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Beef up embedded systems with ATCA

By Stephen Huang, Vice President
ADLINK Technology Inc.

Since the introduction of
Advanced Telecommunications
Computing Architecture (ATCA),
we have seen several carriers an-
nounce support for ATCA in next-
generation platforms. Telecoms
equipment manufacturers are
now seeing requests for quotes
from carriers that specify ATCA.
Although ATCA was architected
with telecoms requirements in
mind, we have started to see
some movement in non-telecoms
applications for ATCA.

As vendors of ATCA products
move toward integration we are
starting to see a new concept
occur. Instead of users purchasing
and integrating blade-level build-
ing blocks, we see the emergence
of application-ready platforms.

These platforms are built on stan-
dards-based o -the-shelf building
blocks. From a user’s standpoint,
the platform purchased is ready
for application speci c software.
No need to worry about blade/
backplane/switch compatibility,
and there is one vendor to handle

e

Huang: As more comms apps
were deployed using ATCA,
EEs discovered the bene tsit
brought to security and imag-
ing embedded applications.

support calls. We have seen this
application emerging in the mar-
ket in high-end machine-vision
systems.

Emerging trends

The evolution of technology and
the never-ending thirst for higher
bandwidth from industries and
applications are pushing the limits
of existing standards. The latest
processors run faster and inte-
grate more features, thus requiring
greater power, moree cientcool-
ing design and a larger board size.
The explosion of bandwidth in en-
terprise LANs brought on by the
deployment of Gigabit Ethernet,
3G/WIMAX mobile communica-
tion, and wireless network systems
and the growth of triple-play or
multi-play network services have
all fuelled the demand for servic-
ing greater amounts of data traf-
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c. High availability (HA) is another
necessity for today’s industries
and applications. The ve-nines
(99.999 percent) metric is vital for
the uptime service of systems,
especially when such systems
are used to deploy value-added
services or critical communication
transaction-based services for
which downtime equals revenue
lost. Most of the HA systems today
are vendor proprietary designs. A
hefty engineering investment is
required to develop the system
hardware from the scratch each
time there is a technology up-
grade. The obvious current trend
is the adoption of open-standard
technologies with customisation
wherever possible. Reduced mar-
gins, increased technology costs,
rapid hardware obsolescence and
high competition have also given

continued on page 3 »

Speed up your RTOS synthesis
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Through each new project cycle,
embedded systems designers are
being faced with shrinking project
schedules,increasingexpectations
of productivity improvements,
pressure fromo shore developers
and the certain guarantee that the
next project will be more complex
than the previous one.

What's a poor developer to
do? One solution that has been
touted for several years is graphi-
cal design tools such as Statemate
from Telelogic and ObjecTime
from IBM Corp. These are graphical

design languages that generate
embedded code from graphical
software structures that generally
follow the design rules of the Uni-
fied Modeling Language (UML).
However, general adoption of
these tools, even though they hold
the promise of freeing the designer
from the low-level tasks of creating
software, has been slow. While it
is not the focus of this article to
examine the reasons for the slow
adoption of the next generation
of software synthesis tools, it is
instructive to consider one possible

explanation.
Just as compiled high-level
continued on page 7P
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Static analysis can eliminate more bugs

By Richard Quinnell

Static source code analysis
tools have evolved from simple
syntax checkers to powerful
tools for identifying aws in
the complex interactions of
large code bases. Until recent-
ly, however, they were mainly
used by QA teams to evaluate
code during integration builds
near project completion.

The latest product introduc-
tions are now moving these
tools back into the hands of
developers to help detect
software errors much earlier
and before they propagate.
Klocwork’s Insight and Gram-
maTech’s CodeSonar Enterprise
both address developer needs
by providing utility even when
many code segments are still
missing.

Software development
teams have two types of tools
available for automating the
detection of errors in their
code. One type uses dynamic

analysis, which watches code as
it is being executed. The other
type uses static analysis, which
algorithmically examines code
for errors. Both types have ad-
vantages and limitations.

Analysis requirements
Dynamic analysis is good at
nding runtime errors such as
resource leaks and dynamic
memory corruption. Developers
can also be certain that any er-
rors a dynamic analysis tool
reports are real because they
were found during actual code
execution.
But to use dynamic analysis
e ectively, the code must be
thoroughly exercised, which
requires the use of test cases.
Thus, the e ectiveness of dy-
namic analysis at nding errors
depends on the quality of the
tests being run. Furthermore,
because dynamic analysis tools
work with running software,
they come into play only late

in development, when code is
already written and rst being
integrated.

Static analysis uses an algo-
rithmic approach to examine
source code for errors, identify-
ing problem areas for program-
mers to examine more closely.
This algorithmic approach elimi-
nates the need for test cases:
the algorithms alone determine
how e ectively the analysis dis-
covers errors. But the approach
also raises the possibility of false
identification: code flagged
as being in error that will, in
fact, execute correctly. If they
generate too many false posi-
tives—exhibit low “precision”, in
the tool vendors’ terms—static
tools can overwhelm users with
follow-up tasks, obscuring the
real errors.

The two tool types are com-
plementary in that each excels
at finding errors that cause
the other difficulty, although

continued on page 4»
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Beef up embedded systems with ATCA

< continued from page 1
even greater weight to a stan-
dards-based model.

ATCA, also known as PICMG
3.0,is a new set of open-standard
speci cationsde ningacommon
platform for high-performance,
next-generation telecom and
datacom applications. The goal
of the ATCA standard is to provide
an open platform standard to
meet the needs of telecom infra-
structure equipment for the next
decade. Over 100 companies and
more than 11,000 person-hours
went into developing the ATCA
speci cations over a period of 15
months. Compared to its prede-
cessor, the CompactPCl standard
(PICMG 2.0), ATCA 0 ersfargreater
bandwidth, greater power and
cooling capabilities, larger board
real estate, the integration of
base-level system management,
and the removal of parallel buses
that may cause a single point of
failure.

The key bene ts of the ATCA
platform include a faster time-to-
market and a lower overall devel-
opment costs. The speci cation
is de ned on a modular concept
providing for an assortment of
building blocks ranging from
silicon solutions, boards, chassis,
middleware and operating sys-
tems to applications. The bene ts
to equipment manufacturers are
many, as these standards-based
building blocks will allow for a
lower cost of market entry and
investment costs, more e cient
inventory management, and a
focus on higher value-added dif-
ferential services while delivering
cost-competitive products.

IP multimedia subsystems

Applications exemplifying the
bene ts of the ATCA standard in-
clude IP multimedia subsystems
(IMS)—a standardized IP-based
architecture that allows the con-
vergence of xed and mobile
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communication devices, multiple
network types and multimedia
applications.

Future IMS-based applica-
tions will combine voice, text,
images and video in seamless
call sessions, 0 ering signi cant
ease-of-use to subscribers and
allowing service providers to de-
liver content through acommon
interface, while substantially
reducing operating costs. To get
these services to market for sub-
scribers, the network equipment
providers need a computer plat-
form that can combine multiple
IMS in one physical platform and
can be exible for expansion.

The ATCA form factor is suit-
able for IMS application due to
the fact that all ATCA blades
communicate with each other
via packet-switching fabrics.
Additional chassis can also be
seamlessly integrated with mi-
nor recon guration of the fab-
ric switches. Shelves typically

consist of multiple commercial
off-the-shelf CPU blades, pur-
pose-built blades and signal
processor blades. Processors
are used to run application
services such as voice recognis-
ers, text-to-speech processing,
Web servers and highly available
RAID storage. Purpose-built
ATCA blades are typically used
for voice encoding/decoding,
video transcoder adaptors, echo
cancellation and high-capacity
network connectivity with QoS
(IPv6).

Read the full article to learn
more about ATCA in high-end
in-line network security systems,
machine-vision systems and
other embedded applications.
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COTS solutions push telecom apps
development

ATCA proponents push to open up
software features
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Static analysis can eliminate more bugs

< continued from page 3

dynamic analysis has seen more
use among developers. This is
partly because early static analy-
sis tools were little more than
syntax checkers that developers
used to find relatively simple
coding and style errors.

E ective algorithms

In the last decade, however, static
analysis tools have become more
productive as research has yield-
ed more-e ective algorithms.
They have gained an ability to
identify a host of subtle errors,
many of which only manifest as
execution problems during task
interleaving in a pre-emptive
multi-tasking environment.

One of the side bene ts of the
new static analysis capabilities
is the enhanced ability to find
weaknesses in code that malicious
users could exploit to circumvent
security safeguards. It is easy for
developers to underestimate
software security vulnerability,
because they expect code to be
operated normally. The algorith-
mic approach of static analysis
tools, however, has no expecta-
tions, only procedure, and so
will identify potential problems
without bias.

Forward in dev’t cycle

Until recently, static source code
analysis tools were useful only
late in the development process,

at the integration build stage,
when they had full access to all
code segments. A number of
recent releases, however—in-
cluding Klocwork’s Insight and
GrammaTech'’s CodeSonar
Enterprise—have added features
to put static analysis tools into
the hands of developers for use
as code is still being generated.

This new generation of static
source code analysis tools utilis-
es the enterprise-wide software
development environment to
combine the e orts of develop-
ment teamsworkingondi erent
parts of the same project. By
allowing the peer-to-peer ex-
change of information regarding
analysis scans of code segments,
the tools gather the wider con-
text needed for precision in error
detection.

This wider context, coupled
with automatic modelling of miss-
ing code, quickly builds a sound
basis for developers to check
their code against, even while the
project remainsincomplete. Errors
caught at this stage are much
easier and cheaper to correct
than those caught later in devel-
opment. Furthermore, catching
errors early prevents them from
propagating through the system
to a ect the behaviour of code
developed later.

This early use of static analysis,
however, must be handled with
an understanding of the limita-

e
Frogram Program
soue L, mooH L
=1 o CONSErachor
Dt
Waming
database

Rules

AlEtract Program
progeam L. pan

. Tepresentation analyzar

|
- | Web-based

user inferface

Banlinca

CAramimia lechi

Figure 1. New static source code analysis tools collect data about
individual code segments in a central database, building the system-wide
perspective they need for maximum e ectiveness.
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tions stemming from its partial
view of the code. “It is important
to remember that in the early
stages of software development,
the tools are imprecise and can
miss inter-procedural effects,”
cautioned Paul Anderson, VP of
engineering at GrammaTech.

Anderson added, however,
that the results improve as the
body of analysed code grows.
Frequent early use of static analy-
sis can also help train developers
to recognise weaknesses in their
individual coding styles and adapt
their approach to prevent repeat-
ing the same types of errors.

History of analysis
Because tools in this new gen-
eration are put to use by the
entire project development
team, they can build a history
of analysis results to help iden-
tify new problems as they arise.
Klocwork’s Insight, for instance,
saves data from each analysis
run, allowing developers to track
agged errors throughout the
development cycle, said Gwyn
Fisher, the company’s chief tech-
nical o cer.

The tool also allows authorised
senior developers to tag errors
as false positives or as irrelevant,
Fisher added, so that future analy-
sis runs do not report them. This
helps the development team
concentrate on real errors and
makes more visible any newly in-
troduced errors or ones that arise
when interacting code sections
are analysed together.

When to go static

How early in the development
process and how often to use
static code analysis is a question
best answered on a project-by-
project basis. “Di erent teams
are prepared to accept di erent
levels of false positives” said
GrammaTech's Anderson. ‘A
safety-critical project may be
willing to tolerate a 101 false;true
error report ratio, while for other
projects a 50:50 ratio is a problem
because of wasted time tracking
down false errors.”

Events

Power Gen India &

Central Asia

Apr. 3-5,2008

Pragati Maidan, New Delhi
Companies will represent con-
ventional and renewable/clean
energy;,  power  transmission,
distribution and conservation;
process automation and instru-
mentation; material handling
systems; waste management sys-
tems; and environment monitor-
ing. Learn more here.

IPTV India

Apr. 4,2008

Le Meridien, New Delhi

The conference will cover strate-
gic issues and challenges in the
rollout of IPTV in India as well as
provide a service provider’s per-
spective on IPTV. Click here for
more.

India Telecom Summit

May 29-30, 2008

Hotel ITC Maurya, New Delhi

The conference will offer an op-
portunity to exchange views on
a host of issues concerning the
telecom industry, including bot-
tlenecks in growth, new devel-
opments and technologies. Click
here for more.

Klocwork’s Fisher said, “Some
of our customers start using the
tool on day one, when the tool
starts relatively weak. They simply
tolerate the extra false positives.
Others prefer to take the cost of
waiting for the architecture to be
fully developed, even though the
defect density is high.”

Ultimately, project teams
must decide for themselves
how to balance the cost of false
positives early in the process
against the cost of nding and
correcting errors late in the pro-
cess. However, teams choose to
handle static analysis, though
the tools have proven to be a
valuable asset in finding code
defects and security weaknesses.
Now that the tools are backin the
developers’ hands so defects are
found earlier, static source code
analysis can also help lower the
cost of development.

L2
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Integrate static analysis into software
development

Trace exposes the toughest real-time
bugs
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Implement real-time systems using IEEE 1588

By John Eidson
Agilent Technologies

IEEE 1588 is a relatively new real-
time networking synchronisa-
tion protocol that was originally
designed for local systems in
instrumentation and industrial
applications requiring very high
accuracies beyond those attain-
able using the current network
time protocols (NTP), and now
nding wider use in communica-
tions and wide-area networking.
These systems share a com-
mon feature in that they interact
with devices or processes that
themselves operate based on
real-world time. Such systems are
often termed “hard real-time sys-
tems” because their actions must
meet time constraintsimposed by
the application space, rather than
by the operation of the measure-
ment or control devices.
Examples of such hard real-
time systems abound. In the

Message semantics

Timing accuracy

limitations uctuation
Temporal ordering Transport protocol Quantised by time
limitations dependent slot length

Command/value
and execution time

Message latency

Table 1. Summary of hard real-time design patterns.

Command/value
and execution time

Time-slot uctuation

Command/value

Clock synch accuracy

Quantised by clock
synch accuracy
and precision

measurement world, complex
test systems composed of many
electronic instruments operat-
ing in concert are used to verify
the performance of even more
complex electronic or electro-
mechanical devices such as radar
systems, electronic engine con-
trols, power generators and heart
pacemakers.

In the eld of control, combi-
nations of computers, controllers,
sensors and actuators collaborate
to regulate printing presses, olil
re neries, packaging machines,

tra c lights and home heating
equipment. Communications
systems operate to pass informa-
tion from source to destination,
and are governed by the laws of
physics, the operation of the com-
munication protocols, and the
vagaries of users, all of which result
in unpredictable tra ¢ ows.

Governed by the clock

The use of time in measurement
and control is actually very famil-
iar, as our everyday life seems to
be governed by the clock. Alarm

clocks have been with us for
ages. Lawns are watered, co ee
is brewed and favourite TV pro-
grams are recorded—all based
on some sort of mechanical or
electronic clock.

In programming these devices,
the time at which something is
to happen is entered, as well as
the time at which the activity is
to cease, or in some cases, the
duration of the activity. Never is
there a list of activities executed
based on the speed at which the

continued on page 8»
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Speed up your RTOS synthesis

< continued from page 1

languages gradually took over
from assembly language as the
method of choice for software
generation, we might expect
that the introduction of another
level of abstraction between the
application code and the real-time
execution of the code might be
met with some degree of initial
scepticism. In fact, at a paper
presented at the 2000 San Jose
Embedded Systems Conference,
“The Twenty-Five Most Common
Mistakes with Real-Time Software
Development,” Dave Stewart
asserted that the number one
mistake of embedded systems
designers is their lack of under-
standing of the execution time
parameters of the software that
they are designing.

From this perspective, itis easy
to guess that a software synthesis
tool that abstracts the designer
even further form the software
that they are creating would
have to deal with the designer’s
real need to generate efficient
and high-quality code while still
maintaining some level of under-
standing of the code created by
the tool.

Even more than a software
synthesis tool, a tool that syn-
thesises an OS seems even more
heretical. Commercial operating
systems have built their reputa-
tions on the premise that creating
and porting an RTOS to a new
target platform is not for the
faint of heart. They point out the
engineer-yearsofe ortthatwent
into ne-tuning the RTOS to wring
the last bit of performance out of
kernel tasks such as task switch-
ing and interrupt response. Thus,
to propose that there is a tool
capable of synthesising an RTOS
would obviously be met with a
hefty dose of scepticism.

To investigate the use of soft-
ware synthesis technology, Hill
and Berger set out to use a soft-
ware synthesis tool to generate an
embedded RTOS. Bob Zeidman of
Zeidman Technologies and the
creator of SynthOS agreed to take
partin the project as both the sup-

plier of the tool and advisor to the
authors. We then worked together
with the intention of creating a
basic system, documenting our
experiences for other designers
who want to use software synthe-
sisto getan embedded OS system
up and running. Performance
measurements were also taken
to see how well the synthesised
system worked.

The target system we chose
for this project was Freescale’s

synthesis tool creates a low-level
description that is still in Verilog
or VHDL. Similarly, with software
synthesis you write code in C
using high-level primitives that
look like function calls but really
represent complex OS concepts
such as thread creation and
destruction, message passing
mechanisms, and mutexes and
semaphores, but much simpler.
The output code after synthesis
is still in C, but the synthesis tool
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Figure 1: With the addition of a PC and terminal emulation software, the
MCF5206e serves as a complete microcomputer.

ColdFire 5206eLITE, which uses
the MCF5206e processor. This
board was readily available be-
cause it is the target system used
in Professor Berger's embedded
systems courses at the University
of Washington Bothell campus.
With the addition of a PC and
terminal emulation software,
this board serves as a complete
microcomputer. The board has a
seven-segment LED display and
two programmable timers. It also
has expandable 1/0 capabilities
and numerous othercon gurable
options to suit our application.

What is software synthesis?
The conceptofsoftware synthesis
is similar to that of hardware syn-
thesis. With hardware synthesis,
you write a description in a high-
level language such as Verilog
or VHDL, and the hardware
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handles all of the low-level imple-
mentation details.

For example, when you need
to write a task that will be execut-
ed by the OS, there's no need to
worry about setting semaphores,
mutexes or priority ags. There's
no need to consider deadlock
conditions, in nite loops or un-
serviced tasks. When you need to
have one task communicate with
another task, you use one of sev-
eral simple synthesis primitives.
The synthesiser then takes your
input code and synthesises all of
the appropriate low-level code
according to the general system
parameters that you give it. It also
creates an OS kernel with a sched-
uling algorithm customised to
your needs. The synthesised code
can be compiled and debugged
using all of your existing C tools.

Itis perhaps a testimony to the

value of SynthOS that the student
doing the actual development,
Matt Hill, was able to successfully
complete the project and then
make performance measure-
ments on the completed embed-
ded system. Generally speaking,
porting an OS to a new platform
would not be the first project
that you give to a newly-minted
engineering graduate.

Matt was relatively new to
the embedded system world
and so he had to t a semester
course in embedded systems
into a few weeks. With little-to-
no knowledge of embedded
systems, many basic things had
to be learned before work on
the project could begin. For
example, the project had several
aspects that required the use of a
timer, including displaying infor-
mation on the LED display and
taking measurements from an
ADC. Timers must be initialised
correctly and consideration has
to be given in the code for the
possibility that multiple timers
will trigger simultaneously.

Different processors handle
interrupt service routines (ISRs)
in di erent ways. Something we
didn't initially realise is that the
ColdFire processor requires that
during an ISR, the interrupt must
be acknowledged and other
interrupts must be masked. Not
properly handling interrupts in the
ISRs caused errors that manifested
themselves during the integra-
tion and synthesis phase of the
project. This caused confusion
when testing and debugging
because this problem manifests
itself in di erent ways that seem
random or appear to be a hard-
ware problem.

Read the full article to learn
more about the succeeding steps
in the trials done by an undergrad-
uate student to perform RTOS
synthesis and much more.

0 =»

Measure your RTOS's real-time
performance
Develop an RTOS on Solaris with RTEMS
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Expert advises to ‘think parallel, C, global development’

By Dipti Agarwal
“I am a technology geek!” said
Dr. Srinivas Mandavilli, adding
that this is what pushes him
to understand and work on di-
verse technologies, as evident
in his career. He continues to
explore and track technology
developments in the software
and hardware arenas.
Electronics was Mandavilli's
hobby as a child, having won
awards in science shows for
electronics projects, which in-
spired him in turn to pursue a
career in electronics engineer-
ing. His father being a Professor
in Electronics at the Indian Insti-
tute of Science was also certainly
a motivation.

Understanding problems
Mandavilli received his B.Tech
in Electronics from IIT Madras
in1989. Even though he had an
opportunity to pick Computer
Science for B.Tech, he wanted
to have a strong electronics
background. He completed his
PhD in Computer Science at
the Indian Institute of Science
and bagged the best thesis
award for his dissertation. The
combination of his educational
choices provided him with a
strong base for rapidly increas-
ing involvement in a variety of
EE+CS engineering topics such
as parallel processing, proces-
sor architectures, embedded
systems and EDA. “Continuing
ahead for a PhD made a huge
di erence in my understand-
ing of problems and in com-
ing up with solutions. This has
been invaluable as | took on
more responsible roles,” added
Mandavilli.

Major turning points in his
career include moving to the
United States, working on cut-
ting-edge technologies, under-
standing the work culture that
U.S. tech companies have and
returning from the U.S. to India
at the right time, and heading a
start-up company.

Mandavilli joined Mentor
Graphics India as managing
director in October 2001. Be-

fore that, he was VP for R&D
at lonic Microsystems, a start-
up company in Bangalore, as
well as engineering manager
at Hitachi Microsystems Inc. in
San Jose, California. He held
various engineering positions
in Motorola as well, but his rst
job was at CDAC, Bangalore,
working on transputer tools and
applications.

Developing focus

Mandavilli  joined  Mentor
Graphics India and grew the
site from 50 to 200 employees.
He has developed a focus on
core R&D at Hyderabad, which
is now a Centre of Excellence for
several of Mentor's EDA product
areas, including PCB, cabling
and co-veri cation. Several
products were developed from
scratch at Hyderabad, includ-
ing Board Station XE, Fablink
XE, CHS Harness XC, CHS Views
technology, Calibre Interfaces
and BSD Architect, all of which
require an extremely deep
understanding of design tech-
nology and expert software
skills. “Board Station XE is the
next-generation PCB  ow from
Mentor Graphics that brings
the power of autoactive layout
technology to board station
PCB customers. Board Station
XE was completely architected
and developed in Hyderabad. It
demonstrates the depth of un-
derstanding of the PCB domain
and software that engineers at
Hyderabad have developed.
“Board Station XE enables the
highly productive design of
complex PCBs through modern
and innovative design tools
to reduce design cycle times,
build more complex systems
and utilise new PCB manufac-
turing techniques,” explained
Mandavilli.

“Creating strong develop-
ment teams— nding software
engineers who also have astrong
domain background in PCB or ca-
bling—is di cult. We solved the
problem by providing extensive
training from experts and hiring
actual PCB and cabling designers
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in QA roles, who brought the do-
main knowledge and transferred
it to the engineering teams,” said
Mandavilli.

“Inahot job market, retaining
talent is a big challenge. We have
a multi-pronged approach to
the problem, which rstinvolves
careful hiring of the right people
for the job—the right experi-
ence levels, right skill sets and

Mandavilli: Continuously add
value to yourself and your
organisations by constantly
exploring new technology ar-
eas, processes and better ways
to do things. It’s a journey, and
the learning can't stop.

engineers who really wanted to
join Mentor. Next, ensure that
every engineer is empowered
in terms of product ownership.
Lastly, provide a great work en-
vironment and have good engi-
neering managers,” he added.

In lonic Microsystems, he
architected and developed a
triple-play voice-video-data STB
from scratch in one year. He had
to motivate and mentor a junior
team of 40 engineers in several
technology areas, including hard-
ware design, embedded soft-
ware, DSP and video processing.

“When | became managing
director of Mentor Graphics
India, the Hyderabad centre was
working on assorted pieces of
software. The challenge was to
establish a strong technology
focus, develop an R&D culture
and build strong product de-
velopment teams. Today, | can
boast of having one of the best
product development teams of
the world,” said Mandavilli.

His first job was at CDAC,
working on parallel computing

using transputers, right after
graduating from IIT with an EE
degree. He had to ramp up on
basic programming, parallel
computing and domain appli-
cations simultaneously in just
a few months. This eventually
led him to decide on getting a
CS degree.

“Parallel computing has
emerged as a mainstream tech-
nology, with every processor
having multiple processing
cores. The number of cores will
keep increasing. New software
development tools are emerg-
ing. Software engineers need to
think parallel,” he added.

“As chip complexity increases
in line with Moore’s law, hard-
ware designers are adopting
higher levels of abstraction
for design and verification. G-
based designs are becoming
prevalent, so hardware design
engineers need to think C,” said
Mandavilli.

He feels that the Internet has
changed the way engineer’s
design products in that geo-
graphically distributed teams
collaborate to design increasingly
complex products faster than
ever before. Thus, Mandavilli said,
engineers also need to think in
terms of global development.

Add value

“Continuously add value to
yourself and your organisations
by constantly exploring new
technology areas, processes
and better ways to do things.
It's a journey, and the learning
can't stop,” said Mandavilli.

He further says that nothing
is static, so engineers should
be flexible and adapt to an
ever-changing technology eco-
system. “Now, there are great
opportunities in India, particu-
larly in starting up companies.
Stay and go after your dreams,”
advised Mandauvilli.
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Evaluating schematic capture solutions
Choosing PCB design tools
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