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Motivation — Verification, a language feat.? N

Design & Verification Conference & Exhibition

B Despite SystemC language is one of the main drivers for virtual ﬂ@
prototype development its verification features are rather limited:

Language IEEE-1800 IEEE-1647 IEEE-1666
SystemVerilog e SystemC

Feature
Coverage Facility

Assertions +++ +++

RTPG +++ +++

Verification . . 1
Methodoloo

TLM ++ +

AOP X ++

C-Software simulator simulator

Simulation dependent dependent

1 _ :
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Motivation — Verification, a language feat.? W
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M Previous work:
- Establish a functional coverage and verification methodology for SC

IIIIIIIIIIIIIIIII

® With this foundation,
lets improve the automation on verification closure in SC TBs

® Enhance the flow from coverage plan capture to functional
coverage implemention within the testbench

[1Basis:

— recently released
Unified Coverage Interoperability Standard (UCIS)

W Target Language/Simulator: SystemC Reference Simulator

2 Partner solutions
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B Motivation a@
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1 Verification Features of HLDVLsS

L1 Abstraction and Automation for Verification Closure Productivity

® UCIS to Improve the Automation on Verification Closure in SC
L1 UCIS and Verification Process

L] Steps in Detall

W Case Study
L1 Tooling for UCIS with OSCI SystemC

M |Lessons Learned

¥ Final Remarks
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Unified Coverage Interoperability Standard W
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Why rely on UCIS? \
. UCIS_COV_SCOPE )
A schema for creation, merge, W«? ' \e

export of coverage information il A AIESHSRT
N _ UCIS_CVG_SCOPE .UCIS BRANCH )
Interoperability across coveizigesProducers -
CIS_EXPR
us aliofh t vetabie i O e cncrance ulat CIS_COND
verification actiwties [ UCIS_CQVERPOINT V UCIS_TOGGLE
[ UCIS|CROSS ] % UCIS_COVBLOCK ]
UCIS| AP ( IS_CV(FBINSCOPE ] e / \
Approach I I Ii [ UCIS IGNUREBiSCORR | g JORESCOrE
Utilize UCIS to — | vosem ]
2 accumulate Unified Coverage Database | vas_esw_stares |
N P | LICIS_coven | UCIS_FSM_TRANS }
metrics in SystemC simtiatien| ")
S |ART ™ j

with OSCI reference S|mulatougk

UCIS_ASSERT \A] [ \ UCIS_GENERIC

Coverage Consumers Page 5 / 20
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UCIS with OSCI SystemC

Challen ges UCIS_VERIF_SCOPE
Accelera UCIS v1.0 Std. eRyae) /e e
AP functions description / UCIS_FUNC_COV._SCOPE \ ﬂCIS_CODE_CO‘-/
API header file - CYESCOPE [ ucrs_BRAN
UCIS_COVERGROUP UCIS_EXF
XML SChema f UCIS_COVERINSTANCE | UCIS_cor
Consequently, UCIS_COVERPOINT UCIS_TOG(
own APl implementation needed! UCIS. CROSS uCls._cove!
I UCIS_CVGBINSCOPE |
. < [ UCIS_FSM_S(
APl = Setter / Getter / Advanced e —
UCIS_ILLEGALBINSCOPE _ UCIS_FSN
UCIS_FSM_ST
In this work, we focus on the

[ UCIS_COVER J UCIS_FSM_TI
functional coverage scope & / K\
(

UCIS_CVG_SCOPE \

UcCIS ASSERT ] [ UCIS GENERIC
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UCIS and Verification Process

MDE enabled process Feature List accellera
Coverage Plan SYSTEMS INITIATIVE
[ |Checker Plan Verification
e e Environment
- Verlflcatlon Plan T Schedule TR (in particular: Func.
(in particular: Coverage Plan) | ) .
ey - Coverage Metrics)
Specificati manuall o manually _
pecTicaTon Y o Implementation

J

Y

insufficient automation support, error-prone manual tasks

Feature List

Coverage Plan
Checker Plan

Verification Plan @ @ Verification
t with ired — Schedule —_— Environment
sysiematize (Func. Metrics
_>

Coverage Plan
@ systematized
Specification assisted / automatized Implementation

- 4
Y

Improved automation, soundness Page 7 / 20
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UCIS and Verification Process cont’

W 1) Capture cover plan data in spreadsheet style data model ﬂ@
(language independenty W

®m 2) Transform cover plan data to UCIS metric model
(in fact a template of the metric to generate)

B 3) Generate func. coverage metric skeletons from the UCIS metric model

W 4) Assisted completion of the verification environment skeletons

=T N2 =
- ' SYSTEMZC

Verification Plan
with
systematized
Coverage Plan

Specification®

(CJ concrete tooling Page 8 / 20
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Case Study: Adaptive Cruise Controller

B Architecture of ACC model a@

SYSTEMS INITIATIVE

desired_speed

EnergyController

SpeedController N\ 4 AccelerationController N 4 EngineController W
desired_speed
E current_speed femgm-
internal_desired_speed (g desired_speed throttle g throttle |
E EE enable_distance_control warning ==
brack dal
E current_speed J c_bracke_peda 4_—>
N J \ J N
E current_speed
E I_desired_speed %

i desired distance arr hrarka nadal thrattla

® DUV has various 1/0, functional coverage is a valuable metric to

] determine end of testing

E
El Proceed the individual methodolgy steps
£ [ Build coverage plan

' [0 Use UCIS to automatize metric skeleton generation
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Case Study: Verification Planning

Coverage Plan Spreadsheet structure 8@

IIIIIIIIIIIIIIIII

Exeettable vs. custom coverage plan format

Usage of OMG Requirement Interchange Format (ReqlF)
Allows to define a custom ,,coverage plan spreadsheet”

MDE/Eclipse tooling compatible

Case Study Example

Name Range Type  Weight  Goal
desired_speed [10:100]  BIN | 100
current_speed [0:100] BIN 1 100
desired_distance [10:30] BIN 1 100
current_distance [0:150] BIN 1 100
enable_acc [0:1] BIN 1 100
enable_dist [0:1] BIN 1 100
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Case Study: Model Mapping

Design & Verification Conference & Exhibition

B Multi Pane Editor View a@

SYSTEMS INITIATIVE

L1 Mapped model contain references to both UCIS metric template and
design model

° acc_uci s_to_systemc.amw s

SIE
) leftm 22 + 2: ¥ Weaving model £ + 21 B rightm i
4 4 Document Root 4 & platform:/resource/acc_mapping/model/acc_ucis_to_systemc.amw 4 <4 Systemc Model Type

a4 4 <uClS> UCIS Typeld.2 4 4 Match Model

4 4 Hierarchy Type
4 Module Type speedController
4 4% Module Type accelerationControlle
< Port Type current_speed

% HISTORYNODE
4 4 INSTANCECOVERAGE
4 4 COVERGROUPCOVERAGE

4 §3 <ownedElement> Link
> <<|eft>> Element CURRENT_SPEED
«>» <<right>> Element current_speed

4 ¢ CGINSTANCE ACC_DUV_i a4 & <ownedElement> Link 4 Port Type throttle
4 4 COVERPOINT ACC_CTRL > <<|eft>> Element DESIRED_SPEED » Port Type desired_speed
4 COVERPOINTOPTIONS > <<right>> Element desired_speed 4 Module Type engineController
4 < COVERPOINTBIN CURRENT_SPEED & <ownedElement> Link
4 RANGEVALUE 20 & <ownedElement> Link
< RANGEVALUE 50 & <ownedElement> Link
< RANGEVALUE 70 &7 <ownedElement> Link

» COVERPOINTBIN DESIRED_SPEED

] Properties &3 “,@ b v =
Property Value
4 _Element
Description 1

L1 A model of UCIS can be generated using MDE tooling, moreover API
Setter/Getter functions can be generated
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Case Study: Generated Metrics

1 // Init the factory
2 svm_pFac = svm_Factory::init();
3
4 // Set UCIS data model format
5 svm_pFac->setCoverageDb ("acc_sim_cov.xml");
6
7 // Specify metric, covergroups
8 cv_pC'G e B Specify metric, bin types
'ACC_DUY 18 cv_pBa = svm_pFac->newBins (cov_pCP, "CURRENT_SPEED",
9 AUTORBINS) ;
10 cv_pCP = svmd |9 vy pRa << range (20, 49) << range (50, 69) << range (70,
11 cv_pCP->set_] 100) ;
12 cv_pCP->set_g 20 cv_pBa->connect (current_speed) ;
13 cv_pCP->set_{ 2]
14 22 cv_pBb = svm_pFac—->newBins (cov_pCP, "DESIRED_SPEED",
15 (o) AUTOBINS) ;
TS\ 23 cv_pBb << range (10, 49) << range (50, 69) << range (70,
100);
24 cv_pBb->connect (desired_speed) ;
25
260 (...)
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Case Study: Simulation

B Stimuli = Computation Tree Method + Random accellrd)
L1 Tree-oriented decomposition of test scenarios into individual variable
ranges

L1 RTPG for the selected ranges

® Coverage
[ Usage of our functional coverage protoype for SystemC

1 Accumulation of hits w.r.t. metric

] BIN: ACC_SPEED_CTRL:desired_speed::: 2014 Hits

2 BIN: ACC_SPEED_CTRL:current_speed::: 2189 Hits

3 BIN: ACC_SPEED_CTRL:desired_distance::: 2077 Hits
4 BIN: ACC_SPEED_CTRL:current_distance:: 2338 Hits
5 BIN: ACC_SPEED_CTRL:enable_ac::: 41 Hits
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Case Study: Simulation cont

Output to UCIS format accellrd)

IIIIIIIIIIIIIIIII

Usage of generated Setter/Getter functions (w.r.t. schema)

Example will be inserted asap
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Lessons learned: UCIS

UCIS_VERIF_SCOPE

~Missing“ reference APl Writer

Effort to build Setter/Getter API f / Jp— \
oiviatias Sherbener or /UCIS FUNC_COV_SCOPE \ ﬂm CODE COv SCOPN

C/C#/... w.r.t. XML schema is low / e — \ ——

r UCIS_COVERGROUP ] UCIS_EXPR
Advanced APl commands T T oos conm
implementation requires in-depth [ Ucis_coverroinT | G5 TOGGLE
expertise in UCIS and it's use models B .

> e < 7 veis Fsm scopE

Slight inconsistencies of APl and XML | UCIS_IGNOREBINSCOPE | _

UCIS_ILLEGALBINSCOPE [ UCIS_FSM J

Donation and glue residue 3 >/ Ucis_FsM_STATES |
\( UCIS_COVER y \ UCIS_FSM mey

A common standard format for Does it
work? and Are we done? [ vesassr | [ uascenenc M

A great thing ;-)
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Lessons learned: MDE Tooling Effort

B Eclipse Tooling Construction a@

SYSTEMS INITIATIVE
. . . .
L] the devil is in the detalils...
L1 ReqlF, EMF, EMFACPP iIfic Ecli ' iIrements and
eglr, ) , SPECITIC ECHIPSE version requirements an
d dencies
L1 MDE tise definitel
@ acc_ucis_to_systemc.amw 53 = 0
) leftM 2+ <t ¥ Weaving model &+ <t [T rightm 2+
4 4 Document Root 4 € platform:/resource/acc_mapp /acc_ucis_to_systeme.am 4 4 Systemc Model Type
4 4 <uClS> UCIS Type1.0.2 4 4 Match Model 4 4 Hierarchy Type
4 HISTORYNODE 4 g <ownedElement> Link 4 Module Type speedController
4 4 INSTANCECOVERAGE €>» <«<left>> Element CURRENT_SPEED 4 4 Module Type accelerationControlle
a 4 COVERGROUPCOVERAGE €> <<right>> Element current_speed Port Type current_speed
4 <4 CGINSTANCE ACC_DUV_i 4 2 <ownedElement> Link » Port Type throttle
4 4 COVERPOINT ACC_CTRL > <<|eft>> Element DESIRED_SPEED » Port Type desired_speed
4 COVERPOINTOPTIONS € <<right>> Element desired_speed 4 Module Type engineController
4 <4 COVERPOINTBIN CURRENT_SPEED & <ownedElement> Link
< RANGEVALUE 20 & <ownedElement> Link
4 RANGEVALUE 50 & <ownedElement> Link
<4 RANGEVALUET70 & <ownedElement> Link
COVERPOINTBIN DESIRED_SPEED « M b
[ZI Properties 53 q@ % v e g
Property Value
a _Element

W Eclipse Tools Usage
L1 Editors for coverage plan, UCIS, model weaving work

L1 BUT: domain-specific (EDA) view preferable
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Conclusion
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We see potential for usage of UCIS in earlier phases of verification, 3@
In particular verification/coverage plan creation

Building Setter/Getter API for UCIS is easy

SYSTEMS INITIATIVE

General: FC metric generation can avoid error-prone manual coding

Verification Plan
with
systematized
Coverage Plan

Specification®

-

Feature List

Coverage Plan

@

—>

systematized
assisted / automatized

Checker Plan

Schedule

\_/3:

_>
systematized
assisted / automatized

Verification

Environment
(Func. Metrics

generated)

Implementation

/

Y

Improved automation, soundness
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