4 VERIFICATION PLAN

The verification plan is a specification for therifieation effort. It is used to
define what is first-time success, how a desigrerffied, and which testbenches
are writterl. This chapter addresses the description of dicagion plan for the
UART specified in chapter 2 and with the impleméntaplan defined in chapter
3. The verification plan makes use of suggestienten in Writing Testbenches
andReuse Methodology MandalThe types of verification tests can comprise of
compliance, corner case, random, real code, amds®gn testing.

In addition to the verification plan, this chaptprovides a discussion on
verification languages, general verification reqments for components, and the
rationale for the selection of VHDL for this bookThis material is included
because the verification plan addresses the vatibic language, and there is a
growing trend in the migration toward the use of languages $ipafly designed
for verification, rather than HDL designs.

1 Writing testbenches, Functional verification of HBiodels, Janick Bergeron,
Kluwer Academic Publishers 2000

2 Reuse Methodology Manual for System-on-a-Chip, rf8eddition Michael
Keating and Pierre Bricaus, Kluwer Academic Puldish1999

3 Verification Guild, http://janick.bergeron.com/gdil
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41 METHODOLOGIES

4.1.1 What is a Verification Plan

A verification plan is a document that defines fibleowing:

1. Tests or transactions applied to the design These tests are used to
verify the design functional correctness as spatiin the requirement
specification. This includes tests at the topdl@fdhe design as well as
the subblocks.

2. Testbench environmentfor the design-under-test This includes the
definition of the verification language, the sturet of the testbench, and
special instructions. The structure encompassesdmponent models (at
the interface level), packages (at the declaratiohigher level), and file
structures (if files are used).

3. Validation environment for the design-under-test This includes the
definition of the verifying and predicting softwarthe error reporting
methods, and the types of errors detected.

4.1.2 Why a Verification Plan

A verification plan provides a strawman documerdt ttan be used by the unit-
under-test (UUT) design community to identify, ganh the project, how the

design will be tested. Early mistakes in the weation approach can be identified
and corrected. A byproduct of the verificationrpkxercise is the revisit on the
validity and definition of the requirements. Tleisforces the process of verifying
those requirements, thus helping in the identitp@drly specified or ambiguous
requirements.

4.1.2.1 Testbench Style

Style is important in the design of the testbendtaose style guides the
verification approaches and reuse of testbench modReuse is an important
consideration in the design of the verification milsdbecause the testbench must
adapt to the lifecycle of the unit-under-test. TBET will typically undergo
several design iterations, refinements, and evamgds in requirements. During
the review process of the verification plan, poamis of testbench architectures
will be flagged.

4.1.2.1.1 Poor Testbench style$

Some examples of poor testbenches for re-use vincildde any of the following,
ordered from worst to workable-but-ugly methods.

Vector Stimulus

4 Test Benches: The Dark Side of IP Re@egg D. Lahti, SNUG San Jose
2000
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A vector set is a group of 1's and O’s that contaput stimulus to the input pins
andusually expected output from the output pins. &bty to understand what
the vectors are doing (i.e., documentation of timadus) as well as the ability to
modify the tests to incorporate bug fixes or desmgprovements is lost due to the
low level format. The worst possible use of vegtisrto create a “golden set” of
test vectors by visually verifying the waveformayisg the stimulus vector file,
and then subsequently verifying any future simalatiagainst the “golden” vector
set. This method of visually verifying the wavefar is not only time consuming,
but very prone to human error. Applying stimulughwA/C timing in mind
generally requires specific knowledge of the irdeels being tested. Once this
happens, the testbench becomes non-portable dinegueency constraints —i.e.,
the tests cannot function at a faster frequenagesihe vector set will need to get
scaled differently or the tests cannot be modifeedupport a different A/C timing
environment.

Assembly Language Code

A proprietary, low-level language like assembly edd drive a Bus Functional
Model within a system-like environment with a preser, bus controller and
program memory is next on the worst possible usligje Assembly code
generally means a lower level of abstraction oftdst and limits the engineer in
easily creating a functional test description tofggen large, complex testing
operations. The assembly language code testberithvark, but the effort to
reuse it requires more overhead in terms of toséglio compile the assembly to
object code and the effort to create the test. 8ipgian assembly-code driven
testbench, reusability gets limited to a platforpedfic tool for code compiling,
i.e., the compiler only works on a Sun Solaris &.2.solution or worse, a
Windows NT ® solution. The full-system environmersied (processor in BFM
form, bus controller, and program memory) also tnmeuse since the entire
environment must be re-created as the testbenobrdar to reuse the tests.
Finally, assembly code is not portable across wffe micro
processors/controllers. If an engineer createdeagiapfunction 1/0O block like a
USB ® controller and wrote the tests in assemblggetng an X86 ®
microprocessor, the tests would need to be recddbd block was to be reused
for a System On Chip (SOC) solution using a Stramg&® core. The use of
specific-architecture assembly code forces the &/X86 ® system architecture to
be emulated in the X86 ® system testbench to test lbock. Once again,
testbench reuse is now limited.

Scripts and Environments from Hell

EDA tools are never perfect, and no testing sotutwill always fit the
requirements. To patch problems at hand, the eegiwinds up creating a script-
based workaround, usually in Perl. What can tutestbench into a non-reusable
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nightmare is the when engineers break away fronmdustry standard, widely
used, HDL language (VHDL, Verilog, C/C++) to do tiesting and create a whole
environment of support script¢est language scripts, and pre/post-processing
scripts. It is difficult to create a modular testbk for a design when the testbench
needs to incorporate a dozen 3000-line Perl scrghygng on many environment
variables, hardcoded paths, and a chain of scogiiéhg more scripts. It also
turns into a support nightmare when the script awbironment are il
documented and the engineer is no longer workitgerdepartment or company.
Engineers like writing solution scripts, but comriieg and documentation is
usually sacrificed for quick implementation andesdhle time.

4.1.2.1.2 Good Testbench styles

A good testbench design style has, at a minimuenfdtiowing characteristics:

1. The resultant code is readable and maintainable.

2. Code is written in an approved, portable, open, enodand preferably
object oriented language.

3. Code is abstracted to as high of levels as possildlaus, instead of
"waveforms", code must address the "transactionstagks" that are then
transformed into waveforms by subprograms, methods, server
component models. A transaction identifies theapeaterized task that
must be performed on the UUT. For example, a WRtildhsaction
would include an address and data. The wavefaised in the protocol
to activate the WRITE (e.g., chip selects, writaldas) are described in
another structure.

4. The verifier model has knowledge of the transactiasserted on the UUT,
and makes use of that information in the deteatiogrrors.

4.1.3 Verification Languages

Studies on engineering design efforts have showhrtiore engineering time is
spent validating than writing an RTL descriptiordaynthesis. There is at least a
1:1 validation to design engineering task ratiqg(ffé 4.1.3), and in some cases
more of a ratio. Because of this heavy verifmateffort, several EDA vendors
have introduced new proprietary verification langes such as Synop$8y€era-
HVL™ Hardware Verification Language, Verisity'Specman Elit#6, and
Chronology QuickBench/Rave Cadence Design Systems is making its
TestBuilder testbench class librdrgvailable using open source licensing, thus

S http://www.synopsys.com/

6 http://www.verisity.com/html/specmanelite.html
7 http://lwww.chronology.com/

8 http://www.testbuilder.net
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allowing designers, IP developers and EDA vendorgig¢velop interoperable
testbenches for chip or system design verificatibhese languages are marketed
as verification languagesdesigned to provide the necessary abstractiorl teve
develop reliable test environments for all aspeatsverification: automatic
generation of functional tests, data and temponalcking, functional coverage
analysis, and HDL simulation control. These verification damages typically
implementation object oriented programming method@s to enhance the
ability to work with complicated designs and sophbated testbenches.

Layout Spec
2000 3000

Val
250 Synth 10%,
15%

Figure 4.1.2 Breakdown of Engineering Effor?

Verification languages are beginning to make anachpon how designs are
verified. People who have used them praise thei&fty of those tools.
Below is a quick overview of SpeégasedVerification'l, one of the commercially
available verification languages.

"Spec-basederification is an emerging methodology for funotb verification
that solves many of the problems design and vatifioc engineers encounter with
today's methodologies. This is done by capturimg tules embodied in the
specifications (design/interface/functional tefry) in an executable form. An
effective application of this methodology providesr essential capabilities to
help break through the verification bottleneck:

1. Automates the verification process, reducing bynash as four times the
amount of manual work needed to develop the vatific environment
and tests;

9 Test Benches: The Dark Side of IP Reuse, Gredgbti, SNUG San Jose
2000

10 see http://janick.bergeron.com/quild
11 From http://www.verisity.com/
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2.

Increases product quality by focusing the veriimateffort to areas of
new functional coverage and by enabling the disgova& bugs not
anticipated in the functional test plan;

Provides functional coverage analysis capabilitteshelp measure the
progress and completeness of the verification gffor

Raises the level of abstraction used to describeetivironment and tests
from the RTL level to the specification level, caiolg the rules defined in
the specs in a declarative form and automaticaliguging conformance
to these rules

Key benefits provided byWERAZ2 Testbench Automation for Functional
Verification include:

1.
2.

No kW

Reduce verification time with automated testbemeht®on and analysis
Create modular, re-useable testbenches with VERA H¥he high-level
language optimized for verification

Use the same testbench for VHDL and Verilog HDLigness

Perform thorough coverage analysis of even difficafner cases
Increase simulation efficiency with closed-loopatize tests

Increase simulation throughput with distributed pessing capability

Do full system simulation through tight integratiomith Synopsys'
industry-leading Synopsys Eaglei(R) HW/SW co-eatifhn environment,
and SmartModel(R) library

Cadence's document ddreating a C++ Library for Test Bench Authoring,

Testbuilde? states thatto support test bench authoring in C++, we have
encapsulated three sets of concepts in a libragrdivare concepts, testbench
concepts, and transaction concepts. The resultimgry provides an easy-to-use

interface for writing test benches in C++, with trsparent connection to an HDL

simulator. Significant productivity gain in creagjnreusable benches and in

debugging simulation runs have been achieved.

The above information was intended only as a vemgfbintroduction to
verification languages. The reader is invitedébmore information on that topic
from the web.

12 from http://www.Synopsys.com
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This author's view of verification languages idaLws:

1. Tools are not methodologies, yet methodologies mage tools to help
in the implementation of the methodology. A hammer is not a
methodology in building a house, but a hammer isch used to build a
house.

2. Tools, by themselves, do not guarantee quality of mk. Yet, tools
may enhance the quality of work in the hands of a@pd artisan. A
high quality, state-of-the-art electric saw does$ guarantee that a house
will be framed correctly. However, in the handsaofjood framer, that
saw definitely helps.

3. A good methodology with low technology tools is betr than a poor
methodology with high technology tools A house with a good building
process can be built with low technology tools. wdger, a poor building
process with high technology tools will not yield good product.

4. Verification languages are tools. By themselves, verification
languages are not the panacea to verifying that aedign is correct.

5. Verification languages can berery beneficial when mixed with a good
methodology and in the hands of good craft persons.This would be
like building a house with an approved and relighlacess, with advanced
tools, and excellent craft persons.

6. Users need to tradeoff the benefits of verificatiofanguages versus the
costs associated with those tools, including thedl purchase/lease,
training, and manpower for the verification speciaists. With qualified
verification specialists, the manpower should bHesser effort than if the
verification were done in HDL. However, resourtie@ation may be an
issue.

This book will use VHDL as the verification lang@adpecause it is an _open
language (IEEE Standard 1076.6). VHDL provides @dw data and HDL
constructs applicable to verification. The usembaen language for components
provides greater portability for the verificationdaregression models. For this
author, another reason for using VHDL is also eaains, with access to VHDL
tools (compilers and simulators), and the unrastlidreedom to publish code
written in this open verification language. Goedtbench design practices with
reuse in-mind are applied, and could be migratedtbher languages. This will
include a self-checking testbench that is easilylifrable and well documented
The concepts of verification are generic, and noahguage oriented.
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4.2 VERIFICATION PLAN

Headerpage  \/ER|FICATION PLAN FOR ASYNCHRONOUS OR
SYNCHRONOUS 8 TO 32 BIT Universal Asynchronous
Receiver/Transmitter
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A Release Date: /| /|
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Note: The Header page will vary with each organmatbecause of different
needs. For example, a reviewer list (with name sigdature only) may be more
appropriate that a single "approved” entry. Thiage is a placeholder for a
header page, and is not meant to represent an atesérmat.

The numbering system for the verification plantstat 1.0 because it is intended
to represent a stand-alone document. Therefordoés not follow the chapter
numbering system.
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1. SCOPE

Concise 1.1 Scope

abstractofthe  This document establishes the verification plan fioe UART

coverage of the  design specified in the requirement specificatidhidentifies the

testplan features to be tested, the test cases, the expextpdnses, and the
methods of test case application and verification.

Target The verification plan is primarily targeted for cpaonent
audience developers, IP integrators, and system OEMSs.

1.2 Purpose
Defining the  1he Verification plan provides a definition of thestbench and

verification verification environment, test sequences, appbcabf test cases,
plan often and verification approaches for the Universal As$ynoous

uncovers Receiver/Transmitter (UART) design as specified the
g};]s;s”?netrﬁ;a”' requirement specification number __ 01, and in thplémentation
original specification number __ 01.

requirements

- f this plan is not only to provide atlioe on how the component will
be tested, but also to provide a strawman docuriettcan be scrutinized by
other design and system engineers to refine théoation approach.

1.3 Classification
This document defines the test methods for a haeldesign.

2 DEFINITIONS
2.1 BFM

A Bus Functional Model that emulates the operatiban interface (i.e., the bus),
but not necessarily the internal operation of titerface.

2.2 Client
An interface that is responsible for the definitimmd creation of the transactions
to be asserted onto the UUT.

2.3 Transaction

Tasks and parameters that need to be executedexample of a transaction
would be a WRITE at a specified ADDRESS, with spedi DATA, onto a
specific interface, with specific FAULT modes, aattda specific time.

2.4 Server
A model or process that is responsible for exegutire transaction issued by a
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client. The server provides the appropriate wave$oonto the BFM interface.

The server may alert the client of the completiba ocequested transaction. The
server may also be involved in the collection ofad&kom the bus, and in the
offering of this collected data to a client, typgigan the form of a record.

3. APPLICABLE DOCUMENTS
3.1 Government Documents
None.

3.2 Non-government Documents
Document #: 01, Requirement Specification foAaynchronous Or
Synchronous 8 To 32 Bit Universal Asynchronous Recélransmitter

3.3 Executable specifications
None.

3.4 Reference Sources

1. VHDL Coding Styles and Methodologie%! Edition, Ben Cohen, KAP, 1999.

2. Writing Testbenches: Functional Verification of HDModels Kluwer
Academic Publishers (2000), Janick Bergeron, ligmick.bergeron.com

3. Reuse Methodology Manual (RMM),"2 Edition, Kluwer Academic
Publishers, 1999, Michael Keating and Pierre Bricau
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4. COMPLIANCE PLAN
VHDL will be used as the verification language hesm it is an opetanguage
(IEEE Standard 1076.6). This plan consists effttiowing:

* Feature extraction and test strategy

» Test application approach for the UART and its soitis

» Test verification approach

4.1 Feature Extraction and Test Strategy
The design features are extracted from the reqeiném
Fealt_u_rt(les are gpecification. For each feature of the designirected test strategy

ggl:g:tlz s recognized, and a test sequence is identifiéd.verification

defined in the Criterion for each of the design feature is docuteen This feature
requirements definition, test strategy, test sequence, and igatibn criteria
specification forms the basis of the functional verification planTable 4.1
summarizes the feature extraction and verificatdteria for the

functional requirements.

For corner testing, pseudo-random transmit andivec#ansactions will be
simulated to emulate a UART in a system environmerie CPU will perform
the following transactions at pseudo-random intisrva

1. Write transmit messages
2. Respond to transmit and receive interrupts by repthie PIR registers

The testbench environment will send receive-dafsatido-random intervals.
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Table 4.1 Feature Extraction and Verification Criteria
Tst FEATURE SPEC | Pr TEST SEQUENCE VERIFICATION
# & # io CRITERIA
DIRECTED TEST STRATEGY rit
y

I Fixed Parameterization 81 | | Configuration Setup
- Word size 8 bits/word Design compiles an(
- Buffer Depth 4 elaborates correctly,
- Buffer Almost Empty 1
- Buffer Almost Full 3 Configuration to be
- Synchronous/ asynchronous used in testcases

Asynchronous Mode

- Instantiation transmit function transmit function instantiated
- Instantiation receive function receive function instantiated
With test configuration #1.
DO tests #2 thru #25

i RESET al2] - Resetn =0, No Interrupt outputs
. UART to be in idle state, all - Resetn = 1 after 1 cycle
software visible registers to be | g73 - READ 01-- RCV PIR D0(7..0) = 0O0ODDOD

reset, no interrupt outputs

8.2.3

- READ 10— XMT PIR

DO(7..0) = 00000000
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Table 4.1 Feature Extraction and Verification Criteria (Continued)

Tst FEATURE SPEC Pr TEST SEQUENCE VERIFICATION
# & # io CRITERIA
DIRECTED TEST STRATEGY rit
y
3 | Modem Status || - Set RINn CTSn DSRn DCDn = 0000
.I/O BFM to Toggle modem |82} “READ O0 - Modem status DO(3 .0) = 0000
status: - Set RINn CTSn DSRn DCDn = 0001
RINn CTSn DSRn DCDn - READ 00 -- Modem status DO(3 .0) = 000!
- CPU to read data - Set RINn LTSn DSRn DCDn = 01D
-St'gct’US_F'V' to Toggle modem - READ 00 -- Modem status D03 .0) <0010
: - Set RINn CTSn DSRn DCDn = 0I00
gg,ﬁ”;:g& gg’g” DCDn - READ 00 - Maderm status D03 .0) =0i00
' - Set RINn CTSn DSRn DCDn = (000
- READ 00 -- Madern status DO(3 .0) = 1000
- Set RINn CTSn DSRn DCDn = i
- READ 00 -- Madern status D03 .0) = i
4 | Modem Control 827 [ | - WRITE 00 00O DTRn =0
.CPU to Toggle DTRn “WRITE 00100 - A4 garity DTRn =1

Set no parity mode - WRITE 0O 00O DTRn =10
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Transmit protocol

CPU writes 1 word into buffer,
interrupt on empty

. Set modem interface to
disabled transmission mode.

. Enable empty transmit interrup

. Write 1 random data to transm
buffer

. Modify modem interface until

8.2.6
8.2.8
6.0, all

—+

- Set RINn CTSn DSRn DCDn = 0OM

- WRITE 10 010000 - Amt bufter setuyp
- WRITE It RandomData - 4/ ximt buffer
- Wait for 2 baud cycles

- Set RINn CTSn DSRn DCDn = 00

- Wait for 9l cycles

- Set RINn CTSn DSRn DGO = 000!

- Wait for 9l cycles

- No serial output
- No serial output

- No serial output
- Serial transmission

Enable of transmission mode. | 321 - Set RiNn CT3n D3Rn DEDn = 0000 Bratacal per .3
. Check for interrupt. 6.0 - Enable all transmit interrupts | rotocot per -d- f
Read transmit PIR 8.2.5 - Read 10 - read/clr xmt PIR status until nterrupt El't end o
message is sent. (PIR(4)="T' transmission,
- erify serial output sequence.
- Verify Transmit interrupt (bit 1) is active and
is reset with xmt PIR read

Transmit protocol . CPU writes - Set RINn CTSn DSRn DCDn = 0000

“n" words into buffer, B.26 -WRITE D10 -- hex - - /aterruypt on MT

interrupt on empty (MT) - Fill xmt buffer with random data

- Set modem interface to for K in 1 to buffer_depth loop

enabled transmission mode. | gyg WRITE !l RandomData - /#.xmt buffer

. Enable empty transmit interrup
. Write buffer-depth random datg
to transmit buffer.

. Check for interrupt
. Read transmit PIR

o121
RO

8.2.3

end loop;
- Read 10 - read/clr xmt PIR status until
message is sent. (PIR(4)="I'
- Verify serial output sequence.
- Verity Transmit interrupt (bit 1) is active and is
reset with xmt PIR read

- Serial transmission.
Protocol per B.0.
Interrupt at end of
transmission of all words
in buffer,
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Table 4.1 Feature Extraction and Verification Criteria (Continued)

Tst FEATURE SPEC | Pr TEST SEQUENCE VERIFICATION
# & # io CRITERIA
DIRECTED TEST STRATEGY rit
y
7 Transmit protocol. CPU writes || - Set RINn CTSn DSRn DCDn = 0000
“n” words into buffer, 826 - WRITE 10 001000 - /atrpt Almast empty
interrupt on Almost empty - Fill xmt buffer with random data
. Set modem interface to for K in 1 to buffer_depth loop
enabled transmission mode. | g9g WRITE 11 RandomData
. Enable empty transmit interrupt. — fill xmt buffer
. Write buff_er depth random data 517 end loop; - Serial transmission.
to transmit buffer. B0 - Read 10 — read/clr xmt PIR statuSp.giocol per 6.0,
- Check for interrupt. until message is sent. (PIR(3) ="1 Interrupt when transmit
. Read transmit PIR - Verify serial output sequence.
8.2.0 buffer reaches down to

- Verify Transmit interrupt (bit 1) is
active and is reset with xmt PIR
read

the almost empty level.
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Tst FEATURE SPEC Pr TEST SEQUENCE VERIFICATION
# & # io CRITERIA
DIRECTED TEST STRATEGY rit
y
8 | Transmit protocol. CPU writes [ | - Set RINn CTSn DSRn DCOn = 0000
“n” words into buffer, 8.26 - WRITE 10 000100 - Jatrpt half-full
interrupt on half-full - Fill xmt buffer with random data
- Set modem interface to for K in 1 to buffer_depth loop
enabled transmission mode. | ggg WRITE Il RandomData - £/ xmt buffer
. Enable empty transmit interrupt. end loop
- Write buffer depth random datd g9 - Read 10 - read/clr xmt PIR status until - Serial transmission.
to transmit buffer. . o
; B0 message is sent. (PIR(2) ="l Protocol per B.0.
- Check for interrupt. Verify serial output sequence Interrupt when transmit
.Read t it PIR ) '
ead transmi 8.2.0 - Verify Transmit interrupt (bit 1) is active and | buffer reaches down to
is reset with xmt PIR read the half-full.
g Transmit protocol. CPU writes || - Set RINn CTSn DSRn DCOn = 0000
n” words into buffer, 8.2.6 - WRITE 10 000DID - smtrpt almast-full
Interrupt on qlmost-full - Fill xmt buffer with random data
.Set modem interface to for K in 1 to buffer_depth loop
enabled transmission mode. | gy g WRITE !l RandomData - /i xmt buffer

. Enable empty transmit interrup

t.

. Write buffer depth random data 519

to transmit buffer.
. Check for interrupt.
. Read transmit PIR

B.0

8.2.3

end loop;
- Read I0 - read/clr xmt PIR status until
message is sent. (PIR() ="
- Verify serial output sequence.
- Verify Transmit interrupt (bit 1) is active and
is reset with xmt PIR read

- Serial transmission.
Protocol per B.0.
Interrupt when transmit
buffer reaches down to
the almost-full level.

Table 4.1 Feature Extraction and Verification Criteria (Continued)
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Tst FEATURE SPEC Pr TEST SEQUENCE VERIFICATION
# & # io CRITERIA
DIRECTED TEST STRATEGY rit
y
[0 | Transmit protocol. CPU writes || - Set RINn CTSn DSRn DCOn = 0000
"n" words into buffer, 8.26 - WRITE 10 000001 - sntrot full
interrupt on full - Fill xmt buffer with random data
. Set modem interface to for K in 1 to buffer_depth loop
enabled transmission mode. | g9 g WRITE I RandomData - £ xmt bufter
- Enable empty transmit interrupt. end loop;
- Write buff_er depth random data g121 - Read 10 - read/clr xmt PIR status until - Serial transmission.
tghtraﬂsfm't. bufer. B message is sent. (PIR(D) =" Pratocal per B.0.
' Re:g tr;)rrlérr]rt\ietreruIFF):. - erify serial output sequence. Interrupt when transmit
' 894 - Verify Transmit interrupt (bit 1) is active and | buffer reaches off to the

is reset with xmt PIR read

full level.
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Table 4.1 Feature Extraction and Verification Criteria (Continued)
Tst FEATURE SPEC | Pr TEST SEQUENCE VERIFICATION
# & # io CRITERIA
DIRECTED TEST STRATEGY rit
y
If Receive protocol || - Set RINn CTSn DSRn DCOn = 0000 Received data (all words)
interrupt on not empty 8.2.6 - WRITE 01 010000 sintrpt an not MT = transmitted data.(all
. Set modem interface to - send buffer-size words to RxD pgrivords)
enabled transmission mode. with random data
. Enable empty receive interrupt| ¢ - Wait for interrupt within serial Status register is as
. Send buffer-depth words to data transmission time expected.
to Rxd port. 897 - Read 01 — read/clr rcv buffer status
. Check for interrupt. c 17l until message is received. (PIR(4)=
. Read receive status and PIR 827 1
o - Verify receive interrupt (bit 0) is
active and is reset with xmt PIR
read
- Read data
12 Receive protocol || - Set RINn CTSn DSRn DCOn = 0000 Received data (all words)
interrupt on almost-empty 826 - WRITE 01 001000 satrpt on almost- MT = transmitted data.(all
. Set modem interface to - send buffer-size words to RxD pgrivords)
enabled transmission mode. with random data
. Enable empty receive interrupt| ¢ - Wait for interrupt within serial Status register is as
. Send buffer-depth words to data transmission time expected.
to Rxd port. 8773 - Read 01 — read/clr xmt buffer

. Wait for interrupt.

a2l

status
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. Read receive status and PIR | 827
- Read data
Table 4.1 Feature Extraction and Verification Criteria (Continued)
Tst FEATURE SPEC | Pr TEST SEQUENCE VERIFICATION
# & # io CRITERIA
DIRECTED TEST STRATEGY rit
y
I3 | Receive protocol || - Set RINn CTSn DSRn DCDn = 0000 Received data (all words)
interrupt on half-full B.26 - WRITE 01 0O0I0D jntrot o halt-full = transmitted data.(all
. Set modem mte_rfa_ce to - send buffer-size words to RxD port with words)
enabled transmission mode. random data
. Enable empty receive interrupt| ¢ ; - Wait for interrupt within serial Status register is as
. Send buffer-depth words to data transmission time expected.
to Rxd port. 297 - Read 01 — read/clr xmt buffer
. Wait for interrupt. 510 status
. Read receive status and PIR 827
B - Read data
l4 | Receive protocol || - Set RINn CTSn DSRn DCOn = 0000 Received data (all words)
interrupt on Almost-full B.26 - WRITE 01 000010 sntrpt on almost-full = transmitted data.(all
. Set modem interface to - send buffer-size words to RxD pdriyords)
enabled transmission mode. with random data
. Enable empty receive interrupt| ¢ - Wait for interrupt within serial Status register is as
. Send buffer-depth words to data transmission time expected.
to Rxd port. 8773 - Read 01 — read/clr xmt buffer
. Wait for interrupt. E.I 2 1 status
. Read receive status and PIR 827

- Read data
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Table 4.1 Feature Extraction and Verification Criteria (Continued)

Tst FEATURE SPEC | Pr TEST SEQUENCE VERIFICATION
# & # io CRITERIA
DIRECTED TEST STRATEGY rit
y

|5 | Receive protocol || - Set RINn CTSn DSRn DCOn = 0000 Received data (all words)

interrupt on full 8.26 - WRITE 01 0OD0O! /ntrpt on full = transmitted data.(all

. Set modem interface to - send buffer-size words to RxD partvards)

enabled transmission mode. with random data
. Enable empty receive interrupt} ¢ - Wait for interrupt within serial Status register is as
. Send buffer-depth words to data transmission time expactad.
to Rxd port. 273 - Read 01 — read/clr xmt buffer
. Walit for interrupt. E.I 2 1 status
. Read receive status and PIR 827
B - Read data

I | Tests 2 to 15, 8.2.2 | | - WRITE 00 111-- Odd parity DTRn=10

with PARITY ON, ODD - Repeat tests 1 through 15
[7 | Tests 2 to 15, 8.2.2 I |-WRITE 00 1106- Even parity DTRn =0

with PARITY ON, EVEN - Repeat tests 1 through 15
I8 | Receive framing error, 711 | | Same conditions as 15, except:

Even Parity Force a framing error on the receive

RxD, READ Status

19 Receive parity error, 712 | | Same conditions as 15, except:

Even Parity Set parity ON and force a parity

error on the receive RxD data

20 | Receive buffer overrun error, 713 | | Same conditions as 15, except:

Even Parity Do not flush receive buffer.
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Table 4.1 Feature Extraction and Verification Criteria (Continued)
Tst FEATURE SPEC | Pr TEST SEQUENCE VERIFICATION
# & # io CRITERIA
DIRECTED TEST STRATEGY rit
y
21 | Transmit buffer overrun error, | 714 | | Same conditions as 10, except:
even Parity Force a more data write into the
transmit buffer than the buffer can
hold.
772 | Receive framing error, 711 7 | - WRITE 00 111-- Odd parity
Odd _Parity Same conditions as 15, except:
Force a framing error on the receive
RxD
23 | Receive parity error, 712 7 | Same conditions as 15, except:
Odd _Parity Set parity ON and
force a parity error on the receive
RxD data
24 | Receive buffer overrun error, 713 7 | Same conditions as 15, except:
Odd _Parity Do not flush receive buffer.
25 | Transmit buffer overrun error, | 714 7 | Same conditions as 10, except:

Odd Parity

Force a more data write into the
transmit buffer than the buffer can
hold.
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4.2 Testbench Architecture
Several architectural elements must be consideredhé definition of the
testbench environment, including the following:

* Reusability / ease of use / portability / verifioatlanguage

* Number of BFMs to emulate the separate busses

* Synchronizationmethods between BFMs

* Transactions definition and sequencing methods

» Transactions driving methods

» Verification strategies for design and its subbkck

4.2.1 Reusability / ease of use / portability / véication language

VHDL code will be used for this design because VHBLan IEEE standard
language, and is portable across platforms. Aatdesdesign style will be applied
as discussed in the following subsections.

4.2.2 Number of BFMs

The UART consists of two independent channels, cdrennel representing the
CPU interface to send data (onto %D line) and read status and received data,
and the other channel representing the RECEIVE datdo theRXDline). To
maintain the modeling integrity of the system, stimportant that those two
channels be modeled with BFMs that can emulateatdymchronism of those
channels. However, a synchronization scheme betéhese BFMs is essential to
control order of execution, when necessatry.

For this design, two BFMs will be modeled as showfkigure 4.2.2. One BFM
will represent the HOST or CPU environment thatiaizes the UART, reads
status information, sends transfer data (to belsghatART over the TXD signal),
and reads collected data (to be collected by thBTover theRXDsignal). The
other BFM will represent the RECEIVE BFM to emul#te serial interface sent
over theRXD signal.
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(when needed)
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Figure 4.2.2 BFMs for UART Model

4.2.3 BFMs Synchronization Methods

The synchronization of transactions is often ref@ras concurrency control.
There are several synchronization methods knowthencomputer science field
that can be implemented in VHDL and in many veaificn languages. These

concurrency control techniques include the follagvin

1. Fork and Join.

this syntax. However, it can be emulated with éven

2. Events.Events are signals used to synchronize concurmeaepses. For
example, one signal (e.g., Sync) can be used tokbdo process, and
another signal (e.g., Trigger) can be used to selear unblock the
blocked process. Another example is a handshakeewthe requesting
process that wishes to execute a transaction neakeguest to an arbiter
logic. Because VHDL allows user defined resolutionctions, the events
synchronization method can be implemented witmglsiresolved signal
of resolved integer type, where the signal getslves to the lowest value
being driven. A unit asserting a value on this kest bus must wait until
that bus has a value equal to the asserted valléHDL, the algorithm is

as follows:

The fork statemenand join statement is similar to
Verilog Fork Join [Verilog LRM 9.8.2], and allows the execution ofdw
or more parallel threads in a parallel block. VHBdhes not directly have
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SYNCS <= IntegerValue; -- new value asserted onto resolved integer
Wait until Clk="1";-- SYNCS is updated
whi | e SYNCS /= IntegerValue | oop

-- Wait until level adjusts to requireghs level
Wait until Clk="1"
end | oop;
Figure 4.2.3 demonstrates this concept via an ebampriver A initially holds
the resolved integer signal to a —100 value, prigvgmprocess B from continuing
since it awaits a ZERO. When Driver-A finally agss a ZERO onto the SYNCS
bus, the resolved integer signal resolves to ZE®Os enabling process B to
continue. Now Driver B executes for a period, #meh assigns a ONE onto the
resolved integer signal. In the meantime, processminues, and assigns a ONE
after a period. If the signal gets resolved to QNien process B is granting
process A permission to continue. Process A assigiWO after some period of
work. The signal is resolved to ONE, and procesaust now wait until process
B enables process A to continue by assigning a TWO.

‘ I

DRIVER A -100 0 1] 2 3
1
1
DRIVER B 0 1 :
|
1
RESOLVED-BUS [ -100 |o 11
1
Time :
1 -
A Activity » |
1
B Activity >
V\}aiting for Resolved-bus W;iting Waiting Waiting
togoto0 for R-bus for R-bus for R-bus
togotol togoto 2 togoto3

Figure 4.2.3 Application of Resolved Intege®ignal where Low Value
Wins

1. Semaphore. A semaphore is a primitive operation used for miutua
exclusion and synchronization. A flag variable $&d to govern access to
shared system resources. A semaphore indicatethéo potential users
that a file or other resource is in use and presvantess by more than one
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user. Semaphores can be created in VHDL, and pieatly supported in
verification languages.

4. Mailbox. A mailbox is a mechanism to exchange messagegcbrn
processes. Data can be sent to a mailbox by oreess@and retrieved by
another. This can be implemented in VHDL with sdarariables and link
lists.

5. Timeout. This represents the maximum amount of time a peoads
wait for a request or synchronization/HDL supports the timeout
concept with the statement:

wait until conditionfor timeout_time;

Resolved  The UART design will use the event synchronizatieshnique
g’ézgg é/seto using the resolved integer method. This technigile be used
P because it is relatively simple and is automatycatlaptable to the

mutiple o S
processes ~ Synchronization of additional concurrent BFMs.

4.2.4 Transactions definition and Sequencing methasd
There are several methods to define the transactamserted by the BFMSs.
Potential methods considered for the UART testbeémclade the following:

1. Command files with Instruction Set (ISA). This technique defines a
high level ISA for the commands that are stored file. This is typically
a limited set of instructions with parameters. Eaample, a WRITE
instruction at a specific address, with some dathis method requires a
parser to parse the instructions into its compaent

2. Command procedures. This technique uses procedures to define the
waveforms asserted onto the formal parameters efptiocedure. The
procedure calls (e.g., WRITE, READ) can be inittafeom either VHDL
code, or from the parsed instruction read froniea fi

3. VHDL code. This technique uses the diverse features of VHDhgsert
the desired waveforms. Subprograms may be usedhance reusability.
All transactions sequencing is defined in VHDL.

The UART testbench will use the command files vathinstruction set because
this technique is easier to maintain since the dses not need to know or modify
VHDL code to update the transaction sequences.idpedt2.7 expands the
application of command files for the UART.

4.2.5 Transactions driving methods

Another tradeoff to make in the architecture of B~M the driving methods of
transactions. The low level transactions can etearfeom procedures,
components, or inline VHDL code. In the UART BFM=sach BFM (host and
receive) will consist of two components, thkent component and theerver
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componerit Theclient, or executive, makes high-level transaction retpug@sg.,
Read Write) to theserver Theserverdetects the arrival of new messages and
honors the requests by providing the actual busrfantes (théhandshakesand
protoco) to the UUT. Theserveralso collects any interface data (using the
protocol) and transfers that information to tbleent through a signal. Theients
and serversare modeled as components. This object-orienpgdoach for the
design of scenario generators enhances the conoéptsodel reusability and
maintainability. The advantages of this approaeh

» Separation between the taskingof jobs (e.g., WRITE) by the client, and
the executionof the jobs (i.e., protocol, or twiddling of theany interface
signals by server).

* Reuse of clientwhen interface changes because of changes angesiti
subblocks. The client is unchanged when the pobtttanges.

* Reuse of servemwhen different transactions or tasks are needée.
server is unchanged when the sequence of taskbd(im) is changed.

4.2.6 Verification strategies for design and its sablocks

The UART design will be verified with an automatierifier component that
performs the automatic detection of protocol violas and transaction logging.
Section 4.3 discusses the verifier model.

4.2.7 Detailed Testbench Architecture
The testbench architecture for the UART consistghef following functional
elements, as shown in Figure 4.2.7-1.

1. UART, representing the UUT.

2. HOST BFM, emulating the host interface to the UART

3. RECEIVE BFM, emulating the UART RXD receive serial port

4. VERIFIER , providing the verification and reporting of theART

behavior.

The two clients are synchronized with a resolvadgar SYNCS signal, as discussed in
section 4.2.3. An alternate approach to the daoalmand file method is to use a single-
command file that control the host server and #eive server, as shown in Figure
4.2.7-2. The single-command file is easier coneapt since there is no
synchronization between multiple BFMs. Howeverrenfields are required to identify
which server is the recipient of the command. dditon, this technique is less flexible
in generating asynchronous transactions in each Bfédause of the sequential
dependency in the control of the transactions ,(étgm one source). The single-
command approach is not selected for this testbéedause it is less flexible in the
control of concurrent transactions.

1VHDL Coding Styles and Methodologie&? Pdition, Ben Cohen, KAP, 1999.
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4.2.8 Subblock Verification

For this project, a verifier will be used for vecdtion of the UART. However,
the subblocks will be verified visuallwith test vectors generated from BFMs
intended for the UART testbench. For this projedcual, instead of automatic,
verification of the subblocks will be performed feconomic and scheduling
reasons. BFM reuse will be emphasized for theeptojSpecifically, the client
model will be reused for all the subblock modelsept for the clock control,
which only requires simple clocks. However, siegery subblock has different
interfaces, separate subblock servers will be bilgure 4.2.8 represents a view
of this concept. Each server will interpret themooand tasks differently,
depending on the type of server it represents. ekample, a WRITE task to a
CPU interface implies a WRITE protocol using thellClfus protocol, whereas a
WRITE to a FIFO implies a PUSH of data into the BIF

E HOST _ ;
E BEM CPU Client Host Server
I CPU I/F
TheTask f———-p
Subblock
EOT E TheTask
RdData g TheTask
Hold A TheTask XMITSUBLK
EOT Subblock
RdData
: : TRANSMITTER
....................................................................................................... ANSMITTE
CLKCNTRL
Subblock
FIFO
0000000005 OSSO0 RRISIO E S
: RCV RCV Client
: Hold (¢ RCV Server :
— : RCVSUBLK
TheTask ¢ TheTask : Subblock
EoT EQ] TheTask :
=oT RECEIVER
T —————] Ssubblock

Figure 4.2.8 Subblock Verification Overview
using BFMs and Visual Verification
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4.2.9 Instruction File

When verifying compliance to the specificationse thirected testcases will use
instruction files to define the high-level test seqces. Thelient model reads
the instruction file, and thparserpackage parses those instruction3 heclient
transfers the parsed instructions through TiheTasksignal to theserver that
decodes the instructions, and provides the wavefootocol to the design under
test (e.g., UART or subblocks). An end-of-transf@OT) is emitted by the
serverto theclient to identify the end-of-execution of the requesiestruction.
The benefits of this approach include:

* Readability. Instructions are English-like in mnemonics, anibva
comments for documentation. They represent higatigasks, unlike low-
level assembly-language instructions. During satiah, the task can be
displayed on the wave-view of the simulator to ittfgrwhich high-level
instruction is executed. ThEOT pulses easily identify the end of
transactions.

* Maintainability/flexibility . A user can easily modify the instruction
sequence with a text editor, with no need to knovwnodify the VHDL
code.

* Compilation/elaboration speed A change to the contents of the file
requires no recompilation or re-elaboration oftéstbench code.

For corner and random testing, the testcases wgtl dise instruction files for the
initial setup of the UUT environment. This willeh be followed by VHDL code
for the generation of pseudo-random transactionspsgudo-random time
intervals. VHDL code is used because it is a powdanguage with appropriate
constructs for looping and iterations. VHDL codel amstructions defined in files
can freely be intermixed. The file instructiondivine called from a procedure
call.

Table 4.2.2 defines the mnemonics used in theucstn files, and provides
application examples for those instructions.

Table 4.2.2 Transaction Instructions used in Filg

# | INSTRU- FUNCTION EXAMPLE
CTION
1 WRITE Write a single word @ WRITE 10 1F
WRIT * address (binary) with -- Reset, xmt Intrpt enb(4..0)
data (hex)

2 | RNDM_DATA | Write a single word @ RNDM 11
RNDM * address (binary) with
random data, sized to
width of UART
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Table 4.2.2 Transaction Instructions used in Fike (Continued)
# INSTR FUNCTION EXAMPLE
3 | READ READ a single word READ 01
@address (binary), -- Read RcvFifoSts 5 bits
4 | IDLE Stay in IDLE for n idle 10000 — wait for 1K cycles
system clocks
5 | RESET hardware reset for "n" RESET 6
RESE * cycles
6 | DISP Displays a message. DISP End of XYZ test sequence
-- Client asserts the message.
7 | MODE Sets the BFM to one of | MODE NORMAL
the following modes:
NORMAL,
FRAME_ERR,
PARITY_ERR
8 | RDUNTIL | Read @ADDR (in bit) RDUNTIL 11 02 50
RDUT * MASK (in Hex) Interval | —addr="11", mask = X"02",
(in natural) until the -- Interval = 50 cycle
received masked data -- Read data from address,
has a ONE. -- Temp := MASK AND fetched_data
-- If any bitin Temp ='1' then continue
-- else wait for Interval clock cycles
-- Repeat
9 | ENVSETU | Sets the environment forl ENVSETUP 0000 — binary
P the uart (3) = RIn — Ring
ENVS * (2)=CTSn -- Clear To Send
. Four-bit data in binary. | (1) = DSRn -- Data Set Ready
(0) =DCDn _-- Data Carrier Detect
10 | CALL Jump to subroutine CALL c:/uart/tests3to5,txt
11| SYNC Assigns a sync integer tg SYNC 3
a resolved integer signal
12 | WT4INTR | Wait for interrupt for n WTA4INTRPT 10 100 — xmt intrpt, up
PT cycles to 100 clk
WT41 * Instruction continues
after "n" cycles if no
interrupt occurs
13 | STOP STOP Simulation STOP

-- Client asserts the message.

-- Server stops simulation if STOPSIM
-- generic is setto TRUE, else
instruction

-- is ignored

* Optional Instruction mnemonic. Parser considerly the first four characters
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4.3 Verifier
The verifier model will provide several services to facilitatee t automatic
verification and debug of the UUT. The functioresfprmed by the verifier willl
include:

* Verify compliance to requirements

* Reporting of errors linked to requirements

* Reporting of environment and transactions

The verifier will perform its automatic checking Wiyst scoreboarding (i.e.,
keeping track of) all commanded transactions amgjpseinstructed by thelient
through the tasks. It will then monitor the ingerés of the UART, and will verify
that the expected UART transactions do occur withi@ allotted or required
latencies. For example, WRITE task from theclient should cause the data
written into theUARTto be issued onto thExD serial port within 2 baud cycles,
provided all the transmit conditions are satisfiddhe verifier will then check that
this output event does occur, and that the RS28Poqul (i.e., serialization,
parity, format) is abided.

4.3.1 Error Detection by Verifier
When an error is detected, therifier will report each error in the format shown
in Table 4.3.1-1.

Table 4.3.1-1 Error Reporting Format and Example

TIME ERROR REQUIREMENT OBSERVED EXPECTED DATA
ns DATA
13700 | UART Fails to detect 8.2.3 01100001 00110001
parity error

Table 4.3.1-2 provides the list of errors to beorégd by the verifier.

4.3.2 Transaction Log
The verifier will log the transactions and errarne log file. The information to
be logged will include:
1. Simulation time
2. Transaction, including
CPU: Read, Write
Serial data word sent out: Txd
Serial data word read in: Rxd
Modem control: RTSn, CTSn, DSRn, DCDn, DTRIn
3. Errors See Table 4.3.1-2
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Table 4.3.1-2 List of Errors Reported by Verifier

UART Fails to detect parity error
UART detects Parity error when none
Parity error in sent nessage on TXD

UART Fails to detect fram ng error on RXD

Fram ng error detected when none
Fram ng error in sent nessage on TXD
Failure to receive a nessage on RXD
Failure to send a nessage on TXD
Sendi ng a nessage illegally on TXD
PIR Receive in error

RCV interrupt error

XMI' I nterrupt error

ERROR in read of nmobdem data @ addr
DTR out put /= CPU comanded data

RCV PIR Enpty Error

RCV PIR al nost Enpty Error

RCV PIR Hal f-full Error

RCV PIR Al nmost-full Error

RCV PIR full Error
XMI' Data error

PIR transmt error
XMI' PIR Enpty Error
XMI' PIR al nost Enpty Error

or wite to full

XMI' PIR Hal f-full Error
XMI' PIR Al npbst-full Error
XMI' PIR full Error

Recei ved data unequal

to expected data

00

buf f

4.3.3 Coverage

A minimum of statement coverage will be executed 89% of statement

coverage will be verified.

4.3.4 Compliance Matrix

Table 4.3.4 is a summary of the compliance matmefch requirement, and tests

that verify the requirement.

Table 4.3.4 Compliance Matrix

REQ # REQUIREMENT VERIFIER TESTCASE #

1.0 Scope NA

2.0 Definition NA

3.0 Applicable documents NA

4.0 Architectural Overview NA

5.0 Physical Layer -

5.1 Interface Port Description -

51.1 RS-232 Serial Interface -

Table 4.3.4 Compliance Matrix (Continued)
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REQ # REQUIREMENT VERIFIER TESTCASE #
5.1.1.1 TxD, Transmit Data 5, 6,7,8,9,10
5.1.1.2 RxD, Receive Data 11,12,13,14,15
5.1.1.3 RTSn, Request To Send 5, 6,7,8,9,10
5.1.1.4 CTSn, Clear To Send 5, 6,7,8,9,10
5.1.1.5 DSRn, Data Set Ready 3
5.1.1.6 DCDn, Data Carrier Detect 3
5.1.1.7 DTRn, Data Terminal Ready 3
5.1.1.8 RIn, Ring Indicator 3
5.1.2 CPU Interface 5, 6,7,8,9,10, 11,12,13,14,15
5.1.2.1 Addr 5, 6,7,8,9,10, 11,12,13,14,15
5.1.2.2 CSO 5, 6,7,8,9,10, 11,12,13,14,15
5.1.2.3 Csi 5, 6,7,8,9,10, 11,12,13,14,15
5.1.2.4 CS2n 5, 6,7,8,9,10, 11,12,13,14,15
5.1.2.5 Din 5, 6,7,8,9,10, 11,12,13,14,15
5.1.2.6 RDn 5, 6,7,8,9,10, 11,12,13,14,15
5.1.2.7 Resetn 2
5.1.2.8 WRnN 5, 6,7,8,9,10,
5.1.2.9 DO 5, 6,7,8,9,10, 11,12,13,14,15
5.1.2.10 | OutEnb 5, 6,7,8,9,10, 11,12,13,14,15
5.1.2.11 Intrpt 6,7,8,9.10.11,12,13,14,15
5.1.3 Clock Interface ALL
5.1.3.1 Clk ALL
5.1.3.2 TC_synch Not tested
5.1.3.3 RC synch Not tested
5.1.3.4 Clk16x ALL
6.0 Protocol Layer 5,6,7,8,9,10,11,12,13,14,15
7.0 Robustness -
7.1 Error Detection. -
7.1.1 Receive framing error 18, 22
7.1.2 Receive parity error 19,23
7.1.3 Receive buffer overrun error 20,24
7.1.4 Transmit buffer overrun error 21,25
7.2 Error Handling NA
8.0 Hardware and Software -
8.1 Fixed Parameterization -
8.2 Software Interfaces -
8.2.1 Address "00", CPU READ, 3
Modem Status
Table 4.3.4 Compliance Matrix (Continued)
REQ # REQUIREMENT VERIFIER TESTCASE #
8.2.2 Address "00", CPU WRITE, 3,16, 17
Modem Control

8.2.3 Address "01", CPU READ, Receive| 2,11,12, 184, 15
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Buffer Status

8.2.4 Address "01", CPU WRITE, 11,12,13,14,15
Receive Buffer Control

8.2.5 Address "10", CPU READ, 2,5,6,7,8,9,10
Transmit Buffer Status

8.2.6 Address "10", CPU WRITE, 5,6,7,8,9,10, 11, 12, 13
Transmit Buffer Control

8.2.7 Address "Il", CPU READ, Read Receive Data | 11,12,13,15

8.2.8 Address "11", CPU WRITE, Write | 5,6,7,8,9,10,14
Transmit data

8.3 Modes of Operation ALL

9.0 Performance -

9.1 Frequency Synthesis and layout tools

9.2 Power Dissipation Not performed

9.3 Electrical Not performed

9.4 Environmental Not performed

9.5 Technology NA

10.0 Testability Not performed

11.0 mechanical NA

5.0 Design Tools
Table 5.0 summarizes the list of tools used foification.
Table 5.0 Tools Used for Verification

TOOL

VENDOR

FUNCTION

ModelSim EE 5.4b with
Code Coverage

Mentor Graphics

Model Technology,

VHDL/Verilog co-simulator
with code coverage

Emacs 20.6.1 with
Vhdl-mode 3.31.6 beta

GNU

Language sensitive editor

This list summarizes the tools used in the desigheoUART for this book. Users need
to identify the tools they intend to use in thewject. Degugging tools such as Novas'
Debuss¥(r) Total Debug (tm) system might be very helptuirty the debugging stage.

2 http://www.novas.com/




