Formal-Verification IPs

DATE’08 OCP-IP Presentation
with AerieLogic

erieLogic

EXPERTS IN FORMAL VERIFICATION

<l [« > P




AerieLogic

« A Formal VIP company

+ An experienced team in ABV solutions
> Experts in building of assertions
> Specialists in and usage

= Solutions deployed in the industry
+ Eases the use of ABV and Property Checking
+ Products have several
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What is a Formal-VIP ? @

= It's a Verification IP working seamlessly with O
Property Checkers
+ Automatic usage —

+ Complete documentation, scripts and report generation
+ Easy setting via GUI or CLI interface

« Provides automation to Property Checking
+ Builds the formal environment
+ Instanciates all assertions on the design
+ Creates regression scripts and collects data
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Exemple: Formal-VIP for OCP

s>
= For IP blocks based on the OCP 2.2/2.1/2.0/Sonics2.4/1.0 protocols
+ Automatic of assertions and formal environment
+ Automatic of properties and coverage scenarios
+ Formal , or automatic VCD and testbench in case of
= Provides against the OCP protocol specification

+ Fully aligned on the OCP-IP Compliance document
+ including multi-threading, tagging, datahandshake, ...
+ More than 110 properties and hundreds of coverage scenarios

= Provides analysis
+ For detection of dead-locks, loss of data, back-pressure, ...
+ Ex: A thread will be busy at most N consecutive cycles
+ More than 15 properties dedicated to performance analysis
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Exemple: AHB-OCP design
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Formal-VIP flow chart

1: Create the design : 2: Instanciate
protocol configuration the assertions library

3: Select and launch
the property checker
or the simulator

5: Collect data

4: ...Tool Running...

Debug results

Multiple runs
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1: Create the protocol configquration

a4 HPKWizard v.1.5.10

File Configuration

SIS SRR /ﬂiK-AHB Master 1 (1) AEEiELﬂQiQ

AL AT

Create <rtl.conf> for OCP

not supported SUPPORT_BURST_INCR=MO and ALWAYS_RESTART_BURST_WITH_INCR=YES

OCF_2.1 interf:
ETTER— | s

REAL DESIGH [~

syntax and semantic checks

DATA BUS WIDTH 32 =| SUPPORTSINGLE TRANSFER W

—support Burst
INCR [ INCFRE W INCRS [ INCR1E [

Multi-interfaces support
WRAPE [T WRAPE [ WRAPIE [

Straightforward to use \

Support Size
v SIZEIE | slzezz I sIZEE4 [

siZEl2s [ sIZE2SE [ sizest2 [ SIZEI024 [

—Others
ALWAYS RESTART BURSTWITH INCR W ALWaYS RESTART BURSTWITH SINGLE [

ALWAYS CANCEL BURST ON ERROR [~ WEWER CAMCEL BEURST ON ERROR  [w

Indicates if the master always cancels its burst transfers

H H fier receiving an error responge
Bubbles for inline hel &
p 15 DEFALILT MASTER [ MASTER Max BUSY CYCLES |3
MASTER MAR LOCKED CYCLES I? BLURST FOUR MAX C¥CLES |12
BLIRST EIGHT M&n CYCLES |18 BLIRST SIKTEEM MAx CYCLES IEB

- . 2o | Ferame | Bemove | : Save
74er'|eLog|c —
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2: Instanciate the assertions library

FVip-Wizard Export

Instanciate multi-interfaces

and multi-protocols

Select which assertions
to instanciate

/\\

Bubbles provide
Information on each property

/ furst_hold MCmd o

/ [fipe References
[ firip_c *(OCP 2.1 p47, section "Constant Fields in Bursts")

|| Interface : ocp  Port : ocp  Protocel @ OCP 2.2

Afpertormance max_cycles MCmd IDLE 2.0
] frip_performance_max_cycles_burst 2 6.0

I frip_performance_pipeline_response_master 10 0
[] burst_hold_MReqlnfo_0

8.2,10 burst_hold_MCmd

Filter (tegé  Acsertion name.

* % Pburst_hold_MCmd_$ i}
with 0 = 1 = threads - 1

[ fi _»-0r a given thread, the commanc (MCmd) must remain constant across all transfers of a burst
issued within that thread.

*(OCP 2.1 p199, section "Burst checks", hullet 2)

Clear Log

I e R R L
] a'w.-:'?: = ..F'm:“ s arrales deasmat T2 O [j
Filter (regexp) || |
Formal Verification Sirmulation Close:

Log results —

[ Log |

OCP 2.2= : reset_length is less than 16 clock ¢vwcles
OCP 2 2= WARNING: The MEerq kgl is present in vour design whereas the parameter reqlast is deactivated

OCP 2.2 BUILDING LIBRARY FOR AN ENVIRONMENT DUT OCP CORE SLAVE INTERFACE --- OCP 22 FVipvl7l ..
OCP 2.2 BUILDING LIBRARY FOR THE DUT OCP CORE MASTER INTERFACE --- OCP 22 FVip vi71 .
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3: Select the Tool

Formal Verification &”’E|BJ
Formal checker |F|:unml Verifier q\vL
Dezign Files |a:<120cp_Fv1p_IFWsuurcesfamEocp.vhdl m',rlﬂ:uu | Select Property Checker
Desi-gn top level file PpmpofaziZocp Fvip IFV fsources faxizucp.vhdlu |

Paramefers | Generics  |ASize=32

[ser properties files

Witk directon dellache ftempoiaa2ocp_Fnp IFY [work . .
: ory ITEMPO) AR i Select Simulation

Top design library name (mylib

CDS user library file itermnpojaxizocp _Frip [FV] fuser_cdslib| .

Effort edium

ifv autochecks [ —

if4 gl 0O . Simulation E @WE

debug output Sirmulator VCs v

formalverifier tcl file FYip directory name (fvip lib

formalbuild options Environoent o v

ncelab options FVip language sV v
Cormnpilation Run Load Save Close S Load Sare =

74er'|eLog|c <&
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4: Run

5: Verification results
Are provided by the
Selected Tool

The user can debug,
modify the design and
launch the verification

at will

A batch mode is also

[w] A%T BRESP. Stabis When BEEADY Low -
Filter (regexp) ;|

| | Interface : s.axi Port : s_axi

[ 430 R Stable When SREATY Lo
[oe] AT BIE W aluge s

[ &30

TR
g

Megal EXOIEY

[l 430 Clock Rizme Edse Tronal Check
[oe] - Fhaare 4
[¥] A3 Figure 1 5 With Transsction 1004

[v] Fvip Parformance ARREATA Lot Cfoles & 1

Wifith, Trangaction D1

Eli s, Foan d Kot vdk - =

available for steps 1to 5

Filter (regexp) : |

Clear Log

| Log |

Protocol

the selected Tool

DAL 1.0

rmal Verification

Formal checker | Solidify |
VHDL Libraries |sdfsu:nunces_pkgfocpcunstants.vhdl Dcpslr2_lib|| |
DESi_g_:n--FiIES |3_Sulidif‘?_mduced fsuunces_pkgfaxizucp.vhdl” |
_D.:_:si_'g-n tq}j level file j;_SDlidif‘v_mducedfsuumes_pkgfaxizucp.vhdl” |
Parameters | Generics |5ize=32 |
User properties files |311difv_reducedf.fadded_psl_test.psl axitoocp” |
‘Wark directary boaxizocp_Fyip_solidify_reduced fwork]| .. |
Flow file | ]
Effort |low |
Autoverify options |-ved |

Compilation | | Run ‘ ‘ Load | | Save ‘ ‘ Cloze |

V7 | properties psl
& | properties psl
5 | properties.psl

Log Window

| 708] ocpfvip_coverage trivial MCmd O
| ¥05] ocpfvip_performance_cycles burst_2_6_0
| 712 ocpfvip_coverage _trivial _Clk

| axitoocp _wrapper|
| axitoocp_wrapper| |
| axitoocp_wrapper|
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Formal-VIP Success-Story %

« Background

+ 38 on-the-shelf protocol-based IPs
» Had been with simulation VIPs

+ 2 people part-time during 3 months
+ World-wide semi-conductor company

« Results of F-VIP with Formal Verification

. automatically found
+ Tens of wrong protocol documentations
. of work per IP on average

AerleLoglc PR
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Formal VIPs availability

- AHB 2.0 and APB 2.0

« AXI 1.0 and APB 3.0

« 12C 2.1 and 3.0

- DDR/DDR2/DDRS3

= Bridge specialized Formal-VIP
« OCP 2.2/2.1/2.0

« OCP 1.0 and Sonics2.4
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Conclusion

- AerieLogic provides solutions to structure the

+ Built on protocols such as AXIl, AHB and OCP

> Back-bone of SoC verification

+ No need for expert knowledge
» Property Checker and assertions handled automatically

+ Easily In any verification flow

» Formal-VIPs work automatically with several formal verification
tools and simulators of the market
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