Tcl/C++ Binding Made Easy

�

John Menges, Brian Ladd

Departmen t of Computer Science

Univ ersit y of North Carolina

Chap el Hill, NC 27599

fmenges,laddg@cs.unc.edu

Ma y 27, 1994

Abstract

This p ap er describ es a typ e-safe binding me ch-

anism for mapping Tcl c ommands to c al ls on

memb er functions of p articular C++ obje cts.

Given an e asy-to-write mapping class for e ach

C++ typ e use d in the signatur es of the mem-

b er functions to b e c al le d, our metho d makes it

simple to implement a binding to any memb er

function using any c ombination of these typ es.

1 In tro du ction

The Artifact Based Collab oration System

(ABC)[3] at the University of North Carolina

provides computer supp ort for synchronous

and asynchronous collab oration among dis-

tributed users. ABC is not a single applica-

tion but rather a co op erating collection of

pro cesses. The pro cesses comp osing ABC

have ob ject-oriented designs and are imple-

mented with C++.

Tcl/Tk has b een adopted to provide con-

trol, monitoring, and communication among

the v arious pro cess-level and ob ject-level

comp onents of ABC. A brief description of

�

This work is supp orted in part by the National

Science F oundation (Grant # IRI-9015443), and a

Graduate F ellowship from the IBM Corp oration.

ABC and its use of Tk and Tcl is provided

in a pap er presented at the 1993 Tcl/Tk

W orkshop[1 ].

During system development it is often nec-

essary to exp ose the interfaces of C++ ob-

jects at run-time. This is of particular in-

terest when building sca�olding for exercis-

ing ob jects for debugging purp oses but is

also useful for building interfaces for users

of the system. Such exp osure requires an

easy-to-use, typ e-safe binding mechanism for

mapping Tcl commands to calls on memb er

functions of particular C++ ob jects. The

metho d describ ed in this pap er is an out-

growth of the one describ ed in the app endix

of our 1993 Tcl/Tk W orkshop pap er[1].

The metho d describ ed in [1] was typ e-safe

and e�ective, but cumb ersome to use. Ju-

dicious use of C++ templates simpli�es the

sp eci�cation of the Tcl/C++ bindings with

no loss of safety or e�ectiveness.

The remainder of this pap er presents the

improved binding metho d and is laid out as

follows: Section 2 lays out the problem in

more detail and presents an example; Sec-

tion 3 presents our solution using the same

example to trace the programmer’s changes

to the co de; Section 4 mentions additional

areas we would like to explore with this

technique.

2 The Problem

Supp ose we wish to control and monitor

a C++-based application pro cess from a

separate Tk-based front-end pro cess. Our

application pro cess contains a Tcl inter-

preter ob ject b elonging to a sub class of

Extended Tcl’s TclIn terp cl class. Com-

munication b etween the front-end and the

application is p erformed using Tcl-DP[2].

The TclIn terp cl class enables the applica-

tion to create new commands, implemented

as C++ functions and accessible from the

front-end via dp RPC calls.

This works �ne for controlling the appli-

cation at the pro cess level. W e would like,

however, to b e able to interact with the

individual ob jects comprising the applica-

tion. F or example, supp ose we have a class

Emplo y ees as de�ned in Figure 1.

class Employees

{

public:

Employees();

void insert(char *ssn,

char *name,

Date birthdate,

int salary);

Tuple get(char *ssn);

int raise(char *ssn,

int percent);

protected:

Hashtable<Tuple> employees;

}

Figure 1: The Employees Class

Given a hand le , Emplo y ees#5, on a par-

ticular ob ject of typ e Emplo y ees, we would

like to b e able to call the memb er functions

of the ob ject as shown in Figure 2.

W e want our memb er functions to b e

callable b oth from C++ and from Tcl. W e

also wish to do some v alidation and convertcl> Employees#5->insert 012-34-5678 \

{John Doe} 6/23/94 20000

tcl> Employees#5->raise 012-34-5678 5

21000

tcl> set tuple \

[Employees#5->get 012-34-5678]

012-34-5678 {John Doe} 6/23/94 21000

Figure 2: Tcl Access to Employees

sion op erations, e.g., to make sure a date is

sp eci�ed in an acceptable format and to con-

vert it to the Date ob ject typ e. Finally

, note

that all memb er functions (including those

with a v oid return typ e) should b e capable

of returning not only v alues in their natural

range, but also Tcl errors.

3 The Solution

Our solution consists of three comp onents:

straightforward mo di�cations of the memb er

functions we wish to call from Tcl and the

class to which they b elong (the tar get mem-

b er functions and class), a mapping class for

each data typ e used in the signatures of these

functions, and a supp orting C++ class li-

brary . W e will discuss each of these comp o-

nents of the solution in turn.

3.1 T arget Class Mo di�cations

T o make the Employees class accessible from

Tcl, we rewrite it as shown in Figure 3.

The Emplo y ees class now inherits from

the Handle class (Figure 4) and de�nes a

dynamic class memb er function that re-

turns the string \Employees". This enables

us to asso ciate a string handle with each ob-

ject of typ e Emplo y ees. (W e use handles of

the form Classname #unique inte ger and we

do not reuse ids, to avoid the synchroniza-

tion problems that can o ccur if a front-end class Employees

: virtual public Handle

{

public:

Employees();

virtual char *dynamic_class();

TclMap<void>& insert(TclMap<char *> ssn,

TclMap<char *> name,

TclMap<Date> birthdate,

TclMap<int> salary);

TclMap<Tuple>& get(TclMap<char *> ssn);

TclMap<int>& raise(TclMap<char *> ssn, TclMap<int> percent);

protected:

Hashtable<Tuple> employees;

private:

TclCmdCallback_4<Employees,

TclMap<void>&,

TclMap<char *>,

TclMap<char *>,

TclMap<Date>,

TclMap<int> > insert_callback;

TclCmdCallback_1<Employees,

TclMap<Tuple>&,

TclMap<int> > get_callback;

TclCmdCallback_2<Employees,

TclMap<int>&,

TclMap<char *>,

TclMap<int> > raise_callback;

}

Figure 3: Mo di�ed Employees Class

uses handles on ob jects that are frequently

created and deleted.)

The TclMap template has a separate im-

plementation for each of its argument typ es.

These mapping classes convert Tcl strings

to v alues of particular C++ data typ es (v al-

idating their representations along the way).

They also p erform mapping functions in the

other direction, from C++ data typ e (or Tcl

error) to Tcl string and return co de. The im-

plementation of TclMap classes is discussed

in the next section.

The TclCmdCallbac k template classes

(with the help of our TclIn terpreter class,

discussed later) implemen t the bindings

b etween Tcl commands and the memb er

functions of individual Emplo y ees ob jects.

These classes are part of the supp orting li-

brary

. There must b e one for memb er func-

tions with zero arguments, one for memb er

functions with one argument, etc; the in-

teger su�x on the TclCmdCallbac k class

names indicates the numb er of memb er func-

tion arguments. The arguments to the

TclCmdCallbac k template classes sp ecify

the class of the target ob ject and the signaclass Handle

{

public:

Handle();

virtual ~Handle();

virtual char *handle();

protected:

virtual char *dynamic_class();

...

};

Figure 4: The Handle Class Interface

ture of the target memb er function.

Now, let’s take a lo ok at how the

Emplo y ees class is implemented. First, the

TclCmdCallbac k callbacks must b e initial-

ized as shown in Figure 5. Their construc-

tors take three arguments: the command

name (to which the handle and \->" are

prep ended), the this p ointer, and the ad-

dress of the target function.

Employees()

: insert_callback

("insert", this, &insert),

get_callback("get", this, &get)

raise_callback("raise", this, &raise)

{}

Figure 5: TclCmdCallback Initialization

W e are now left with only the imple-

mentation of the target memb er functions.

Figure 6 shows how this is done for the

raise memb er function, which gives a par-

ticular employee a raise and returns the

new salary

. This example demonstrates that

TclMap<typ e> ob jects can b e used in the

same manner as typ e ob jects, as ssn is used

as an indexing op erator to the emplo y ees

ob ject (which takes a c har * argument) and

the p ercen t argument is used in an arith-

metic expression just as an in t would b e used. This can accomplished by way of C++

op erator and/or conversion op erator over-

loading in the TclMap class. The expres-

sion on the return statement can also b e

of the natural (in t) typ e as shown. This

is accomplished via a constructor for the

TclMap class.

TclMap<int>& Employees::

raise(TclMap<char *> ssn,

TclMap<int> percent)

{

static TclMap<int> result;

employees[ssn].salary *=

1.0 + percent/100.0;

return result =

employees[ssn].salary;

}

Figure 6: Memb er F unction Implementation

W e would have preferred to implemen t

memb er functions as shown in Figure 7. Un-

fortunately a bug in one of our C++ com-

pilers forces us to return the result through

a reference to a static v ariable as shown in

Figure 6.

TclMap<int> Employees::

raise(TclMap<char *> ssn,

TclMap<int> percent)

{

employees[ssn].salary *=

1.0 + percent/100.0;

return employees[ssn].salary;

}

Figure 7: Preferred Return V alue Syntax

Now supp ose we wish to return an error

from the raise function if p ercen t is less

than 0. Supp ose that if raise is called from

C++, a negative return co de is su�cient,

while if it is called from Tcl, an error mes-

sage should b e returned. W e can accomplish this through the use of the TclError class as

shown in Figure 8. The TclMap class will

have a constructor with a TclError argu-

ment that will store the error ag and error

string in the TclMap<in t> result ob ject,

from whence they can b e retrieved by the

calling co de, either automatically via a con-

version op erator (returning -1) for a C++

call, or manually by the TclCmdCallbac k

class which returns the result to Tcl.

TclMap<int>& Employees::

raise(TclMap<char *> ssn,

TclMap<int> percent)

{

static TclMap<int> result;

if (percent < 0)

return result =

TclError("percent < 0");

employees[ssn].salary *=

1.0 + percent/100.0;

return result =

employees[ssn].salary;

}

Figure 8: Memb er F unction Implementation

3.2 The TclMap Classes

The TclMap classes p erform the mappings

b etween Tcl strings and C++ data typ es

and vice versa. The supp ort library con-

tains some of these mapp ers; others must

b e created by the implementor of the target

classes.

The TclMap template class has a trivial

default implementation with a single tem-

plate argument sp ecifying the C++ typ e,

as shown in Figure 9. There must b e a

separate implemen tation of this class for

each typ e used in the signatures of mem-

b er functions exp osed to Tcl. Using tem-

plate syntax is convenien t b ecause name

mangling is done by the C++ compiler.

F or example, a mapping class for c har *

can b e called TclMap<c har *> instead of

TclMap c har asterisk.

template<class TYPE>

class TclMap

{

};

Figure 9: Default TclMap

Consider the TclMap<in t> implementa-

tion shown in Figure 11. The �rst construc-

tor allows expressions of the form

return result = 1;

from within target functions returning the

TclMap<in t>& typ e. The second con-

structor allows these memb er functions to

return errors to Tcl. The third construc-

tor is the one used by the appropriate

TclCmdCallbac k class; its resp onsibility is

to parse an integer from the argc and argv

arguments and up date these arguments ac-

cordingly

. Note that simple syntactic er-

rors (not enough arguments, or a string that

do esn’t represent an in t) can b e caught at

this time, so that the memb er function need

never b e called with inv alid arguments. The

Tcl GetIn t function should b e used instead

of the atoi function so that parsing errors

can b e rep orted; the latter was used here

to simplify the example. The in t& op era-

tor makes it p ossible for the TclMap<in t>

class to b e used as an in t, b oth within

target function implementations having a

TclMap<in t> parameter and from calling

C++ functions when the memb er function

returns TclMap<in t>&. It will not al-

ways b e so easy to make TclMap<typ e>

ob jects act like typ e ob jects; sometimes

the typ e op erators will have to b e imple-

mented in the TclMap<typ e> class itself

and passed through to the v alue memb er, b ecause C++ won’t b e able to tell what un-

derlying typ e is intended. The string v alue

function returns a string representation for

the typ e. This memb er function is used by

the TclCmdCallbac k class to convert re-

sults back to Tcl strings. Again, a simple

sprin tf is used here for simplicit y; a more

robust metho d should b e used.

class TclMap_SuperClass

{

public:

TclMap_SuperClass();

TclMap_SuperClass

(const TclMap_SuperClass&);

TclMap_SuperClass(const TclError&);

virtual void set_error

(const char *&);

virtual char *string_value() = 0;

virtual int error();

protected:

int Error;

char * Error_string;

};

Figure 10: TclMap Sup erClass

More elab orate mapping classes are, of

course, p ossible. The natural C++ typ e

can b e any C++ typ e, not just prede�ned

typ es like in t. F or example, a target memb er

function argument’s natural form might b e

a p ointer to a user-de�ned class and the as-

so ciated TclMap implementation can map

b etween the ob ject’s handle and its p ointer.

Single mapp ers can also parse multiple ar-

guments, or they can map optional argu-

ments and provide the appropriate default

if they are not sp eci�ed. Simple mapp ers

can also b e de�ned to pass argc, argv, the

TclIn terpreter p ointer or the Clien tData

p ointer directly to target functions. The

mapp ers needn’t all use the TclMap<typ e> syntax, but they must b e sub classes of the

TclMap Sup erClass typ e.

3.3 The Supp ort Library

In addition to mapp ers for common ba-

sic data typ es, the supp ort library contains

the TclMap Sup erClass (Figure 10) and

TclError classes, the TclCmdCallbac k

template classes and the TclIn terpreter

class.

The single argument version of the

TclCmdCallbac k class is shown in Fig-

ure 12. The target and function pa-

rameters are saved by the constructor as

memb ers of the class, and the in terpreter

and clien tData parameters, which have

reasonable defaults, are passed up to the

TclCmdCallbac k sup erclass to b e saved,

along with the Tcl command name. The

TclCmdCallbac k sup erclass registers the

callback with the interpreter. When the as-

so ciated Tcl command is invoked, the func-

tion call op erator is called with the argc

and argv parameters received from Tcl. The

function call op erator, in turn, calls the v ari-

ous TclMap constructors to parse the argu-

ments. After each of these, it checks to see if

the TclMap constructor detected an error;

after all are parsed it ensures that there are

no straggling arguments. If there are parsing

errors, it returns a Tcl error without calling

the target memb er function. Otherwise it

uses the C++ ->* op erator to call the target

function, sets the Tcl result appropriately ,

and returns. The other TclCmdCallbac k

classes are similar.

Our TclIn terpreter class is a sub-

class of the Extended Tcl TclIn terp cl

class. It de�nes its own versions of the

CreateCommand memb er functions for

registering TclCmdCallbac k ob jects, as

shown in Figure 13. It typ e-casts the

callbac k p ointer to the Clien tData typ e

and registers a callback with Tcl using the class TclMap<int>

: public TclMap_SuperClass

{

public:

TclMap(const int value)

: value(value)

{

}

TclMap(const TclError& tcl_error)

: TclMap_SuperClass(tcl_error),

value(0)

{

}

TclMap(int& argc, char**&argv, TclInterpreter *const, ClientData)

: value(0)

{

if (argc-- < 1) set_error("too few arguments");

else value = atoi(argv++[0]);

}

operator int&()

{

return value;

}

char *string_value()

{

if (Error) return Error_string;

static char buffer[100];

sprintf(buffer, "%d", value);

return value;

}

protected:

int value;

};

Figure 11: TclMap<int> template<class TARGET, class RETURNS, class ARGUMENT>

class TclCmdCallback_1

: public TclCmdCallback

{

public:

typedef RETURNS (TARGET::*FUNCTION)(ARGUMENT);

TclCmdCallback_1 (const char *const name,

TARGET *target,

FUNCTION function,

TclInterpreter *const interpreter =

Global::global->TclInterpreter_External,

ClientData clientData = 0)

: TclCmdCallback(name, interpreter, clientData),

target(target),

function(function)

{

}

virtual int operator() (int argc, char **argv) const

{

argc--; argv++;

ARGUMENT argument = ARGUMENT(argc, argv, interpreter, clientData);

if (argument.error())

{

interpreter->SetResult(argument.string_value());

return argument.error();

}

if (argc > 0) {

interpreter->SetResult("too many arguments");

return TCL_ERROR;

}

RETURNS result((target->*function)(argument));

interpreter->SetResult(result.string_value());

return result.error();

}

protected:

TARGET *target;

FUNCTION function;

};

Figure 12: TclCmdCallback 1 command name stored in the callbac k ob-

ject and a single CallCmdPro c function.

The purp ose of this function is to call the

TclCmdCallbac k function call op erator;

its de�nition is shown in Figure 14.

void TclInterpreter::

CreateCommand

(const char *cmdName,

Tcl_CmdProc *proc,

ClientData clientData = NULL,

Tcl_CmdDeleteProc *deleteProc = NULL)

{

TclInterp_cl::CreateCommand

(cmdName,

proc,

clientData,

deleteProc);

}

void TclInterpreter::

CreateCommand

(TclCmdCallback *callback)

{

CreateCommand(callback->name,

CallCmdProc,

ClientData(callback));

}

Figure 13: TclInterpreter::CreateCommand

static int CallCmdProc

(ClientData callback,

Tcl_Interp *,

int argc,

char **argv)

{

return

(*(TclCmdCallback*)callback)

(argc, argv);

}

Figure 14: TclInterpreter::CreateCommand

4 F uture W ork

As the ABC system development continues

we hop e to re�ne and expand the Tcl/C++

binding metho d discussed in this pap er. The

current implementation fails to exp ose the

entire C++ interface in Tcl; in the short

term this will b e the fo cus of work on bind-

ing. Some thought has gone into automat-

ing target class mo di�cations to make this

metho d even easier to use. These improve-

ments are discussed individually in the fol-

lowing list.

New/Delete C++ allows dynamic in-

stantiation and destruction of ob jects. It

would often b e useful to exp ose this capa-

bility to the Tcl level. Current thinking is

to require two static functions in each class,

TclNew and TclDelete which would b e

installed in the Tcl interpreter as \Class-

Name ::new" and \ClassName ::delete" re-

sp ectively .

ClassName ::new would parse its parame-

ters and, as describ ed in the section b elow on

overloading, select the appropriate construc-

tor for the ob ject, returning the handle for

the new ob ject to Tcl. ClassName ::delete

would take a handle, v alidate that it was of

the appropriate class, and delete the asso ci-

ated ob ject.

Ov erloading C++ allows overloading of

a function by providing multiple parame-

ter lists, di�erentiating b etween the v arious

function b o dies at compile time by the signa-

ture of the function call. A simple solution

to this problem is to app end some sort of sig-

nature indicator to the function name regis-

tered with the Tcl interpreter (to, in e�ect,

mangle the function name into the Tcl name

space). This is not satisfying as it defeats

the ability to use a single name with multi-

ple implementations chosen by the typ es of

the calling parameters.

A more sophisticated solution is to pro-

vide a single callback with the name shared

by the overloaded functions. Using the map-

ping functions, it would b e p ossible to de-

termine from the parameters provided which

implementation to call. It might not b e p os-

sible to determine the signature unambigu-

ously

. Current thinking is that the over-

loaded functions would b e tried in increasing

order of generality so the most sp eci�c ver-

sion matching the parameter list would b e

called; it is not clear that such an order can

always b e found.

Op erators C++ allows the rede�nition of

the meaning of v arious op erators. It would

b e nice to exp ose these op erators in Tcl and

even nicer to bring along the convenience of

overloading the op erator syntax so expres-

sions in Tcl and C++ would lo ok the same.

Current thinking is that exp osing the op era-

tors is not that di�cult; simply mo dify their

signatures as with any other function and

give them names in the Tcl interpreter. It

may b e p ossible to install a Tcl pro cedure

with the same name as a handle and allow

that pro cedure to handle the parsing of those

op erator expressions the class understands.

Co de Generation T arget class mo di�ca-

tions are, on the whole, mechanical. It would

b e nice to provide automatic supp ort for

translating from a basic C++ class to one

which could provide a Tcl interface. With

a fairly complete library of mapping func-

tions for built-in and lo cally-develop ed v ari-

able typ es, it would b e p ossible to exp ose

almost all of our C++ ob jects’ interfaces.

Among the di�culties in providing such

automation are the need to build dispatch

functions for overloaded function names and

constructors and intelligently mapping pa-

rameters. Mapping simple typ es by putting

them in a TclMap template can b e supp orted, p erhaps even using optional param-

eter typ es when a default v alue is provided.

There is currently no vision of a general so-

lution for more complex mappings.

5 Conclusion

This pap er describ es a metho d of binding

C++ memb er functions to Tcl pro cedures

which is typ e-safe, e�ective, and easy to use.

This simpli�es the building of debugging

sca�olds and the use of front-end pro cesses

to monitor and control other pro cesses on

the ob ject level. This binding metho d makes

it easier for the ABC system to use Tcl as

its primary metho d of inter-pro cess commu-

nication. F uture work will increase the func-

tionality and usability of this metho d.

References

[1] John Menges and Mark Parris. Tcl and

Tk Use in the Artifact Based Collab ora-

tion System. In Tcl/Tk Workshop Pr o-

c e e dings, pages 66{70, Berkeley

, Califor-

nia, June 1993.

[2] B. C. Smith, L. A. Rowe, and S. C

Y en. Tcl Distributed Programming. In

Tcl/Tk Workshop Pr o c e e dings, pages 50{

51, Berkeley

, California, June 1993.

[3] J. B. Smith and F. D. Smith. ABC: A

Hyp ermedia System for Artifact-Based

Collab oration. In Pr o c e e dings of Hyp er-

text ’91, Decemb er 1991 .