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Abstract

This article dev elops a pro ject-neutral approac h to cleaning up standard con tainers in C++. W e will

sho w ho w the clean up of an y con tainer can b e reduced to a single API call, no matter ho w deeply nested

the con tainer is, nor ho w man y sub con tainers it ma y con tain, nor with clien t-side regard to whether the

con tained items are p oin ter- or v alue-t yp es. This op ens up the do or to pro viding exception-safe, p oin ter-

holding con tainers without the use of smart p oin ters. The approac h is suitable for a wide v ariet y of t yp es,

but w e will demonstrate with standard con tainers b ecause those are a particular problem when it comes to

cleaning up unmanaged p oin ters in the face of exceptions.

This article and the source co de dev elop ed for it are released in to the Public Domain.

Revision History:

10 July 2005: initial revision

Con ten ts

1 In tro duction 1

1.1 Preliminaries . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1

1.2 What is this all ab out? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2

1.3 Motiv ating problem . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3

1.4 Source co de . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4

2 Constructing the implemen tation 4

2.1 A clien t-side API . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4

2.2 cleanup_traits< T> . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4

2.3 cleanup_functor . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5

2.4 Cleaning up a list<T> . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6

2.5 Cleaning up a map<K,V> . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7

2.6 Protecting against leaks during exceptions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8

3 W rapping up 9

3.1 Re-examining the motiv ating problem . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9

3.2 Simplifying creation of clean up functors or cleanup_traits . . . . . . . . . . . . . . . . . . . . . 9

3.3 It ain't just for con tainers... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9

3.4 What ab out cleaning up void p oin ters and arra ys? . . . . . . . . . . . . . . . . . . . . . . . . . . 10

3.5 Ciao! . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10

References 10

1 In tro duction

1.1 Preliminaries

This article assumes m uc h prior kno wledge regarding C++. In particular, w e will mak e man y assumptions

ab out y our understanding of ho w template sp e cializations and p artial template sp e cializations w ork. If these
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terms mean nothing to y ou, this article isn't lik ely to, either, but y ou can certainly �nd some go o d tutorials on

the topic on the net, or in the classic b o ok C++ T emplates, the Complete Guide , b y Nicolai Josuttis.

Just as w e will mak e man y assumptions ab out your kno wledge, w e're also going to mak e some ab out mine: in

particular the kno wledge that i am often mistak en! If y ou �nd a bug in this article or the accompan ying source

co de, please rep ort it. An y and all feedbac k are w elcomed, and y our feedbac k ma y b e used to impro v e future

v ersions of this article and the source co de. Y ou can reac h me via email:

stephan@s11n.net

The home page for this pap er is:

http://s11n.net/ pa per s/

This article is dedicated to martin f. kra�t (h ttp://libfac.sourceforge.net) and Christian Pro c hno w (h ttp://www.p classes.com),

b oth of whom pro vided v ery in�uen tial feedbac k while i w as w orking through libs11n's exception handling rules.

That w ork w as the main inspiration for this article.

1.2 What is this all ab out?

Ha v e y ou ev er had a con tainer lik e this:

map<int,T*>

or this:

list< map<int,T*> >

or ev en this:

deque<list<multi ma p<i nt ,T *>* >* >

???

Y ou probably ha v e, and y ou are probably w ell a w are the fact that in none of those cases are the p oin ters o wned

b y their con tainers. What do es that mean? It means, if w e destro y the con tainers with transfering o wnership

of the con tained p oin ters, the p oin ters will le ak .

There are sev eral approac hes to handling this t yp e of clean up:

� Man ually w alk the con tainer, or use std::for_each() and appropriate functors, and delete the p oin ters as

y ou go. This requires kno wing the structure of the con tained elemen ts, and probably requires ha ving some

idea of their t yp e(s), and th us normally requires at least some small amoun t of hand-written, con tainer-

sp eci�c co de p er clean up op eration.

� Use pro xy ob jects to manage access to y our con tainers, suc h that the pro xies clean up the con tainers when

the pro xies are destro y ed.

� F undaman tally the same as pro xying, write y our o wn con tainers whic h manage p oin ters. It is not uncom-

mon to see a PtrList class template in utilit y libraries.

� Use smart p oin ters, so that when a con tainer holding the p oin ters is destro y ed, the p oin ters actually

clean up themselv es. The only signi�can t do wn-side to this approac h is that it imp oses a sp eci�c smart

p oin ter implemen tation on the clien t. As there isn't y et a standardized smart p oin ter implemen tation,

the c hoice of implemen tation is still v ery m uc h a p ersonal issue, and not one i feel is w orth imp osing on

users of a giv en library unless the smart p oin ters pla ys a signi�can t role in the encompassing library (e.g.,

as in Bo ost [www.b o ost.org]). While w e cannot discoun t smart p oin ters as a viable solution, w e will not

consider smart p oin ters here.

There are certainly other approac hes, but those are the ones i can think ab out o� the top of m y head.

W e're going to try a di�eren t route. The goal is, in e�ect, ha ving a single function with whic h w e can clean

up arbitrary con tain tainers, irresp ectiv e of nesting lev el, p oin terness o� the con tained t yp es, and the actual

con tained t yp es themselv es (pro vided they are compatible with our framew ork).
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1.3 Motiv ating problem

The original motiv ation for the API w e will dev elop here came ab out while w orking on libs11n 1.1.3. While

exp erimen ting with the exception con v en tions, i realized that there w ere exception/failure cases in whic h the

library w ould leak sometimes . The b eha viour w as predictable and de�nable, but en tirely dep enden t on what

templatized t yp es w ere b eing used. The fundamen tal problem w as, for the places at whic h this happ ened there

w as literally no logical course of action the co de could tak e. The only thing it could do w as call delete and

hop e for the b est. And that works in man y cases... but not in the case of con tainers holding p oin ters, or nested

con tainers where one of the sub-con tainers holds unmanaged p oin ters. i unfortunately failed to see that early

on, as i didn't fully consider the full implications of deleting an y giv en t yp e. A t that lev el of the library failures

rarely happ en (they happ en up-stream, in i/o), so the bug w en t unnoticed un til a full review of the core source

co de a long time (a bit o v er a y ear) after the co de w as in tro duced in to the library .

In an y case, this w as completely unacceptable b eha viour on the library's part, and needed to b e �xed. So, i sat

do wn to implemen t an idea i'd b een tossing around for almost a y ear, and had tried exp erimen tally in another

tree at one p oin t. This pap er co v ers that approac h, and sho ws that it can signi�can tly simplify the clean up of

not only con tainers, but arbitrary t yp es whic h hold unmanaged p oin ters. W e will dev elop a small library whic h

pro vides suc h supp ort to arbitrary clien t co de.

T o pro vide a concrete example let's go o v er the case in the s11n library so w e can mak e it clear wh y w e needed

something more �exible than delete() . Rather that use the s11n co de for demonstration, whic h w ould require

a signi�can t deal more bac kground kno wledge than necessary for our purp oses, w e will abstract it a bit.

Assume w e ha v e the follo wing free function:

template <typename T> T * create_object( const data_source & src );

Assume that data_source is a DOM-lik e con tainer, but that's not at all imp ortan t for our purp oses. i p oin t it

out only to explain wh y the function argumen t is const (whereas an input str e am w ould not b e const).

This function's purp ose is to create an ob ject, deserialize it using the giv en data source, and giv e it bac k to the

user. Ho w it do es this is unimp ortan t for purp oses of solving the clean up problem, so w e w on't go in to that

lev el of detail.

The con v en tions of the function are that on succcess it returns a non-n ull p oin ter (whic h the caller o wns), and

on error it returns 0 (or ma y propagate an exception from elsewhere).

It p erforms the follo wing op erations:

1. T ry to create a T ob ject. If that fails, w e can safely bail out with no c hance of a leak. (This c an fail

b ecause w e use a classloader to load new t yp es, p olymorphically if needed.)

2. Use some algorithm to p opulate the ob ject from src (i.e., to �deserialize� it).

3. If the op eration succeeds, return the new ob ject, else...

4. T is in an unde�ned state - w e need to destro y it. How to safely destr oy this obje ct is the sole topic

of this article!

The problem is, that approac h will w ork �ne for an y T whic h do es not con tain �unmanaged p oin ters� - p oin ters

nob o dy (y et) o wns, in the sense of �who's going to delete them?� Once T is a container<X*> , that logic breaks

do wn considerably . What w e need is a w a y to w alk con tainers without ha ving to kno w their t yp es nor underlying

structure, suc h that w e can deallo cate an y suc h p oin ters, ev en in the case of nested con tainers.

This pap er explains ho w w e can satisfactorily solv e this problem for an y T whic h meets a minimal set of

requiremen ts. Namely:

1. If T is a p oin ter-quali�ed t yp e, this co de m ust b e legal: delete anInstanceOfT;

2. The destructor m ust not thro w. This is a general C++ guideline, and t yp es with destructors that thro w

are categorically forbidden from use with the STL [CCS2005 ].

That's it, really , as far as concrete requiremen ts go. Some t yp es, namely con tainers, will ha v e some �indirect�

requiremen ts, and w e will sho w ho w to accommo date those as our framew ork is �eshed out.
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1.4 Source co de

The complete source co de dev elop ed for this article should b e a v ailable at the article's home page:

http://s11n.net/ pa per s/

The source co de should build on an y C++ compiler supp orting partial template sp ecialization. Compilers

without this feature are implicitely not supp orted, b ecause this feature is (in m y opinion) essen tial to solving

this problem satisfactorily .

2 Constructing the implemen tation

No w let's build a library capable of handling our motiv ating problem...

2.1 A clien t-side API

First let's la y do wn our �clien t API� - the public in terface whic h serv es as the core en try p oin t in to our ev en tual

functionalit y . Let's try:

template <typename T> void cleanup( T & obj ) throw();

The job of the function is to �clean up� the ob ject, with the exact de�nition of �clean up� b eing left a bit hazy

b ecause it is inheren tly t yp e-sp eci�c. In brief �clean up� essen tially means �delete p oin ters,� but migh t also

include t yp e-sp eci�c b eha viours. W e will see examples of this so on, so don't w orry to o m uc h ab out these details

just y et.

The throw() (i.e., thro ws no exceptions) quali�cation w ould seem to b e justi�ed. As thro wing exceptions from

destructors is normally considered a bad idea in C++, b y extension w e can conclude that cleanup() 's logical

role in the destruction pro cess w arran ts the same guaran t y . This justi�cation is admittedly philosophical in

nature, so implemen tors should feel free to c hange the thro w sp eci�cation to suit them. [A few da ys after writing

this i b ough t a cop y of [CCS2005 ], and its Item 51 seems to bac k up this decision.]

W e're going to jump the gun just a small bit: as it turns out, it simpli�es some of our algorithms later if w e

ha v e the follo wing o v erload for our clean up function:

template <typename T> void cleanup( T * & obj ) throw();

The di�erence b et w een this and the �rst form is that this one deletes the ob ject and assigns it to zero after

passing the call on to cleanup<T>(*obj) . Wh y w e w an t this will b ecome clear later on. The assignmen t to

zero is not mandatory , but seems reasonable and helps us test the co de for prop er functionalit y . F or example,

the follo wing co de demonstrates the e�ect of the second form:

T * t = new T;

cleanup<T>( t );

assert( 0 == t );

The assertion will pass if all has gone w ell (and if NDEBUG isn't de�ned, whic h disables assert() ).

With those t w o functions, w e ha v e the c omplete public API for the functionalit y w e need. What w e need

no w is some w a y of translating sp eci�c requiremen ts for sp eci�c t yp es in to calls to di�eren t handlers. F or our

purp oses, templates �ll this role nicely , so w e will pursue a solution based up on templates and �compile-time

p olymorphism.�

2.2 cleanup_traits<T>

No w w e jump to the �middle part� of the problem and de�ne a traits t yp e. The t yp e has only one purp ose: to

map a giv en T to a set of rules (a functor) whic h kno ws ho w to clean up a T ob ject. The t yp e lo oks something

lik e this:

template <typename T> cleanup_traits {
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typedef some_functor cleanup_functor ; // cleanup rules for T

typedef T cleaned_type; // for use with algos/functors

};

W e will use the cleanup_traits t yp e to translate calls to cleanup<T>() through the prop er (installed) functor.

Ab o v e i said this w as the �middle� of the problem. Let's see ho w w e can connect this part with the �rst part,

our public API. Here are p oten tial implemen tations of our cleanup() functions:

template <typename T>

void cleanup( T & t ) {

typedef typename cleanup_traits<T> :: cle an up _fu nc to r CF;

CF cf;

cf(t);

}

template <typename T>

void cleanup( T * & t ) {

cleanup(*t);

delete t;

t = 0;

}

Though the �rst v arian t can b e implemen ted as one long line, i ha v e brok en it do wn in to smaller steps, �rst for

clarit y , and secondly b ecause some compilers don't app ear to lik e:

typename cleanup_traits<T >:: cl ea nup _f un cto r( )( t);

Regarding the second form: if y ou aren't familiar with the reference-to-p oin ter syn tax, don't b e alarmed. While

o dd-lo oking, it is p erfectly v alid and allo ws us to do some things to a p oin ter whic h w e cannot do to a p oin ter

passed in to a function, lik e assign it to zero.

Before w e go on, let's mak e one highly arguable addition whic h eases m y mind a bit:

template <typename T> cleanup_traits< T* > : public cleanup_traits<T> {};

i hop e to b e able to explain/justify this fully at some p oin t. The main implication of it is that cleanup_traits<T *> :: cle an ed _ty pe

do es not ha v e a p oin ter quali�er. This simpli�es some algorithm co de later on, but is otherwise not essen tial to

the framew ork.

If y our pro ject already uses some sort of traits t yp e for storing t yp e information, y ou migh t consider adding

cleanup_functor to y our existing traits t yp e, rather using cleanup_traits . Whether this is appropriate or

not dep ends on y our pro ject and the scop e of y our traits t yp e.

2.3 cleanup_functor

Remem b er that some_functor t yp e w e declared in cleanup_traits ? W ell, w e need to de�ne it. In fact,

w e need a default implemen tation w e can sp ecify in the base cleanup_traits de�nition. As it turns out, a

reasonable implemen tation do es exist for arbitrary t yp es:

� F or p oin ter t yp es, delete them.

� F or reference/v alue t yp es, do nothing . Let the normal destruction of stac k-allo cated ob jects do its thing.

That is a bit o v ersimpli�ed, but that's essen tially what it b oils do wn to. Note that w e ha v e shifted the p oin ter-

handling in to cleanup(T*&) , so the sp eci�c clean up functors do not kno w whether the ob ject they are cleaning

up is itself a p oin ter or a reference.

Here is what the default implemen tation of the clean up functor lo oks lik e:
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template <typename T>

default_cleanup_ fu nct or {

typedef T cleaned_type;

void operator()( cleaned_type & ) const {

// NOTHING!

}

};

Wh y on earth do w e w an t to do nothing there? Because w e cannot apply an y giv en set of rules to a reference of

an y giv en t yp e, so the default rule (i.e., the default implemen tation) is to do nothing. Before mo ving on, let's

sho w that this is really the b eha viour w e w an t via examining a function lik e the one in our motiv ating example:

template <typename T>

T * create_object( SomeType input ) {

T * t = new T;

if( ! restore_state(i np ut, *t ) ) {

cleanup( t ); // t is deleted and assigned 0

}

return t;

}

(Note that w e ha v e a p oten tial leak in the case of an exception, but w e will co v er that later on.)

Let's men tally substitute some v arious t yp es for T and v erify what cleanup(t) do es:

� T is a POD t yp e: t is cleaned up (a no-op) then deleted.

� T is a clien t-side t yp e: t is cleaned up (no-op unless sp ecial cleanup_traits< T> ::c le an up_ fu nc tor

de�ned) and deleted. This is normal ly correct for clien t-side classes.

� T is a con tainer: this is where w e need to tak e care. Read on...

No w, if w e're comfortable with the con v en tions w e'v e laid out so far (they seem reasonable enough to me),

w e are actually done with the �rst and second la y ers of the framew ork. The �nal la y er is in the t yp e-sp eci�c

clean up rules.

What w e need no w is to install rules for sp eci�c con tainers, whic h should w alk the con tainers and call cleanup()

on eac h item. This can b e done in one of t w o w a ys:

1. Sp ecialize, or partially sp ecialize, cleanup_traits< T> for the con tainer t yp e.

2. Sp ecialize, or partially sp ecialize, default_cleanup_ fun ct or <T> for the con tainer t yp e. (This is wh y the

template parameter for the default functor is sp eci�ed at the class lev el, not function lev el.)

The approac hes are equiv alen t, and whic h y ou use is probably a question of taste and existing pro ject con v en tions

(if an y).

2.4 Cleaning up a list<T>

Giv en our core API and a default clean up functor, w e fundamen tally ha v e ev erything w e need to clean up

nearly an y structure. As the main motiv ation for this article is standard con tainers, let's start with a simple

one: list<T> , where T ma y optionally b e p oin ter-quali�ed.

Ab o v e w e listed t w o w a ys to install rules for a t yp e with the core framew ork. F or this example w e will sp ecialize

the default functor, though this approac h is fundamen tally no di�eren t than sp ecializing cleanup_traits and

sp ecifying a di�eren t functor.

Before w e start, let's jump a bit ahead (again) and write a small functor whic h w e will use v ery so on to simplify

the list-w alking co de:
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struct do_cleanup {

template <typename T> void operator()( T & t ) throw() {

cleanup( t );

}

template <typename T> void operator()( T * & t ) throw() {

cleanup<T>( t );

}

};

No w let's �x cleanup<list<T* > >() so that it w orks prop erly:

template <typename VT>

struct default_cleanup_ fu nct or < std::list< VT > > {

typedef std::list< VT > cleaned_type;

void operator()( cleaned_type & c ) throw() {

std::for_each( c.begin(), c.end(), do_cleanup() );

c.clear();

}

};

What w e'v e done is actually ensured t w o things: that b oth cleanup<list<T*> >() and cleanup<list<T> >()

will w ork as exp ected for an y T whic h has a v alid clean up functor installed.

The ab o v e sp ecialization of the default template w orks for al l standard list-lik e con tainers, not just std::list :

the only thing whic h needs to b e c hanged is the std::list text. This includes vector , deque , set and

multiset , plus y our o wn t yp es whic h are con v en tions-compatible with those.

No w let's lo ok again at the b eha viour of this call:

typedef list<T *> ListT;

ListT list;

... populate list ...

cleanup( list );

Let's assume T is:

� a POD: eac h will b e cleaned up (a no-op) and then deleted.

� list<int> : eac h sublist will b e recusiv ely w alk ed and cleaned up, then deleted.

� list<list<list<X *> *>* > : same as ab o v e. So far so go o d.

� list<map<int,X*> > : the p oin ters in the map will b e leak ed.

W e kno w ho w to �x that last case, so let's do it...

2.5 Cleaning up a map<K,V>

Clearing a map is almost lik e cleaning a list. There is one glaring problem, ho w ev er: the k eys of maps are

constan t ob jects. In short, this means w e cannot apply clean up rules to them without violating their constness.

Giv en this, and the rarit y of using unmanaged p oin ters as k eys in maps, w e will c hic k en out and declare that

map keys are not cleaned up b y our rules.

Here's what a clean up functor for all standard maps migh t lo ok:

template <typename KT, typename MT>

struct default_cleanup_ fu nct or < std::map< KT, MT > > {
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typedef std::map< KT, MT > cleaned_type;

void operator()( cleaned_type & c ) throw() {

typedef typename cleaned_type::i te rat or IT;

IT b = c.begin();

IT e = c.end();

if( e == b ) return;

typedef typename cleanup_traits< MT >:: cl ean ed _t ype MTBase; // stripping

pointer part

for( ; e != b; ++b ) {

cleanup<MTBase>( (*b).second ); // this is why we wanted to strip

any pointer part

}

c.clear();

}

};

As for the list-based algorithm, this exact same co de will also w ork with m ultimaps: simply replace std::map

with std::multimap . It is also ignoran t of the p oin terness of the con tained t yp es: they are handled iden tically

regardless of whic h they are. The only di�erence in p oin ter-vs-reference handling is in cleanup() , where the

p oin ter-based o v erload will delete the p oin ters, whereas stac k-allo cated ob jects will b e destro y ed in the call to

c.clear() .

No w let's go lo ok again at the clean up of our infamous list<T> when T is a map t yp e. When the list is cleaned

up, the map will b e w alk ed and an y p oin ters in the �v alue part� of the map are freed (again, k eys are not b ecause

they are const). So the follo wing will w ork as exp ected:

typedef map< int, list< map < string, X *> *> > MapT;

MapT map;

... populate map ...

cleanup( map );

Through the recursiv e application of the cleanup() algorithms, the con tainers are eac h w alk ed and an y p oin ter

en tries deleted. Non-p oin ter en tries are either skipp ed (via the no-op default functor) or w alk ed (if con tainers),

but not deleted (whic h they can't b e). An y stac k-allo cated ob jects will b e destro y ed either b y their con tainer

going out of scop e or via an explicit call to clear() in the clean up functor.

It migh t b e desireable to use a template metaprogramming tec hnique to emit a w arning, or ev en thro w an

exception, if the k ey part of the map is a p oin ter. Remem b er that thro wing is lik ely to cause the program

to ab ort, b ecause cleanup() is declared as no-thro w. This ma y v ery w ell b e preferred o v er a leak of those

p oin ters, ho w ev er. F or the v ery bra v e, feel free to cast a w a y the constness and clean up the k eys - m y resp ect

for constness prohibits me from doing so.

2.6 Protecting against leaks during exceptions

Giv en our ab o v e, API, w e ha v e all that w e really need to protect against a leak in our motiv ating example.

Let's lo ok at it again:

template <typename T>

T * create_object( SomeType input ) {

T * t = new T;

try {

if( ! restore_state(in pu t, *t) ) {

cleanup( t ); // t is deleted and assigned 0

}

catch(...) {

cleanup( t );
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}

return t;

}

While su�cien t, it's a bit ugly . As it turns out, w e can simplify the implemen tation with the use of a

std::auto_ptr -lik e t yp e. The source co de distributed with this pap er con tains a cleanup_ptr class tem-

plate, whic h is used lik e a std::auto_ptr but is in tended sp eci�cally for handling cases co v ered b y our clean up

framew ork. An example:

cleanup_ptr<T> c( new T );

if( operation fails ) return error or throw; // c will clean up the object

return c.release(); // transfer ownership of object to caller

With that simple mec hanism in place w e can simplify clean up during exception/error handling signi�can tly

and, in our case, pro vide some leak-safet y guaran tees whic h simply couldn't b e made without this, or a similar,

feature.

3 W rapping up

The previous section sho w ed us ev erything w e need to kno w to apply t yp e-sp eci�c clean up rules using a trivial

framew ork. Let's lea v e with a few parting notes...

3.1 Re-examining the motiv ating problem

Let's tak e another lo ok at the motiv ating problem describ ed at the top of this article, and sho w ho w our clean up

framew ork approac h allo ws the algorithm to safely reco v er from errors, instead of �sometimes� admitting a leak.

In that case, w e had the follo wing function:

template <typename T> T * create_object( const data_source & src );

After the creation of the clean up framew ork it can predictably , reliably destro y nested ob jects of near-arbitrary

t yp es. It no w p erforms the follo wing op erations:

1. T ry to create a T ob ject. If that fails, w e can safely bail out with no c hance of a leak.

2. P ass src to the new ob ject so the ob ject can p opulate itself.

3. If the op eration succeeds, return the new ob ject, else...

4. The ob ject migh t b e in an unde�ned state: cleanup(obj)

Using the cleanup_ptr<> men tioned ab o v e, the error-handling co de b ecomes trivial to write.

3.2 Simplifying creation of clean up functors or cleanup_traits

One feature whic h w ould certainly simplify using the library is to allo w the creation of clean up functor sp ecializa-

tions, or partial sp ecializations, via macros. The libs11n co de uses this approac h to create partial sp ecializations

for the standard con tainers.

3.3 It ain't just for con tainers...

The mo del sho wn here w orks not only for con tainers. Con tainers are an imp ortan t consideration, indeed the

motiv ating consideration, for the framew ork, but it can also b e used for other purp oses. The original protot yp e

for this co de w as used to clean up items from an underlying database-lik e store. T yp es whic h participated

in the db called the clean up functor from their dtor, passing it their unique db iden ti�er (instead of their

p oin ter/reference). The functor then remo v ed an y data asso ciated with that instance of that t yp e from the db.
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3.4 What ab out cleaning up void p oin ters and arra ys?

This article has sp eci�cally a v oided the handling of void p oin ters and arra ys during clean up b ecause, quite

frankly , i nev er use them. They are artefacts from C, and don't ha v e a place in most mo dern C++ co de. i am

also not certain of the implications of generically freeing a void p oin ter: should w e use free() or delete ? The

std::vector class is compatible with C arra ys and sup erior in ev ery w a y (except that it's a tin y bit larger than

a ra w arra y), so there is no reason not to switc h from arra ys to v ectors.

3.5 Ciao!

Thanks for taking the time to read this article. :)

�� stephan@s11n.net
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