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Introduction

- Problems facing design teams today
- Unpredictable design and verification schedules
- Concurrent execution bugs introduced bgomeuitesigns
- Functional bug escapes into production designs
- Inefficient application of design and verification resource:

. Solutions
. Good design specifications
- Rigorous verification planning
- Automated verification management
. Live, executable verification plan
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Design and Verification Cycle

- Write functional specification
. Write verification plan

- Design and implement DUV (design under verifica
and VE

. Verify DUV
- Analyze results and adapt environment
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Coverage Measurement and Analysis

Simulation is based on limited execution samples
Cannot run all possible scenarios
Need to know that all areas of the DUV are verified

Solution: Coverage measurement and analysis

The main ideas behind coverage
Features (of the specification and implementation) are identified
Coverage models written to quantify their behavioral spaces

Main coverage techniques

Code coverage: coverage models that are based on the impleme
code

Functional coverage: coverage models that are based on the fun
of the design
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Commonly Used Coverage

Functional cover@gmy coverage using explicit behavioral mety
Code coverageoverage using implicit metrics of RTL or softwa

Assertion coverage

1. Coverage using implicit metrics of an assertion

2. RTL lines that are within the logic cone of an assertion

3. Functional coverage implemented using an assertion

4. Density distribution of assertions throughout source code

Formal coverage
Full prooftull state space coverage; proof tied to constraints

Partial proog&ither restricted (full state space) or bounded (limited state
space) proof. Origin of state space coverage chosen by user.

Transaction coveragaplicit or explicit coverage of transactions
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Verification Planning Process

- Verification plan structure

. Verification planning methodology
. Verification scope

- Verification solution

- Verification planning automation

- Verification planning example
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Verification Plan Structure
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1. INtroduction .......cccovevviiiiiieieeeeee, what does this document contain?

2. Functional Requirements ............... opaque box design behaviors
2.1Functional Interfaces................... external interface behaviors
2.2C0ore Features..........ovevveveieinnnnnnnn external desiglependent behaviors

3. Design Requirements ............c........ clear box design behaviors
3.1Design Interfaces...........ccoevuenenen internal interface behaviors
3.2Design CoresS.....cccvevvivieiiiiiieenn, internal block requirements

4. VerificatioNn VIEWS .....ccccvvvvviiniiniennnn, timebased or functional feature groups

5. Verification Environment Designfunctional specificatiorverfiimy
5.1C0Verage. ..o coverage aspect functional specificati(
5.2Checkers.......ccooiiiiiiiiiiiiii, checking aspect functional specificatie
5.3StIMUIL..cceii stimulus aspect functional specifig.
5.4MONITOIS....ciiiiii e data monitors functional specificati
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Verification Planning Methodology

Feature extraction

Coverage model design

Additional verification views

I

v

First order

v

Second order

A 4

Implementation

v

v

~

Verification management
and tracking tool

Coverage model

VE implementation"\

A

y

Execution engine

@
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Verification Scope: Specification
Analysis
. Design intent is captured in the specifications

. Features need to be extracted from the specificati

. Topdown analysis

. Required for large specifications
- Need to distill behavioral requirements
- Intent abstraction gap bridged by the human mind in brainstorm

. Bottoraup analysis

. Suitable for small specifications
- Document analyzed chapter by chapter
- Amenable to analysis automation

- Reuse existing verification plans

(
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Problem Scope Captured in Coverage

Model Designs

. Toplevel model design
- Write semantic description
. Select attributes and values
. Choose model structure

. Detalled model design
- What to sample for each attribute?
- Where In the verification environment should we sample’
- When should each attribute be sampled?
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Extracting Design Features

. Design features are behavioral requirements of the de¢

- They should state what the device is intended to do
- NOThow a behavior will be verified

. Design features havelietad and tvhased behaviors

- A device should handle different data values
- A device should have a certain temporal behavior
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What Should Be Captured?

1. An abstract name for the feature
2. A semantic description of the feature

3. Optional
Responsibilities
References to specification, industry standards, tables
figures, requirements database, ...

Project schedule information
Estimate of the expected verification effort
Short identification tag
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Coverage Model Design

. Coverage model:
. Coverage space that captures input/output relationships
- A set of legal and interesting coverage points in the cove

space

- DUV functional requirements of:
- Inputs
- Outputs
- Inputto-output relationships

. Model fidelity

. Abstraction gap
. Omitted functional relationships
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First- and SecondOrder Coverage

Models

. FirstOrder Model

. Coarse model of a device feature
.- Represented by a table row in the verification pl:

- Secon®rder Model
- More precise model of a device feature

. Represented by a standalone table in the verificg

plan

’

C
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Device Specification

. DUV: wood burning stove
. Specification
- logs: 3 to 6 in the stove

. thermostat: 280 8O®& i n
Increments

ther mometer: 100E
. damper: open or closed

. catalytic converter: ignited or
not ignited

. doors: open or closed
top lid: open or closed

to 1, 000E
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" FirstOrder Coverage Model
Description and Attributes

. Feature nanumperating conditions

. Semantic descriptiacord all operating
conditions of the wood stove defined by logs

and damper

. Attributes and values
- logs: 3,4,5,6
. thermostat: 2B0 80® 10 i ncr emen
. damper: open, closed
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FirstOrder Coverage Model Tdpevel Design

Feature Attribute or Values Monitor
Sampling Time
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FirstOrder Coverage Model Size
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FirstOrderSystemVerilogCoverage
Model Implementation: Attributes

class WoodStove ;

rand int logs;

rand Int stat;

rand enum {OPEN, CLOSED} damper;
endclass : WoodStove
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FirstOrderSVCoverage Model
Implementation: Base Coverage Group

covergroup  wood_stove cg ;
coverpoint logs {bins I[] = {[3:6]};}
coverpoint stat {bins s[] =
{200, 300, 400, 500, 600, 700, 800};}
coverpoint damper;
cross logs, stat, damper;
endgroup
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SecondOrderSystemVerilogCoverage

Model Implementation: Model Structure

covergroup  wood_stove cg ;

cross logs, stat, damper {

ignore_bins

((" binsof
I binsof

I binsof

(! binsof

I binsof

(! binsof

I binsof

(! binsof

I binsof

(! binsof

I binsof

I binsof

}

endgroup

@

EB =
(logs) intersect {3,4} ||
(stat) intersect {200,300} ||
(damper) intersect {OPEN}) &&
(logs) intersect {3,4} ||
(stat) intersect {400}) &&
(logs) intersect {5} ||
(stat) intersect {500}) &&
(logs) intersect {6} ||
(stat) intersect {600}) &&
(logs) intersect {6} ||
(stat) intersect {700,800} ||

(damper) intersect {CLOSEDY}));
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AssertionBased Coverage

. Assert statements

- Did all my assertions execute?
Any unverified assertions?

. How many passed? Failed? Incomplete?

. Cover statements

- Functional conditions that must be exercised for complete
verification

- Concurrent properties that have the same syntax as concur
assertions
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AssertionBased Coverage Examples

Data/address values at key times

- Reset during every state
- Qverlapping writes to dual port RAM
- Design specific data requirements

Ranges of vectors during transactions
- Legal & illegal ranges
. Corner cases

- Buffer full or empty
- FIFO overflow
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Assertion Coverage Implementation:

SVA Cover Examples

did we ever see: Areqg2 followed within 10 cycles by Areq3

within 10 cycles by Areq0?

SEQ_REQ2 REQ3 REQ6over property (@(posedge Aclk)
('Arst) throughout Areq2 ##[0:10] Areq3 ##[0:10] Areq0);

AHow many ti mes were 3 bit

c2: cover property (@(posedge clk) !(resetting)
throughout ($countones(my_vector) == 3));
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Verification Planning Automation

Use the plan like a GPS to answer questions
- Where are we? What is the next waypoint?

- How far are we from functional closure?

- When will we reach functional closure?

- Verification plan requirements in executable form
- Written in an Excel spreadsheet or MS Word document
. Translated to HVPL for verification environment linkage

- An example of a VPA toolkit: Syndiddgdlanner

Spreadsheet or Hierarchical Verification Plan (HVP) input
Executable verification planrdauitated MMM Planner
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Executable Verification plan example:
VMM Planner

Plan in Spreadsheet
—_— Spreadsheet \ — Report

Plan in Word Doc
—_—> Word Doc —_—> —_—> Report

\ HTML

Report

HVPlanguage

y —7

VMMPIlanner
GUI Editor 7 N
Coverage Other
Database measurable
Data
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User Writes HVP Spreadsheet Using MS Excel
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MSWoeihd HTML are alternative report formats
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VMM Planner: BaclAnnotation From

Verification Sources

B Microsoft Excel - VMMPlanner WB.ann.xml .
@ File Edit View Insert Format Tools Data Window Help
NBEHS SRR @A 9-9 =4[ E;;ma -0 B 7 U|E==FH|S$ %
C8 v Fx
B c D E F G H I J K L M N
Jalue €
1 |f=ature |subfeature [subfeature ghase|Sweight |bu.bugs alue tst.test|measure snps.source gasure tst.agurce
z 9
2 ltop '
| 3 /wb_dma_configitest 4a”* [protocol
i tree:wb_dma_test top.dut.ut,
4 code Z tree:wb_dma_test_top.dut.u2
wb_dma_test_top.dut.*.*.**.cover
| S | single reads 75.00% _single_reads
wb_dma_test_top.dut.*.***.cover
| 6 | single writes 75.00% _single_writes
normal wb_dma_test_top.dut.*.*.**.cover
7 terminations 2 | | 75.00% _normal_terminatiens
| group:
8 kontrol ‘ 49.18% wb_dma_program::wb_dma_cb_c|/wb dma_configitest Sb3/*
9 exact checks 2 : **exact| Jwb_dma_configitest Sb2/*
DMA g fwb_dma_configitest_Sb1/%,
10 eng Jwb_dma_configitest_4a/* |dma*
tree: wb_dma_test_top.dut.u3,
1 code 75.00% tree:wb_dma_test _top.dut.ud o
12 handshake 2 0.00% wb_dma_test_top.dut.u0.*.check_
13 no underfiow 3 whb_dma_test_top.dut.u2.check_n
14 descriptor 2 0.00% wb_dma_test_top.dut.u2.check_e
wb_dma_program::wb_dma_cfg_
15 configuration 2 4 ) cov::config_cov*
- D
aste Da
16 ave 72.22% : 4 ai=10 ms*
| | 1555 a taot tan dub u? un X
4 » M[\0.Wishbone { 1.\Wishbone.top.OCP.OCPplan /. T | i J_‘
Ready 4
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Functional Coverage Automation

Functional coverage implementation is time andmeswmivee

. Automate functional coverage where possible
- Assertiotrased coverage from checkers
- Register and memory map coverage
- Low power verification coverage
- Verification IP for coverage
- Formadriven automatically extracted properties
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Functional Coverage Automation:
SVA Checker Library

SVA checker library containsraitverage
- In addition to performing function checks, each checker can collect an
coverage

Detailed statistics and transaction information

Has a FIFO been filled and emptied

Did an arbiter receive a grant for each channel
Have all variations of legal transactions occur
Did maximum and minimum latencies occur

Controlled though parameters
. coverage level 1, 2 pabameters
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" Functional Coverage Automation:
Register Functional Coverage

Example: VMM Register Abstraction Layer (RAL)

A Provides automatically generated, extensible coverage model

A Register bits coverage model: large, best used at the block level

A Address map coverage model: a subset of bit model, used in system level or top
level

A Field value coverage model: Should be used in system level or top level

A Usenwritten

A Configuration coverage model
A Control register value, sequence, transition, cross coverage
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Functional Coverage Automation:
Coverage Inferred From SV Test Bench

- Rule based generation of coverage model from te
bench constraints

- Autcinferred coverage model for
- Coverage of random variables
. Condition coverage over constraints
. Set membership coverage
- Cross coverage
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Functional Coverage Automation:
Inferred Implicit Coverage For SystemVerilog

constraint c { cpl: coverpoint (p || (Q &&r) {

}

if (p || (q &&r)) {x inside {[0:5]}; bin b1 = {1} iff (p);
bin bl = {1} iff (qQ && 1);

}

cp2 : coverpoint x {
bin b1 = {0};
bin b2 = {[1:4]};
bin b3 = {5};

}

ccl : cross cpl, cp2;
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Functional Coverage Automation:
Extracting Power FSM Model from UPF specification

ORE &)
e B
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Functional Coverage Automation:

Low PowetAnnotated VMM Verification Plan

Low Power

Automatic
Coverage
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