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Editorial: “They” Have
Their Reasons

eople, by and large, work by trying to achieve goals — and it is by understanding

their goals that we can best understand their behaviour. That is why “user stories”

are such an effective way of capturing requirements (most approaches to
requirements capture are effective when they are used with a focus on what is being
attempted). But, as anyone that has done requirements capture should be able to tell
you, people tend to be poor at explaining what their goals are. Without guidance they will
focus on how they expect these goals to be achieved.

Contrast the following directionsto a colleague’ s desk:

“Go through those double doors, across the office and through
the next ones, down the stairs to the next floor, turn left and go
through the security door, follow the corridor around to the left and
right, when you go through the next door he’s over to the right by
the window.”

With:

“About twenty feet in that direction and one floor down.”

Which is easier to understand? Or easier to implement? |'d take
the goal oriented version — which tells me where I'm trying to
get to —every time.

Moreimportantly, thefirst explanation ismuch more susceptible
to changesin circumstances: the stairs being out of use, extradoors
being introduced on the corridor...

A couple of years ago | spent several months working with
business analysts who regularly produced requirements
specification documents that read like the first quote above.
Actually, they were worse: although the business analysts avowed
no specia knowledge of computers, and especialy of user interface
design, they included screen layouts. | was involved for several
reasons, but two important ones were that the customer didn’t
accept the resulting software (it didn’t address their requirements)
and that the requirements capture process was far too slow (at the
rate it was going it would take several times the agreed time-scale
for the project).

It didn’t take long to establish that the business anaysts didn’t
enjoy writing this stuff. Or that the customers struggled to approve
it (or “accepted it” without agreeing for contractual purposes). Or
that errors and omissions were not detected until late in the
development cycle (integration testing or acceptance testing). Or
that the developers were frustrated into blindly implementing
things they didn’t pretend to understand. And if a change in
understanding required changesto the product it wasan intractable
problem to find all the documents affected.

Fortunately, by thetime| got involved, the project was suffering
sufficient pain that enough people were willing to try something
else (solong as| took the blameif it didn’t work). Having quickly
read Cockburn’s “ Writing Effective Use Cases’ | chose to
introduce goal oriented “ stories” describing what people would be
doing with the system we were devel oping. We d so dispensed with
screen layouts and substituted lists of items to be input and
presented. The customers found the resulting documents more
accessible and contributed more to their creation, the business

aq

analystsfound the documents easier to produce, and the devel opers

felt they could identify and deliver what was wanted. Everyone

thought it an improvement.

Why then had the “old way” become established? Asking the
business anaysts got responses along the lines of “we don't likeit,
but that iswhat they [the devel opers] want”. The developershad a
different version “we don't likeit, but they [the business analysts]
haveto do it that way for customer sign off”. Somehow, no one had
been happy, but had just accepted that things were the way they
were because “they” needed it that way.

“They” isoneof those stereotypesof socia life—afacel essother
that behavesin inexplicable (and often damaging) ways. Userstry
to do the weirdest things with the software we supply them,
managers seem determined to stop the work getting done,
prospective employers eliminate talented individuals during the
recruitment process, developers show no interest in avoiding
problems, accountants shut down successful projects. “They” cause
many of the problems and irritations we face in life. “They” are
stupid, malicious or ignorant.

Nonsense! If you can find and talk to them you will find that
“they” are normal human beingstrying to achieve reasonablegoals
in reasonable ways. And, al too frequently, “they” are just as
dissatisfied with the state of affairs asyou are.

* When I'm using a piece of software | don't suddenly lose all
sense — maybe it is hard to figure out how to achieve my
objectives. I'll try things that make sense to meto try —which
is not always what the developer expected. (Even when the
developer has been diligent about getting feedback on the user
interface design.)

 If I'mrunning aproject then | don’t forget that code needsto be
written, but sometimes ensuring that the functionality meetsthe
need or ensuring that funding continues requires something else
gets donefirst.

» If I’'mrecruiting | need to avoid people that won't be effective
in the organisation — bringing someone disruptive into a team
coststheir time and that of others. Given that cost isit surprising
that employers are not prepared to “take a chance” when there
isanything that rai ses doubts about the suitability of acandidate.

 If I'm developing software | can only tackle so many issues at
once. If an organisation lacks a repeatable build process and
version control then these are things that need fixing before
looking at the proposed list of new features. Some problemsare
not serious enough to warrant effort right now.



* If I’'m funding work | want to see a return (not necessarily
financial) that is better than alternative uses of those funds. The
way in which software developers sometimes report results can
make it very hard to assess that return.

| don’t consider any of these goals inexplicable or unreasonable —

nor should you.

Itisarefusal to consider the reasons for the way “they” act that
builds the problems, and labelling them “they” is an abdication of
rationality. While thereisarolefor “they” and “we” in thinking it
isonethat definesallegiances and trugt, not one that hel psto resolve
problems.

Some of thisthinking seemsto influencethe content of Overload:
many potential authorsthink that “they” (the editorial team) areonly
interested in C++, while the editorial team wonder why “they” (the
authors) hardly ever submit material relating to other languages.
Admittedly we do get a few Java articles, but where are the C,
Python, C# and SmalITak articles? | know there are members that
are interested in these technologies, so there should be both an
audience and people with the knowledge to write something. Come
tothink of it, if you think “they” arenot publishing theright articles
why not get involved?Y ou could write articles, you could evenjoin
the team — we' ve not recruited any “new blood” to the Overload
team for two years now. Maybe “they” could include you?

ACCU Certification

As I'm writing this a discussion has sprung up on accu-

gener al about atopic that resurfaces every year or so: “why is
there no effective qudification for software developers?’ There
are organisations (like the BCS, |IEE or EC[UK]) that might be
thought suitable for supporting such — but “they” don't provide
anything the list members feel is appropriate. This same issue
was raised in Neil Martin's keynote at the last ACCU conference
when he suggested that the ACCU step in and address this need.
Asaresult, the ACCU Chair (Ewan Milne) asked me to arrange a
“Birds of a Feather” session for those interested in exploring this
possibility, and to represent the committee there.

The session was well attended, and there seemed to be a strong
consensusthat there were potentia benefitsfor both developersand
employers in some sort of certification-of-competence scheme. It
was also thought that it would be a good idea for ACCU to get
involved in producing such a scheme. Questions were raised about
what was involved in becoming a certificating body, what it was
practical to certify and what the mechanism for certification might
be. There seemed to be alot of interest — so Neil promised to
research the certification issuesand | took email addressesfor those
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interested in participating in further discussion and got the accu-
certificationmailinglist set up.

Clearly there was a misunderstanding: | expected “they” (the
people that signed up) would involve themselves in doing
something. It seems that those that signed up expected that a
different “they” (Neil, myself or the committee) would do
something. In practice only Neil did something — he reported back
as promised: ACCU could reasonably easily get itself recognised
as a “certification body” for this purpose. The details of what is
involved were circulated viathe mailing list. And that was the end
of it until the discussion on accu- gener al .

It iseasy to becritical and say that “they” should do something.
In this case that “they” (the ACCU) should do something about
certifying developers as being competent. But just think for a
moment: you are a member of ACCU, and ACCU works through
membersvolunteering to do things. So you are one of thisparticular
“they”, and you know exactly why “they” are doing nothing —
because you are doing it yourself.

In practice though, | fee that the ACCU already does provide a
useful qualification: | did hundreds of “technical assessments’ for
aclient last year — most candidates failed in ways that gives cause
for concern about an industry that employs them. (Interestingly |
had feedback both from the group that | was working with about
how competently the “ passes’ fitted in and also from other groups
in the client organisation that decided to employ some of those |
had failed at interview — and then found them deficient.) The
qualification that ACCU provides?| can't recall any candidatesthat
mentioned the ACCU on their CV failing the technical part of the
process (while the client wasn't prepared to exempt them from the
assessment on that basis, the manager selecting the candidates to
interview noticed this).

Before you go

| was very pleased with the feedback on accu- general and
elsewhere to the report by Asproni, Fedotov and Fernandez on
introducing agile methods to their organisation (I'd spent some
time persuading them to write this material up). As a result |
reviewed some material that Tom Gilb had passed me at an
Extreme Tuesday Club meeting last year looking for things that
might interest Overload readers. Amongst this material was a
couple of articles (Jensen and Johansen) that appear in this issue
by kind permission of their authors. | hope that these too meet
with your approval.
Alan Griffiths
over| oad@ccu. org

Copy Deadlines

May 1St 2005.

All articles intended for publication in Overload 66 should be submitted to the editor by March 18t 2005, and for Overload 67 by

Copyrights and Trade marks
Some articles and other contributions use terms that are either registered trade marks or claimed as such. The use of such terms is not intended to support nor
disparage any trade mark claim. On request we will withdraw all references to a specific trademark and its owner.

By default the copyright of all material published by ACCU is the exclusive property of the author. By submitting material to ACCU for publication an author is,
by default, assumed to have granted ACCU the right to publish and republish that material in any medium as they see fit. An author of an article or column (not
a letter or a review of software or a book) may explicitly offer single (first serial) publication rights and thereby retain all other rights.

Except for licences granted to 1) Corporate Members to copy solely for internal distribution 2) members to copy source code for use on their own computers,
no material can be copied from Overload without written permission of the copyright holder.
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Letters to the Editor

Encapsulate Context

Mr. Griffiths,

When | read the title and abstract for the pattern, | thought it
might be really useful. Instead, this Pattern is simply a global
wrapped in a shroud. | would like to say, at the outset, that | do
believe thereis a place for global variables (st d: : cout being an
excellent example). | aso like the concept of contextually global
variables — variables that are global within a given context. To
make my argument | offer the following:

A Therearetwo waysavariable becomes global within aprogram:
1) it isintentionally declared global, or 2) it is passed to every
function as a parameter.

B The EncapsuLATE CONTEXT pattern suggests that there is a
single variable that should be passed to al functions within
a given context, effectively making the variable global (via
A).

C The EncaprsuLaTE ConTEXT pattern as written, does not build a
context into the variable, but rather providesaglobal that can be
provided within context. Thereisnothing to define or constrain
the context under which variables within the structure should be
accessed.

In short, the functionality provided by the EncapsuLATE CONTEXT
pattern as written can be easily achieved by declaring some
global variables in a namespace that is shared by the functions
that need accessto these variables. This*solution” isfar cheaper,
more effective, and clearly delineates the level of coupling the
functions share, whereas the EncapsuLATE CONTEXT solution as
written only serves to obfuscate the level of coupling, not
mitigateit.

Were | a sufficiently adept programmer, | would propose an
alternative to the EncarsuLATE CoNTEXT solution as written.
Sadly, my skillsdo not liein this areaand it would take me ages
to accomplish this task. At best | can offer some design
suggestions.

It strikes me that the container which “collects data together”
needs to do more than simply provide a pointer that can be passed
around on the parameter line. It should have abuilt in hierarchy of
contexts that allow functions to pass not simply the container, but
also information about the context under which the data should be
accessed. By providing the context (albeit dynamically) it is
possibleto limit the scope of the variablesthat are accessible asthe
context treeis traversed.

Taking the straw man stock exchange trading system that Allan
Kelly used, | would see the calls to the functions something like
this:

ProcessMar ket Tr ade( nsg,
cont ext - >constrai n(data_store
[l 109));
Mar ket St ore: : Sel | (nsg,
cont ext - >constrain(l og));

the const rai n function from within cont ext should look
something like:

Mar ket Cont ext * Mar ket Cont ext :: constrai n(
Cont ext Level |evel);

In this case, the parameters to cont ext. constrai n() define
the highest point in the hierarchies of data stored within the
context to which the function should have access and the call
returns a pointer to a variable which has been so constrained (|
can envision several objections to this particular implementation,
but | hope that the idea is clear). The hierarchy within the
cont ext container might look something like:

config_data
par ns
app_dat a
data_store
run_tine_data
| og
error_| og
transaction_| og

Within the hierarchy there might be variables associated with
that point in the hierarchy ... in run_time_data/log/error_log
there might be alock that is used to lock the file while a set of
error messages is being written, the file pointer, etc. It isworth
noting that you shouldn’t be able to pass a context above your
current context. Thus, if you had received the container with
the context level of | og you would be able to pass on | og,
error | og, or transaction_l og, but not parms or
run_time_data. Maybe all of this could be done with
templates somehow.

This would encapsulate the context and refine how generally
global variablesmight be accessed. A function with accessto“log”
might not have access to “parms’ and this would help with
decoupling. It strikes me that thisis still along-winded and
complicated way to achieve the same thing as globals within a
namespace. Given your concerns, however, that it might be good
to be ableto recover from the state in which you find the application
rather than simply rewriting it so that such coupling is either not
needed or explicit, this may be a reasonable approach. Again, |
wish | had the necessary skills to adequately program such a
structure, but my “back of the envelope” efforts have not come to
fruition and I’m wondering if | have grasped the whole of the
problem or just a piece.

Asafina note, | wouldliketo say that the articlewas clear, well
written, and was on topic for Overload. | do feel that the solution
given represents a “bad programming practice” but | readily
concedeto those more learned in thisareathen myself. | asothink
that the solution given is a very complicated way to ignore
namespaces for no particular gain and some loss.

Sincerely,

William Fishburne

Allan’s Reply

Dear Editor,

I’m rather surprised by the amount of attention my little pattern,
EncarsuLATE CoNTEXT, in Overload 63 has generated. However,
| regard this as a good thing.

I’m alittle disappointed that | was not given the opportunity to
respond to Phil Bass's pointsin the same issue of Overload as his
letter appeared. Phil’ stechnical pointsareall valid, the problemis:
how do we balance all these forces? That is the problem that
EncaprsuLATE CoNTEXT addresses.



Phil is also concerned about the resulting coupling. | too am
concerned about thisand would draw his attention to the Solution
and Consequences sections. These deal with some of the
problems which can arise when this pattern is used — or misused.
This paper does not claim to be a solution to every programming
problem. Likeany other pattern this one may be useful sometimes
and not others. |If a system can be partitioned to avoid this
problem then great, if not, then this pattern has a use. Unlike
many other patterns this one knows its limitations and highlights
these to the reader.

Readers must decide whether this pattern stands or falls.
However | am more concerned about a non-technical point Phil
makesin hisletter. He states “mention of Kevlin Henney, Frank
Buschmann and EuroPL oP givesthe article an unwarranted air of
authority.” Let me say that these people are mentioned not to
aggrandise the pattern or myself but to acknowledge their
assistance in creating the pattern. 1 am most grateful to these
people —and the others mentioned —for all their help. Itisinthe
culture of the patterns community that such assistance is
acknowledged.

In no way did | hide anything from these people, there was no
attempt to pull the wool over their eyes and dlip a dodgy pattern
past them. Thefina choice of words may have been mine but this
pattern wouldn’t be what it iswithout the review and comments of
others.

These nameswere not mentioned to create afal se authority for
the pattern. If the pattern has authority it comes not from mention
of these names but form the fact that others have reviewed it on
multiple occasions. (In fact, | find it hard to think of any other
piece of writing in Overload that has been reviewed as much as
this— and that was before the Overload editorial board got to see
it.)

Moving onto the comments from William Fishburne. First, let
me encourage William to write up histhoughts. I’'m sure hisskills
are up to the job.

Reading William's comments | take two main points. Firstly his
suggestion to use a namespace as part of the solution. What he
describes sounds like theM onosTATE pattern — otherwise known as
THE Bora. This pattern has its uses but — as the alternative name
suggests—it too has problems.

The second solution is to constrain the parameters passed to a
function. Thismay well be a solution in some contexts, but in the
context taken by ENcapsuLATE CoNTEXT it isnot. In ENCAPSULATE
ConTeExT We wish the caller to remain ignorant of what is being
passed down. Thisisadeliberate selectiveignorance. Whilethis
approach introduces compile time coupling the coupling islessthan
would beintroduced by either global variables or an extra parameter
in the function signature.

We could remove this coupling were we to use dynamic
members within the context, this is the approach taken by Patow
and Lyaret inPARAMETER BLock pattern (another pattern presented
a EuroPLoP 2003.)

Both Phil and William describe my example asastraw man. To
some degreethisistrue, likeany exampleit isan abstraction which
ignores some el ements, however, | can assurethemitisnot astraw
man example.

The example given comes from a very real system. Two
explanations are therefore possible:

Option #1: A better design was possible that would have avoided
thisdesign situation. Undoubtedly other designswhere possible,
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would other designs have avoided this problem? | don’t know.
| do know that this solution troubled me asit emerged; thiswas
the trigger for deeper investigation and ultimately writing the
pattern.

More importantly, like any design this evolved, knowing what
one knows at the end of adesign one might not always chosethe
same design again. However, | am convinced that given the
constraints at the time (knowledge of domain, time to market,
programming interfaces, experience, etc.) this was the best
design possible.

Option #2: Simply that | am a poor designer. | will let readers
decide this for themselves but | will note that others have come
to similar conclusionsin similar circumstances.

Finaly, | welcome this debate, it's good to hear other views and

it demonstrates that software development is not black and white,

different opinions exists and always will. | look forward to
hearing more comments and opinions.
Allan Kelly
al l an@l | ankel 1'y. net

Alan’s reply to Allan

Allan isright: if a “letter to the editor” had expressed the views
that Phil propounded then | would have sought a response from
the author. For that | have to apologise, both to Allan and to the
readership. Sorry.

Phil’s comments caused discussion within the editorial team —
not so much because of the views expressed, but how to deal with
them. Given Phil’s position as one of Overload's advisors his
comments needed different treatment to those of most
correspondents. Especially as the main point was regarding
editoria policy: should material that an advisor has concerns about
be published without warning?

My experience with the solution Allan proposesisthat anumber
of problems experienced on the project that | employed it on were
resolved without unexpected effects. Hence, | didn’t feel it
appropriate to give any warning beyond those Allan himself
provides.

| trust that Overload readers are sufficiently sophisticated to
make up their own minds about both the validity of Allan’s
pattern paper and also about Phil’s concerns regarding
publishing it.

Alan Griffiths (editor)

Developing a Pattern

Dear Editor,

| was a little surprised and more than a little worried by the
comments made by Phil Bass (included in the editoria of Overload
64) on theEncapsuLATE ConTEXT pattern by Allan Kelly (published
in Overload 63). They were quite strongly against Allan’s article,
which is a personal preference anyone is allowed to express, but
for reasonsthat | felt were ungrounded, and which undermined the
vaue of those comments as areview.

Thefirst concern | had waswith Phil’ s question over the validity
of the pattern. Given Phil’ s experience and the way that he has
approached design in his articles, thisis surprising. The solution
outlined in the pattern is both valid and good for the problem it
addresses, and a standard tool in the toolkit of experienced OO
developers. For the record, and to assuage Phil’s concerns, it can
be found in anumber of well-designed systems; it can a so befound
missing in several systems that are not so well designed, where
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instead single, fixed points of contact (globals, SINGLETONS,
MoNOSTATES, etc) are employed or long, unstable and tedious
argument lists are passed around.

Unifying sets of distinct items, such as all or part of an
argument list, that are bound by common use or an invariant is
one of the diverse range of techniques OO developers use to
identify object types. Phil considers such a use to be trivial,
which appearsto go against much of the accumulated wisdom on
identifying stable elements in a design. Such nhormalisation is a
common and accepted practice, whether carried out explicitly or
intuitively.

The second concern | had is concerned with a fundamental
part of the pattern concept. A pattern isnot an unconditional piece
of design advice, a blanket recommendation that covers all
designs. Its applicability is very much dependent on context and
the acceptability of trade-offsinvolved in applyingit. A robustly
written pattern will make clear that it isnot a panacea, publicising
its benefits, liabilities and alternatives quite openly. Thisis a
point that Mark Radford made clearly and well in his editorial of
Overload 63. Hence the reason for my surprise: Phil’s comments
suggest that he views the pattern as unconditional design advice
that has neither adiscussion of consequences nor adiscussion of
techniques involved in applying it, such as partitioning the
context. | don't believe that thisis the way that Phil actually
views patterns, but that is the message that comes acrossin this
instance.

Allan’s pattern is quite clear in its caution, making explicit
the many design decisions and alternative paths that would lead
to or away from encapsulating the execution context of an
object. Phil does not seem to have picked up on some of the
other points made in the paper, such as partitioning the execution
context. He proceeds to misapply the pattern in his discussion,
and then claim that it is the pattern that is broken and not his
reading of it. It is important to recognise that the pattern does
not unconditionally propose that there be only one context type
or context object (or, to pick up a previous point a conditional
application, that context objects are needed in all system
designs). To claim that the system’s coupling will rise if
EncapsuLATED ConTEXT is applied both misses and makes the
point: employ the pattern to reduce the coupling rather than
increaseit; if that doesn’t work, doit differently or do something
else. If Phil does not wish to apply the pattern, | have no problem
with that; if he has been unable to evaluate it on its own terms
and is cautioning others that it should not be used at all, |
guestion that.

Thefirst two concernsare technical in character, and are the stuff
of lively technical debate, whatever views we hold. However, the
third concern | had was more ad hominem in nature. Phil’s claim
that “the mention of Kevlin Henney, Frank Buschmann and
EuroPLoP gives the article an unwarranted air of authority” is an
inappropriate claim that potentially insults all those involved —
Allan, Frank, me and the EuroPL oP workshop participants who
offered Allan feedback on his paper.

In his prologue and his acknowledgements section Allan
offers an insight into the history and evolution of the paper. In
recognising that it has evolved, and the journey taken so far, he
mentions those who have contributed in some way to the paper.
That is part of telling the story of the paper, but it is also why
“acknowledgements” sections are so called. Our names were not
picked out of thin air to aggrandise Allan’s work: we offered
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Allan feedback in oneform or another. It isgenerally considered
polite to acknowledge such contributions. Such
acknowledgements are also part of the cultural expectation for
pattern papers.

It is perhaps worth understanding alittle more about the process
that surroundsthe reviewing of many pattern papers. A shepherdis
someone who offers comments structured asiterative feedback with
diaogue, with the goa of giving the author adifferent insight into
their paper and the meansto improveit. Thisistherolethat | took
on voluntarily when the pattern originally came up in discussionin
2002. At this point Allan was working on the paper without a
distinct publication goal in mind. Allan decided to submit it to
EuroPL oP 2003, and at this point Frank Buschmann took on the
role of the shepherd. Papers are not accepted for the PLoP family
of conferences without some amount of shepherding and
acceptance by the shepherd. The shepherding isintended toimprove
the paper to a point where it can be opened to further structured
feedback at the conference in the form of a workshop, which is
where Allan received further suggestions for improvement.
Publication in the EuroPLoP proceedings is not a mark of
perfection, but is a visible outcome of the reviewing process, and
to reference it is a statement of fact rather than an appeal to
authority.

Given the depth and breadth of the review process, it ssemsonly
good manners to include a list of acknowledgements. And, given
the common characterisation of a pattern paper as awork that is
always in progress, it is possible that Allan will take Phil’s
comments on board and address them in some way. In such acase,
it is also likely that Phil’s name will appear in the list of
acknowledgements, because in one way or another he will have
contributed to improving the paper.

Kevlin Henney
kevl i n@ur br al an. com

Phil’s Response

Dear Editor,

The only comment | really wish to make is that | apologise
unreservedly to Allan, Kevlin and anyone else who feels insulted
by my remarks. When | said that “the mention of Kevlin Henney,
Frank Buschmann and EuroPL oP gives the article an unwarranted
air of authority” | chose my words badly. | till believe Allan's
article over-states the value of this “pattern”, but | never intended
to question anyone' s integrity.

The real technical issue, here, lies with Allan’sinitia premise
that “ A system contains data, which must be generally availableto
divergent parts of the system”. That is a description of a problem.
EncaprsuLATE ConTEXT is a sticking plaster that can be applied if
you wish, but it doesn’t begin to tackle the problem itself. What we
should be doing is analysing the system’s design with a view to
removing (as far as possible) the need for such data.

Phil Bass
phi | @t oneymanor . denon. co. uk

C++ Lookup Mysteries

Dear Editor,

Sven Rosvall’s “C++ Lookup Mysteries” in Overload 63
couldn’t have been better timed as it provided a solution to a
problem | had been struggling with — a test harness that failed to
compile after anew feature was added to the main product because
of C++'s non-intuitive name lookup rules.



The problematic code, trimmed to the minimum to illustrate the
problem, was:

tenpl at e<cl ass C
voi d DebugPrint(const string& description,
const C& container) {
cout << description << "\n";
/1 some stuff
copy(contai ner. begin(), container.end(),
ostream.iterator<typenane C :iterator
c:value_type>(cout, " "));
cout << endl
/1 some other stuff

}

This works fine for standard containers containing either built-in
types or user defined types that define an output operator in the
same namespace as the type is defined. The code that broke the
test harness was a standard container of std: : pair. The
obvious solution, defining oper at or <<(std: : pai r) inthetest
harness namespace, didn't work because the compiler cannot
“see” this definition. The problem isthat oper at or << is aready
defined (for the built-in types) in nanespace std and masks
my definition, as Sven explains “Firstly, the nearest enclosing
namespace is searched for ‘entities’ with the same name. Note
that as soon as a name is found the search stops’ (my italics).
C++ name lookup says that the only place that the compiler will
look for oper at or <<(std: : pair) isinstd.
Ah, sodl | haveto doisdefineitinst d:

namespace std {

tenpl at e<cl ass T1, class T2>

std::ostream& operator<<(std::ostream& os,

const std::pair<Tl, T2>& p) {
return os << "(" << p.first
<< "," << p.second << ")"

}

}

except that adding declarations or definitions to nanespace std
is undefined behaviour according to the standard (Clause 17.4.3.1).
Of course the name lookup will find oper at or <<( pai r) inthe
test harness namespace for apai r aso in that namespace. The
standard fully definesst d: : pai r (Clause 20.2.2) so | can copy the
source code to define my own pai r (in my workspace) and expect
identical behaviour. Although legd, this has anumber of problems:
* Itbreskstheruleof least surprise. A future maintainer may wonder
why there are two identica pai r sin different namespaces.
* It requires the main product source code to use this new pai r,
and thus adds a dependency on the test harness code.
 Although the two pai r s are binary compatible, they are not
interchangesble in source code without considerable scaffolding,
and even then not fully.
To force the name lookup to find my oper at or <<(std: : pair)
without duplicating st d: : pair, | took Sven’s wrapper class,
Pri nt Spanner NaneAndGap, and made it into a template class
and output function:

t enpl at e<cl ass T>
class osformatter {
public:

osformatter(const T& t)

t_(t) {}
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void print(std::ostrean& os) const {os << t_;}
private:
const T &t_;

I

t enpl at e<cl ass T>
std::ostream& operator<<(std::ostrean& os,
const osformatter<T>& f) ({
f.print(os);
return os;

and changed the line in the debug function to useiit:

copy(contai ner. begin(), container.end(),
ostream.iterator<osfornatter<typenane
C:iterator::value_type> >(cout, " "));

This now works for all built-in types and any user defined types
that define an oper at or << in the same namespace.

Now it ispossible to write a specialisation of osf or mat t er for
any type that does not support the output operator or for which we
want some specid formatting, for example, fixed precision doubles:

cl ass osformatter<doubl e> {
public:
osformatter(const doubl e& d) d_(d) {}
void print(std::ostream& os) const {
int p=os.precision();
0s. preci sion(4);

0s << d_;
0s. preci sion(p);
}
private:
const doubl e& d_;

I

| can now apply the same specialisation to st d: : pai r, which,
being atemplate itself, needs atemplate declaration for the types
contained within it:

tenpl ate<cl ass T1, class T2>
class osfornatter<std::pair<Tl, T2> > {
public:
osformatter(const std::pair<T1l, T2>& p)
p_(p) {}

void print(std::ostream& os) const {

0s << "(" << p_.first
<< "," << p_.second << ")";
}
private:
const std::pair<Tl, T2>& p_;

I

This now compiles because the st d: : pai r output code is
contained in osformatter, and thus explicitly called, and so is no
longer dependent on the name lookup rules.

This not only solved my name lookup problem but provided a
nice way of changing the default output format of built-in types
when using copy.

Regards,

Mark Easterbrook,
mar k @ast er br ook. or g. uk
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From Waterfall to EVO in a
Medium Size Norwegian
Software House
The path and experiences
by Trond Johansen

Background

FIRM was established in 1996, and has 70 employees in 4
offices (Oslo, London, New York and San Francisco). FIRM
delivers one software product: Confirmit. Confirmit is a web-
based application which enables organizations to gather,
analyze and report key business information across a broad
range of commercial applications. Confirmit can be applied to
any information-gathering scenario. Its three main data sources
are: Customer Feedback, Market Feedback and Employee
Feedback.

The FIRM R&D department consists of about 20 people,
including aQuality Assurance department of 3 peoplewhere | work.
We are mainly involved in product development of Confirmit, but
we also do custom devel opment for clientswho fund new modules
of the software.

In the very beginning, when FIRM only had a couple of clients,
our development was very ad-hoc and customer driven. The
software was updated on an almost daily basis based on client
feedback. Asour client base grew, we formalised the devel opment
process according to a waterfall model. We were unhappy with
severa aspects of the model: risk mitigation postponed until late
stages, document-based verification postponed until late stages,
attempting to stipul ate unstable requirementstoo early, operationa
problemsdiscovered too late, lengthy maodification cyclesand much
rework. The requirements were focused on functionality, not on
quality attributes.

FIRM CTO Peter Myklebust and | heard Tom Gilb speak about
Evolutionary Project Management [EV O] at asoftware conference
( ITPro 2003). We found the ideas very interesting, and Tom and
Ka Gilb offered to give amore detailed introduction to the concept.
They spent one day in our officesteaching and preaching EVO. We
decided to use EVO as best as we could for the next release, with
adevelopment phase of 3 months.

FIRM’s Interpretation of EVO:
Basis for the 3 Month Trial Period

EVO isin short: Quickly evolving towards stakeholder values &
product qualities, whilst learning through early feedback.

After the one day crash course with Tom and Kai Gilb and a
literature study (“ Competitive Engineering” by Tom Gilb and
other material on the subject), our overall understanding of EVO
wasthis:

* Find stakeholders (End users, super-users, support, sales, IT

Operations etc)

» Definethegtakeholders' red needsand therdated Product Qudities

* ldentify past/status of product qualitiesand your goal (how much
you want to improve)

* ldentify possible solutions for meeting your goas

» Develop a step-by-step plan for delivering improvements with
respect to Stakeholder Values & Product Quality goals:

. Deliveries every week

. Measure: are we moving towards our goals?

10

Requirements

With EVO, our requirements process changed. Previously we
focused mostly on function requirements, and not on quality
requirements. It is the quality requirements that really separate us
from our competitors. There is an analogy with the spell checker
in MS Word: why was this a killer application? There was no
new functionality; authors of documents have been able to spell
check with paper dictionaries for ages. The real difference was a
superior product quality: speed of spell checking and usability.
[Surely MS-Word wasn'’t the first WP with automated spell checking?
Ed]

We tried to define our requirements according to a basic
standard:
Clear & Unambiguous
Tedtable
Measurable
No Solutions (Designs)
Stakeholder Focus

Example:

Usability.Productivity

Scale: Time in minutes to set up a typical specified Market
Research Report (MR)

Past: 65 min, Tolerable: 35 min, Goal: 25 min (end result was 20
min)

Meter: Candidates with knowledge of MR-specific reporting
features performed a set of predefined steps to produce a
standard MR Report. (The standard MR report was designed by
Mark Phillips, an MR specialist at our London office)

The focus is here on the day-to-day operations of our MR users, not
alig of features that they might or might not like. We know that
increased efficiency, which leads to more profit, will please them.

After oneweek we had defined more or less all the requirements
for the next version of Confirmit.

Solutions/Designs

For every quality requirement we looked for possible solutions
(Design | deas)
E.g. for Quality Requirement: Usability.Productivity we
identified the following design idess:
» Designldea.Recoding (See IET below)
* DesignldeaMRTotals
» Designldea.Categorizations
* DesignideaTripleS
 ...and many more
We evauated all these, and specified in more detail those we
believed would add the most value (take us closer to the godl).

EVO

We collected the most promising solutions/design ideas and
included them in an Impact Estimation Table (IET) — see Figure 1.

The IET is our tool for controlling the qualities and deliver
improvements to real stakeholders, or as close as we can get to
them. (E.g. ProS/Support department acting as clients)

FIRM EVO Week

We decided that one EVO step should last one week (see Table 1)
because of practica reasons, even though we violate the rule of
not spending more than 2% of project schedule in each step.
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A B C D E | F G B 1 By BZ CA
]
- Current —
B0 Status Improvements Goals Recoding
4 | Estimated impact Actual impact
5 | Units Units % Past [Tolerable |[Goal Units % Units %
6 Usability. Replacability (fegture count)
7 1,00 1.0 50.0 2| 1] o
B Usability. Speed NewFeaturesimpact [%)
9 5,00 5.0 100,0 o] 15] -
10 10,00 10,0 200,0 0 15 5
0,00 0.0 0.0 0 30 10
Usability Intuitiveness (%)
0,00 0.0 0.0 0 | 80 | &
Usability.Productivity (minutes)
20,00 450 1125 [ 35 | 5 20,00 20,00 38,00 85,00
20 Development resources
2| 101.0 91,8 0 1 [ 110 4 00} 354 4,00 3,64

Figure 1: Impact Estimation Table

At the Project Management meetings on Fridays each project
leader presented the results from the previous step (IET), as well
asthe content of next EV O step (oneweek). Possible new Solutions
are discussed and weighed against each other.

Welaunched our first major release based on EVO in May 2004
and we have already received feedback from users on some of the
leaps in product qualities. E.g. the time for the system to generate
acomplex survey has gone from 2 hours (of waiting for the system
to do work) to 20 seconds!

Internal Feedback on EVO After
the Trial Period

Project leaders:

1. Defining good requirements can be hard.

2. It can be hard to find meters which were practica to use, and at
the same time measured red product qualities.

3. Sometimesyou think it’'s necessary to spend more than aday on
designs, but thiswas not right according to our understanding of
EVO —the concept of backroom? activity was new to us.

4. Sometimes it takes more than a week to deliver something of
valueto the client —again, the concept of backroom activity was
new to us.

Team members (developers):

1. Sometimes it felt like we're rushing to the next weekly step
before we had finished the current step.

2. Testing was sometimes postponed in order to start next step, and
some of these mistakes were not picked up in later testing.

Overall, the whole organization has embraced EVO. We all think

it has great potential, and we will work hard to utilize it to the
full.

Trond Johansen

trond. j ohansen@i r ngl obal . com

1 A backroom activity is programming activity not visible for the end user. This is not
essential information, we seldom use this activity. We always try to produce some
value to some stakeholders every week.

Development Team Users (PMT, Pros, CTO (SysArch, QA (Configuration
Doc writer, other) Process Mgr) Manager & Test
Manager)
Friday * PM: Send Version N detail plan to * Approvelreject design * Run final build and create
CTO + prior to Project Mgmt meeting & StepN setup for Version N-1
* PM: Attend Project Mgmt ¢ Attend Project Mgmt * Install setup on test servers
meeting: 12-15 meeting: 12-15 (external and internal)
* Developers: Focus on general ® Performinitial crash test
maintenance work, documentation and then release Version N-1
Monday * Develop test code & code for Version N ® UseVersion N-1 * Follow up CI
* Review test plans, tests
Tuesday * Develop test code & codefor Version N * Meet with developers to give ® System Architect: review | ® Follow up Cl
* Meet with users to discuss action taken feedback and discuss action taken code and test code * Review test plans, tests
regarding feedback from Version N-1 from previous actions
Wednesday | ® Develop test code & ® Review test plans, tests
code for Version N * Follow up ClI
Thursday * Completetest code & code for Version N * Review test plans, tests
* Complete GUI tests for Version N-2 * Follow up ClI

Tablel: An EVO Step
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Multiple Streams Going

Nowhere
by Paul Grenyer

In this case study | am going to describe two streams |
developed for use within my C++ testing framework, Aeryn
[Aeryn]. Aeryn has two output streams. One is minimal and only
reports test failures and the test, pass and failure counts. The
other is more verbose and includes all the output from the
minimal stream, plus a list of all test sets along with their
individual test cases. The minimal stream is intended to be sent
to the console and the verbose stream to a more permanent
medium such as a log file or database, but either can be sent to
any sort of output stream.
The use of the two streams introduces two specific problems:

1. Thestream sink for both streams must be passed into the function
that runs the tests. For example:
std::of stream verbose("testl og.txt");
std::stringstream m ni mal;
t est Runner. Run(verbose, mninmal);
Even if only one of the two outputs is required, both streams
must be specified.

2. Thesameinformation must be sent to both streams, which results
in duplicate code. For example:
verbose << "Ran 6 tests, 3 passes, 3 failures”;
mnimal << "Ran 6 tests, 3 passes, 3 failures";
Thisisfar fromidea asevery timethetext sentto one streamis
modified, thetext sent to the other stream must also be modified.
It would be all too easy to forget to update one or other of the
streams or to update oneincorrectly.

Both of these problems can be solved by writing a custom
stream. Writing custom streams is covered in detail in section
13.13.3 (User-Defined Stream Buffers) of The C++ Standard
Library [Josuttis]. As Josuttis does such a good job of describing
custom streams and his book is widely distributed, | will only
cover the necessary points relevant to this case study.

Null Output Stream

Problem 1 can be easily solved with a null output stream. A null
output stream is a type of null object [Null Object]. Kevlin
Henney describes a null object as follows: “The intent of a null
object is to encapsulate the absence of an object by providing a
substitutable alternative that offers suitable default do nothing
behaviour.” So basically a null output stream is a stream that does
nothing with what is streamed to it. Therefore if either the
minimal or verbose stream is not required it can be directed to a
null output stream. For example:

cnul | ostream ns;

test Runner. Run(ns, std::cout);
The key to writing a custom stream is implementing its stream
buffer. The functionality for stream buffersis held in the standard
library template class st d: : basi c_st r eanbuf . Custom stream
buffers can be written by inheriting from
st d: : basi c_streanbuf and overriding the necessary member
functions.

It isnot necessary for the custom stream buffer to be atemplate,
but it makeslifealot easier if you want your custom stream to work
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with char , wehar _t and custom character traits. Thisis also
discussed in detail in The C++ Standard Library.

t enpl at e<t ypenane char_type, typenane traits
= std::char_traits<char_type> >

cl ass nul | out buf public
st d: : basi c_streanbuf <char_type, traits> {
pr ot ect ed:
virtual int_type overflow(int_type c) {

return traits::not_eof(c);

}
}s

The code above shows the complete implementation for the null
output stream buffer. The over f I ow member function is all that
is needed to handle characters sent to the stream buffer. The
traits::not_eof (c) function ensures that the correct
character isreturned if ¢ iSEOF.

Now that the stream buffer is complete it needs to be passed to
an output stream. The easiest way to do thisis to inherit from
st d: : basi ¢c_ost r eamand have the stream buffer as a member
of the subclass.

t enpl at e<t ypenane char_type, typenane traits
= std::char_traits<char_type> >

class null _ostream: public
std:: basi c_ostream<char_type, traits> {
private:
nul | out buf <char _type, traits> buf_;
public:
nul | _ostrean()
st d:: basi c_ostreankchar _type,
traits>(&buf ), buf () {}

}s

Notice the constructor initialisation list. The buf _ member of
nul | _ost r eamis passed to the basi ¢_ost r eambase class before
it has been initidised. In his book Josuttis actudly puts buf _ firstin
the ligt, but this makes no difference. The base classis il initialised
before buf _. This could give rise to a problem where buf _ is
accessad by anul | st reambase classprior to it being initialised.

Some standard library implementations do nothing to avoid this
and they don’t need to. A library vendor knows their own
implementation and if protection wasrequired it would be provided.
Asthe C++ standard gives no guaranteeiit is sensible for acustom
stream to take stepsto avoid the stream buffer being accessed before
it is created. One way to do thisisto put it in a private base class,
which isthen initialised before basi ¢_ost r eam

t enpl at e<t ypenane char _type,
class nulloutbuf_init {
private:

nul | out buf <char _type,

typenane traits>

traits> buf_;

public:
nul | out buf <char _type,
return &buf _;

}

traits>* buf() {

}s



tenpl at e<t ypenane char_type, typenane traits
= std::char_traits<char_type> >
class nullostream: private virtual

nul | out buf _i nit<char_type, traits>,
public
std:: basi c_ostream<char_type, traits> {
private:

t ypedef null outbuf _init<char_type, traits>
nul | out buf _init;

public:
nul | ostream) nul | out buf _init(),
st d:: basi c_ostreanxkchar _type,
traits>(nulloutbuf_init::buf()) {}

}s

The code above shows that as well as being inherited privately,
nul | out buf _i ni t is aso inherited virtualy. This makes sure
that nul | out buf and nul | out buf _i nit are initialised first,
avoiding the undefined behaviour described in 27.4.4/2 of the
[C++ Standard]. The undefined behaviour would occur if
nul | out buf’s constructor was to throw in between the
construction of basi c_i os (a base class of basi c_ostream)
and the call to basic_ios::init() from basic_ostreanis
contrustor. See the C++ standard for more details.

Now that the implementation of nul | _ost r eamiscompletetwo
hel pful typedefs can be added. Onefor char and oneforwchar _t :

typedef null _ostreanxchar> cnul | ostream

typedef null _ostreanm<wchar _t> wnul | ostream
| aways like to unit test the code | write and usually the tests
are in place beforehand. Naturally | use Aeryn for unit testing.
Testing nul | _ost ream has its own interesting problems. |
started by writing two simple tests to make sure that
cnul I ostreamand wnul | ost r eam compile and accept
input:

voi d CharNul | OSt reanilest () {
cnul | ostream ns;
ns << "Hello, Wrld" << "I

}

<< std::endl;

voi d WdeNul | OStreanilest () {
wnul | ostr eam wns;
wns << L"Hello, World!'" << '1"

}

<< std::endl;

The whole point of a null output stream is that it shouldn’t
alocate memory when something is streamed to it; otherwise
something like a st d: : stri ngstream could be used instead.
Wanting to test for memory allocation caused me to write, with
considerable help from accu- general members, a memory
observer library, called Elephant (see sidebar) [Elephant].
Elephant allows me to write an observer (NewDet ect or ) which
can detect allocations from within nul | _ostream s header
file, which in this case, also holds its definition. Originally the
observer was intended to monitor all allocations that occurred
whileusing nul | _ost r eam but as the standard permits stream
base classes to allocate memory to store the current locale, |
restricted the observer to allocations from nul | _ostream
itself:
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cl ass NewDet ect or public
el ephant: : | MenoryQbserver {
private:

bool menoryAl | ocated_;

public:
NewDet ect or ()
menor yAl | ocated_(fal se) {

}

virtual void OnAllocate(void*, std::size_t,
std::size t,
const char* file) {
/1 Crude black list.
if(std::strenp(file,
pg: : nul | _ostream header)) {
menor yAl | ocated_ = true;
}
}

virtual void OnFree(void*) {}
bool AllocationsCccurred() const {
return menoryAl | ocated_;
}
b

In order to get OnAl | ocat e to be called by the Elephant
oper at or new overload that includes the name of the file it was
called from, a macro must be introduced into nul | _ostr eanis
definition. The easiest way to do thisisto wrap nul | _ost r eanis
header file with the macro in the test sourcefile:

/1 nullostreantest.h
#def i ne new ELEPHANTNEW
#i nclude "nul | ostream h"
#undef new

Elephant: C++ Memory Observer

A full discussion of the design of Elephant is beyond the
scope of this case study, but the principles on which it is
based are simple and easy to explain. Elephant consists of
two main components:

new/ del et e overloads. Elephant has a total of eight pairs
of new/ del et e overloads. As well as allocating and
freeing memory, each overload registersitsinvocation with
the memory monitor by passing the address of the memory
that has been allocated or freed. Four of the eight new
overloads also pass the line and file from which new was
invoked.

Memory monitor: Callsto the new/ del et e overloads are
monitored by the memory monitor. The memory monitor is
observer-compatible and users of Elephant can write custom
observers (or use those provided) and register them with the
memory monitor. Every time memory is allocated or freed
viathe new/ del et e overloads each observer is notified
and passed the memory address and, where available, the
line and file from which new was invoked.

13
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In order to make sure that OnAl | ocat e only registers alocations
from nul | _ostream, a variable must be introduced into
nul | _ost r eanisheader file:

const char* const null _ostream header

= FILE_;

An ideal solution would not require the nul | _ost r eam header
to be modified at all for testing. However | could not find a
satisfactory aternative. Suggestions will be gratefully received.

Moving Char Nul | Ot r eaniTest and W deNul | OSt r eanTest
into aclass, and giving them new namesto better represent what they
now test for, allows NewDet ect or to be added as a member, and
using Aeryn’si ncar nat e function allows a new instance to be
created for each test function call.

class Nul | CStreanTest {
private:
NewDet ect or newbDet ect or _;
public:
Nul | OSt r eanTest ()
newDet ector _() {
usi ng nanespace el ephant;
Menor yMoni t or Hol der () . I nst ance() .
AddCbser ver (&newbDet ect or _) ;

}

~Nul | OGSt reanirest () {
usi ng nanespace el ephant;
Menor yMoni t or Hol der () . I nst ance() .
RenmoveCbser ver (&ewDet ect or _) ;

}

voi d NoMenoryAl | ocat edTest () {
cnul | ostream ns;
ns << testString << testChar
<< std::endl;
| S_FALSE(
newDet ect or _. Al |l ocati onsCccurred());

}

voi d NoMenoryAl | ocat edW deTest () {

wnul | ostr eam wns;

wns << wtestString << wtestChar

<< std::endl;
| S_FALSE(
newDet ect or _. Al | ocati onsCccurred());
}
b

Multi Output Stream

Problem 2 can be solved with what | have called a multi output
stream. A multi output stream forwards anything that is streamed
to it onto any number of other output streams. To solve the
problem faced by Aeryn the multi output stream could simply
hold references to two streams (one verbose, one minimal) as
members, but this could potentialy restrict future use when more
than two streams may be required.

Again, thekey isthe output buffer. The first element to consider
ishow the multiple output streams, or at least some sort of reference
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to them, will be stored and how they will be added to and removed
from the store. The easiest way to store the output streamsisin a
vector of basi ¢c_ost r eampointers.

The original design for the multi output stream | came up with
managed the lifetime of the output streamsaswell. Thisinvolved
the output streams being created on the heap and managed by a
vector of smart pointers. Therefore asmart pointer either had to be
written or a dependency on a library such as boost [boost]
introduced. Asthe lifetime of the multi output stream would be the
same or very similar to the lifetime of the output streamsthere was
realy no need.

The easiest way to add and remove output streams is by way of
anadd function and ar enove function. Thisfunctiondity is shown
in the code below.

tenpl at e<t ypenane char_type, typenane traits
= std::char_traits<char_type> >

cl ass nul ti out buf public
st d: : basi c_streanbuf <char _type,
traits> {
private:
typedef std::vector<std::basic_ostreanx
char_type, traits>* >

stream cont ai ner;

t ypedef typenane stream container::iterator
iterator;

stream cont ai ner streans_;

public:
voi d add(std:: basic_ostreanxchar_type,
traits>& str) {
streans_. push_back(&str);

}

voi d renove(std:: basic_ostreanxchar_type,
traits>& str) {

iterator pos = std::find(streans_. begin(),
streams_.end(), &str);
if(pos != streanms_.end()) {
streans_. erase( pos);

}
}
b

The add function simply adds a pointer to the specified output
stream to the store. The r emove function must first check that a
pointer to the specified output stream exists in the store, before
removing it.

Josuttis describes the st d:: basic_streanbuf virtual
functions that should be overridden in a custom output buffer:
over f I ow for writing single characters and xsput n for efficient
writing of multiple characters.

tenpl at e<t ypenane char_type, typenane traits
= std::char_traits<char_type> >
cl ass nul ti out buf public
st d: : basi c_streanbuf <char _type,
traits> {



pr ot ect ed:
virtual std::streansize xsputn(
const char_type* sequence,
std::streansize num {
iterator current = streans_. begin();
iterator end = streans_.end();
for(; current !'= end; ++current) {
(*current)->wite(sequence, nun;
}
return num
}
virtual int_type overflow(int_type c) {
iterator current = streans_. begin();
iterator end = streans_.end();
for(; current !'= end; ++current) {
(*current)->put(c);
}
return c;
}

b

A different approach would be to write three function objects and
use f or _each to cal the appropriate function for each output
stream in the store. However, this would not add a lot to the
clarity and would not provide any better performance, but would
create alot of extra code.

The output buffer must be initialised and passed to an output
stream and the output stream needs to have corresponding add and
r enove functions that forward to the output buffer’s functions:

t enpl at e<t ypenane char _type,
class nultioutbuf _init {
private:

mul ti out buf <char _type,

typenane traits>

trai ts> buf_;

public:
mul ti out buf <char _type,
return &buf _;

traits>* buf() {

}
b

tenpl at e<t ypenane char_type, typenane traits
= std::char_traits<char_type> >
class nultiostream: private

mul ti out buf _i nit<char_type, traits>,
public
std:: basi c_ostream<char_type, traits> {
private:

typedef nul tioutbuf_init<char_type, traits>
mul tioutbuf init;

public:
mul ti ostrean() mul tioutbuf _init(),
std:: basi c_ostreankchar _type,
traits>(nmul tioutbuf _init::buf()) {}
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bool add(std::basic_ostream<char_type,
traits>& str) {
return nul tioutbuf _init::buf()
->add(str);

}

bool renove(std::basic_ostreanxchar_type,
traits>& str) {
return nul tioutbuf _init::buf()
->renove(str);

}
I

All that remains is to provide two convenient typedefs, one for
char and oneforwchar _t:

typedef nulti_ostreanxchar> cnul ti ostream
typedef nulti_ostreankwchar _t> wrul tiostream

The multi output stream is quite easy to test and should be tested
for the following things:

1. Output streams can be added to the multi output stream.

2. All added output streamsreceive what is sent to the multi output
stream.

3. Streams can be removed from the multi output stream.

Although this looks likes three separate tests they are al linked
and the easiest thing to do isto write asingle test for char :

voi d CharMul ti OStreanilest () {
std::stringstream osl;
std::stringstream 0s2;

crmul ti ostream ns;
ns. add(osl);
ns. add( 0s2);
ms << "Hello, World";
IS EQUAL(osl.str (),
IS EQUAL(0s2.str (),

"Hel | o,
"Hel | o,

World");
World");

ns. renmove(0sl);
ne << "1’

"Hel | o,
"Hel | o,

IS EQUAL(os1.str(),
IS EQUAL(0s2.str(),

}

World");
World!");

and asingletest for wechar _t :

void WdeMulti OStreanilest () {
std::wstringstream wosli,;
std::wstringstream wos2;

wrul ti ostream ws;
wns. add(wos1l);
wns. add( wos?2) ;
wns << L"Hello, World";

[concl uded at foot of next

page]
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STABLE INTERMEDIATE FORMS
A Foundation Pattern for
Derisking the Process

of Change
by Kevlin Henney

The universe is change; life is what thinking makes of it.
MarcusAurdlius

Change is often associated with risk, in particular the risk of
failure or unwanted side effects. Whether such change is the
move from one position on arock face to another during a climb,
or the progress of development through a software project, or the
change of state within an object when it is being copied to, risk is
ever present. In al cases, change is associated with questions of
confidence, consequence and certainty. In the event of any failure
or unknowns, change can cause further failure and greater
unknowns — a missed foothold, a missed deadline, a missed
exception.

StABLE INTERMEDIATE FORMS iS a general pattern for making
progress with confidence and limiting the effect of failure. When
undertaking a change or series of changes to move from one state
to another, rather than carrying out a change suddenly and boldly,
with a single large stride but uncertain footfall, each intermediate
step in the process of change is itself a coherent state. This high-
level pattern manifests itself in various domain-specific patterns,
three of which are reported informally in this paper and used as
examples: THRee PoinTs oF ConTACT for rock climbing; I TERATIVE
AND INCREMENTAL DEevELoPMENT for software development
process; and Cory BerFore RELEASE for exception safety in C++. It
is amatter of preference and perspective as to whether this paper
is considered to document one, three or four patterns.

Thumbnail

Change typically involves risk. Any change from one state of
affairs to another that cannot be characterised as atomic
inevitably involves a number of steps, any one of which could

fail for one reason or another, leaving the change incomplete and
the circumstances uncertain. Therefore, ensure that each
intermediate step in the process of change expresses a coherent
state, one that in some meaningful way represents a whole rather
than a partia state of affairs.

Example: THREE POINTS OF CONTACT

There you are, hdfway up a cliff. Your face pressed against the
rock face. Gravity is carefree but ever present. The ground is
unforgiving and ever distant. The rock is your friend. And you
hope that your friend, standing on the ground below you, islike a
rock. In the event of a dip, his belaying should provide you with
the failsafe that prevents you from joining him too rapidly.

To go up, you need to go right and then up. To do thisyou need
to reach for what promisesto beagood hold, but itisalittletoo far
away to reach comfortably. Thereisno convenient ledge or outcrop
to rest your whole weight on, and the rock is both sheer and wet.
Yourecall that really cool bit at the beginning of Mission Impossible
2 where free-climbing Tom Cruise, presented with a challenge,
leaps from one rock face to another and manages, with alittle
grappling, to secure himself. Very coal... but not realy an option:
(2) Tom Cruiseloseshisgrip and only just managesto avoid falling;
(2) you are not in amovie; (3) you arethelead climber, so thereis
till alittle way to fall and some significant rock to bounce off
before the rope becomes taut and carries your weight; and (4) you
are a relatively inexperienced climber and new to leading, so
experienceislesslikely to be on your side.

Alternatively, you can try leaning over, with onefoot jammedin
the crack you are currently using as a handhold, and reaching for
the new hold with your right hand as you angle to the right. There
is nothing substantia that your left hand can hold once you have
stretched to the right and the other foot would have to be free,
providing balance but not support. Should work, if you have the
distanceright (being alittletaller at thispoint would have helped...),
but not exactly a sure thing.

However, there is yet another way. By dropping down alittle,
reversing some of your ascent, and then climbing across and then
up, you could do it without either the dramatics or the uncertain

[continued from previ ous page]
I S_EQUAL(wosl.str(), L"Hello, Verld");
IS EQUAL(L"Hel l o, World", wos2.str());
wns. renove(wosl) ;
wrs << 'Y
IS EQUAL(L"Hel l o, World", wosl.str());

IS EQUAL(L"Hello, World!", wos2.str());

}
Conclusion

Streams are a hugely powerful part of the C++ language; which

few people seem to make use of and even fewer people customise

for their own uses. The nul | _ostreamand nul ti _ostream

are very simple examples of customisation and | have shown here
just how easy stream customisation is.

Paul Grenyer

paul @aul grenyer. co. uk
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leaning. There are enough handholds to afford you three points of
contact most of the way, ensuring that you can shift your weight
more easily across the rock face — two feet and one hand or two
hands and one foot providing support at all times. Although it’ll
take another minute there is a much greater chance of success and
much greater certainty that it will be only aminute.

Example: ITERATIVE AND INCREMENTAL
DEVELOPMENT

There are a number of different activities involved in taking a
software development project from inception through to
deployment, and a project will pass through a number of distinct
phases. Whether it is the comprehension of what needs to be
built, the formulation of an architectural vision, the writing of
code, the running of tests, and so on, there is a question of how
the activities should be played out over time, how they relate to
one another, and how they relate to the planned, sequential
phases of aproject.

The manufacturing metaphor of software development has a
certain simple attraction. Activitiesare strictly aligned with phases,
so that comprehension of the problem domain is done during a
phase dedicated to understanding the problem domain, coding is
done during a phase of the project dedicated to writing code, and
so on. Because each phaseis carried out in sequence, each activity
isalso carried out in sequence, making the development apipeline.

However, it is an idealised pipeline, where the output of one
activity becomestheinput to the next, without afeedback loop, and
the pipelineis assumed to be non-lossy and free from interference.
These assumptions are somewhat difficult to replicate in the rea
world. The pipeline is shielded — or rather, blinkered — from the
business of dealing with clients, responding to change and
clarification, or working with and learning from colleagues. Risks,
and the consequent element of surprise they bring to a schedule,
tend to stack up rather than drop down as development proceeds.
There is no adequate mechanism for handling additional
requirements, clarification of requirements, changes in staff or
organizationa structure, shiftsin objectives, as well as technical
issues and unknowns. The inevitability of any one of these
automatically jeopardises the assumptions that might make a
pipeline avalid and viable solution.

Pipeline approaches are exemplified by the conventiona view
of the Waterfall Development Lifecycle, aterm that conjures up a
majestic image, abeit one that ends with water crashing against
rocks with great force. The predicted and steady progression from
analysis, through design, into implementation, testing, and then
finally deployment, has an undeniable charm and simplicity. A
pipeline project plan looks great on paper. It is easy to understand.
It is easy to explain. It is easy to track. It is easy to fall under its
spell. Thefact that it may bear little relation to how peoplework or
the actua progress of a project may seem somehow less important
when caught in itsthrall.

Thereisanimplicit assumption that when aproject deviatesfrom
its pipelined schedule it is due to some concrete aspect of the
development — the devel opers, the management, the optimism of
the schedule, external factors—rather than afault in the underlying
development metaphor. The reaction is often to declare that “we'll
doit right next time” and then throw all hands — and more —to the
pump to push through the delivery — more staff, more money, more
time, less testing, less attention to detail, less application of best
practice. The innate human response is that lost time can be made
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up for, that continual requirements clarification and change is an
external factor not intrinsic to the nature of software development,
and that making the devel opment process more formal “next time”
will address the shortcomings of the present.

For it to be of practical use, adevel opment macroprocessshould
givemorethan theillusion of order. However, the notion of making
something ordered by strictly pigeonholing one activity to one
phase is not a well-measured response. A development process
should also actively seek to reduce the risks inherent in
development rather than ignore or amplify them. Risk tends to
accumulate quietly in the shadow of planned development
pipelines, bursting at just the wrong moment — inevitably later
rather than sooner.

Activities do not need to be aligned discretely and exclusively
with phases. Instead, the lifecycle can be realigned so that the
activities run throughout. Thisis not to say that the emphasis on
each activity is identical and homogeneous throughout the
development, just that each isnot strictly compartmentalised. There
islikely to be a stronger emphasis on understanding the problem
domain early on in the development than later, and likewise a
stronger emphasis on deployment and finalization towards the end
than at the start, but these different concerns are not exclusive to
the beginning and end.

Instead of aligning the development cyclewith respect toasingle
deadline and deliverable at its end, structureit in terms of a series
of smaller god's, each of which offersan opportunity for assessment
and replanning. Each subgoal should be a clearly defined
development increment. However, because usable functionality is
not proportional to quantity of code, the completion of code
artefacts (lines of code, classes, packages, layers) cannot
meaningfully be used as a measure of progress. Asindicators they
are too introspective and are at best only weakly correlated with
accessible functionality. Functionality, whether defined by usage
scenarios or feature models, isamore visibleindication of software
completeness. A development increment defined in terms of
functionality is a more identifiable concept for al stakeholders
concerned, whether technical or non-technical, whereas code
artefacts have meaning only for developers.

Breaking down development objectives into these smaller
increments allows all stakeholders to make a more meaningful
assessment of progress and provides more opportunities to refine
or rearrange objectives for future increments. However, should
increment deadlines be fixed or variable? In other words, should
development on an increment stop when itsinitial deadline passes,
regardless of the scope that has yet to be covered, or should the
deadline be pushed back until the intended scope of the increment
has been completed?

Spacing theincrement deadlines regularly, whether one week or
one month apart, establishes arhythm that offersauseful indication
of progress, answering the question of how much functionality can
be covered in a fixed amount of time. The scope is therefore
variable and functionality must be prioritised to indicate which
features can be dropped if the time does not alow for all intended
functionality to be completed. Fixing the scoperather than thetime
means that the deadline, and therefore the point of assessment or
demonstration, isalways unknown. It isdifficult to schedule people,
meetings and subsequent development if dates are always the
unknown. Any unexpected problems in the development of an
increment can mean that the increment begins to drag on without
apparent end, when it would perhaps be better cut short and
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subsequent iterations reconsidered. Therefore, fixed scope per
increment decreases rather than increases the knowability of
development progress, and is therefore a riskier option than
establishing a steady pulse and measuring scope coverage to date.

The development of each increment hasitsown internal lifecycle
that is made up of the activities that run through the whole
development. The repetition of this mini-lifecycle leads to an
iterative processthat is repeated across the whole macro-lifecycle.
Each iteration has an associated set-up and tear-down cost, but with
regularity the effort involved in kick-off and increment finalization
is reduced through familiarity.

Iterative and incremental development derisks the overall
development process by distributing the risk over the whole
lifecycle, rather than towards the end, and making the progress
more visible. The difficult-to-obtain determinism of knowing all of
the problem before all of the solution, of writing al of the code
before all of the tests, and so on, is traded for scheduling
determinism and a more certain and empirical exploration of the
scope.

Example: Cory BEFORE RELEASE

Coding in the presence of exceptionsis avery different context to

coding in their absence. Many comfortable assumptions about

sequential code have the rug pulled from beneath them. Writing
exception-safe code requires more thought than writing
exception-unsafe code. It is possible, if care is not taken, that an
object may be left in an indeterminate state and therefore, by
implication, the whole program put into an inappropriate state.

When an exception isthrown it isimportant to leave the object
from which it was thrown in aconsistent and stable state:

* ldeally any intermediate changes should be rolled back.

» Alternatively the object may be left in apartia state that is till
meaningful.

» At the very least the object should be marked and detected as
being in abad way.

The consequence of not taking responsive and responsible action

can lead to instability. This is both unfortunate and ironic:

exception handling is supposed to achieve quite the opposite!
Exception safety can be attained via one of three paths:

» Exception-awar e code: Code may be scaffolded explicitly with
exception handling constructsto ensure that arestabilising action
istaken in the event of an exception, e.g. afinaly block in Java
or C#.

» Exception-neutral code: Code can be written to work in the
presence of exceptions, but does not require any explicit
exception-handling apparatus to do so, e.g. EXEcuTE-AROUND
OsJecT in C++ [Henney2000a] or ExecuTe-AROUND METHOD
in Smalltalk [Beck1997] or Java[Henney2001].

» Exception-free code: Guaranteeing the absence of exceptions
automatically buys code exception safety.

Exception-aware code is tempting because it is explicit, and

therefore has the apped of safety by diligence. It makesiit look asif

measures are being taken to deal with exceptions. However, such
explicit policing of the flow is not aways the best mechanism for
keeping the peace. Exception-free code sounds ided, but this path
makes sense only when there is either no change of state to be made
or the change is in some way trivia, e.g. assgnment to an int or
setting a pointer to null. A forced and uncriticd attempt to cleanse
code of exceptions leads to control flow that is far more complex
than it would be with exceptions — a lot of C code bears witness to
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the twigted logic and opague flow involved in playing return-code
football. In some senses, forcing exception freedom on code leads to
the same growth in supporting logic as the “be vigilant, behave”
exception-aware doctrine. As with Goldilocks, when she decided to
crash the Three Bears residence and then crash on their beds, we
find that exception-aware code can be too hard, exception-free code
can betoo soft, but exception-neutral code can bejust right.

Of thethree paths, it is exception-neutral code that is most often
the path of enlightenment. Consider the following C++ example.
The code fragment sketches a HanbLE-Bobpy [Coplien1992,
Gammat+1995] arrangement for a value-object type, a class that
among other features supports assignment:

cl ass handl e {
public:

~handl e() ;

handl e &operator=(const handl e &);
private:

cl ass representation {

b
representation *body;
b
The memory for the body must be dedllocated at the end of the
handl€e's lifetime in its destructor, either by replacing the plain
pointer with a suitable smart-pointer type, such asst d: : auto_ptr,
or explicitly, asfollows:
handl e: : ~handl e() {
del et e body;
}
The default semantics for the assignment operator are shallow
copying, whereas a handle-to-handle assignment needs to deep copy
the body. The traditional model for writing an assignment operator is
found in the OrTHODOX CANONICAL CLASS Form [Coplien1992]:
handl e &handl e: : oper at or =(const handl e & hs) {
if(this 1= &hs) {
del et e body;
body = new representation(*rhs. body);

}

return *this;
}

An initial inspection suggests that this implementation has
addressed the core needs of correct assignment: there is a check
to prevent corruption in the event of self-assignment; the
previous state is deallocated; new state is allocated; *t hi s is
returned as in any normal assignment operator. The construction
of the nested body is assumed to be self-contained, but what if
the representation constructor were to throw an exception? Or if
newwereto fail and throw st d: : bad_al | oc? Here be dragons!

A failed creation will result in an exception: control will leave
the function, leaving body pointing to a deleted object. This stale
pointer cannot then be dereferenced safely: the object is unstable
and unsafe. When the handle object itself is destroyed — for
instance, automatically at the end of a block — the attempt to
del et e body will likely wreak havoc in the application and let dlip
the dogs of core.

It istempting to construct at ry cat ch block to guard against
exception instability. This exception-aware approach normally
leads to quite elaborate and intricate code; the solution often looks
worse than the problem:



handl e &handl e: : oper at or =( const
if(this !'= &hs) {
representation *ol d_body = body;
try {
body = new representation(*rhs. body);
del ete ol d_body;

handl e & hs) {

}

catch(...) {
body = ol d_body;
t hr ow;

}

}

return *this;
}
It is worth pausing a moment to consider the rococo splendour of
this code [Hoare1980]:
There are two ways of constructing a soffware design: One way is
to make it so simple that there are obviously no deficiencies and the
other is to make it so complicated that there are noobvious deficiencies.
Nonetheless, in spite of the ornate opagueness, exception
awareness for safety is still a strongly tempting path to follow.
Such a solution reflects a way of thinking about the problem that
is too close to the problem: a haphazard solution grown by
grafting onto the origina exception-unsafe code. A far simpler
and exception-neutral solution is found in careful ordering of
actions, so that the object’s state passes through valid
intermediate forms, stable no matter what rude interruption
befallsthe object:
handl e &handl e: : oper at or =(const handl e & hs) {
representation *ol d_body = body;
body = new representation(*rhs. body);
del ete ol d_body;
return *this;

The essentia flow expressed in the Copy Berore ReLEASE C++
idiom [Henney1997, Henney1998] can be characterised simply:
1 Remember the old state.
2 Copy the new state.
3 Releasethe old state.
The same sequence of actions can be expressed using another
idiomatic C++ form that relies on the handl€' s copy constructor:
handl e: : handl e(const handl e &ot her)
body(new representation(*other.body)) {}
And on a non-throwing swap function, which alows two objects
to exchange their state without the possibility of generating an
exception [Sutter2000]. The copy of the object takes the role of
an Execute-ArounD OBJECT:
handl e &handl e: : oper at or =( const
handl e copy(rhs);
std: : swap(body, copy. body);
return *this;

handl e & hs) {

}
The assignment operator takes a copy of the right-hand side. This

may throw an exception, but if it does the current object is
unaffected. The representation of the current object and the copy
are exchanged. The assigned object now has its new state and the
copy now has custody of its previous state, which is cleaned up
on destruction at the end of the function.

The general form of Copy Berore ReLEASE can be found
repeated across other idioms for exception safety: checkpoint the
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current state; perform state-changing actions that could raise
exceptions, commit the changes; perform any necessary clean up.

Problem

Change typically involves risk. Any change from one state of
affairs to another that cannot be characterised as atomic
inevitably involves a number of steps, any one of which could
fail. The effect of successful completion is understood, as is the
effect of failure at the start, but what of partial failure? Partia
failure can lead to instability and further descent into total failure.

The most direct path from one state to another is most often the
one with the strongest appeal and the greatest appearance of
efficiency. What needsto be doneis clear, alowing asingle-minded
focus on the path of change free of other distractions. All other
things being equal, it will be the shortest and most direct path.
However, when all other things are not equal the simple view
supported by adirect change becomes asimplistic view lacking in
care and foresight. The goal of minimizing overheads trades
prioritieswith the safety net of contingency planning and derisking.

Focusing on one goa to the exclusion of others can weaken
rather than strengthen control over risk, undermining rather than
underpinning certainty. The polymath Herbert Simon coined the
term satisfice to describe a form of behavioural satisfaction and
sufficiency that accommodates multiple goals [Wikipedial:

In economics, satisficing is behaviour which attempts to achieve at
least some minimum level of a particular variable, but which does not
strive to achieve its maximum possible value. The most common
application of the concept in economics is in the behavioural theory of
the firm, which, unlike traditional accounts, postulates that producers
treat profit not as a goal to be maximized, but as a constraint. Under
these theories, although at least a critical level of profit must be achieved
by firms, thereafter priority is attached to the attainment of other goals.

However, it is not necessarily the case that there is more control
or predictability with respect to change simply because progress
does not become the sole concern of a change of state. The wrong
variables can be taken into account or an overcautious stance can
lead to wasted effort.

In an effort to combat the uncertainty of the future, overdesign
isacommon response [ Gibson2000]:

That which is overdesigned, too highly specific, anticipates
outcome; the anticipation of outcome guarantees, if not failure, the
absence of grace.

Thus, atotal and explicit approach to design or planning can
become ameasure that is overvalued and overused to the exclusion
of other quantities and qualities that are potentially more valuable
and balancing.

A big-bang approach to change proposes adiscontinuous change
from one state to another, essentialy an abrupt shift in observable
phenomena. Althoughit iseasy to identify the point of change, there
issignificant risk if the change does not go according to plan. By
contrast an approach that is chaotic rather than catastrophic
emphasises concurrency of change rather than a single point of
change. However, aswith free-threaded approachesto concurrency
in software, change becomes difficult to trace, track and reason
about. A more bounded and constrained approach to concurrency
compartmentalises this uncertainty.

Solution

Ensure that each intermediate step in the process of change
represents a coherent state of play. The risk and consequences of
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catastrophic failure are mitigated by ensuring that each mini-
change making up the intended change is itself a well-defined
and stable step that represents a smaller risk. The result of any
failure will be afall back to a coherent state rather than a chaotic
unknown from which little or nothing can be recovered. Each
step is perceived as atomic and each intermediate state as stable.
This sequencing of SrasLE INTERMEDIATE FOrRMS underpinsrock
climbing, exception safety and many successful software
development strategies and tactics, as well as other disciplines of
thought and movement, for example, T'ai Chi. The term itself is
taken from the foll owing observation by Herbert Simon (as quoted

others, afailureto progress through stable intermediate forms may
be perceived as subjective fancy rather than objective sensibility.

Discussion

As a pattern, StaBLE INTERMEDIATE FORMS may be considered
general and abstract, a high-level — even meta-level —
embodiment of a principle that recurs in other more concrete,
domain-specific patterns where the context of applicability is
explicitly and intentionally narrowed to address more specific
forces, solution structures and consequences. The three examples
in this paper are redlizations of StABLE INTERMEDIATE FORMS:

by Grady Booch [Booch1994]):

Complex systems will evolve from simple systems much
more rapidly if there are stable intermediate forms than if there
are not.

Theimplication of stable intermediate formsisthat change -

is redised as a gradua, observable and risk-averse process | .-

— secure the current Situation; prepare for a smal change; |. of Contact

commit to it; repeet as necessary. Not only does it bresk | “-. -

change down into more than a single, sudden step, but the
steps in between have a gtability and naturd balance of

- o

" hterative 7.
;. and Incremental

'-\ﬂ Development )

Three Points ”\ﬁ E i i

)

A
-

their own. They are visble and discrete, which means that

they can be used and measured without necessarily implementing
further change. But dthough discrete, there is enough continuity to
ensure that change can not only be paused, it can dso take a new
direction, even a reversal, without requiring disproportionate effort
to replan and put into effect.

Failure does not unduly upset the system or require
disproportionate recovery effort to restore or moveit to asensible
state should the step to the next stable form falter. A missed
handhold need not result in afall. A thrown exception need not
corrupt the state of the throwing object, nor does it require
disproportionate effort to rollback — rollback happens by defaullt.

However, it isnot necessarily the casethat stability should smply
be seen as a synonym for good without understanding its potentia
liabilities and context of applicability. There is a cautiousness,
thoroughness and deliberation about StABLE INTERMEDIATE FORMS
that is not necessarily appropriate for all systems and objectives.
Over a short enough timeframe the progression of small steps may
be dower than taking a single leap and, more importantly, slower
than is needed to achieve the end goal. For example, with at least
one foot on the ground at any one time, walking is an inherently
stableand leisurdly activity. Running, on the other hand, isinherently
unstable, trading raw speed for stability and effort. If speed isthe
goa ahundred metersis better covered with arun than awalk.

Ascending a familiar route on a climbing wall is derisked with
respect to both experience — it is familiar, and therefore not an
unknown — and environment — an indoor climbing centre has
limitations and facilities that make it a more controlled and
comfortable experience than being stuck on area rock facein the
middle of nowherein bad westher. Other sources of risk mitigation,
such as a no-throw exception guarantee or familiarity with a
particular climb, can moderate the need for further derisking
through STABLE INTERMEDIATE FORMS.

On the other hand, where a prime objective isto embrace rather
than mitigate risk — the thrill of ahard climb, the adrenalin rush of
a sprint, the intellectual high of tackling a hard problem by
immersion in detail, caffeine and the small hours — SrasLE
INTERMEDIATE ForMs “spoils the fun” and may be seen as
inappropriate. Of course, if this prime objective is not shared by
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Evolving through stable intermediate forms to move from one state
to another, alowing adjustment and adaptation en route, can be
similar to a hill-climbing approach, where the overall goal is to
reach the brow but each step is taken based on local terrain.
However, with hill climbing it is possible to get caught in
suboptimal local maxima. The INTERMEDIATE AND INCREMENTAL
DeveLopmenT of asystem will ensure that its architecture addresses
the needs to date, but it may find itself unable to meet a new need
without significant reworking. STABLE INTERMEDIATE FORMS
fortunately complements the risk of ascending loca peaks blindly
with the capacity to descend from them steadily. A clear vison not
only of the ultimate goa but also of the genera lay of the land
ahead can help to mitigate the risk of getting into such situations —
for example, a shared notion of a stable baseline architecture and
the use of prototyping support architecturd stability and evolution.
To dtabilise an intermediate form is, in many respects, an act of
completion. To put something into afinaised date, such asfinishing
adevelopment increment, involves more effort in the short term than
smply continuing without such areflective and visible checkpoint. For
development that is well-bounded in scope, occurs in awell-known
domain, and is carried out with an experienced and successful team, a
non-checkpointed strategy may sometimes be seen asappropriate, but
otherwise measures must be taken to avoid letting other devel opment
variables and redlities interfere, either by inserting StaBLE
INTERMEDIATE FoRMS or by shoring up other variables through other
guidance and feedback mechanisms, whether forma or informal.
StaBLE INTERMEDIATE Forms Offersapath for changethat offers
similar consequences for open-ended and continued development
as well as for more carefully scoped and goal-driven objectives.
This applies as much to software development, for example the
evolution of typical Open Source Software [Raymond2000], as it
doesto other domains, such as building construction [Brand1994].
In moving from a state that is inherently complete to another
statethereisalso theimplication that thereis some rework involved,
so that not all of the effort invested will be used in making
externally visible progress, the remainder being used in revision or
considered redundant. In some cases this can represent overhead
and overcautiousness, particularly where the cost-benefit of amore



reticent and punctuated approach isnot immediately clear. In others
the return on investment in effort comes over time. Revision is not
alwaysan overhead: sometimesit isanecessary part of the creative
process. The body renews itself over time to ensure both growth
and the removal of damage. In STABLE INTERMEDIATE FORMS,
stepping from one state to another alows consolidation as well as
a simple change of state. In refactoring the same process of
removing development friction over time can be seen
[Fowler1999]:
refactoring (noun): a change made to the internal structure of
software to make it easier to understand and cheaper to modify
without changing its observable behavior.
refactor (verb): fo restructure software by applying a series of

refactorings without changing the observable behavior of the software.
To clarify, it is the functional behaviour that remains unchanged
with respect to a refactoring: the operational behaviour, e.g.
performance or resource usage, may well change. Refactoring
needs to be informed by other practices that provide confidence
that a change is indeed stable and defect free, e.g. refactoring as
an integral practice in Test-Driven Development (TDD)
[Beck2003] or as complemented by some form of code review,
whether a simple desk check with a colleague or a full
walkthrough in alarger meeting.

Considering atest-driven microprocess as avariant of I TERATIVE
AND INCREMENTAL DEVELOPMENT raises the question of step size.
How large should the span between one intermediate form and
another be? In the case of TDD the granularity of changeisvisible
to an individual developer over a minute-to-hour timeframe, for
continuous integration stable changes are visible to a devel opment
team over an hour-to-day timeframe, and forNAMED StaBLE BAsEs
[Coplien+2005] in an ITERATIVE AND INCREMENTAL DEVELOPMENT
the visibility of changeto all stakeholders occurs on the order of a
day-to-week timeframe.

Class invariants present a non-process example of StABLE
INTERMEDIATE ForRMS Where the process of changeistaken over an
object’s lifetime and the step size is defined in terms of public
methods on an object [Meyer1997]:

An invariant for a class C is a set of assertions that every instance

of C will satisfy at all “stable” times. Stable times are those in which

the instance is in an observable state: On instance creation... [and]

before and after every [external] call... to a routine....
A method may be too fine grained to establish a smple invariant
simply [Henney2003], in which case a larger step size is needed.
Granular methods that are used together can be merged into a
ComBINED METHOD [Henney2000b] so that the footfalls between
observable stable forms are further apart.

In situations where thereis no need for revision, the balancing
efforts required to support StABLE INTERMEDIATE FORMS may
seem superfluous. Repeatedly achieving temporary stability may
seem to incur additional effort and redundancy that has reduced
return on investment. The context determines whether such an
approach is genuinely wasteful or not. For example, in Copy
Berore RELEASE a replacement representation object is always
created and the current one discarded even in the event of self
assignment. Although the self assignment is safe, the extra
allocation-deallocation cycle might be seen as overhead.
However, self assignment is not a typical mode of use, so this
cost tends toward zero.

Kevlin Henney
kevl i n@ur br al an. com
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A Pair Programming
Experience

by Randall W. Jensen, Ph.D.

Agile methods and extreme programming have risen to the
forefront of software management and development interest over
the last few years. Two definitions of agile are: (1) able to move
quickly and easily, and (2) mentally aert. Both definitions rely
on the capabilities of the people within the development process.
The “Agile Manifesto” [1] published in Software Development in
2001 created a new wave of interest in the agile philosophy and
re-emphasized the importance of people. One of the points
highlighted in the Manifesto is “We value individuals and
interactions over processes and tools.” That does not mean
processes and tools are evil. It implies the individuals and
interactions (people) are of higher priority than processes and
tools. Textbooks [2,3] have been written to describe the
importance of people in these new software development
approaches that have demonstrated improved productivity and
product quality. “Extreme programming” [4] is one member
covered by the umbrella of agile methods. “Pair programming”
[5] isamajor practice [6] of extreme programming.

Theofficial definition of pair programming istwo programmers
working together, side by side, a one computer collaborating on
the same, analysis, design, implementation and test. In other words
—two programmers, one pencil.

We have all experienced elements of the pair programming
concept in one way or another during our lives. How many times
have we been stuck removing an error from a design or program
with no success? When everything else failed, we went to our
neighbour programmer, the “casua observer”, to see if we could

get some assistance. While explaining our problem, we have aflash
of inspiration, and the problem is quickly solved. How much time
did we waste before asking aneighbour for insight? Canwerelate
thisto pair programming?

I was introduced to pair programming indirectly as an
undergraduate el ectrical engineering student inthe 1950s. Theclass
and laboratory workload was such that any free time during the 4-
year program was more wishful thinking than reality. Working part
time made the program even more daunting. Fortunately, two other
EE students in the same academic program were struggling with
different setsof outside commitments. We decided to work together
on homework assignments, lab work and test preparation to lighten
the courseload. We successfully maintained that approach through
the entire program in spite of having been conditioned throughout
our lives to perform solitary work. Our educational system does
not condone or encourage teamwork. That education philosophy
supportsindividual student evaluation, but works against learning.
The teamwork concept became ingrained in my thinking, as well
asin my programming and management research activities.

Later, much later, | was asked to find ways to improve
programmer productivity in alarge software organization. The
undergraduate experience led me to propose an experiment in the
application of what we called “two-person programming teams.”
The term pair programming hadn’t been coined at that time. The
experiment results are the subject of this case study.

Development Task

Problem

A description of the results achieved through the use of pair
programming without knowledge of the project or development

C Abuse

by Thaddaeus Frogley

[Editorial note: | have often stated that one must consider the
intended audience in any piece of writing. I've also been known to
point out that code is a form of writing and that the principal
audience, in this case, is not the compiler. This article demonstrates
just how much the style of code can be affected by inverting the
usual assumption that the intent is to communicate what the code
does to your audience. - Alan]

Four years ago | collaborated on the THADGAVIN [1] entry to
the International Obfuscated C Code Contest [2]. It won an
award (Most Portable Output), but it was a behemoth, only just
scraping inside the maximum size limit for the contest. Much of
its complexity was inherent in the algorithm, the obfuscation was
a straightforward refactoring, and the reason for the award was
mostly due to the use of a cross platform library. In conclusion,
while it was awinner, in the end | was not happy with the “art” of
the code.

Thefollowing year | wrote another entry. Thistime | wanted to
do something functional and minimalist, something with a strong
theme, and something self-referential. | had striven, and in my
opinion failed, to make the 2000 entry a visual as well as an
intellectud appeal. | wanted to do the same again in 2001, but again
| wanted to be minimalist. | wanted to create a piece of code that
could beconsidered to be“art” on multiplelevels. So here, for your
pleasure, | present my short (untitled) program:
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/*(c) 2001 Thad */
#i ncl ude<string. h>
#i ncl ude <stdi o. h>
#defi ne abc stdout
int main(int a,ch\
ar*b) {char*c="2?="
Rard Grard Brard Brdrd Wird i
"2?122>22-"; whil e(
I'((a=fgetc(stdin))
==EOF) ) f put c( ( b=s\
trchr(c,a)) ?f putc(
fputc(077, abc), abc
), =) <> 2R
b-c??):a, abc); ??>

| encourage you to study it. Try to work out what it does without
compiling and running it.

Now, assuming you’' ve worked out what it does, can you work
out how many sins are committed in these 14 short lines of code?
How many good practice guidelines are broken?

Thaddaeus Frogley
codenonkey_uk@rac. com
References
[2] http://thad. not agot h. or g/ t hadgavi n/
[2] http://ww. ioccc. org/
[3] http://devel oper. appl e. com document at i on/
Devel oper Tool s/ gcc-3. 3/ cpp/ I nitial -processing. htm



task underlying the experience would be meaningless. The
software to be developed in this project was a multitasking real-
time system executive. The product consisted of six independent
components containing a total of approximately 50,000 source
lines of code. The product contained no reused or COTS
[“Commercial, Off-the-Shelf”] components. FORTRAN was the
required software development language. The real-time
executive was to be used to support the development of a large,
complex software system by the developing organization. The
development schedule for the executive was critical and short.

Team Composition

The development team consisted of ten programmers with awide
range of experience and a manager. | tend to divide managers
into two primary groups. Theory X [7,8] and Theory Y. The
manager for this task was experienced and from the Theory Y
group.

Theten programmers assigned to the executive devel opment had
prior experience that ran the gamut from an expert system
programmer to a couple of fresh, young college graduates. None
of these programmers had any experience working in a team
environment. Asacollection, | would placethem as about average
for that development organization.

The manager grouped the programmers into five teams
according to their experience level. Each team pair was composed
of the most experienced and least experienced programmer of the
remaining group. The first team consisted of the expert system
programmer and a person who had just returned from a six-year
leave of absence. Thefifth team consisted of two programmers of
near equal capability and experience. These first and fifth
programming teams were important in the way they impacted the
project. | will address their impactsin the Lessons Learned.

No special changes from normal were made to the devel opment
environment. Thefacilitieswereessentialy 2-person cubicles. The
programming pairswere co-located in these cubicles. Each cubicle
contained two computer workstations, two desks and a common
worktable. The pair programming approach dictated that the pair
(two programmers, one pencil) uses only one development termina
located on the common worktable. The second termina was be
used for documentation, etc. not related to the team’s assigned
development.

One programmer of the pair functioned asthe “driver” operating
the keyboard and mouse, while the second programmer functioned
more as a “navigator” or “co-pilot.” The navigator reviewed, in
real-time, the information entered by the driver. The roles of the
two programmers were not permanent; frequent role changes
occurred daily. The navigator was not a passive role at any time.

Results

A Priori

A productivity and error baseline for the project could not be
directly obtained for the project individuals, but data was
available from past projects that allowed us to project
productivity and error averages for the project. The average
productivity and error rates in most organizations with consistent
management style and processes are near constant and quite
predictable. The baseline productivity was determined to be
approximately 77 source lines per person-month. The error rate
for the development organization was norma for the aerospace
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industry. The numerical error rate value is not significant for this
presentation, and will remain unknown.

Formal design walkthroughs and software inspections were not
scheduled for this project. The project would follow a classic
waterfall development approach, which isinconsistent with today’s
agile methods. Formal preliminary and critical design reviews, as
well asafina qualification test, were planned. Formal review and
test documentation was reduced to essential information; that is, all
elements necessary to proceed with the development.

A Posteriori

The productivity achieved in the real-time executive development
was 175 source lines per person-month as shown in Table 1. We
hoped for a productivity gain of anything greater than O percent.
Any small gain would have compensated for the two
programmers loading on each task. The 127 percent gain
achieved was phenomenal and a cause for celebration.

Theerror analysis showed the project had achieved an error rate
that was three orders of magnitude less than normal for the
organization.  Integration of the first two components
(approximately 10,000 source lines) was completed with only two
coding errors and one design error. The third component was
integrated with no errors. The remaining three components had
more errors, but the number of errors for these components was
significantly less than normal.

Topic Historical | Pair Results Gain

Productivity

(lines/per son- 77 175 127%
month)

Error Rate - - 0.001 x normal

Table 1. Pair programming productivity and error rate gains

The “continuous walkthrough” assumption was demonstrated to
be very effective, and more than compensated for the lack of
forma walkthroughs. The formal preliminary and critical design
reviews, as well as a final qualification test, were effective in
keeping the five teams coordinated. Few problems were
uncovered in the review and test activities.

After the experiment was completed, the devel opment manager
presented the very positive results to the organization's
management staff. The project managers' reaction to the results
was memorable. They claimed that their senior programmers
would quit before they would team with another programmer. The
use of pair programmers was never implemented in that
organization.

Lessons Learned

Several positive and some negative characteristics were
observed during the pair programming experiment. In general
the attributes of the college experience were exhibited here.
The positive attributes, not necessarily in any order, are as
follows:

» Brainstorming — According to the programmers, active rea-
time produced higher quality designs than would have been
achieved working alone. Little time was lost optimizing code
with more than one brain working.

» Continuous design walkthrough — The design and code were
reviewed in real-time by both programmers who ultimately
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produced fewer errors in each team product. Classic
walkthroughs and inspections are, whether we like it or not,
somewhat adversaria. The continuouswalkthroughswithinthe
team were more positive and supportive.

* Focused energy — The individual teams appeared to be more
focused in their activities. The highly visible aspect of this
attribute was the programmers took fewer breaks for restrooms,
coffee, outside discussions, etc.

* Mentor — When we started work in this industry, we were
usually told about on-the-job training that never materialized.
Pair programming, when the two programmers were not of the
same experience level, provided a craftsman/apprentice
relationship that elevated the junior programmer’ sskill quickly.
Conversaly, the craftsman’ sskill isextended by the apprentice’ s
guestions and thinking outside of the box.

* Moaotivation —In generd, the programming pairs appeared much
more motivated than their single counterparts. The motivation
level cannot be solely attributed to the pair concept or the
experiment itself. Some of the motivation must be attributed to
the project manager. Some hasto be attributed to rapid progress
and the product qudity. One of the Theory Y assumptionsisthat
motivation occurs at the social, esteem and self-actualization
levels, aswell as physiological and security levels.

* Praoblem isolation — Thetime wasted with two pairs of eyes (or
brains) issignificantly lessthan the amount of timewasted trying
to solve aproblem in isolation.

The negative observations cannot be ignored. The important
observations, not necessarily in order of importance, are as
follows:

* Programming pair of the same experience and capability
level is often counter-productive. The most troublesome
pairs we dealt with during the experiment were two teamsin
which both memberswere near the same capability level. The
worst case team consisted of two “primadonna’ programmers.
The programming pair theoretically has equal responsibility
for the team’ s efforts and product. We found teams functioned
more smoothly, in spite of the members equally being driver
and navigator, if one member was slightly more capable than
the other. | read a statement by a software industry leader that
stated hiring software engineers from the top ten percentile of
the top ten universities would produce the best software
development teams. | cannot imagine the stress that many egos
can create on one project.  Two strong egos of any caliber on
a team create chaos until they recognize the power of two
minds.

» Coordination between the five teams would have improved
if theteamshad been workingin acommon area. Eachteam
was located in a two-person cubicle, which limited the
interaction between theteams. | usethetermwar room (or skunk
works) to describe the ideal open environment, which would be
alarge area with worktables in the centre and cubicles around
the outside.

Some additional characteristics of the successful experiment are

worthy of note. First, one of the manager’s principal

responsibilities was to buffer the teams from outside interference.

The manager listed other important responsibilities that included

referee (in the case of the prima donnas), arbitrator, coordinator,

planner, cheerleader, and supplier of popcorn and other junk
food.

24

Second, project managers must be supportive of the pair
programming process. A classic (Theory X) manager observed a
programming pair working on adesign over aperiod of time. This
manager suggested to their supervisor that one of the two
programmers be laid off because only one was doing anything
constructive. (The driver always gets the credit.) When the
supervisor heard the suggestion, he replied that these programmers
werethe most productive peoplein the organization. The manager
answered that the programmers keep their office door closed so
others would not get the same idea.

Summary and Conclusions

Most managers who have not experienced pair programming
reject the idea without trial for one of two reasons. First, the
concept appears redundant and wasteful of computing resources.
Why would | want to use two programmers to do the work that
one can do? How can | justify a 100 percent increase in person-
hours to use this development approach? The project cannot
afford to waste limited resources.

The second reason is the assumption that programmers prefer to
work inisolation. Programmers, like most other people, have been
trained to work alone. Yet, according to the 1984 Coding War
Games sponsored by the Atlantic Systems Guild, only one third of
aprogrammer’ stime is spent isisolation; two-thirds of thetimeis
spent communicating with team members. Managerswonder about
the adjustments necessary to adjust to another’s work habits and
programming style. They also worry about ego issues and
disagreements about the product’ s implementation.

Thisexperiment demonstrated strongly that programmers can
work together effectively and efficiently to produce a quality
product of which both programmers can be proud. Prior
programming experienceisnot anissue. Thereare situationsthat
initially occur, especially with a team of equal experience and
ego, where disagreements over who will be the driver arise.
Those situations are generally transient. The benefits listed in
the Results Section overwhelmed any personality issues that
arose.

The second major benefit demonstrated in this experiment, a
three order of magnitude improvement in error rate, is hard to
ignore. Repairing defects after developments are much more
expensiveto fix than uncovering and fixing the defects where they
occur. The benefits of developing and delivering a stable product
faster, reducing maintenance costs, and gaining customer
satisfaction certainly minimizestherisk of using pair programming
teams.

Randall W. Jensen
Randal | . Jensen@AHl LL. af . m |

This article has been previously published (as follows) and is used by
permission of STSC.

Jensen, Randall W., “ A Pair Programming Experience,” CrossTalk:
A Journal of Defense Software Engineering, (Hill AFB, UT:
Software Technology Support Center), March 2003

References

[1] “The Agile Manifesto,” Software Development, Vol. 9, No. 8,
August, 2001

[2] DeMarco, T. and T. Lister, Peopleware, (New Y ork: Dorset
House Publishers), 1977

[concluded at foot of next page]



The Developer’s New Work
by Allan Kelly

| read Stefan Heinzmann's piece(s) in Overload 61 with a feeling
of d§avu. Not, you understand, because I'd wrestled with the
same coding problem as him — if you recall he just wanted to
store look up tables in ROM. No, the feeling of déa vu came
from the other problem he was wrestling with: What is this
monster we have created called C++7?

For me this thought is quickly followed by: How can anyone
ever expect to master it? And then: How can | expect anyone to
ever maintain this code?

Now | always consider the Overload readership to be a pretty
savvy bunch. People who are, on the whole, smarter than the
average C++ developer, but how many of us could have tackled
Stefan’s little task without encountering many of the same
problems? I'll go out on alimb, | don’t think any Overload reader
could have tackled that problem and got it right in one sitting. I'll
go further, | don’t think even Herb Sutter, Bjarne Stroustrup or
Andrei Alexandrescu could have doneit in one sitting.

Partly that’ s because Stefan was engaged in alearning exercise.
As he developed alittle code his ideas became more refined. The
compiler forced him to remove every ambiguity from his original
idea. Hence, when he found the compiler inadequate or vague he
was | ost.

The other part of his problem was that he was attempting to use
the compiler and language to the full. This was where the real
problems set in. Thisiswhere my sense of déavu came from.

Blast From the Past

Once upon atime | wrote an application. | thought it was a good
application, it was reliable (mostly), was fast, performed its job
and was easily understood through a few design patterns and
employed thoroughly modern C++ and standard library. Then it
came timeto leave the company.

The company wasn't abad company so they selected adevel oper
to take over my work. He'd been with the company a few years
but had mostly done Visual Basicwork. Sothey company sent him
on acourseto learn C++. And then | tried to hand over to him.

Out of that experience came a short little piece of angst entitled
High Church C++ —for reasonswhich | don’t recall it never made
itinto the pages of Overload but has been apopular download from
my web-site (Kelly, 2000). InHigh Church C++ | wrestled with
my conscience, wasit right to writeaprogramin astylewhich was
endorsed by an elite but foreign to the masses?
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In truth, it wasn't necessarily my style of writing, had | written
“low church C++" or some “MFC C++" style the code would have
been superficially clearer to the novice but the increased length
would have added to the complexity. Complexity can be like that,
you push it down in one place and it appears somewhere el se.

The AprrenTicE pattern (Coplien and Harrison, 2004) suggests
it cantakeayear for someoneto become proficient in anew system.
What isthe best way to bring someone up to speed? IsHigh-Church
C++ better than Low-Church C++7? |s Java better than C++? What
of Visual Basic? C#?

Whatever our language, whatever our choice of idioms, patterns
and style, the same problem exists. Someone ends up wrestling
with the code base to understand it.

Déja Vu All Over Again

Contemporary C++ with heavy use of templates, standard library
and even exceptions adds a twist because it seems C++ has become
two different languages. What | cdled High-Church C++ and Low-
Church C++ might dso be caled Modern C++ and Classic C++.
Whatever we cdl them there seems to be a disconnect between the
two schools. (If | recal correctly Kevlin Henney describes three
agesof C++.)

So it was | had the same déja vu again a few weeks ago. My
office book group has been looking at Herb Sutter’s Exceptiona
C++ (Sutter, 1999). In our discussion on exception handling severa
people suggested that the nuances and intricacies of exception
handling meant it was too complicated to use. | think they have a
valid point, it istoo complicated to use: the stack unwind, the need
to avoid resources|leaks, the care and attention needed to every line
— for heavens sake, it took the brightest C++ minds nearly 5 years
to answer Cargill’ s stack problem (Cargill, 1994).

But what' sthe alternative?

To my mind the dternative to C++ style exception handling is
worse. It's so much worse in fact that people don’t do it. They
simply ignore error handling2. C++ style exception handling forces
you to face up to resource management, error handling and the like,
but it doesit at acost. Get it wrong and the result can be awful.

The alternative isn’'t the alternative people think it is. The
alternative, let’scall it “return codes,” suffersfrom most of the same

1 | use the term Modern C++ in a broader sense than Andrei Alexandrescu’s book
Modern C++ Design; that book is a good example of Modern C++.

2 For several years it was my point of view that the main difference between the
programming we learnt in college and that we did in industry was “Error handling
omitted to save space” — a popular textbook expression that doesn’t cut it in industry.
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problemsbut it' seasier to hide from the problem and pretend you're
doing it right.

It's the complexity problem again. We push down complexity
in one place by establishing syntax and conventionsin thelanguage
to support good error handling, but more complexity arisesin
getting devel opers to understand and use the conventions.

C++ is Not Alone

I’ve been talking about C++ because that’s where my personal
experience is, that's where Stefan had his problem and that’s
what most Overload readers program in (I think.) But the
problem is not confined to this.

Other languages and technol ogies have their own problems. Java
too has exceptions—and imposes more complex syntax and idioms
to handle them correctly than does C++, Perl has its “write only
syntax”, nor should wethink only of programming languages, Unix,
Linux and NT al have hidden depths.

And to make things worse we can't just specialise in C++ or
Linux, we need to know a cross section: language, OS, database,
development techniques. How can we ever keep up?

Searching For a Solution

The angst in High Church C++ was very real, | was scared. But
what was the answer? I’ve been looking for a solution for five
Years now.

Wecould “dumb down” our code, makeit realy smple. Trouble
is, we havereal problemsand we need real solutions. Totacklethe
same problem with “low Church code” just moves the complexity
from the context to an overly verbose code base.

We could just hire red top-gun programmers. Thisisn’t redly
asolution; once again we' re pushing the problem down in one place
and seeing it come up in another. Since there aren’t that many
super-programmersin theworld finding them isaproblem, keeping
them a problem, motivating them is a problem and even if we
overcome these problems it’s quite likely that within our group of
super-programmers we would see an €lite group emerge.

Hiring a group of super-programmers isin itself an admission
of defeat, we're saying: We don’'t know how to create productive
employees; we're going to poach people from companies who do.
In doing so we move the problem from our code to recruitment.

So, maybe the solution is to get management to invest more in
training. But thisisn't aways the solution. The managers | had
when | wrote High Church C++ tried to do theright thing. Isit not
reasonabl e to assume that someone who has been on a C++ course
can maintain a system written in C++? As Alan Griffiths pointed
out, thisis about as reasonable as expecting someone that has been
on acar maintenance courseto changethetyresduring an F1 pitstop.

The answer of courseis. No, knowing C++ isarequirement for
maintaining a C++ based system but it isn't sufficient of itself. One
needs to understand the domain the system isin and the system
architecture — thisis why Coplien and Harrison say you need a
whole year to come up to speed.

How do we communicate these things? The classical answer is
“write it down” but written documentation has its own problems:
accuracy, timeliness, readability, and memorability to name a few.
In truth, understanding any modern software system is more about
tacit knowledge than it is about explicit knowledge.

So what are we to do?

I don't claim | havethe only answer, | don't claim | havethe best
answer, | don’t claim my answer even covers all the bases and it
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certainly isn't original. But after five years of searching | think |
have an answer, at least it’sthe best answer | know at the moment.

The answer to the question, the great question, the question of
how do you teach someone about a software system...is... well, you
aren't going to like it....

New Work

The developer’s new work is to help others learn. | don't mean
you dl rush off and become C++ trainers, | mean we al need to
work to improve the capabilities of our colleagues and especialy
the less experienced around us. This isn't about training, it is
about learning. It's about redefining what it means to be a
software devel oper.

Implicit here is another role, to lead. When | mix with other
ACCU members| find | share an unspoken bond with them. We
al believe it is possible to write better software. Exactly how we
do this may be up for debate, maybe we should adopt Extreme
Programming, or maybe writein Java, or smply write our testsfird.
Theseareall good answers, therea questionis: how do we get from
here to there?

Itisno longer enough to just cut code. Sure you may need to do
this too, but if you want to use modern C++ (or modern Java,
Python, or what ever) it isyour job to lead othersin achange. And
change doesn’t happen without learning. Indeed, learning isn’t
really happening if we don’t change, we may be ableto recite some
piece of information but unlesswe act on it we haven't really learnt
anything.

So, when it comes to improving your codeit isn’t enough to sit
your colleagues down and tell them that a template-template
function is the thing they need here and expect them to make it so.
Y ou’' ve imparted information, you may even have ordered them to
doit, but they haven't been led, they haven't learnt and they won't
have changed —they’ Il do the same thing al over again.

Simply informing people “This is a better way” doesn't cut it.
You can't lecture, you can’t tell, you can't enforce conformance.
Y ou need to hel p othersfind their own way to learn. Helping them
find that way goes beyond simply giving them the book, they need
to be motivated, people who aretold aren’t motivated, people who
are ordered aren’t motivated; motivating people requires|eadership.

If you find yoursdlf resorting to arational argument to persuade
someone to do it your way you have failed. Your work isto help
them produce the rational argument themselves. We aren’t
abandoning rationality, just recognising that when you tell someone
“you are wrong, | am right” it doesn’t do much, far better to help
them realise a better way.

For many people smply being told “the correct way,” a* better
way” isn't enough to bring about a change in their actions. It may
well demongtrate your intellectual superiority over thembut itisn’t
going to changethem. Telling them to “ Read the frigging manual”
or “Read my document” isn't useful.

Of course, thisis easier said than done...

What Do | Do Now?

Y ou need to change your mindset, you are no longer out to prove
you know C++ better than anyone else, you are here to lead them
in learning. Because you know C++ better than anyone else you
arein aposition to do this.

The first change is to stop doing something: stop switching
people off. Telling people they are wrong, fixing their problems—
especially problemsthey don't realise are problems—isasure fire



way of switching people off. Why learn something or do it the
proper way if someone else will aways do thejob for you?

Next you need to create awareness of the problem. Are your
developers really aware that there is a problem with SINGLETON
pattern? Of course, you can't just tell them. Well, maybe you can
tell them, but it needs to be in an abstract kind of way, away that
will spark their curiosity, help them find the problem themselves.

| can hear some people saying “But the developers | work with
justdon’t care.” These are devel operswho have been switched off.
People are learning machines, if people have given up learning
about these things then why? Maybe they’ ve been punished in the
past for freethinking. Maybe your company rewards conformance,
rocking the boat isn't positive.

Of course, you don’'t want to be seen as a boat rocker do you?
Maybe you do, maybe what you value is demonstrating how much
better your insights are? If so your attitude hasn’t changed. You
want to be somewhere between sparking curiosity and enquiry, so,
throw away those Dilbert cartoons.

Y ou need to redefine your own job and your own self-image.
Start with yourself, as you are the only person you have complete
control over. What is stopping you helping others? Recognise the
barriers and over come them. Now move on and do the same with
your colleagues.

But | Don’t Have the Time...

None of us have enough time, but if you're spending your time
rushing around fixing other peopl€e's problems and policing their
actions you're going to have even lesstime. There is never time
to start doing something new, so it is aways the right time.

If you wait, theright timewill never comealong, therewill never
be a day when your project has finished and the new one hasn’'t
begun. And should that day comeit’s probably asign that you've
done something wrong.

Sureit’s hard to adopt a new way of working afew days before
aproject deadline so maybe thisisn't actualy the right time. But
if you are starting a project, or you're half way through, and you
can't find the time to change you never will.

Asthe people around you learn the new techniques and grow in
confidence you will find you don’t need to spend so much time
fixing their work and fire fighting.

Again, But What Do | Do Now?

| am sorry, dear reader, but | have to disappoint you. | have no
list of 35 things to do, | have no “Effective Learning” to give
you. You have to find your own “answers which work” for you,
your team and your company.

Anyway, I’'m not the best person to ask on this subject. More
worthy authors than me have examined this question and they are
the placeto start. Thisisn't the first Overload article by meto cite
Senge’s The Fifth Discipline (1990) but | don’t apologise for
suggesting you read it3.

In dealing with people we are letting go of the Swiss-army knife
of rationality, emotions are more important so Goldman's
Emotional Intelligence (1996) iswell worth aread (and particularly
soif you're aparent too.)

Somewhere aong the line you should seek to improve yourself,
athoughitsnot my favourite book and | don’t agreewith everything
he says Covey’ s Seven Habits of Effective People(1992) is the book

1 Much of this essay is inspired by Senge’s chapter entitled “The Leader’s New Work.”
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to set you thinking about yourself. For those who can’t find the
time at least absorb his fifth habit: “Seek first to understand, Then to
be understood.” (Covey aso has a solution to the “don’t rock the
boat” problem but I'll let you read that for yourself.)

If you've madeit thisfar your attitude will already be changing
and you’'ll be looking for new ways of working. After al this
reading you'll either be ready to dismiss my ideas or take up the
challenge. Thenext two booksare morepractical. Y ou might want
to try coaching, Whitmore (2002) provides a good introduction to
the subject. You'll also recognise the need to spread your ideas
subtly, thisiswhere Linda Rising’s new book isuseful. Fearless
Change (Manns and Rising, 2005) isarecipe book for introducing
new ideas. Pick apattern try it, see what happens. Try another.

Maybe I’m ducking theissue. | haven’t given you any hard and
fast rules. | haven't said “Say X to your developers’ but | don't
think | really can. You have to first learn yourself. Sure | could
give you a quick check-list of do's and don’ts but | do not know
you, your developers or your environment. The books I’ ve listed
herewon’t give you all the answers but they should help you find
your own answers.

We’re a Long Way From Where We
Started...

There are no silver bullets. Technical solutions have a habit of
becoming technical problems — like Stefan’s templates. Or, to
put it another way:
“Today’s problems come from yesterday’s ‘solutions’.” (Senge,
1990, p.57)

Hope lies not in code, not in machines but in people. If we
believe that Modern C++ is best — and | truly, rationally, believe
it is — then | have no choice other than to develop the people
around me— and that belief isrational too.

So, I’'m not giving you any silver bullets but | am telling you
where you can hunt for silver. True, it will take you time to find
thesilver and you' Il need some help making the bullets so you have
plenty of opportunity to practise leaning and leading.

Allan Kelly
www. al | ankel 1'y. net
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C++ Properties — a Library

Solution
by Lois Goldthwaite

Properties are a feature of a number of programming languages —
Visua Basic and C# are two of them. While they are not part of
standard C++, they have been implemented in C++ for the CLI
(popularly known as .Net) environment and Borland C++
Builder, which comes with alibrary of useful components which
make heavy use of properties in their interfaces. And when
programmers are asked their ideas for extensions to C++,
properties are a popular request. [1,2]

So what isa property? The C++/CL1 draft spec says, “Aproperty
is a member that behaves as if it were a field... Properties are used to
implement data hiding within the class itself.” Inthe classdeclaration,
properties must be declared with aspecia keyword so the compiler
knows to add appropriate magic:

cl ass point {
private:
i nt Xor;
int Yor;
public:
property int X {
int get() {
return Xor;
}
voi d set(int value) {
Xor = val ue;
}
}

b
point p; p.X = 25;

In application code, properties look like ordinary data members
of a class; their value can be read from and assigned to with a
simple = sign. But in fact they are only pseudo-data members.
Any such reference implicitly invokes an accessor function call
“under the covers’ and certain language features don’t work with
properties. One example is taking the address of a data member
and assigning it to a pointer-to-member.

Let mesay up front that | dislike this style of programming with
properties. The subtle advantage of “hiding” a private data member
by treating it as a public data member escapes me. And from the
object-oriented-design point of view, | think they are highly
suspect. One of the fundamental principles of OO design is that
behaviour should be visible; state should not. To conceal behaviour
by masquerading it as a data member is just encouraging bad
habits.

Properties are syntactic saccharine for getter and setter member
functions for individual fieldsin a class. Of course, in the quest
for good design, replacing a public data member with simple
get/set functions for that data member does not achieve a large
increase in abstraction. A function-call syntax which does not
overtly refer to manipulating data members may lead to a cleaner
interface. It alowsthe possibility that some * data members’ may
be computed at runtime rather than stored. An overwhelming
majority of books on OO design recommend thinking in terms of
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objects’ behaviour, while hiding their state. L et us encourage good
habits, not bad ones.

UK C++ panel member Alisdair Meredith, with almost a
decade’' s daily experience using the Borland VCL properties, had
these comments:

Properties work fantastically well in RAD development where
you want interactive tools beyond a simple source code editor.
For all they appear glorified get/set syntax, they make the life of
the component writer much simpler. There are no strange coding
conventions to follow so that things magically work, and a lot of
boilerplate code vanishes. From this perspective they are most
definitely A Good Thing™.

Of course the property concept goes way beyond simply
supporting GUI tools, and that is where the slippery slope
begins...

If functional programming is ‘programming without side
effects’, property oriented programming is the other extreme.
Everything relies on side effects that occur as you update state.
For example: you have a Lef t property in your GUI editor to
determine position of a control. How would you move this control
at runtime? Traditionally we might write some kind of Move()
function, but now we can set theLef t property instead and that
will somehow magically move the control on the form as a side-
effect, and maybe trigger other events with callbacks into user
code as a consequence.

Experience shows that people prefer to update the Lef t
property rather than look for some other function. After all, that
is how you would perform the same task at design/compile time.
Generally, code becomes manipulating properties (and expecting
the side effects) rather than making explicit function calls. Again,
this is the ‘minimum interface’ principle so that there is one and
only one simple way of achieving a given result. Typically, the
Move() function is never written, and this reinforces the
programming style.

As we move beyond the GUI-tools arena, | find the property
syntax becomes more and more confusing. | can no longer know
by simple inspection of a function implementation if | can take
the address of everything used as a variable, or even pass them
by reference. This only gets worse when templates enter the mix.

And the problem becomes worse yet when developers become
fond of using write-only properties — values which can be set to
achieve the side effect, but can never be queried.

The one-sentence summary of his experience is that using
propertiesin non-GUI classes did not help productivity: “Properties
made our code easier to write, butimmensely more difficult to maintain.”
My own experience in trying to debug code with properties bears
this out. While stepping through some code to look for leaks of
memory and COM interfaces, | was examining all variables by
hovering the mouse over them. Multiple hovers over the same
variable (or what appeared to be a simple variable) showed up a
data structure with different values each time, because the
underlying property function was creating an additional COM
interface with each access.

My impression is that the main benefit envisioned for
propertiesisnot their syntactic sleight-of-hand but (1) their ability
to be discovered through introspection/reflection and manipul ated
non-programmatically by some sort of Rapid Application
Development tool, and (2) their ability to be stored (I think
“pickled” is the term used with Java Beans) in this configured
state, so that they can be loaded at runtime, aready configured.



[1] appearsto take for granted that these features should come as
a package, if standard C++ were to be extended to embrace
properties.

However | might feel about using properties, | have to
recognise that many people do find them useful, at least for
certain types of applications. For peoplewho do like this style of
programming, at least some of the benefits can be achieved
through library classes without changing the C++ language and
compilers. The accompanying sample code defines some utility
class templates which may be used as members of domain
classes:

Property —aread-write property with datastore and automatically
generated get/set functions. Thisis what C++/CLI calls
atrivial scalar property.

ROPr operty — aread-only property calling a user-defined getter.
WOPTroperty —awrite-only property calling a user-defined setter.

RWPr operty — a read-write property which invokes user-defined
functions.

IndexedPr operty — a read-write named property with indexed
access to own data store.

For programmer convenience these classes offer three redundant
syntaxes for accessing their data members (or apparent data
members — properties need not have real storage behind them):

« function call syntax
» get/set functions

e operator = (T) andoperator T() for assignment to and
from properties.

The read-only and write-only property classes implement only
the accessors appropriate to their semantics, but for compatibility
with C++/CLI they do reserve (unimplemented) the unnecessary
get or set identifier.

Instances of the utility templates as outlined in this paper do
have an address, they have a type for template deduction, and
they can be used in achain of assignments. They can also be used
with today’ s compilers and debuggers. If someone bringsforward
aRAD tool to read and manipul ate properties through metadata,
then a “property” modifier or some other marker for the tool
could be added to their declaration to help in generating the
metadata.

This technique, described in its basic form in C++ Report back
in 1995[3], seems at least as convenient, and produces as
economical source code, as most uses of properties. The basic
assignment and return functions can beinlined, and therefore should
beefficient. In order to support chaining, the setter functionsreturn
their new value, but for complete compatibility with C++/CL1 they
should have avoid return type.

One objection to these that has been raised is that CLI
properties alegedly take up no space inside a class, whereas a
C++ subobject cannot have a size of 0 (ignoring certain clever
optimizations). On the other hand, | expect that most useful
properties will need someway to preserve state betweenset and
get , and that has to take up space somewhere. The size of
Propert y<T> takes up as much space as a single object of its
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template parameter, while the other three hold only a single
pointer to an implementation object. Note that the Cbj ect and
member function template parameters do not have to refer to the
containing object, though that is likely to be the most common
usage. They could delegate the processing to an external or
nested hel per class. The choice of implementation object (though
not its type or member functions) can even be changed
dynamically, and several objects could share a single
implementation object.

The biggest inconvenienceto these classesthat | perceiveisthat
al but the simplest Pr oper t y<T> instances need to be initialized
a runtime with the address of their implementation object (usualy
the containing class). A smaller inconvenience is that using them
on the right hand side of an assignment invokes a user-defined
conversion, which could affect overload resolution and a sequence
of conversions.

One of the features of C++/CLI propertiesis that they can be
declared as virtua or pure virtual, for polymorphic overriding by
derived classes. This obvioudy is not possible with data member
declarations. But if theimplementation object (which usually means
the containing object) is itself polymorphic and the designated
member functions are virtual, then the property will behave in a
polymorphic fashion.

The C++/CL1 feature of default (nameless) indexed properties
can be simulated with a member operator [] (except that in
C++/CLI indexes can take multiple arguments, but there is a
separate proposal for C++ to alow comma-separated arguments
inside square brackets).

Asidefrom mattersof stylistic preference, | can seetwo possible
scenarios in which these classes might be useful. One scenario
would be in source code which needs to be portable between
C++/CLI and standard C++ environments. Using the
Property<T> templates on the standard C++ side could
compensate for alack of compiler support for properties.

The second scenario would be for migrating code which uses
public data members to a more encapsulated style. The class
definitions could be rewritten to use the Pr oper t y<T> templates,
while client code need not be rewritten, only recompiled.

A brief sample program (at the end of this article) shows the
utility classesin use. Asitillustratesthree different stylesof setting
and getting a property value, the expected output isthis:

Name = Pinkie Pl atypus

Name = Kuddly Koal a

Name = WIlie Wnbat

I D = 12345678

ID = 9999

ID = 42

Children = 42

Children = 42

Children = 42

WO function nyCd ass::addWight called with
val ue 2.71828

WO function nyCd ass::addWight called with
val ue 3.14159

WO function nyCd ass::addWight called with
val ue 1.61803
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Secretkey = ****x*
Secretkey = 1111
Secretkey = 2?2?7272
Convenor = Herb

M nut es = Daveed
Coffee = Francis

Lois Goldthwaite
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Initialisation Methods for
Properties

Overload Technical Reviewer Phil Bass raised this question
while reviewing the article for publication:

The ROProperty, WOProperty and RWProperty classes provide a
function call operator for initialisation. Why don’t they have
constructors instead?

After looking over the code now (it was originally written last
April) | have added a default constructor which makes sure the
pointers are set to 0 for safety. But they still need to have an
initialisation function. Initialising them, either with a named
function or an overloaded function call operator, gives runtime
flexibility. These are the benefits that occur to me:

« If theimplementation object were initialised in aconstructor, it
would create a dependency on the prior existence of the
implementation object. In a complex application where such
dependencies might be chained or even circular, thiswould be
a nuisance.

» Theimplementation object can be rebound. | don’t know of any
specific use cases that would drive this, but the capability falls
out of doing it thisway and might prove useful.

* One implementation object could serve several different
instances of objectswith aproperty. Again, it just falls out. If
pressed to come up with ause case, | would look for asituation
where the ‘property’ has to be extracted from some
heavyweight situation — a database, a large table in memory,
a remote procedure call, or some kind of bottleneck where
localised optimisations like caching could make a difference.
This encapsulates the resource issues and shares the benefits
around.

» Since the function call operator (or some initialisation
function) has to exist anyway, adding a constructor call
which takes a value might confuse some programmers as to
which they were calling. It wouldn’t confuse the compiler —
Number Of Chi | dren(p) in aninitialiser list for myCl ass
would invoke the constructor, whereas
Nunber Of Chi | dren(t hi s) insideanyCl ass constructor
is calling the oper at or () () — but they look alike in code
and many people are kind of vague about such details (which
is areason why many people avoid function objects).

» The combination of the first and last points above brings us to
the REAL reason why wedon't initidliseit in a constructor: the
most common use caseis likely to be that the enclosing object
exposing the property provides its own implementation for it.
If we need to initialise a data member with a constructor, we
would naturally expect to do so in the initialiser list of the
enclosing object’ s congtructor, like this:

nyC ass() Nurmber OF Chi | dren(t hi s),

Wi ght edVal ue(this),

Secretkey(this) {}

But as the nyCl ass instance doesn’t really exist before its
constructor is entered, using its this pointer as an argument to
the member constructors in the initialiser list seems, well,
dubious. Of my three test compilers only MSVC++ gave &
warning that “the this pointer is only valid within nonstatic
member functions.” All three compiled and ran this program, but
| wouldn't want to rely on that as proof of correctness. I'm
afraid | did not devise a stress test involving a polymorphic
hierarchy to see how far | could push it before something broke.

| did think hard about what syntax in a property class
constructor would be able to deduce the address of the property’s
enclosing object as a default — that would be really useful! — but
concluded thereis no way to say that in C++. So, since the user of
the class will have to initialise it at some point, not having a
constructor means that initialisation hasto go into the body of the
enclosing object’ sconstructor rather thanitsinitialiser list. | opted
for the function call syntax as more concise than anamed member
function.

| admit that all thiswaswritten as a proof-of-concept rather than
well-tested production code. For industrial-strength use, one needs
to envision pathological scenarios that might arise. If the
overloaded setter using function-call syntax ever takesaparameter
of the same type as the implementation object (value has type
bj ect *), thereisgoing to be an ambiguity with the initialiser;
for this situation the solution is a named initialiser member
function and/or anamedset () function. Another low-probability
scenario (which means one that is guaranteed to bite you sooner
or later) isusing an external implementation object which isitself
aconst instance. The workaround for this would be another,
dightly different, utility classtemplate wrapping aconst Cbj ect
* my_obj ect;
One of the advantages of implementing properties as library
classes instead of a built-in language feature is that the
programmer can vary or extend them as needed!
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/1 Some utility tenplates for emul ating

/'l properties —preferring a library solution
/1 to a new | anguage feature

/1 Each property has three sets of redundant
/'l acccessors:

/1 1. function call syntax

/1 2. get() and set() functions

/1 3. overloaded operator =

/1l a read-wite property with data store and
/1 automatically generated get/set functions.

// this is what C++/CLI calls a trivial scalar

/'l property
tenpl ate <class T>
cl ass Property {
T dat a;
public:

/1 access with function call syntax
Property() : data() { }
T operator()() const {
return data;
}
T operator () (T const & value) {
data = val ue;
return data;

}

/1 access with get()/set() syntax
T get() const {
return data;
}
T set(T const & val ue) {
data = val ue;
return data;

}

/1 access with '='" sign
/1 in an industrial-strength library,
/| specializations for appropriate types
/1 m ght choose to add conbi ned operators
/1 like +=, etc.
operator T() const {
return data;
}
T operator=(T const & value) {
data = val ue;
return data;
}
typedef T val ue_type;
/1 mght be useful for tenplate
/| deductions

b

/1 a read-only property calling a
/1 user-defined getter
tenpl ate <typenane T, typename Object,
T (Ooject::*real _getter)()>
cl ass ROProperty {
oj ect * ny_obj ect;
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public:
ROProperty() : ny_object(0) {}
ROProperty(Object * me = 0)
ny_obj ect (ne) {}

/1 this function nust be called by the
/1 containing class, normally in a
// constructor, to initialize the
/1 ROProperty so it knows where its
/1 real inplenmentation code can be
/] found.
/1 obj is usually the containing
// class, but need not be; it could be a
/1 special inplenmentation object.
voi d operator()(Object * obj) {
nmy_obj ect = obj;
}

/1 function call syntax
T operator()() const {
return (nmy_object->*real _getter)();

}

/1 get/set syntax
T get() const {
return (nmy_object->*real _getter)();
}
voi d set (T const & val ue);
/'l reserved but not inplenented,
[l per C++/CLI

// use on rhs of '=
operator T() const {
return (ny_object->*real getter)();

}

typedef T val ue_type;
/1 mght be useful for tenplate
/| deductions

I

/[l a wite-only property calling a
/'] user-defined setter
tenmpl ate <class T, class Object,
T (Object::*real _setter) (T const &) >

cl ass WOProperty {

Chj ect * ny_object;
public:

WOProperty() : ny_object(0) {}

WOPr operty(Chject * me = 0)

ny_obj ect (me) {}

/1 this function nust be called by the
/1 containing class, normally in a
// constructor, to initialize the
/1 WOProperty so it knows where its real
/1 inplenentation code can be found
voi d operator()(Object * obj) {

nmy_obj ect = obj;
}
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/1 function call syntax
T operator () (T const & value) {
return (my_object->*real _setter)(val ue);
}
/1 get/set syntax
T get() const;
/1 reserved but not inplenented,
/1 per C++/ CLI
T set(T const & val ue) {
return (my_object->*real _setter)(val ue);

}

/1 access with '=" sign
T operator=(T const & value) {
return (my_object->*real _setter)(val ue);

}

typedef T val ue_type;
/1 mght be useful for tenplate
/| deductions

b

/1 a read-wite property which invokes
/1 user-defined functions
tenpl ate <class T,

cl ass bj ect,

T (Opject::*real _getter) (),

T (Ooject::*real _setter)(T const &) >

cl ass RWProperty {
oj ect * ny_obj ect;
public:
RWPr operty() : my_object(0) {}
RWPr operty(Obj ect * me = 0)
ny_obj ect (nme) {}

/1 this function nmust be called by the
/1 containing class, normally in a
// constructor, to initialize the
/1 ROProperty so it knows where its
/'l real inplenmentation code can be
/1 found
voi d operator()(Qoject * obj) {
ny_obj ect = obj;
}

/1 function call syntax
T operator()() const {
return (ny_object->*real getter)();
}
T operator () (T const & value) {
return (my_object->*real _setter)(val ue);

}

/1 get/set syntax
T get() const {
return (ny_object->*real getter)();
}
T set(T const & val ue) {
return (my_object->*real _setter)(val ue);

}
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/1 access with '='" sign
operator T() const {
return (ny_object->*real getter)();
}
T operator=(T const & value) {
return (my_object->*real _setter)(val ue);

}

typedef T val ue_type;
/1 mght be useful for tenplate
/| deductions

b

/1 a read/wite property providing i ndexed
/'l access.
/1 this class sinmply encapsul ates a std:: map
/1 and changes its interface to functions
/1 consistent with the other property<>
/'l classes.
/'l note that the interface conbines certain
/1 limtations of std::map with
/1 some others fromindexed properties as
/1 1 understand them
/1 an exanple of the first is that
/1 operator[] on a map will insert a
/1 key/value pair if it isn't already there.
/'l A consequence of this is that it can't
/1l be a const nenber function (and therefore
/1 you cannot access a const nmap using
/1 operator [].)
/1 an exanple of the second is that indexed
/'l properties do not appear to have any
/1 facility for erasing key/value pairs
/1 fromthe container.
/1 C++/ CLI properties can have
/1 multi-dinensional indexes: prop[2,3].
/1 This is not allowed by the current rules
/1 of standard C++
#i ncl ude <map>
tenpl ate <cl ass Key,
class T,
cl ass Conpare = std::|ess<Key>,
class All ocator
= std::allocator<std::pair<
const Key, T> > >
cl ass I ndexedProperty {
std:: map<Key, T, Conpare,
Al | ocat or > dat a;
typedef typenane std::map<Key, T, Conpare,
Al l ocator>::iterator
map_i terator;
public:

/1 function call syntax
T operator()(Key const & key) {
std::pair<map_iterator, bool> result;
resul t
= data.insert(std:: make_pair(key, T()));
return (*result.first).second,

}
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T operator()(Key const & key, /1 addWeight is the real set function
T const & t) { /1 supporting Wi ghtedVal ue property
std::pair<map_iterator, bool> result; fl oat addWei ght (fl oat const & val ue) {
resul t std::cout << "WD function "
= data.insert(std::make_pair(key, t)); << "nydC ass::addWei ght
return (*result.first).second, << "called with value "
} << val ue
<< std::endl;
/1 get/set syntax return val ue;
T get _ltemKey const & key) { }
std::pair<map_iterator, bool> result; /1 set Secretkey and get Secret key support
resul t /'l the Secretkey property
= data.insert(std::mke_pair(key, T())); std::string setSecretkey(
return (*result.first).second; const std::string& key) {
}
T set_ltenmKey const & key, /] extra processing steps here
T const & t) {
std::pair<map_iterator, bool> result; return secretkey_(key);
result }
= data.insert(std::make_pair(key, t)); std::string getSecretkey() {
return (*result.first).second,
} /] extra processing steps here
/1 operator [] syntax return secretkey_();
T& operator[] (Key const & key) ({ }
return (*((data.insert(make_pair(
key, T()))).first)).second; public:
} /1 Nanme and ID are read-wite properties
}; // with automatic data store

Property<std::string> Naneg;
Property<l ong> I D

I

/1 and this shows how Properties are /1 Nunmber _of _children is a read-only
/| accessed: [l property

/1 ROPr operty<int, myd ass,

&myd ass: : nyKi ds> Nunber O Chi | dr en;
#i ncl ude <string>

#i ncl ude <i ostreanr /1 WeightedValue is a wite-only
/1 property
class nyd ass { WOPr operty<fl oat, nyC ass,
private: &y Cl ass: : addWei ght > Wei ght edVal ue;

Property<std::string> secretkey_;
/1 Secretkey is a read-wite property

/'l --user-defined inplementation functions-- /1 calling user-defined functions
/1 in order to use these as paraneters, RWPr operty<std::string, nyC ass,
/1 the conpiler needs to see them &nyCl ass: : get Secr et key,
/1l before they are used as tenplate &nyCl ass: : set Secr et key> Secr et key;
/1 argunents. It is possible to get rid
/1 of this order dependency by witing I ndexedPr operty<std::string,
/1 the tenplates with slight std::string> Assignnents;
/1 differences, but then the program
/1 must initialize themwth the /1 constructor for this myCl ass object
/1 function addresses at run tinme. /1 must notify nenber properties
/1 what object they belong to

/1 nyKids is the real get function myC ass() {
/1 supporting Number O Chil dren Nurber OF Chi | dren(t hi s);
/'l property Wi ght edVal ue(this);
int nmyKids() { Secr et key(this);

return 42; }
} H

33



Overload issue 65 february 2005

int main() {
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nyC ass thing;

/'l Property<> nenbers can be accessed
/1 with function syntax ...
t hi ng. Nane(" Pi nki e Pl atypus");
std::string sl = thing. Nanme();
std::cout << "Nane ="

<< sl

<< std::endl;

/1l ... or with set/get syntax ...
t hi ng. Nane. set (" Kuddl y Koal a");
sl = thing. Nanme. get();
std::cout << "Nane ="

<< sl

<< std::endl;

/1l ... or with the assignnent operator
thing. Nane = "WIIlie Wnbat";
sl = thing. Nane;
std::cout << "Nane ="
<< sl
<< std::endl;
std::cout << std::endl;

/1 The same applies to Property<> menbers
/1 wrapping different data types
thing. 1 D(12345678);
long id = thing. 1 D();
std::cout << "ID ="
<< id
<< std::endl;

t hing. 1 D. set (9999);
id = thing.ID. get();
std::cout << "ID ="
<< id
<< std::endl;

thing. 1D = 42,
id = thing.ID
std::cout << "ID ="
<< id
<< std::endl;
std::cout << std::endl;

/1 And to ROProperty<> nenbers
int brats = thing. Nunber O Children();
std::cout << "Children ="

<< brats

<< std::endl;

brats = thing. Nunber O Chil dren. get();
std::cout << "Children ="

<< brats

<< std::endl;

brats = thing. Nunber & Chi |l dren;
std::cout << "Children ="

<< brats
<< std::endl;
std::cout << std::endl;

/1 And WOProperty<> nenbers
t hi ng. Wi ght edVal ue( 2. 71828);

t hi ng. Wi ght edVal ue. set (3. 14159);

t hi ng. Wei ght edVal ue = 1.618034;
std::cout << std::endl;

/1 and RWProperty<> nenbers
t hi ng. Secr et key("*****");
std::string key = thing. Secretkey();
std::cout << "Secretkey ="

<< key

<< std::endl

key = thing. Secretkey.get();
std::cout << "Secretkey ="
<< key
<< std::endl

key = thing. Secretkey;
std::cout << "Secretkey ="
<< key
<< std::endl;
std::cout << std::endl;

/1 and | ndexedProperty<> nenbers.
/1 Multiple indices in square brackets
/1 not supported yet
t hi ng. Assi gnnent s(" Convenor ",
"Herb");

std::string job = thing. Assi gnnments(

"Convenor");
std::cout << "Convenor ="
<< job
<< std::endl;

t hi ng. Assi gnnents. set_Itenm("M nutes",

"Daveed");
job = thing. Assignnents. get_Iten
"M nutes");
std::cout << "M nutes ="
<< job
<< std::endl;
t hi ng. Assi gnnent s[ " Cof fee"] = "Francis";

job = thing. Assi gnnents[" Cof fee"];
std::cout << "Coffee ="

<< job

<< std::endl;
std::cout << std::endl;

return O;



