Design Solutions
* Functional safety

* Cloud solutions
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Common Analysis, Coverage, and Debug

Common Modeling Infrastructure
Software
Target-Specific Chip Compile

)

Analog/RF/MS/ Front-End Design Digital Simulation HW based Emulation
Custom Digital

HW based Prototype

= Ve_loce
Primo

FoTTTTTTTT

Wi

| Verification
intelligent DEEP ANALYSIS

= .
Engines

R TPV

Solido ML Char

SbE Questa Front-End Design

Static, Formal, CDC/RDC Questa Simulation
(RTL, Gates, Power, Veloce Strato
FunctionalSafety, Emulation
Mixed-Signal)

£ L& Veloce
Pt ProFPGA

~ ‘_’/" (OEM) nctional, DF T, Power,

prmance BIOS, Bring-up)

Verification IP spanning Pre- and Post-Silicon Validation

Virtual Solutions & Hybrid Models (HYCON) for HW/SW/System Validation

Verification
IP

Fast engines, Quick TAT, high productivity flow

Questa Lint, AutoCheck, X-Check, CDC, RDC
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Disclaimer

© Siemens 2022

Subject to changes and errors. The information given in this document
only contains general descriptions and/or performance features which
may not always specifically reflect those described, or which may
undergo modification in the course of further development of the
products. The requested performance features are binding only when
they are expressly agreed upon in the concluded contract.

All product designations may be trademarks or other rights of

Siemens AG, its affiliated companies or other companies whose use by
third parties for their own purposes could violate the rights of the
respective owner.
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