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A Guide to Code Inspections

What's the cheapest way to get rid of bugs?
Don't put them in in the first place.

That seemingly trite statement is the idea behind thieeequality revolution that
reinvented manufacturing during the 70s. Design quality lrerahan try to fix a lot of
problems during production.

Most people under 40 have no memory of the quality probleghautomotive vendors
inflicted on their customers for many years. | remenmbgifolks buying cars in the 60s.
With five kids on a single-income engineer’s salarydag’s primary decision
parameters (mom was never consulted on such a purehasesize (a big station
wagon) and price. Choices were mostly limited to theBigee. With the exception of
the even-then ubiquitous VW Beetle, foreign manufacsunad made few inroads into
this market. But Detroit’s offerings were always pladjueth problems, from small
nuisance issues to major drivetrain troubles. Consunaersit recourse sined of the
vendors offered the same poor quality. Perhaps foreshagaaday’s low expectations
about commercial software, car buyers forty yearsaagepted the fact that vehicles
were full of problems, and many trips to the dealer tdlgse cleared up was simply
part of the process of acquiring a new car.

About the same time Japanese products had a well-desed/eeplbdgation. “Made in
Japan” and “junk” were synonymous. But Japanese managemméecstudent of quality
guru W. Edwards Deming, who showed how a single-minded focuesirat the
expense of quality was suicidal. They eventually shiftedyction to a low-waste
system with an unyielding focus on designing quality in. Thaltebetter autos at a
lower cost. Detroit couldn’t compete. (Of course, mamgptactors contributed to the
US firms’ 1970s’ woes. But cash-strapped American buyensdfiehe lure of lower-cost
high-quality foreign cars irresistible.)

US vendors scrambled to compete using, at first, the niagketther than substance.
“Quality is Job One” became Ford’s tagline in 1975. Buyerdinued to flock to less
self-aggrandizing manufacturers who spoke softly but chfele defects. But by the
very early eighties Ford was spewing red ink at an ungesited rate. A division quality
manager hired Deming to bring the Japanese miracle toiD&ventually the quality
movement percolated throughout the automotive industrytcatay it might be hard to
find much of a difference in fit and finish between amgnufacturer. Tellingly, Ford
abandoned “Quality is Job One” as a mantra in 1998. Tdwupts demonstrated their
success and marketing slight of hand was no longer néediedige an inconvenient
truth.

Lean manufacturing perhaps got its name from a 1989 book {tmaking by James
Womack and Daniel Jones) but its roots trace back tasit Ben Franklin and later to
Henry Ford. Waste means there’s a problem in the pspwedgther the waste is from
rework (errors) or practices that lead to full garbpg#s. Wastage is a sure indicator that
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something is wrong with any process. And it's an equallgtvéd flag that a software
development group is doing something wrong.

For some reason the lean revolution by and large hamswe it into software
engineering. Bugs plague our efforts, and are as expectey asher work product.
Most projects get bogged down in a desperate debugging phasanhconsume half the
schedule. | guess that means we can call the design ding) tioe items the “bugging”
phase.

Software is hard and bugs will always be our bane. Blkiel ¢éxception to any zeitgeist
that accepts bugs. Bugs are like disease: though surelyfphet human condition they
are an abomination we must seek to prevent. But lamwoe preempt them? Is there an
inoculation for defects?

When, in 1796 Edward Jenner rubbed cowpox on eight year oesJahmpps’ arms he
wasn't fixing a fever; the boy was perfectly healthgtlier, Jenner knew some 60% of
the population was likely to get smallpox and so was lagpfon a way tgprevent the
disease before it occurred. That idea was revolutionaaytime when illness was poorly
understood and often attributed to vapors or other imagintagteof devils or magic.

The pre-Jenner approach parallels software engineeringtuking similarity. The
infection is there; with enough heroics it might beguole to save the patient, but the toll
on both the victim and doctor leaves both weakened. Jésmngit us to anticipate and
eliminate sickness. Lean manufacturing and the qualityement showed that defects
indicate a problem with tharocess rather than the product. Clearly, if we can minimize
waste the system will be delivered faster and with mighelity.

In other words, cut bugging to shorten debugging. The belstvbave to reduce
bugging is the code inspection.

The statistics are dramatic. Most code starts lith wround five to ten bugs per hundred
lines of code. Without inspections figure on finding about @%i0se pre-shipping. For
a 100KLOC program that means shipping with hundreds of defétst that some
sources, such as Stan Rifkin, “The Business Case fow&e Process Improvement”,
Fifth SEPG National Meeting, 26-29 April 1993, claim far veonsimbers, on the order
of 6 shipped bugs per hundred lines of code — six thousand in a O@Ktoject. My
unscientific observations, coupled with data from priateversations with Capers
Jones, suggest that firmware generally does not sinlat@bysmal level.)

It's important to understand that testing, as implemebyetiost companies, just does
not work. Many studies confirm that tests exercise obbuahalf of the code. Exception
handlers are notoriously problematic. Also consideteaesonditionalst Fs nested five
or six levels deep can yield hundreds of possible conditidow many test regimes
check all of those possibilities?
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Cyclomatic complexity, among other things, tells usrtiieimum number of tests needed
to completely exercise a function. | found that onfion in the Apache web server
scored a complexity index of 725. Who constructs neatiypadand tests for a single
function?

Another analysis of the testing problem is scariefThe Software Quality Challenge”
(Crosstalk, June 2008,

http://www.stsc.hill.af.mil/crosstalk/2008/06/0806 Humphrey. htviktts Humphrey
shows that a program with 100 decisions can have n2@dl)00 possible paths. With
400 decisions that explodes to*1paths, each requiring a test! Though he describes a
pathological worst-case situation, the implicatioresiarportant.

Some approaches to test are much more effective. Codeage, used in the avionics
and some other industries, can approach 100% testing, &itheltuge costs.

Test Driven Development advocates also claim goadtseshough reliable supporting
studies are hard to find. However, anecdotal evidencesimggest that most of the agile
approaches, which have a disciplined focus on testingi\ghegrove on the 50% code
test ratio. The agile approaches demand, correctlymabéal tests that cost little to run.
But in the embedded space that’s hard. Someone has tothatdisplay and press the
buttons. I've seen some very cool ways to automatsetlctivities, and some agilists
successfully build mock objects to simulate the userant®n. So-called virtual
prototypes, too, are gaining market share (see the product¥irtwtech or VaST, for
instance).

The bottom line is that test is a huge problem. Howeverell-run inspection program
will eliminate 70 to 80% of the budsfore any testing starts.

When | was a young engineer my boss demanded that ethsties go through a formal
design review. It was expensive to respin boards, andasatler to troubleshoot and
repair design mistakes. At first | found this onerousoleague was going to critique my
work? How mortifying when someone found errors in mywist But a little time spent
reviewing saved many hours downstream. Even better wabwiaatable to tap into the
brains of some really smart engineers. One was aavmmanufacturability issues, and he
brought this insight to each review. What did college tedxciut that subject? Nothing,
but Ken’s probing dissections of my designs was a crastsean the art of creating
products that were buildable and maintainable. Another emgaierays eerily spotted
those ghostly race conditions that are so tough to Tihd.old saw that many brains
being better than one was proven many times in thegawg and the same idea applies
to inspecting code.

Plenty of evidence suggest well-run inspections are somen26 theaper than
debugging. That’s a staggering number. Since the averagetdrojas about half the
schedule in the debugging phase, any technique with a 20X ienpent nearly halves
the schedule. I'm generally skeptical of any dramatiagl&iom the Ginzu knives to
politicians’ promises to clean up Washington, but evenuf gut that number by an order
of magnitude inspections still shave a third from the scleedul
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Higher quality code, for less money. What a deal!

Inspections are a quality gate, a filter for bugs. Thegtrtake place after one gets a
clean compile (i.e., let the tools find the easiegid) and before any testing starts. Yes,
most developers prefer to inspect code they've beatersutimission with the debugger
for a while, but given the 20X efficiency factor, doing aesting before inspecting is
like burning stacks of $100 bills. It's simply bad business. Everse, early testing leads
to the demise of the inspections. Few of us are stronggérno resist the siren call of
“But it works!” We’'re all busy, claims of “works,” whiclnay mean little depending on
the efficacy of the tests, generally result in tigpection meeting being dismissed.

One complaint about inspections is that they may fimdidags. That, of course, is
exactly our goal. If | write software no one will s@ad then write the same function
given the knowledge that my peers will be digging deepiiatbowels, be sure the code
will be very different. No one wants his errors togmented out. The inspections are
therefore sort of an audit that immediately rai$esgrogram’s quality.

But remember this: after examining 4000 software projectseSalones found the
number one cause of schedule problems was quality. (JoapsrsAssessment and
Control of Software Risks. Englewood Cliffs, N.J.: Yourdon Press, 1994.) Bugs.
Inspections don’t slow the project. Bugs do.

The Process

Code inspections are nothing new; they were first &lsndescribed by Michael Fagan
in his seminal 1976 pap#Design and Code Inspections to Reduce Errors in Program
Development" (Fagan, Michael BM Systems Journal, Vol. 15, No. 3, 1976, available on-line
at http://www.research.ibm.com/journal/sj/153/ibmsj1503C )pBtit even in 1976 engineers had
long employed design reviews to find errors before inves@mgpus money in building a PCB, so
the idea of having other developers check one’s work beforkitgii or testing it was hardly
novel.

Fagan’s approach is in common use, though many groupg fon¢heir particular needs. | think
it's a bit too “heavy” for most of us, though those workargsafety-critical devices often use it
pretty much unmodified. I'll describe a practical approased by quite a few embedded
developers.

First, the objective of an inspection is to find bugs. Cemis like “man, this code
sucks!” are really attacks on the author and are inapptepSimilarly, metrics one
collects are not to be used to evaluate developers.

Secondlyall new code getsinspected. There are no exceptions. Teams that exclude
certain types of routines because either they’rd (imo one understands DMA here”) or
because only one person really understands what's gaimgll find excuses to skip
inspections on other sorts of code, and will eventuallg gp inspections altogether. If
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only Joe understands the domain or the operation of &@ydartiunction, the process of
inspection spreads that wisdom and lessens risk if ot get sick or quit.

We only inspechew code because there just isn’t time to pour over komilines of
stuff inherited in an acquisition.

In an ideal world an inspection team has four membeisphybe a newbie or two that
attend just to learn how the products work. In realityight be hard to find four people
so fewer folks will participate. But there are fourelall of which must be filled, even if
it means one person serves in two capacities:

* A moderator runs the inspection process. He finds a @nrderroom, distributes
listings to the participants, and runs the meeting. Thabpes one of us, not a
manager, and smart teams insure everyone takes tungsrbederator so one
person isn’t viewed as the perennial bad guy.

» Areader looks at the code and translates it into afighrignguage description
of the statement’s intent. The reader doesn’t Saly: “
(tank_press>max_press) dunp(); ” After all, the program is nothing
more than a translation of an English-language sgeacomputerese. The reader
converts the C back into English, in this case sayimgesiaing like: “Here we
check the tank pressure to see if it exceeds the maxatiowed, which is a
constant defined in max_limits.h. If it's too high wdl damp, which releases the
safety valve to drop the pressure to a safe value.” Energtse is reading along
to see if they agree with the translation, and tofd#ésiis indeed what the code
should do.

* The author is present to provide insight into his int&1st when those are not
clear (which is a sign there’s a problem with eitlimer tode or the
documentation). If a people shortage means you’'ve doubled & tlodeauthor
may not also be the reader. In writing prose it hag lween known that editing
your own work is fraught with risk: you see what you thought wrote, not
what’s on the paper. The same is true for code.

* Arecorder logs the problems found.

During the meeting we don'’t invent fixes for problems. &héhor is a smart person we
respect who will come up with solutions. Why tie up alttedse expensive people in
endless debates about the best fix?

We do look for testability issues. If a function loak8icult to test then either it, or the
test, needs to be rethought.

Are all of the participants familiar enough with thededo do a thorough inspection?
Yes, since before the meeting each inspects the caade, @ the privacy of his or her
own office, making notes as necessary. Sometimeawvitfslly hard to get people other
than the author to take the preparation phase seri@gslygg each inspector’'s name in
the function’s header block. In other words, we all ola tode, and each of us stamped
our imprimatur on it.
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The inspection takes place after the code compiles gldagti the tools find the easy
problems. But do the inspection before any debugging orgdstkes place. Of course
everyone wants to do a bit of testing first just to iesour colleagues aren’t pointing out
stupid mistakes. But since inspections are some 20 timepetiban test, it’s just a
waste of company resources to test first. Writing cedehusiness endeavor; we’re not
being paid to have fun — though | sure hope we do — and sutibiém use of our time

is dumb.

Besides, in my experience when test precedes the irmpéut author waltzes into the
meeting and tosses off a cheery “but it works!” Few pexyple can resist the temptation
to accept “works”, whatever that means, and the inspegatsdropped.

My data shows that an ideal inspection rate is aboutid®® of code per hour. Others
suggest slightly different numbers, but it's clear thatking above a few hundred lines
of code per hour is too fast to find most errors. 150 ID&/an interesting number: if
you've followed the rules and kept functions to no mbe: 50 LOC or so, you'll be
inspecting perhaps a half-dozen functions per hour. TA&’8OC/minute, slow enough
to really put some thought into the issues. The cosbisnd $2/LOC, which is in the
noise compared to the usual $20 to $40/LOC cost of most firenv@ course, the truth
is that inspections save time so have a negative cost.

It's impossible to inspect large quantities of code. Adte hour or two one’s brain turns
to pudding. Ideally, limit inspections to an hour a day.

The best teams measure the effectiveness of tispieation process, and, in fact,
measure how well they nab bugs pre-shipping in every pifake development project.
Two numbers are important: the defect potential, whadhe total number of bugs found
in the project between starting development and 90 dssisshiipping to customers, and
the defect removal efficiency. The latter is a fapbyase that is simply the percentage of
bugs found pre-shipping.

Clearly you can’'t measure defect potential unless yaktevery bug found during
development, whether discovered in an inspection onwhbe is furiously debugging his
code. Being just a count it’s painless to track.

If your inspections aren’t finding at least 60% of all af thugs there’s something wrong
with the process. Tune as needed. 70% is excellent, amel gmmpanies achieve 80%.

(To put more numbers around the process, Capers Jangedin his paper “Measuring
Defect Potentials and Defect Removal Efficiency” Gtatk magazine, June, 2008,
www.stsc. hill.af. mil/crosstalk/2008/06/0806Jones.html, thairttlestry averages an
85% defect removal efficiency. At the usual 5 bugs injected @@L.OC that means
shipping with 7.5 bugs per KLOC. Achieve 60% efficiency jushspections and figure
on 4.5 per KLOC. Jones found that the lowest developoesis occur at a defect
removal efficiency of 95%, or 2.5 bugs/KLOC. Accordingatwast library of data he sent
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me, projects run at 95% cost nearly 50% less to develoyoties idling along at 85%
yet they ship with three times fewer bugs. And he eatllefficiency of 75%
“professional malpractice.”)

Inspections are irrevocably tied to the use of firmv&iamdards. If a team member
complains about a stylistic issue, the moderator sages'this conform to the
standard?” If the answer is “yes,” the discussiomisiediately closed. If no, the proper
response is a simple: “fix it.” No debate, no expensigeuwtision. Don’t use inspections
and the team will surely drift away from the firmwatandard. The two processes are
truly synergistic

Managers have an important role: stay away. Enablprtdeess, provide support,
demand compliance, but never use the inspections as tweagluate people. This is all
about the code, and nothing else.

Managers must always insure the team uses inspectidradiaf the other processes
even when the delivery date looms near. Can you imaggtieng on a plane, walking in
the door, only to overhear the pilot say to the co-pilte’re running late today; let's
skip the pre-takeoff checklist.” What amateurs! Managetnean't let the threat of a
schedule dismember proper processes... which, after alteshdelivery times.

Inspections inspire plenty of debate, but few who hawkdd at the data doubt their
importance. In today’s agile world some advocate s fl@snal approach, though all buy
into the many-brains-is-better-than-one theory. Fogxample of lighter-weight reviews
see http://www.methodsandtools.com/archive/archive.php?id=66.

The agile community buys into inspections. As KentkB&oote in eXtreme
Programming Explained: “When | first articulated XP, tilthe mental image of knobs
on a control board. Each knob was a practice that éxperience | knew worked well. |
would turn all the knobs up to 10 and see what happened.d litls surprised to find
that the whole package of practices was stable, predictatud flexible.” One of those
knobs is code inspections, embodied in XP’s pair progragmi

The most complete work on inspections is Software Ingpedy Tom Gilb and
Dorothy Graham (Addison-Wesley, 1993, ISBN 978-0201631814). It's & gysafor
insomnia. Or consider Peer Reviews in Software, by KawWiegers (Addison-Wesley,
2001, ISBN 978-0201734850). Written in an engaging style, rathehkik®icrosoft
Press books, it's an accessible introduction to athgoof inspections, covering more
than the traditional Fagan versions. One of my favdmiieks about inspections is a free
one available from SmartBear Software called Best Septrets of Peer Code Review
(www.smartbearsoftware.com).

Then there’s Software Inspection: An Industry Best#e by Bill Brykczynski

(Editor), Reginald N., Jr. Meeson (Editor), David A. Wlee€Editor), IEEE Press, 1996,
ISBN 978-0818673405. Unhappily it's out of print but used copies ar@lysvailable
on Amazon. The book is a collection of papers aboutesstal and failed inspections.
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But it, but don’t read it. When | can’t stand the thougfhyet another inspection | pull it
off the shelf and read one paper at random. Like a ¢@ntal meeting it helps me get
back on the straight and narrow path.

Inspections yield better code for less money. You'd thmklang offering that promise
would be a natural part of everyone’s development straBagyfew embedded groups
use any sort of disciplined inspection with regularitye Tisual approach is to crank
some code, get it to compile (turning off those annoyingiingrmessages) and load the
debugger. Is it any surprise projects run late and get delileaddd with bugs?

But consider this: why do we believe (cue the choir gedsbefore uttering these sacred
words) open-source software is so good? Because with esgaghall bugs are shallow.

Oddly, many of us believe this open-source mantra wiitnoas fervor but reject it in
our own work.
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Better Firmware... Faster!

A One-Day
Seminar

Presented at
Your Company

Does your
schedule prevent
you from traveling?

This doesn’t mean you
have to pass this great
opportunity by.

Presented by Jack
Ganssle, technical
editor of Embedded
Systems Programming
Magazine, author of 6
books and over 600
articles

More information at
www.ganssle.com

The Ganssle Group
PO Box 38346
Baltimore, MD 21231
(410) 504-6660
fax: (647) 439-1454
info@ganssle.com
www.ganssle.com

For Engineers

and
Programmers

This seminar will teach you new ways to build higher
quality products in half the time.

80% of all embedded systems are delivered late...

Sure, you can put in more hours. Be a hero. But working harder is not a
sustainable way to meet schedules. We’ll show you how to plug productivity
leaks. How to manage creeping featurism. And ways to balance the conflicting
forces of schedules, quality and functionality.

... yet it’s not hard to double development productivity

Firmware is the most expensive thing in the universe, yet we do little to
control its costs. Most teams deliver late, take the heat for missing the
deadline, and start the next project having learned nothing from the last.
Strangely, experience is not correlated with fast. But knowledge is, and we’ll
give you the information you need to build code more efficiently, gleaned from
hundreds of embedded projects around the world.

Bugs are the #1 cause of late projects...

New code generally has 50 fo 100 bugs per thousand lines. Traditional
debugging is the slowest way to find bugs. We’ll teach you better techniques
proven to be up to 20 times more efficient. And show simple tools that find the
nightmarish real-time problems unique to embedded systems.

... followed by poor scheduling

Though capricious schedules assigned without regard for the workload are
common, even developers who make an honest effort usually fail. We’ll show
you how to decompose a product into schedulable units, and how to use killer
techniques like Wideband Delphi to create more accurate estimates.

Learn From The Industry’s Guru

Spend a day with Jack Ganssle, well-known author of the most popular books
on embedded systems, technical editor and columnist for Embedded Systems
Programming, and designer of over 100 embedded products. You’ll learn new
ways to produce projects fast without sacrificing quality. This seminar is the
only non-vendor training event that shows you practical solutions that you can
implement immediately. We’ll cover technical issues — like how to write
embedded drivers and isolate performance problems — as well as practical
process ideas, including how to manage your people and projects. Contact us
to learn how we can award each of the attendees 0.7 Continuing Education
Units.!




Seminar Leader

Jack Ganssle has written over 600 articles in Embedded Systems Programming, EDN, and other
magazines. His five books, The Art of Programming Embedded Systems, The Art of Developing
Embedded Systems, The Embedded Systems Dictionary, The Firmware Handbook, and
Embedded Systems, World Class Designs are the industry’s standard reference works

Jack lectures internationally at conferences and to businesses, and was this year’s keynote speaker at the
Embedded Systems Conference. He founded three companies, including one of the largest embedded tool
providers. His extensive product development experience forged his unique approach to building better firmware

faster.

Jack has helped over 600 companies and thousands of developers improve their firmware and consistently deliver

better products on-time and on-budget.

Course Outline

Languages

e (C,C++orlJava?
e Code reuse — a myth? How can you benefit?
e  Controlling stacks and heaps.

Structuring Embedded Systems

®  Manage features... or miss the schedule!
e  Using multiple CPUs.
¢ Five design schemes for faster development.

Overcoming Deadline Madness
e Negotiate realistic deadlines... or deliver late.

e  Scheduling — the science versus the art.
e  Overcoming the biggest productivity busters.

Stamp Out Bugs!
e  Unhappy truths of ICEs, BDMs, and debuggers.
®  Managing bugs to get good code fast.
®  Quick code inspections that keep the schedule on-track.
e  Cool ways to find hardware/software glitches.

Managing Real-Time Code

Design predictable real-time code.

Managing reentrancy.

Troubleshooting and eliminating erratic crashes.
Build better interrupt handlers.

Interfacing to Hardware

e  Understanding high-speed signal problems.
e  Building peripheral drivers faster.
e Inexpensive performance analyzers.

How to Learn from Failures... and Successes

e  Embedded disasters, and what we must learn.
e  Using postmortems to accelerate the product delivery.
e Seven step plan to firmware success.
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Do those C/C++ runtime routines execute in a usec or a week?
This trig function is all over the map, from 6 to 15 msec. You’ll
learn to rewrite real-time code proactively, anticipation timing
issues before debugging.

Why Take This Course?

Frustrated with schedule slippages? Bugs driving you
batty? Product quality sub-par? Can you afford not
to take this class?

We’ll teach you how to get your products to market
faster with fewer defects. Our recommendations are
practical, useful today, and tightly focused on
embedded system development. Don’t expect to hear
another clever but ultimately discarded software
methodology. You’ll also take home a 150-page
handbook with algorithms, ideas and solutions to
common embedded problems.



If you can’t take the time to travel, we can present this seminar
at your facility. We will train all of your developers and focus on the challenges
unique to your products and team.

Here is what some
of our attendees

Thanks for the terrific seminar here at ALSTROM yesterday!

It got rave reviews from a pretty tough crowd.
Cheryl Saks, ALSTROM

have said:

Thanks for a valuable, pragmatic, and informative lesson in embedded systems design.
All the attendees thought it was well worth their time.
Craig DeFilippo, Pitney Bowes

I just wanted to thank you again for the great class last week. With no exceptions, all of the feedback from the
participants was extremely positive. We look forward to incorporating many of the suggestions and observations
into making our work here more efficient and higher quality.

Carol Bateman, INDesign LLC

Here are just a few of the companies where Jack has presented this seminar:

Sony-Ericsson, Northup Grumman, Dell, Western Digital, Bayer, Seagate, Whirlpool, Cutler
Hammer, Symbol, Visteon, Honeywell, Kodak and Western Digital.

Did you know that...

... doubling the size of the code results in much more than twice the work? In this seminar you’ll learn ways
unique to embedded systems to partition your firmware to keep schedules from skyrocketing out of control.

... you can reduce bugs by an order of magnitude before starting debugging? Most firmware starts off with a 5-
10% error rate — 500 or more bugs in a little 10k LOC program. Imagine the impact finding all those has on
the schedule! Learn simple solutions that don’t require revolutionizing the engineering department.

... you can create a predictable real-time design? This class will show you how to measure the system’s
performance, manage reentrancy, and implement ISRs with the least amount of pain. You’ll even study real
timing data for common C constructs on various CPUs.

... @ 20% reduction in processor loading slashes development time? Learn to keep loading low while simplifying
overall system design.

... reuse is usually a waste of time? Most companies fail miserably at it. Though promoted as the solution to the
software crisis, real reuse is much tougher than advertised. You’ll learn the ingredients of successful reuse.

What are you doing to upgrade your skills? What are you doing to help your engineers succeed? Do you
consistently produce quality firmware on schedule? If not... what are you doing about it?

Contact us for info on how we can bring this seminar to your company.
e-mail: info@ganssle.com or call us at 410-504-6660.




