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hardware logic design

digital  electronics and design with vhdl offers a friendly presentation of the

fundamental principles and practices of modern digital design unlike any other

book in this field transistor level implementations are also included which allow

the readers  to  gain  a  solid  understanding of  a  circuit  s  real  potential  and

limitations and to develop a realistic perspective on the practical design of

actual integrated circuits coverage includes the largest selection available of

digital circuits in all categories combinational sequential logical or arithmetic

and detailed digital  design techniques with a thorough discussion on state

machine modeling for the analysis and design of complex sequential systems

key technologies used in modern circuits are also described including bipolar

mos rom ram and cpld fpga chips as well as codes and techniques used in

data storage and transmission designs are illustrated by means of complete

realistic  applications  using  vhdl  where  the  complete  code  comments  and

simulation results are included this text is ideal for courses in digital design

digital logic digital electronics vlsi and vhdl and industry practitioners in digital

electronics  comprehensive  coverage  of  fundamental  digital  concepts  and

principles as well as complete realistic industry standard designs many circuits

shown with internal details at the transistor level as in real integrated circuits

actual  technologies  used  in  state  of  the  art  digital  circuits  presented  in

conjunction with fundamental concepts and principles six chapters dedicated

to vhdl based techniques with all  vhdl based designs synthesized onto cpld

fpga chips

an  integrated  presentation  of  electronic  circuit  design  and  vhdl  with  an

emphasis on system examples and laboratory exercises

electronic systems based on digital principles are becoming ubiquitous a good

design approach to these systems is essential and a top down methodology is

favoured  such  an  approach  is  vastly  simplified  by  the  use  of  computer

modeling to describe the systems vhdl is a formal language which allows a

designer  to  model  the  behaviours  and  structure  of  a  digital  circuit  on  a

computer before implementation digital system design with vhdl is intended
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both for students on digital design courses and practitioners who would like to

integrate digital design and vhdl synthesis in the workplace its unique approach

combines  the  principles  of  digital  design  with  a  guide  to  the  use  of  vhdl

synthesis  issues  are  discussed  and  practical  guidelines  are  provided  for

improving  simulation  accuracy  and  performance  features  a  practical

perspective is obtained by the inclusion of real life examples an emphasis on

software  engineering  practices  encourages  clear  coding  and  adequate

documentation of the process demonstrates the effects of particular coding

styles on synthesis and simulation efficiency covers the major vhdl standards

includes an appendix with examples in verilog

a result of k c chang s practical experience in both design and as an instructor

this  book  presents  an  integrated  approach  to  digital  design  principles

processes and implementations to help the reader design much more complex

systems within  a  shorter  design cycle  many of  the  design techniques  and

considerations  illustrated  throughout  the  chapters  are  examples  of  viable

designs

describing  and  designing  complex  electronic  systems  has  become  an

overwhelming  activit  for  which  vhdl  is  showing  increasingly  useful  and

promising support although created as a description language vhdl is being

increasingly used as a simulatable and synthcsizablcdcsign language for the

first time here is abook which describesa number of unique and powerful ways

vhdl can be used to solve typical design problems in systems ones which must

be  designed  correctly  in  vcry  short  periodsoflime  typically  useful

lcchniquessuch as switch level modeling mixed analog and digital modelling

and advanced synthesis for which vhdl showsgrealpromisearefully presented

thesemeth ods are bolh immedial ely applicable and indicale lile potential of

vhdl in efficiently modelling ihe real worldofelectronic systems sinceitsinception

there  hasbeen  adesireforananalogdescription  languageconsistent  with  and

integrated with vhdl until recently vhdl could onl be applied to digital circuits

ootlhedreamofdescribingandsimulatingmixedanalogand digitalcircuitsis now a

reality  as  described  herein  describing  the  functionality  of  analog  circuits

including  intetoperability  with  digital  circuits  using  the  vhdl  paradigm  is
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surprisingly easy and powerful the approach outlined by the authors presages a

significant advance in the simulation of mixed systems

für einen erfolgreichen hardware entwurf sind nicht nur vhdl kenntnisse wichtig

sondern auch kenntnisse der fpga schaltungstechnik und der design tools das

vorliegende buch stellt die zusammenhänge zwischen diesen wichtigen themen

dar  und  bietet  eine  zielgerichtete  einführung  in  den  entwurf  von  digitalen

schaltungen und systemen mit fpgas beginnend mit den grundlagen von vhdl

sowie  der  cmos  und  fpga  technologie  werden  anschließend  der

synthesegerechte entwurf mit vhdl und die synchrone schaltungstechnik auf

dem  fpga  behandelt  darüber  hinaus  werden  auch  die  wesentlichen

entwurfswerkzeuge wie logiksynthese oder die statische timing analyse erläutert

abgerundet wird das buch mit einem kapitel über high level synthese welche

eine umsetzung von c c code in eine vhdl implementierung ermöglicht der leser

erhält  anhand  vieler  code  beispiele  einen  praxisorientierten  zugang  zum

hardware  entwurf  mit  fpgas  zielgerichtete  einführung  in  den  digitalen

schaltungsentwurf  alle  notwendigen  kenntnisse  für  den  rechnergestützten

hardwareentwurf frank kesel studierte elektrotechnik an der universität karlsruhe

und promovierte an der universität hannover er war zehn jahre in der industrie

im digitalen  asic  design  tätig  er  ist  seit  1999  professor  an  der  hochschule

pforzheim mit dem spezialgebiet fpga design

this book introduces the latest version of hardware description languages and

explains how the languages can be implemented in the design of the digital

logic components in addition to digital design other examples in the areas of

bioengineering and basic computer design are covered it  introduces mixed

language programming by covering both verilog and vhdl side by side students

as well as professionals can learn both the theoretical and practical concepts of

digital design the two languages are equally important in the field of computer

engineering and computer science as well as other engineering fields such as

simulation and modeling this resource uses the latest versions of both verilog

and  vhdl  includes  fundamentals  of  synthesis  and  fpgas  implementation

instructor s resources available upon adoption
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a presentation of circuit synthesis and circuit simulation using vhdl including

vhdl 2008 with an emphasis on design examples and laboratory exercises this

text offers a comprehensive treatment of vhdl and its applications to the design

and simulation of real industry standard circuits it focuses on the use of vhdl

rather  than solely  on the language showing why and how certain types of

circuits are inferred from the language constructs and how any of the four

simulation  categories  can  be  implemented  it  makes  a  rigorous  distinction

between vhdl for synthesis and vhdl for simulation the vhdl codes in all design

examples  are  complete  and  circuit  diagrams  physical  synthesis  in  fpgas

simulation results and explanatory comments are included with the designs the

text  reviews  fundamental  concepts  of  digital  electronics  and  design  and

includes a series of appendixes that offer tutorials on important design tools

including ise quartus ii and modelsim as well as descriptions of programmable

logic  devices  in  which  the  designs  are  implemented the  de2  development

board standard vhdl packages and other features all four vhdl editions 1987

1993  2002  and 2008 are  covered this  expanded second edition  is  the  first

textbook on vhdl to include a detailed analysis of circuit simulation with vhdl

testbenches in all  four categories nonautomated fully automated functional

and timing simulations accompanied by complete practical examples chapters

1 9 have been updated with new design examples and new details on such

topics as data types and code statements chapter 10 is entirely new and deals

exclusively  with  simulation  chapters  11  17  are  also  entirely  new  presenting

extended and advanced designs with theoretical  and practical  coverage of

serial data communications circuits video circuits and other topics there are

many more illustrations and the exercises have been updated and their number

more than doubled

since the publication of the first edition a new version of the vhdl standard has

been  agreed  and  analogue  extensions  to  the  language  have  also  been

adopted  the  second  edition  of  digital  system  design  with  vhdl  includes

additions in two important areas sections on writing testbenches have been

added to relevant chapters and the addition of a new chapter on vhdl ams and

mixed  signal  modeling  the  unique  approach  will  be  appreciated  by
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undergraduates  in  electronic  engineering  and  computer  engineering  in  all

years of their courses and by students undertaking postgraduate study there is

also a proven need from industry for graduates with knowledge of vhdl and the

associated design tools and this book will be an asset to engineers who wish to

continue their studies

the methodology described in this book is the result of many years of research

experience  in  the  field  of  synthesizable  vhdl  design  targeting  fpga  based

platforms  vhdl  was  first  conceived  as  a  documentation  language  for  asic

designs afterwards the language was used for the behavioral  simulation of

asics and also as a design input for synthesis tools vhdl is a rich language but

just a small subset of it can be used to write synthesizable code from which a

physical circuit can be obtained usually vhdl books describe both synthesis and

simulation aspects of the language but in this book the reader is conducted just

through the features acceptable by synthesis tools the book introduces the

subjects in a gradual and concise way providing just enough information for the

reader to develop their synthesizable digital systems in vhdl the examples in the

book were planned targeting an fpga platform widely used around the world

digital systems design with vhdl and synthesis presents an integrated approach

to digital design principles processes and implementations to help the reader

design  much  more  complex  systems  within  a  shorter  design  cycle  this  is

accomplished  by  introducing  digital  design  concepts  vhdl  coding  vhdl

simulation synthesis commands and strategies together the author focuses on

the ultimate product of the design cycle the implementation of a digital design

vhdl coding synthesis methodologies and verification techniques are presented

as tools to support the final design implementation readers will understand how

to apply and adapt techniques for vhdl coding verification and synthesis to

various situations digital systems design with vhdl and synthesis is a result of k c

chang s practical experience in both design and as an instructor many of the

design techniques and considerations illustrated throughout the chapters are

examples of viable designs his teaching experience leads to a step by step

presentation  that  addresses  common  mistakes  and  hard  to  understand

concepts in a way that eases learning unique features of the book include the
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following vhdl code explained line by line to capture the logic behind the design

concepts vhdl is verified using vhdl test benches and simulation tools simulation

waveforms are shown and explained to verify design correctness vhdl code is

synthesized  and  commands  and  strategies  are  discussed  synthesized

schematics and results  are analyzed for  area and timing variations on the

design  techniques  and  common  mistakes  are  addressed  demonstrated

standard cell gate array and fpga three design processes each with a complete

design case study test bench post layout verification and test vector generation

processes practical design concepts and examples are presented with vhdl

code simulation waveforms and synthesized schematics so that readers can

better understand their correspondence and relationships

this book covers basic fundamentals of logic design and advanced rtl design

concepts using vhdl the book is organized to describe both simple and complex

rtl design scenarios using vhdl it gives practical information on the issues in asic

prototyping using fpgas design challenges and how to  overcome practical

issues and concerns it describes how to write an efficient rtl code using vhdl and

how to improve the design performance the design guidelines by using vhdl are

also explained with the practical examples in this book the book also covers the

altera and xilinx fpga architecture and the design flow for the plds the contents

of this book will be useful to students researchers and professionals working in

hardware design and optimization the book can also be used as a text for

graduate and professional development courses

the skills and guidance needed to master rtl hardware design this book teaches

readers how to systematically design efficient portable and scalable register

transfer level rtl digital circuits using the vhdl hardware description language

and synthesis software focusing on the module level design which is composed

of  functional  units  routing  circuit  and  storage  the  book  illustrates  the

relationship  between  the  vhdl  constructs  and  the  underlying  hardware

components and shows how to develop codes that faithfully reflect the module

level design and can be synthesized into efficient gate level implementation

several unique features distinguish the book coding style that shows a clear

relationship between vhdl constructs and hardware components conceptual
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diagrams that illustrate the realization of vhdl codes emphasis on the code

reuse  practical  examples  that  demonstrate  and  reinforce  design  concepts

procedures and techniques two chapters on realizing sequential algorithms in

hardware two chapters on scalable and parameterized designs and coding one

chapter  covering  the  synchronization  and interface  between multiple  clock

domains although the focus of the book is rtl synthesis it also examines the

synthesis task from the perspective of the overall development process readers

learn good design practices and guidelines to ensure that an rtl design can

accommodate future simulation verification and testing needs and can be

easily incorporated into a larger system or reused discussion is independent of

technology and can be applied to both asic and fpga devices with a balanced

presentation  of  fundamentals  and  practical  examples  this  is  an  excellent

textbook for upper level undergraduate or graduate courses in advanced digital

logic engineers who need to make effective use of today s synthesis software

and fpga devices should also refer to this book

this  book provides a comprehensive modern approach to the analysis  and

design of digital circuits and systems it introduces digital design from basic

concepts to advanced circuits and systems using both theoretical methods and

cad  supported  methods  utilizing  vhdl  as  a  hardware  description  language

friendly  coverage  also  includes  detailed  digital  design  techniques  with  a

thorough discussion on state machine modeling for the analysis and design of

complex  sequential  systems  using  algorithmic  state  machine  charts  key

features covers the analysis and design of combinational networks in depth

presents complete coverage to the analysis and design of sequential networks

places a strong emphasis  on developing and using systematic  procedures

includes a thorough coverage to vhdl at the end of each chapter contains in

depth  presentation  of  modern  digital  system  design  with  plds  includes

techniques and heuristics for design reliability comprises numerous detailed

examples throughout the text incorporates practical problems for the students

readers to carry out

beginning in  the mid 1980 s  vlsi  technology had begun to advance in  two

directions  pushing  the  limit  of  integration  ulsi  ultra  large  scale  integration
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represents  the  frontier  of  the  semiconductor  processing  technology  in  the

campaign to conquer the submicron realm the application of ulsi however is at

present largely confined in the area of memory designs and as such its impact

on traditional microprocessor based system design is modest if advancement

in this direction is merely a natural extrapolation from the previous integration

generations then the rise of asic application specific integrated circuit is an

unequivocal signal that a directional change in the discipline of system design

is in effect in contrast to ulsi asic employs only well proven technology and

hence is usually at least one generation behind the most advanced processing

technology  in  spite  of  this  apparent  disadvantage  asic  has  become  the

mainstream  of  vlsi  design  and  the  technology  base  of  numerous

entrepreneurial opportunities ranging from pc clones to supercomputers unlike

ulsi  whose complexity  can be hidden inside a memory chip or  a standard

component  and thus  can be accommodated by  traditional  system design

methods asic  requires  system designers  to  master  a  much larger  body of

knowledge spanning  from processing  technology  and circuit  techniques  to

architecture principles and algorithm characteristics integrating knowledge in

these various areas has become the precondition for integrating devices and

functions into an asic chip in a market oriented environment but knowledge is of

two kinds

a comprehensive guide to the theory and design of hardware implemented

finite  state  machines  with  design  examples  developed  in  both  vhdl  and

systemverilog languages modern complex digital  systems invariably include

hardware implemented finite state machines the correct design of such parts is

crucial  for  attaining  proper  system  performance  this  book  offers  detailed

comprehensive  coverage  of  the  theory  and  design  for  any  category  of

hardware  implemented  finite  state  machines  it  describes  crucial  design

problems  that  lead  to  incorrect  or  far  from  optimal  implementation  and

provides  examples  of  finite  state  machines  developed  in  both  vhdl  and

systemverilog  the  successor  of  verilog  hardware  description  languages

important features include extensive review of design practices for sequential

digital circuits a new division of all state machines into three hardware based
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categories  encompassing  all  possible  situations  with  numerous  practical

examples provided in all three categories the presentation of complete designs

with detailed vhdl and systemverilog codes comments and simulation results

all tested in fpga devices and exercise examples all of which can be synthesized

simulated and physically implemented in fpga boards additional material is

available on the book s website designing a state machine in hardware is more

complex than designing it in software although interest in hardware for finite

state  machines  has  grown  dramatically  in  recent  years  there  is  no

comprehensive treatment  of  the subject  this  book offers  the most  detailed

coverage of  finite state machines available it  will  be essential  for  industrial

designers  of  digital  systems and for  students  of  electrical  engineering and

computer science

an  eagerly  anticipated  up  to  date  guide  to  essential  digital  design

fundamentals offering a modern updated approach to digital design this much

needed book reviews basic design fundamentals before diving into specific

details of design optimization you begin with an examination of the low levels of

design noting a clear distinction between design and gate level minimization

the author then progresses to the key uses of digital design today and how it is

used to build high performance alternatives to software offers a fresh up to date

approach to digital design whereas most literature available is sorely outdated

progresses though low levels  of  design making a clear  distinction between

design and gate level minimization addresses the various uses of digital design

today enables you to gain a clearer understanding of applying digital design to

your life with this book by your side you ll gain a better understanding of how to

apply the material in the book to real world scenarios
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Where can I buy Circuit Design With Vhdl1.

Pedroni Solutions books? Bookstores:

Physical bookstores like Barnes & Noble,

Waterstones, and independent local

stores. Online Retailers: Amazon, Book

Depository, and various online bookstores

offer a wide range of books in physical

and digital formats.

What are the different book formats2.

available? Hardcover: Sturdy and

durable, usually more expensive.

Paperback: Cheaper, lighter, and more

portable than hardcovers. E-books:

Digital books available for e-readers like

Kindle or software like Apple Books,

Kindle, and Google Play Books.

How do I choose a Circuit Design With3.

Vhdl Pedroni Solutions book to read?

Genres: Consider the genre you enjoy

(fiction, non-fiction, mystery, sci-fi, etc.).

Recommendations: Ask friends, join book

clubs, or explore online reviews and

recommendations. Author: If you like a

particular author, you might enjoy more

of their work.

How do I take care of Circuit Design With4.

Vhdl Pedroni Solutions books? Storage:

Keep them away from direct sunlight and

in a dry environment. Handling: Avoid

folding pages, use bookmarks, and

handle them with clean hands. Cleaning:

Gently dust the covers and pages

occasionally.

Can I borrow books without buying them?5.

Public Libraries: Local libraries offer a

wide range of books for borrowing. Book

Swaps: Community book exchanges or

online platforms where people exchange

books.

How can I track my reading progress or6.

manage my book collection? Book

Tracking Apps: Goodreads, LibraryThing,

and Book Catalogue are popular apps for

tracking your reading progress and

managing book collections.

Spreadsheets: You can create your own

spreadsheet to track books read, ratings,

and other details.

What are Circuit Design With Vhdl Pedroni7.

Solutions audiobooks, and where can I

find them? Audiobooks: Audio recordings

of books, perfect for listening while

commuting or multitasking. Platforms:

Audible, LibriVox, and Google Play Books

offer a wide selection of audiobooks.

How do I support authors or the book8.

industry? Buy Books: Purchase books

from authors or independent bookstores.

Reviews: Leave reviews on platforms like

Goodreads or Amazon. Promotion: Share

your favorite books on social media or

recommend them to friends.

Are there book clubs or reading9.

communities I can join? Local Clubs:

Check for local book clubs in libraries or

community centers. Online Communities:

Platforms like Goodreads have virtual
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book clubs and discussion groups.

Can I read Circuit Design With Vhdl10.

Pedroni Solutions books for free? Public

Domain Books: Many classic books are

available for free as theyre in the public

domain. Free E-books: Some websites

offer free e-books legally, like Project

Gutenberg or Open Library.

Introduction

The digital age has revolutionized the

way we read, making books more

accessible than ever. With the rise of

ebooks, readers can now carry entire

libraries in their pockets. Among the

various sources for ebooks, free ebook

sites have emerged as a popular

choice. These sites offer a treasure

trove of knowledge and entertainment

without the cost. But what makes

these sites so valuable, and where can

you find the best ones? Let's dive into

the world of free ebook sites.

Benefits of Free Ebook Sites

When it comes to reading, free ebook

sites offer numerous advantages.

Cost Savings

First and foremost, they save you

money. Buying books can be

expensive, especially if you're an avid

reader. Free ebook sites allow you to

access a vast array of books without

spending a dime.

Accessibility

These sites also enhance accessibility.

Whether you're at home, on the go, or

halfway around the world, you can

access your favorite titles anytime,

anywhere, provided you have an

internet connection.

Variety of Choices

Moreover, the variety of choices

available is astounding. From classic

literature to contemporary novels,

academic texts to children's books,

free ebook sites cover all genres and

interests.

Top Free Ebook Sites

There are countless free ebook sites,

but a few stand out for their quality

and range of offerings.

Project Gutenberg

Project Gutenberg is a pioneer in

offering free ebooks. With over 60,000

titles, this site provides a wealth of

classic literature in the public domain.
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Open Library

Open Library aims to have a webpage

for every book ever published. It offers

millions of free ebooks, making it a

fantastic resource for readers.

Google Books

Google Books allows users to search

and preview millions of books from

libraries and publishers worldwide.

While not all books are available for

free, many are.

ManyBooks

ManyBooks offers a large selection of

free ebooks in various genres. The site

is user-friendly and offers books in

multiple formats.

BookBoon

BookBoon specializes in free textbooks

and business books, making it an

excellent resource for students and

professionals.

How to Download Ebooks Safely

Downloading ebooks safely is crucial

to avoid pirated content and protect

your devices.

Avoiding Pirated Content

Stick to reputable sites to ensure

you're not downloading pirated

content. Pirated ebooks not only harm

authors and publishers but can also

pose security risks.

Ensuring Device Safety

Always use antivirus software and

keep your devices updated to protect

against malware that can be hidden

in downloaded files.

Legal Considerations

Be aware of the legal considerations

when downloading ebooks. Ensure the

site has the right to distribute the book

and that you're not violating copyright

laws.

Using Free Ebook Sites for

Education

Free ebook sites are invaluable for

educational purposes.

Academic Resources

Sites like Project Gutenberg and Open

Library offer numerous academic

resources, including textbooks and

scholarly articles.



Circuit Design With Vhdl Pedroni Solutions

14 Circuit Design With Vhdl Pedroni Solutions

Learning New Skills

You can also find books on various

skills, from cooking to programming,

making these sites great for personal

development.

Supporting Homeschooling

For homeschooling parents, free ebook

sites provide a wealth of educational

materials for different grade levels and

subjects.

Genres Available on Free Ebook

Sites

The diversity of genres available on

free ebook sites ensures there's

something for everyone.

Fiction

From timeless classics to

contemporary bestsellers, the fiction

section is brimming with options.

Non-Fiction

Non-fiction enthusiasts can find

biographies, self-help books, historical

texts, and more.

Textbooks

Students can access textbooks on a

wide range of subjects, helping reduce

the financial burden of education.

Children's Books

Parents and teachers can find a

plethora of children's books, from

picture books to young adult novels.

Accessibility Features of Ebook

Sites

Ebook sites often come with features

that enhance accessibility.

Audiobook Options

Many sites offer audiobooks, which are

great for those who prefer listening to

reading.

Adjustable Font Sizes

You can adjust the font size to suit your

reading comfort, making it easier for

those with visual impairments.

Text-to-Speech Capabilities

Text-to-speech features can convert

written text into audio, providing an

alternative way to enjoy books.

Tips for Maximizing Your Ebook
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Experience

To make the most out of your ebook

reading experience, consider these

tips.

Choosing the Right Device

Whether it's a tablet, an e-reader, or a

smartphone, choose a device that

offers a comfortable reading

experience for you.

Organizing Your Ebook Library

Use tools and apps to organize your

ebook collection, making it easy to find

and access your favorite titles.

Syncing Across Devices

Many ebook platforms allow you to

sync your library across multiple

devices, so you can pick up right

where you left off, no matter which

device you're using.

Challenges and Limitations

Despite the benefits, free ebook sites

come with challenges and limitations.

Quality and Availability of Titles

Not all books are available for free,

and sometimes the quality of the

digital copy can be poor.

Digital Rights Management

(DRM)

DRM can restrict how you use the

ebooks you download, limiting sharing

and transferring between devices.

Internet Dependency

Accessing and downloading ebooks

requires an internet connection, which

can be a limitation in areas with poor

connectivity.

Future of Free Ebook Sites

The future looks promising for free

ebook sites as technology continues to

advance.

Technological Advances

Improvements in technology will likely

make accessing and reading ebooks

even more seamless and enjoyable.

Expanding Access

Efforts to expand internet access

globally will help more people benefit

from free ebook sites.
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Role in Education

As educational resources become

more digitized, free ebook sites will

play an increasingly vital role in

learning.

Conclusion

In summary, free ebook sites offer an

incredible opportunity to access a

wide range of books without the

financial burden. They are invaluable

resources for readers of all ages and

interests, providing educational

materials, entertainment, and

accessibility features. So why not

explore these sites and discover the

wealth of knowledge they offer?

FAQs

Are free ebook sites legal? Yes, most

free ebook sites are legal. They

typically offer books that are in the

public domain or have the rights to

distribute them. How do I know if an

ebook site is safe? Stick to well-known

and reputable sites like Project

Gutenberg, Open Library, and Google

Books. Check reviews and ensure the

site has proper security measures.

Can I download ebooks to any device?

Most free ebook sites offer downloads

in multiple formats, making them

compatible with various devices like

e-readers, tablets, and smartphones.

Do free ebook sites offer audiobooks?

Many free ebook sites offer

audiobooks, which are perfect for

those who prefer listening to their

books. How can I support authors if I

use free ebook sites? You can support

authors by purchasing their books

when possible, leaving reviews, and

sharing their work with others.
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