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Abstract

We introduce a set of concise coding conventions for gersaflvare development.
The conventions are meant to be simple and concise and fit@side of paper for

ease of use. They represent the most essential rules tovfédloimplementing a

large project. They're written with the C++ programmingdaage in mind, but they
are general enough to be applied to any imperative, objgetted programming lan-
guage. We also provide the background behind each ruledimgjua description of

where each comes from and why it was selected with pointdtgtioer reading. This

is followed by a description providing the main motivatioahind introducing the

conventions, namelBob’s Theory of Software Redevelopméittis theory outlines a

typical software development process that repeats itse@hiessentially never ending
cycle. The presented coding conventions are meant to serag@l to combat this

unfortunate cycle and contribute to theccessf a project.
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1 Bob’s Concise Coding Conventions

The coding conventions are as follows:

1.

10.

All methods are 75 lines or less. All methods should be visible on a singlersipage.
It should be possible to see the whole method from start to finish withoutisgro
Exception(s): Methods with case tables (switch statements) and perhapsithe
method.

. No methods shall use more thiwrelevels of indentation.

Exception(s): none

. No line of code shall exceed 80 characters. It shooltbe necessary to expand the

code editor to the entire screen width in order to read a single line of code.
Exception(s): none

All class variables start with the two character sequencé (as in “member” vari-
able) e.g., mClassVariable.
Exception(s): symbolic constants. Symbolic constants should be writker ilCAPI TALS.

All class variables are accessed through accessor methods, ixam@kget() meth-
ods, e.g.,

Get d assVari abl e(), Set O assVari abl e(i nt newval ue) .

Exceptions: none

. Accessor methods come at the top of both header files and implementation files

Exception(s): none

. All member class variables are private.

Exception(s): symbolic constants

. Private methods begin with a lower-case letter whereas public methddstdggan

upper-case letter.
Exception(s): none

In general, methods should not take more than five parameters.
Exception(s): very rare

Do not use numbers in your code, but rather symbolic constants.
Exception(s): 0 and 1.



2 Comments on the Conventions

1. The longer a method is, the less re-usable and the more difficult it is to madhfy,
the longer a procedure is, the more likely it is to contain bugs and the more Witficu
is to debug. By confining the method to one screen, it gives the prograratieast)
a chance to keep track of the variables, i.e., the possible values they ntainctrom
the beginning to the end of the method. Many engineers resist this rule claiming it
causes a performance slow down. However, software that followailissreasier to
optimize with the help of a profiler [12]. Also, shorter methods are betteridates
for inlining. It's poor algorithm or software design that leads to bad perémce
in general. See Chapter 6 érerformanceby Dickheiser [1] for a more complete
description of why this is such a good (and important) rule.

2. Too many levels of indentation quickly renders code illegible.

3. This is an interesting rule. Lines that are too long are less legible and iifftceld
to debug. This is because, the longer a line is, the more difficult it is for the ey
to move from the end of one line to the next line. Good publishers use a g@delin
of approximately 66 characters per line of text (so 80 is generally too naéh)
Reading becomes more difficult as soon as there are more charactelis@nTdis
is one reason why most newspapers and magazines are multi-column.rifore
object-oriented programming requires multiple windows to be open simultaneously
Thus having one window open occupying the entire screen makes the meschh
the programmer’s job much more difficult [14].

4. Class variables should be easily distinguishable from local variabtebertypes of
variables.

5. The use of accessor methods enfomrsapsulationan extremely important concept
in object-oriented methodology. (See Wirfs-Brock et al. for more on thig {@0].)
Accessing member variables with methods makes the implementation easy to change,
e.g., a | oat to ani nt. This methodology also prevents unwieldy (or even impos-
sible) search-and-replace operations [4, 14].

Another advantage of using accessor methods concerns object dtatassl vari-

able assignment is performed exclusively through Set() methods, theraypansure
that your objects are always in a valid state. This is due to the fact thatrSett()

ods perform error and bounds checking on the parameters passeddmtedure.
Following this convention leads to very robust code.

6. Accessor methods are the most common to use, as such, it is most cohvérea
they are defined at the “top” of the file or class definition.

7. Keeping class variables private enforces encapsulation. Only theitdalf should
know about the specific implementation details of its own data [13].

8. Itisverynice to be able to tell whether a method is private or public simply by looking
at it (without having to look it up) [14].

9. The more parameters a method takes, the less re-usable it is. We pritareto
several differentimplementations of the same method taking differentifbuadew)
parameters. In general, too many method parameters, say six or more, asivedit
a problem(s) with the softwamesign A long list of parameters probably indicates
that changes to the design are necessary, e.g., the introduction of dase(es) or
the re-arrangement of existing classes [14].



10. Using symbolic constants instead of typing numbers into your code makescht
more legible. Maybe the original author of the code knows what the numbleutis
others may not. Even the original author will eventually forget. Plus, theegadfi
symbolic constants are easy to change. Trying to changing the valuesntriers!
directly in the code causes bugs, especially when the number appears inlanultip
places [14]. Horstmann articulates this rule B®*Not Use Magic Numbet$3] and
provides a nice explanation as to why in chapter 2 of his book.

3 Bob’'s Theory of Software Redevelopment

“There is never enough time to do it right the first time, but there is always
enough time to do it overrUnknown

If you ever take on the job of software developer, in either industry adewia, you will
find yourself in the following scenario on your first (or second) dawofk:

At your first (or second) meeting, your manager provides a genesaription, with great
enthusiasm, of an amazing software project you are to work on. Heilbesthe applica-
tion, in what seems like a lot of detail when hearing it for the first time. As thetingge
evolves, he talks in more detail about the software that you are to workaalbthe won-

derful features you are to implement. As he talks, you nod your head @eagnt-as a
general sign of understanding and politeness. At the same time, it scomgéicated, and
you wonder how it’s all going to work out. At the end of the conversati@yrymanager
says,

“Manager: And, what do you think?”
“You: Sounds good!”

is your reply. The project is big however, so instead of starting froratelr you are to
build upon an existing piece of software.

A little while later, the technician has (hopefully) already set up a computeydarto
work on and a jolly colleague shows you how to access the existing softhatreill form
the basis of your project. With some luck, a fellow engineer will give you ielgand
flashy introduction to the development environment (IDE) you'll be waykiith (See the
Appendix for an examples.). Then you catch your first glimpse of the egistimrce code.
At first it looks fine and sophisticated, but the more you look at it, the motekes:

‘Holy guacamole!”
you think to yourself,
“How on earth am | supposed to work with this?”

The source code before your eyes is the most unbelievilbtgble, sloppy, careless, and
endlessheap of spaghetti you have ever seen in your life. You are appalle@ #ch of
care that has been given to the body of existing software codgdhare supposed to work
with.

After catching your breath, the next question that comes to mind is,
“How did this happen?”

Figure 1, left, shows a typical software development cycle presented mvtirage object-
oriented methodology course at university (taken from Wirfs-Brocl.R0]). The figure
on the left depicts four stages of the software engineering cycle deddrilthundreds (if not
thousands) of textbooks on the topic of software development [11,812,9]. Every book
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Figure 1: (left) The software development cycle presented in a typigatbbriented soft-
ware engineering course at university [20], (right) an often-ueétdiare development cycle
found in industry.

—
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discusses how to write-up a software specification, a design proassphimplement a
specification, and how to test the result. Figure 1 shows this as a cycle tiad¢stever
time, visiting each stage repeatedly. There’s an emphasis on the Desigiofstageycle,
where the authors Wirfs-Brock et al. [20] claim that a lot of the prodigstelopment time
should take place.

Figure 1, right, depicts a software development life cycle that often rdesmihat happens

in practice. The first thing to notice is that the requirements are often giedraly and
may never be written down. The second thing to notice is that most of the timens@pe
implementation. A third important point is that little-to-no time is spent on design. Many
project managers want to see features, and they want to see thermaasdassible. Design

is a very fuzzy concept, if it's a concept at all, in the mind of many projectagars. It's
strictly for academics. Testing is done by the users.

When your at your new software development job, take a good lookndrgau. How
many of your colleagues hold a degree in computer science? Do anyminamagers hold

a CS degree? Our experience in the software industry has lead to thepheeat ofBob’s
Theory of Software Redevelopmaevitich describes the average industry-based software
development process as follows.

Stage 1-The Start: Someone, either a software engineer or manager comes up with the
idea of a new software product—a new product that promises to be adzigssiand bring in

lots of profits. The idea for the product is expressetballyby someone with a convincing
persona. Essentially, a typical industry-based software project stangth an enthusiastic
salesman who sells the idea to someone with the funding to make it a reality.

Stage 2-The Implementation: Amongst all of the excitement inspired by prospects of
big success, the implementation stamisnediately And the implementation is usually lead

by oneor perhaps two software developers. The fact the implementation is dooelyy

one or two people helps to create the illusion that this person (or team of tweyys
important. Neither the lead software developer nor the manager of the {drajexa degree

in computer science. The lead (or sole) developer has taken a fevaprogng classes and

the manager has a background in marketing, economics, or finance. athédeeloper(s)
works hard on the implementation and the release date for version 1.0 is already set to be
one year after the start of the implementation.

The implementation starts off fine, in line with everything that the lead enginesrel@éa
in his programming course and consistent with his previous experiencespdés to the



management that everything is proceeding nicely.

Stage 3—One Year Later, Version 1.0: Version 1.0 is due. However, the project has gotten
big. As a result, the implementation is becoming more difficult. The engineer(s) imgtar
to see that the size of the project is causing problems: bugs, crackisralmh pieces. The
code needs to berganized Many things need fixing and not all of the promised features
are quite there yet. Therefore the release date needsteldnged

Stage 4-Two Years Later, Version 1.0: Two years later is when version 1.0 is finally
released. The “delay” is one year-much more common than one thinks. 4lthbis
“delay” is somewhat artificial. Since the product has not gone througksia process,
no critical assessment or analytic thought has been given to constradiagure list. The
machinery under the hood has not been thought out. Nonethelessa gitar beyond the
manager’s original release date, the product now has to be releasmasbehe delay is
perceived as being one year—a long time.

The application has quite a few bugs, more bugs than had been anticifgatadt fuite as
stable as everyone had hoped it would be. But nonetheless, the phadito be rolled out
do to the pressure of expectations. In the end, the delivery is not quisutoess as had
been imagined. No problem, the bugs will be fixed in time for the next versibareTwill
be lots of great new features on top of that. And now that two years heemribvested into
the application and the product has been “successfully” releaseitioadtiengineers are
assigned to participate its development, add to the feature list, and give tieatpp the
push it needs for big success.

Stage 5-Three Years Later, Version 2.0 and the Decline: Three years later, version 2.0
is due to be released. Many bugs should be fixed. The product shesldilized. There
should be some great new features. But the engineers are expegigmobiems. The
code base hagrown rapidly to hundreds of thousands of lines of source code. There
no coordination amongst the engineers. Software design and codingctioms are mere
abstractions. As soon as one bug is fixed, another bug (or two) is imgddurhe code
is very difficult to manage. The whole project feels like a bulging barrelvafer with
holes and cracks. As soon as one hole is patched, another appgavatenstarts leaking
everywhere uncontrollably.

S

And it does not seem to matter what the engineers do or how much efforestéd into the
product. Thousands of lines of code and engineering manpower astéavinto the appli-
cation to get it into industry shape. But the product cannot seem to biglttrander control
no matter what is thrown at it and the engineers (and managers) are detitrgted

Stage 6-The Departure: After three years on the project the original engineer(s) have
become very frustrated and can see that the product has gotten auttadlc Their hard
work and serious efforts have not been rewarded with the succesgiasilly thought. The
size of source code keeps growing and growing and the bugs angm®keep coming
and coming with no sign of let up. Then, under their frustration, the unthiekaappens...
the original lead software developer(s) on the projgat the job and move on.

There was a conflict between management and the lead engineer(deadlengineer(s)
wanted a pay raise. Afterall, they were the mastermind behind the whole fptbgone(s)
who developed it from scratch. The manager(s) however, neversstable, profitable
product. “Their” product is not the success story that they had thtatughould be. And
this was the engineer’s fault.



Stage 7-The Rescue Attempt: After the lead engineer(s) quits the project, an undertak-
ing for which there is very little documentation (Documentation is work-in-gegrand

is much more difficulto write after the lead engineer has left the company.) the project
appears virtually dead to the remaining engineers. However, there isynthevaespon-
sible manager(s) is going to let the project die. More than three yearsafhaazly been
invested with multiple employees representing hundreds of thousands (iitions) of
dollars (or Euros etc). A product was promised and a product will tigeded. Plus, a
failed application would be a major embarrassment for the management.

Thus a rescue attempt is undertaken. The plan is simply hire replacemémtensgand
pretend nothing has gone wrong. New engineers arrive and aredhamel tasks of fixing
the bugs left behind by developers that have quit and adding newdsattor six months
everything runs quietly. Six months is generally the grace period new esrgiaee given to
understand the existing code base. After six months of trying to compreimehaork with
the existing source code, the no-longer-so-new engineers start tagfxamd add features.
However, as the second generation of engineers modify the applicayreticounter the
same problems. Bugs are fixed and replaced by new bugs. In some egyargheven
more frustrated than the first generation of engineers. The existingesoade is cryptic
and sloppy. There are a multitude of quick-and-dirty hacks that weregorghmeant to
be fixed at a later date. No rules were enforced on coding style and giveeens did not
coordinate. Code legibility did not seem to be an issue when only one (oetvgineer was
starting the project. Had the second generation engineers started thet fnmje scratch,
they would have done things much differently.

Stage 8—A Slow Death: After some time, the second generation of engineers will reach
the same conclusion as the first generation, i.e., that the project they émvessigned to
cannot be rescued. Thus they will either (1) quit after a few year8)atért a new project.
For the managers of the project, they may decide to hire a third generatiorgioieers
who will repeat stages 6 and 7. Engineers who join another existing proiittkely end

up assigned to another rescue attempt as described in the introductiostaiiing a new
project doesn't fix the problem either, since it will generally evolve acdked in stages
1-7.

4 Why Have Coding Conventions?

Coding conventions, such as those listed on page one, are major constfttr@solution

to this problem. The idea of coding conventions and code comment conveh@ipis

often met with strong resistance from industry, especially management.t'sTiw the

real world,” is a typical response. In “reality” the majority of industrytsafre projects
fail [2, 5]. What does it mean to fail? From a business perspective, failingns not
generating a profit. That's right, the majority of software projects in indusdxer generate
a profit. However, this information is never advertised. We only hear tatheusmall

minority of success stories.

There are other ways of failing as well. A subjective measure of failurempimess or
unhappiness. The majority of industry applications fail using this metric as Wigie
developers are unhappy because the product is unstable and thelikéorepairing the
bugs left behind by others. The managers are unhappy becausepticatin is failing to
turn a profit. The users are unhappy because the product theyimgectsshes too often.

We claim that following these coding conventions helps pave the way to assfot soft-
ware application. Why? Because software that is very legible is betteasitdwer bugs,
is more stable, and makes developers happier. The other two key indsagliertode com-



ment conventions [8] and design [20]. The commenting, design, and naiiificof design
is facilitated by these coding conventions.

Big projects require multiple, coordinated developers over severad.yAad, applications
should not generally be started from scratch [9]. But yet, we in the softimdustry start
projects from scratch over and over again. We also re-invent thelwheeand over again.
One of the major problems stems from source code that does not followoamgrtions

and is not very legible. As such it quickly turns inegacycode. Writing illegible code is
easy and is generally the default. We have encountered numerous @sstdipcogrammers
who cannot even read their own code.

Bob’s concise coding conventions are influenced by and drawn ftber ooding standards
and guidelines including the VTK [4], Sun Microsystems [14], Meyers [13 and Dick-
heiser [1]. They are meant to be concise so they can be printed outiagdup for ease of
use. The basic philosophy behind the conventions is code legibility shoutthkinized.

The hypothesis is that code with maximum legibility leads to a minimum number of bugs.
Maximizing legibility also helps maximize code re-use, good design, and flexikality—
goals of these conventions.

5 The Author’s Software Industry Experience

The author spent the summers of 1995 and 1996 working in the Informagickm®logy
(IT) Department of a company called Private Health Care Systems (PHG&) In Waltham,
MA. His job was to document source code. The undocumented, legatigajgms were
abandoned by the original lead developers. No one knew how the umadmted software
worked. The IT department of PHCS experienced the highest employeevar rate the
author has ever seen. PHCS was acquired by MultiPlan in October 2006.

Bob spent the summer of 1997 again as a documenter (documentator?ya# sode for
a small, internet start-up Company called Cambridge Interactive based inridgmtMA.

The lead engineer of the primary product quit after building up the prajgaementation
for about two years. Legend has it that the company CEO used to sleegeivexr room
to restart machines that crashed during the night. Cambridge Interactiael@ger in
business.

The author spent five years (2001-2006) as a full-time software desebtt a company
called AVL (www.avl.com) in the department of Advanced Simulation Technofo@i&T).
(He was also an employee of VRVis, www.VRVis.at, during this time [7].) Thelpob
he worked on was a replacement for another legacy application. Tlesesté version 1.0
was delayed by one year. Both of the original lead developers of thegbouit. Although,
they did last a little bit longer than the three years as described in Bob’syb&Software
Development. Bob was a second generation engineer and part of theryéagnto save
it. Legend has it, the application was described as, “The most unstablegbisa&ware |
have ever used,” by one of the users. As of 2006 this software gewelat department had
never turned a profit since its founding in the mid 80’s.

The author also has academic software development experience [B, I6]land is cur-
rently a lecturer at Swansea University in the Department of Computerc®cien
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7 Appendix

@File Edit Show Info Class Target View History

Td|s =z A xchde albe]e o=

[FC_OglstreamLineFKiDs:ID_GUANTI

Change To |

Filter.. [ |

I™ lgnore Case ™ Whole Word

I™ Preview Files Advanced ..

File Types (7 of 10) |

Projects Sorted
cfdWorkF LowManager. shared (Programs/Cf -
2d_ohject. shared (files/images/2d_ot

application shared (Files/images/ap;

=

mpplication shared (Modules/Applical
ASESystenm. shared (ExternSoftware/aS
ASESysten_ase. shared (ExternSoftware
ASESysten_os. shared (ExternSoftware,
Basics. shared (Modules/Basics)
BspTres. shared (Modulss/BspTres)
BspTree2D. shared (Modules/BspTres?D!
busy_cursor shared (Files/images bus

Files: 3 — Matches: 4

Indexed: 2277 files (26 MBY Last search; 0.050 5

@ FC GglStreamline. cpp - OgiViewer. shared
215 case FC_OglStreamlineFXIDs::ID QUANTITIE
249 case FC_OglStreawl ineFXIDs: : TD_QUANTITIE
[C] 7o dglstreaniineProp. cpp - OglViewer. shaved

31:  m_DataSelector = new FC_GuilmpDataSelector( v,
[C] ?7 File not awailable 777

i) FG_OglStreanlineFXIDs: : TD_QUANTITIE, LAYOUT FILL X);

Ll |

"FC_OGL_STREAMLINE",

objIn

L=

@ CfdWorkFlowManager (writahle)

I

busy_icon shared (files/images /busy.
calculation. shared (files/images/cal
chat. shared {files/images/chat)
CoordTools. shared (Modules/Mathtoole
DataMapping. shared {Pre/DataMapping;
FameCorrEdges. shared (Pre/FameCorrEc
FameEdgeDefWorkspace. shared (Pre/Far
FameEngine. shared (Pre/FameEngine)
FameHybrid. shared (Pre/FameHybrid)
FameInproovedesh. shared (Pre/FameIng
FameMedial®ZD. shared (Pre/FameMedial: 4| |

FamaMabd o shaved (Mre MansMakiond o i
4 > J Preview |

I” Frozen THERE |

|

TRRRRR AR R R R R R R R RRRIRRIR

. LAYOUT_FILL_X);

Previous | Change | Change and Nextl Change all |

Figure 2:This figure shows a screen shot from the SNiFF+ IDE. The usephegormed a source
code search for the expression in the top, left next to “Be¢fl. The results are shown in the larger
top, right window. Line-by-line results are supposed totlw in the bottom, right window. Notice
the question marks. This project was so big and disorganthedl even the IDE could not always
perform searches with correct results.
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; File Sessions Options Help

[0x985c762] -
[0x9E6E0bCe] _I
#1ib/1ibpthread, zo,0{pthread_detach+0x515% [Oxd02EFREG]
/lib/libc,so,64__clone+0x3a) [Ox4038e14al

o

now teying to invoke addr2line to get out line numbers for the stuff you compile
d WITH DEBUG 13

Susrdzrcsbs/BUILDglibe-2, 1,3/ caudinit ot
Auzrdercsbe BUILDAglibe-2,1, 3/ caulinit ot
SuarssrodbaBUILD glibe-2,1, 3 caudinit ot
FusrSsrodbsBUILD A glibe-2,1, 3 caudinit ot
Auzrdesrcsbe BUILDAglibe-2,1. 3 /caudinit ot
fuzrdsrc/be/BUILDAglibe-2,1, 3/ caulinit ot
Susrssrosbe BUILD glibe-2,1, 3/ caudinit ot
Susrdzrcsbs/BUILD glibe-2, 1,3 caudinit ot
Auzrdzrc/be BUILDAglibe-2,1, 3 /causinit ot
SuzrdsrosbaBUILD glibe-2,1, 3 caudinit ot
FusrSsredbe/BUILD glibe-2,1, 3 caudinit ot
Auzrszsrcsbe/BUILDAglibe-2,1. 3 /caudinit ot
Fuzrdsrc/be/BUILDAglibe-2,1. 3 /caulinit ot
SusrssrodbaBUILD glibe-2,1, 3/ caudinit ot
AuzrdzsrosbesBUILDAglibe-2,1, 3 caudinit o
Auzrdercsbe BUILDAglibe-2,1, 3 /caulinit o
SuzrsdsrosbeBUILD glibe-2,1, 3/ caudinit o8
Fusrdsredbs/BUILD A glibe-2,1, 3 caudinit ot
Auzrdercsbe BUILDAglibe-2,1. 3 /caudinit
fuzrdsrc/be BUILDAglibe-2,1, 3/ causlinit ot
SusrdsrodbeBUILD glibe-2,1, 3/ caudinit ot
AuzrdesrosbesBUILDAglibe-2,1, 3 caudinit o
Auzrdzrc/be BUILDAglibe-2,1, 3 causinit, o0
Suzrsdsrosbe/BUILD glibe-2,1, 3/ caudinit o0
Fusrdsredbs/BUILD glibe-2,1, 3 caudfinit o0

Ausrdsrcdbs BUILDAglibe-2,1,3/caudinit, o0

Fuzrdsrc/bs BUILDAglibe-2,1, 3/ causinit, o0
SuarsdsrosbaBUILD glibe-2,1, 3 caudinit o0
AuzrdsrosbssBUILDAeges-1,1,2/0bj-1386-linux/geed, ./, o Fgccdlibgoc?,c 00
Auzrderc/be BUILDAglibe-2,1, 3 /causinit, o0

770

P70

HCFD-WM-ERROR. FC_StdI0_Errortessage. Wrong data name (header: &7IV:FUGW? AxDoli
wial2:all-Act A00p B Do BeEiM | DONHELoL Re+4N ICROR=DRIED: B4 I D) in File Asharedlnxzcl
2 FIMO/ExamplessGal lery/Rohrzanml er/Caloul ation/Caze/Case, f13konsol ekonsol ekonso
le

HCFD-WM-ERROR. FC_StdI0_Errortessage. Wrong data name (header: & IV:FUGW? AxDoli
wital? el acE/p Bl oleeiH | BoNHE Lo L Re+4M | CROB=RIREEE D041 DY in file /sharedlnxcl
2 FIMO/ExamplessGal lery/Rohrzanml er/Caloul ation/Caze/Caze, F13

HCFD-WM-ERROR. FC_StdI0_Errortlessage. Wrong data name (header: &7IV:FUEW? AxDoli
wial2:all-AcE A00p B Do BeeiH | DONHELoL Re+4N ICROR=IREEE: B4 I D) in File Asharedlnxzel
2 FIMO/ExamplessGal lery/Rohrzanml er/Caloul ation/Caze/Caze, F13

ACFD-WM-ERROR, FC_StdI0_FrrorMeszage, Wrong data name (headers & IV:FWowE AsBlalf
wital? s ellrécr/00p B glegiM | BoNHE LI R+ CROBsIIIEEE B4 1Y in File Asharedlnzcl
2, FIMO/Exampless/Gallery/Rohrzamnmler/Caloul at ion/Caze/Caze, F13

ACFD-WM-ERROR, FC_StdI0_Errortessage, Wrong data name (header: &IV :Fhow Gsdolf
wital? s alilFacE 00p B HglegiM  BoNHE Lo Re+4M CROBsIIIEEE B4 1Y in File Asharedlnzcl
2. FIM0/Exampless/Gallery/Rohrzammler/Caloul ation/CazeCaze F12

ACFD-WM-ERROR, FC_StdI0_Errortessage, Wrong data name theader: & IV :FWow Asdold
wital2 a0 HAcE/00p B Do leeiH | BoNHEL o1 R+ 4N ICIOE=RIRER: D041 DY in File Asharedlnxcl
2. FIM0/Exampless/Gallery/RohrzammlersCaloul ation Caze/Case, F13

ACFD-MM-ERROR, FC_StdI0_ErrorMesszage, MWrong data name (headeri & IV:FWowE G3Bol
a2 el A00p IR RsgleeiH | BENHELOL Re4N | CROR=RINEE® D041 D) in file Asharedlnxcl
2, FIMO/Examples/Gallery/Rohrsammler/Calocul ation/TazeCase, . F13
lkonzolekonzolekonsolekonsol ekongolekonzolekonsolekonzolekonzolekonzolekonzolekon
=0lekonzolekonsol ekonsolekonzol ekonaol ekonaol et +++++++++++++4++ FL_GuiProjectMana
qer:tisllpToDate START
entered 30 UPDATE & 11,95

leaving 30 RESULTS : 11,95
+++tt+ -+t FO_GuiProjectManager: dislpTollate DONE

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

Figure 3: This figure shows an application attempting to output usiefidrmation in text, e.g., a
stack trace, after a crash. If a product is big and sloppy gimatimight even have trouble outputting
ASCII characters.
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