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FOREWORD

When Ben first asked me if | would be interested in reviewing his latest book, | was
dudly thrilled; once for the opportunity to contribute to the subject matter, second
because it meant that Ben was taking on some new issues. In my many years with
Synplicitya , | have had the opportunity to read or review many books. Of those, very
few | appreciated enough to recommend. Two of Ben's earlier books, VHDL Coding
Syles and Methodologies and VHDL Answers to Frequently Asked Questions are
truly the best of the lot. They have long been on my technica recommendation list. Ben
has an academic knowledge of the VHDL language, but utilizes that information with a
practitioner’s sense of reason. Both of these works are targeted toward the designer
who utilizes VHDL. He fills these books with tips and recommendations, explanations
as to why decisons are made and many references for further reading. What we gain
from these books are a practica guide to applying VHDL with consderation for both
the circuits to be implemented as well as the tools that you will used to create and verify
the designs. | was anticipating that this new work would be similar in gpproach

In Component Design by Example, Ben attacks the design reuse problem. Thistopic
is timey and important. The Electronic Desgn Automation community has spent the
most of the last decade foreshadowing the emergence and importance of design re-use
and "IP" to obtain the next level of productivity gains. It isonly in recently that we have
seen more frequent occurrences of design reuse. In the past few years, our customers
have begun to utilize various szes and complexities of IP. With our customers, we have
discussed, planned, pondered and solved various problems and futures for the
development and reuse of design data and modular design flows. Consequently, we
have observed that there is much design data that is reused, but only after Sgnificant
effort. Often this is because the module was not successfully designed with reuse in
mind. | suspect that many designers lacked resources and references broad enough to
be useful on the topic of design for reuse.
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Ben has created a pragmatic and useful book on design for reuse. It is ussful because it
brings lots of practicd information and experience in one place. Useful because he
dares to go beyond just the implementation phases of design, (which is more frequently
addressed), and takes on the procedures from conception to specification and planning.
PLEASE DON'T DISMISS THESE SECTIONS! Too many projects get into too
much trouble down the line due to incomplete, ambiguous, or "undocumented”
specifications and inadequate planning. It seems obvious, yet o many designers think
of it as overhead that impedes progress.

Component Design by Example will be useful to any designer or design team. It may
improve efficiency and improve products, or create disagreement in gpproach. My
hope is it will simulate discussion. | expect it will be the foundation for a future filled
with IP. Read this before your next project. Then reread it afteward.  You will
benefit both times.

Andrew R. Dauman

Vice-President of Corporate Applications
Synplicity, Inc.

Sunnyvale, CA

September 28, 2000



PREFACE

AsaVHDL trainer, consultant, and designer | recognized the need to demonstrate how
to organize designs from conception to verified products. Many books address the
design processes that include reuse methodologies for components, subblocks, and
ASIC/FPGA designs. Since 1996, the Virtual Socket Interface Alliance 1y (VSIA)!
has played a key role in the design reuse scenario by creating sandards for the industry
that permits even broader reuse. These books and standards provide guidelines and
generd recommendations, but lack the provisons of complete design examples (with
code) that demondrate dl the front-end phases of a design process. These phases
indude definition of requirements, architecture, verification gpproaches, HDL coding,
gynthes's, verification, and documentation. This book covers this gap and addresses the
process of defining requirements and trandating these requirements into a verified soft
component design.

A component is taken in the sense of a design unit, subblock (or partition of a larger
design), and a commercid Intellectud Property (IP). This book recognizes thet there
are many methodologies adopted by industry to perform front-end designs. This book
provides methodologies generdly accepted and recommended by many textbooks,

induding: Reuse Methodology Manual, Michael Keeting and Pierre Bricaud, Writing
Testbenches, Functional verification of HDL Models, Janick Bergeron, and
Verification Methodology Manual for Code Coverage in HDL Designs by Miched
Stuart and David Dempster.  Users can tailor their methodologies to what is required
given the congraints of labor force, budgets, and available tools. Even though tools do
not represent methodologes, tools are often used to guide methodologies.

This book servesthe following gods.

1. It demondrates, by example, the processes involved in gpecifying,
implementing, and verifying a reusable soft component. Most of these front-end
processes are independent of the HDL implementation or verification languages.
Even though the disciplinesinvolved in every project and company will vary, the
presented processes provide a good modeling base that users can modify and
build upon. Thisisthe focus and purpose of the book.

2. It demongtrates how to write a requirement specification that defines the
foundation of the design. Defining a good specification is a difficult task as no
sngle approach represents an exclusve best solution. It discusses potentidl

1Virtual Socket Interface Alliance ty http://www.vsi.org
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specification methodologies, and provides a subset of this domain space as a
modeling example to specify a serid interface, which is UART-like in
requirements. These requirements meet those defined in the EIA (Electronics
Industry Association) standard for serid data communication RS-232 UART.
To emulate the chdlenges of red designs, such as parameterization and
adaptability to different modes, this design adds additiond performance
requirements including: word widths, storage depths, and interrupt controller.
This UART design is a soft component vehicle, and represents a mode of
moderate complexity with adaptability to many gpplications. A UART is a
Universd Asynchronous Recaiver Tranamiitter.

3. It demonstrates how to write an architectural implementation document,
before writing any HDL code. This document defines the architectura gpproach
for andyss and review.

4. It demondraies how to write reussble and parameterized VHDL
synthesizable RTL code for desgns using |IEEE 1076.6 VHDL RTL for
synthesis guidelines?. This parameterization emulates typica components that
require such flexibilities

5. It demonstrates how to write a verification plan tha defines the foundation of
the verification approaches of a desgn. This document is essential because it
guides the design of the testbench and verification models, and provides aforum
for scrutinizing the vdidity and completeness of the tedts.

6. It demondrates how to verify a design usng reusable testbenches in

VHDL.3 The issues of verification techniques are quite controversia,4
paticularly with the advent of new verification tools and languages. The
elementary concepts of verification are independent of tools or languages, even
though tools and languages are used to implement the verification. This book
concentrates on the strict use of VHDL as the verification language because it is
opened and portable. It illustrates advanced VHDL modeling techniques for
the generation of gimulus vectors, including the use of text command files,
client/server models, and pseudo-random transactions. The text commands for
the control of transactions include a rich, but smal, ingtruction set cagpable to
recursvely call command files defined as subroutines.

7. It demongrates the design and synthesis process, including results of

2 See http:/Aww.vhdl.org/swg

3 Those techniques are referenced in the following books:
VHDL Coding Styles and Methodol ogies, 2™ Edition, Ben Cohen, KAP, 1999.
Writing Testbenches: Functional Verification of HDL Models, Janick Bergeron, KAP 2000

4 See http://janick.bergeron.com/guild
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synthesis and post-route with Alteratoals.

8. It provides, as a by-product of these methodologies, the design of a high-
speed, full-featured UART-like soft component that can be tailored to
gpplications that require an asynchronous or synchronous serid 8, 16, and 32-
bit interface between two equipments.

9. It demongtrates theintegration of the soft component into a subsystem.

10. It demondrates the filling of the OpenM or e spreadsheet. OpenMoreis an
assessment program developed by Synopsys and Mentor Graphics designed to
enable a saif-assessment of the reusability of commercid IP offerings.

11. It demongtrates an gpplication of a Virtual Component Block Deliverables
document, as described by Motorola’ s Semiconductor Reuse Standard®.

All VHDL ade described in the book is on a companion CD. All code was verified
and smulated with ModelSm version 5.4b,6 and synthesized with Synplify verson
5.3.1.7 The CD dso includes the GNU toolsuite with EMACS language senditive
editor (with VHDL, Verilog, and other language templates), and TSHELL tools that
emulate aUnix shell.

Thisbook isintended for:

1. Engineers. Book provides examples for the processes involved in defining
components from requirements through verification and synthess. It represents
templates for the definition and implementation of adesign. Engineers are better
a copying and improving upon what is done, than from gtarting from scratch.
This book will provide a head gtart in these processes.

2. Application Designers. Engineers who need a UART can use or modify the
model's described in this book.

3. Tool Developers. This book defines a well-specified and documented model
of a common design of medium complexity, with hierarchy. Tool developers
may exercise these requirements and HDL desgns through new tools to
demonstrate enhancements in the design processes.

4. Trainers. Thisbook provides the focus of an advanced class for the definition
and application of front-end methodologies and processes.

S Motorola: http:/Aww.mot- sps.comvtechnol ogy/srslindex.html
6 Modd Technology: http://Awww.model.com
7 Synplicity http://Aww.synplicity.com
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5. College students. Book demonstrates the design processes, from
requirements to a verified implementation. It models rea working industry
design experiences

This book will be helpful as a guide through dl the phases of a front-end design. It
provides useful document templates for the definition of the requirement,
implementation, and test plan documents. It dso provides reusable code for the design
of testbenches, and demondtrates by example, the application of this code for the
gynthess and verification of a UART modd.



Preface

About The Disk

Table 1 summarizes the contents of the enclosed CD.

Table 1 Contents of Enclosed CD

DIRECTORY
NAME

DESCRIPTION

vhdl/rtl

clkentrl.vhd -- clock controller subblock

cpuif.vhd -- CPU Interface subblock

fifovhd -- FIFO subblock

rcvsublk.vhd — Recelver top-level with receiver subblock and FIFO
receiver.vhd — Recelver subblock

transmitter.vhd -- Transmitter subblock

xmitsublk.vhd -- top-level with transmitter subblock and FIFO
uart.vhd -- UART, top-leve

uart_level2.vhd — integration of UART into higher level

vhdl/tb

vsp.vhd -- miscellaneous package

Ifsrstd.vhd -- Linear feedback shift register package
image_pb.vhd -- image package for conversion to strings

size pkg.vhd — For testbench use, global signals and constants
parser_pb.vhd — Parser package for file I/O and command parsing
uart_server.vhd -- UART Server for TB

rcv_client.vhd -- Client for receive side of UART
rcv_server.vhd -- Server for receive side of UART
verifierpeek.vhd -- Verifier with use of global sgnals for synch
verifierblkbox.vhd -- Verifier, black box approach
uart_clientrndm.vhd — Uart client with good random tests
uart_client_bad.vhd -- — Uart client with tests that produce errors
uart8_tb.vhd -- Top level testbench for UART

uart_c.vhd -- Configuration declarations for UART testbench
fifo_server.vhd -- Fifo server for use with uart client
fifo_tb.vhd-- fifo testbench

filedatavhd -- Reading data from afile through linked lists

vhdl/gates

uart.vho -- gate level model produced by Altera
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Directory Description
Name

uart cpubtol5.ixt -- CPU subroutine command file
ingtrl.ixt -- CPU command file
rcv11tol5.ixt -- Receive side subroutine command file
rcvingtr.txt -- Recelve side command file
SW_reset.txt -- Reset subroutine command file

scripts compiledo -- ModelSim compile scripts
compilelog — Mode Sm compile log
run.do -- ModdSim run smulation

Altera Synplify EDIF files, Files produced by Altera

smRuns Gate_Sim — gate level smulation run output
RTL_BIkBox -- RTL black box smulation run output
RTL_GreyBoxRdmn -- RTL Gray box smulation run output
RTL_Grey_OverrunError — RTL Gray box with errors

|EEE NUMBIT.VHD, NUMSTD.VHD, STDLOGIC.VHD packages

Synopsys atribut.vhd, bvarith.vhd, dmisc.vhd, stdarith.vhd, stdtxtio.vhd,
std_cmpt.vhd, std_sign.vhd, std_unsg.vhd, synopsys.vhd packages

modelsm _ PLI for ModelSim to access signals internal to adesign

Yy

motorola_ srsmotdeliverable.pdf -- Motorola deleiverable document template

Deliverable

openMore openmore-uart.xls — OpenMore spreadsheet for UART
openmorexls -- OpenMore spreadsheet -- unfilled

VHDL _ VHDL'87 and VHDL’ 93 syntax in HTML format

Syntax VHDL Help: VHDL Language Reference Guide

Verilog CummingsSNUG2000SJ_NBA _revla.pdf,
VerilogHDL Coding_Motorolapdf, verilog_vs vhdl.PDF,
vlog1364- HDL CON-2000.pdf

PDF Flles ModelSIm5_2 reference guide, VHDL and Verilog reference cards,
Std_Logic 1164 reference card, and European Space Agency
Modding guiddines

Usr GNU tool set

man GNU help filesin Windows Help format. Root file is ManPagesDir

Etc Csh.cshrc and my.cshrc startup files for TSHEL
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