back could just have one int argument, and the Call-

back Ob jecttyp e class could p erform the mapping b e-

tween the Tcl CmdPro c signature and the simpler

memb er function signature, checking to make sure the

command was called with just one integer argument.

typedef struct {

Tcl_Interpreter *interp;

Callback *callback;

ClientData data;

} CmdProcData;

Tcl_Interpreter::CreateCommand

(const char *cmdName,

Callback *callback,

ClientData data,

Tcl_CmdDeleteProc *deleteProc)

{

CmdProcData* cpdata = new CmdProcData;

cpdata->interp = this;

cpdata->callback = callback;

cpdata->clientData = clientData;

CreateCommand(cmdName,

CallCmdProc,

(ClientData) cpdata,

deleteProc);

}

Figure 7: New CreateCommand Implementation

extern ‘‘C’’

static int CallCmdProc

(ClientData data,

Tcl_Interpreter *interp,

int argc,

char **argv)

{

CmdProcData* cpdata =

(CmdProcData*) data;

return

(*(cpdata->callback))

(cpdata->clientData,

cpdata->interp,

argc,

argv);

}

Figure 8: New CallCmdPro c Implementation class Callback

{

public:

virtual operator()

(ClientData data,

Tcl_Interpreter *interp,

int argc,

char *argv[]) = 0;

}

Figure 9: Callback Class

class Callback_Objecttype

: public Callback

{

typedef int

(Callback_Objecttype::*

CreateCommandCallback)

(ClientData data,

Tcl_Interpreter *interp,

int argc,

char *argv[]);

public:

Callback_Objecttype(

Objecttype *object,

CreateCommandCallback member)

: object(object), member(member) {};

operator()

(ClientData data,

Tcl_Interpreter *interp,

int argc,

char *argv[])

{

return (object->*member)

(data, interp, argc, argv);

}

}

private:

Objecttype *object;

CreateCommandCallback *member;

}

Figure 10: Callback Ob jecttyp e Class extern ‘‘C’’

static int CallCmdProc

(ClientData data,

Tcl_Interpreter *interp,

int argc,

char **argv)

{

CmdProcData* cpdata =

(CmdProcData*) data;

return

((cpdata->object)->*(cpdata->member))

(cpdata->clientData,

cpdata->interp,

argc,

argv);

}

Figure 5: CallCmdPro c Implementation

the C++ memb er p ointer selector op erator.

The interpreter class, which makes it p ossible to de-

�ne our own callback registration interfaces, and the

ClientData parameters to Tcl callback registration

routines thus make it p ossible to do what we want, i.e.,

to enable particular memb er functions of particular ob-

jects to b e registere d as callback routines. The ab ove

implementation, however, is not as exible as we’d like.

T o understand why

, let’s step back a bit and see ex-

actly what we want the CallCmdPro c pro cedure to

do. W e would like to make a call something like this:

return object->*member(...);

where ob ject is an ob ject of an arbitrary class and

memb er is an arbitrary memb er of that class (with

the prop er signature). W e accomplished the �rst ob jec-

tive by making ob ject an instance of a sub class of the

Callback class, using multiple inheritance as necessary .

Unfortunately

, memb er must b e a memb er function of

the Callback sup erclass, not of the dynamic class of ob-

ject. (Some compilers will allow (alb eit with warnings)

a memb er function of the dynamic class of ob ject to

b e assigned to a memb er p ointer v ariable statically de-

clared to refer to a memb er of the Callback sup erc lass,

but this is not safe b ecause the compiler cannot en-

sure that the dynamic class of ob ject has the function

referred to by memb er.)

What this requires us to do is to create some �xed

numb er of virtual memb er functions in class Callback

which are re-implemented in each class that inherits

from Callback. A p ointer to the asso ciated memb er

function of the Callback sup erc lass is then passed to

CreateCommand as the memb er argument. This is

not a nice solution, b ecause we want to b e able to have

an arbitrary numb er of callback routines implemented class Tcl_Interpreter

{

...

void

CreateCommand(const char *,

Callback *,

ClientData,

Tcl_CmdDeleteProc *)

...

}

Figure 6: New CreateCommand Interface

by any given ob ject (say

, to implement multiple com-

mands or traces on multiple v ariables). W e also would

like to b e able to name our memb er functions in the de-

rived class appropriately

, instead of having to use the

�xed names de�ned in the Callback sup erclass. It would

also b e nice if we didn’t have to make every class that

implements callbacks inherit from the Callback sup er-

class.

Our solution is to intro duce a level of indirection.

W e rede�ne CreateCommand to take a single call-

back ob ject instead of an (ob ject, memb er function)

pair (Figures 6 and 7). This callback ob ject inherits

from a Callback sup erclass, and its job is to \know"

the real ob ject and memb er function that comprise the

real callback routine and to p erform the actual call-

back. The CallCmdPro c pro cedure \calls" the call-

back (using the op erator()(...)) op erator (Figure 8).

It no longer needs to know anything ab out the typ e of

the memb er function that implements the callback.

The Callback and Callback Ob jecttyp e classes are

shown in Figures 9 and 10. The Callback Ob jecttyp e

constructor saves away the ob ject and memb er function

that implement the callback. The Callback Ob jecttyp e

implementation of the op erator()(...) op erator actu-

ally calls the callback routine.

Note that a separate class of the form of Call-

back Ob jecttyp e is needed for each typ e of ob ject that

implements callbacks and for each callback signature

typ e. Implementing a separate class for each ob ject

typ e can probably b e eliminated by using C++ tem-

plates. W e have not yet used templates b ecause they

are not universally av ailable and we do not wish to in-

tro duce p ortability problems.

Now notice that it is not really necess ary for the

memb er function implementing the callback and the

op erator()(...) op erator of the Callback class to

have the same signature. This allows us to use the

Callback Ob jecttyp e class to convert the signature of

the Tcl callback routine (Tcl CmdPro c) to some-

thing simpler. F or example, we may create a Tcl

command that always takes only one integer argu-

ment. The memb er function implementing the call-

A Callbac ks to C++ Co de

Tcl and Tk have mechanisms for calling C pro cedure s

from the Tcl interpreter. These C pro cedure s are called

c al lb acks. F or example, Tcl commands can b e imple-

mented in C, and the C callback routines implementing

these commands can b e r e gister e d with the Tcl inter-

preter using the Tcl CreateCommand routine. Reg-

istering a command with the interpreter asso ciates the

callback routine with a command name. When the

command is interpreted, the corresp onding C callback

routine is called.

The callback routine for command implementations

has a �xed signatur e (Tcl CmdPro c) that de�nes the

result and parameter typ es of the callback routine. Tcl

v ariable reads and writes can also b e tr ac e d, meaning

that a designated C callback routine is called whenever

the traced v ariable is read and/or written. The trace

callback routine signature (Tcl V arT racePro c) is dif-

ferent from the Tcl CmdPro c signature.

In C++ co de, we can use the \extern C" declaration

to de�ne C++ routines with C calling conventions that

can b e used as callback routines called by the Tcl inter-

preter. F or the C++ programmer, however, it is often

desirable to have the interpreter call particular memb er

functions of particular ob jects.

Tcl callback registration routines can b e passed a

ClientData p ointer which can p oint to a structur e of

an arbitrary typ e. This ClientData p ointer is then

passed back as an argument to callback routines. The

structure p ointed to by the ClientData parameter can

b e used to store p ointers to the the ob ject and mem-

b er function implementing a callback. Since we now

have a C++ interface to the Tcl Interp ete r, we can add

our own registration functions to that interface which

substitute the ob ject and memb er function parameters

for the C callback pro cedure p ointer, as shown in Fig-

ure 3. Note that we have not replaced the original

Tcl CreateCommand interface; we have just used

op erator overloading to make a new one with di�erent

parameters. The Callback parameter sp eci�es the ob-

ject, and the CreateCommandCallback parameter sp ec-

i�es the memb er function of the Callback class that im-

plements the command.

Our new CreateCommand registration routine (Fig-

ure 4) now makes its own ClientData structure to

store the ob ject and memb er function, along with the

original ClientData p ointer and a p ointer to the Tcl

Interprete r ob ject. It then calls the original Create-

Command, registering the same extern \C" callback

routine (CallC mdPro c) for every command registra-

tion.

CallCmdPro c (Figure 5) will b e called whenever

any command registered with our new CreateCommand

pro cedure is interpreted . It is the resp onsibility of the

CallCmdPro c to actually call the appropriate memb er

function of the appropriate ob ject. It do es so by using class Tcl_Interpreter

{

public:

typedef int

(Callback::*CreateCommandCallback)

(ClientData date,

Tcl_Interpreter *interp,

int argc,

char *argv[]);

void

CreateCommand(const char *,

Tcl_CmdProc *,

ClientData,

Tcl_CmdDeleteProc *)

void

CreateCommand(const char *,

Callback *,

CreateCommandCallback *,

ClientData,

Tcl_CmdDeleteProc *)

...

}

Figure 3: CreateCommand Interface

typedef struct {

Tcl_Interpreter *interp;

Callback *object;

CreateCommandCallback *member;

ClientData data;

} CmdProcData;

Tcl_Interpreter::CreateCommand

(const char *cmdName,

Callback *object,

CreateCommandCallback *member,

ClientData data,

Tcl_CmdDeleteProc *deleteProc)

{

CmdProcData* cpdata = new CmdProcData;

cpdata->interp = this;

cpdata->object = object;

cpdata->member = member;

cpdata->clientData = clientData;

CreateCommand(cmdName,

CallCmdProc,

(ClientData) cpdata,

deleteProc);

}

Figure 4: CreateCommand Implementation

[2] Jin-Kun Lin. Virtual Screen: A F ramework for T ask

Management. In Pr o c e e dings of the Sixth Annual X

T e chnic al Confer enc e, January 1992.

[3] John Menges. The X Engine Library: A C++ Li-

brary for Constructing X Pseudo-Servers . In Pr o-

c e e dings of the Seventh Annual X T e chnic al Confer-

enc e, pages 129{141, 103 Morris Street, Sebastop ol,

CA 95472, January 1993. O’Reilly & Asso ciates,

Inc.

[4] D. Shackelford, J.B. Smith, and F.D. Smith. A

Distributed Data-Storage Service for Supp orting

Group Collab orations. T echnical Rep ort TR92-

044, Department of Computer Science, University of

North Carolina, Chap el Hill, North Carolina 27799,

Octob er 1992.

[5] 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 ertext ’91, Decemb er 1991.

5 Non-blo c king Tcl IPC

Our X Pseudo Server (XPS) and other comp onents of

the ABC system must not blo ck on any op eration, in-

cluding the sending and receiving of Tcl commands.

With the Tk-based send mechanism and similar IPC

capabilities av ailable via so cket-based Tcl extensions,

pro cesse s on either the sending or the receiving end can

blo ck. W e are using Tcl-DP

4

RPC as a basis for our Tcl

IPC, and are re-implementing the rece iving end of RPC

and the sending end of RDO to ensure non-blo cking

op eration. Since the XPS and other comp onents have

their own schedulers, and the XPS do esn’t need Tk at

all, we are also mo difying RPC and RDO to work with

our scheduler and to eliminate any dep endenc e on Tk.

6 Sc heduling

Our current browsers use Interviews and ISIS. Existing

applications may use other to olkits, and in any event,

have their own event lo op. As previously mentioned,

our X Pseudo-server has its own scheduler. Often dif-

ferent comp onents of applications want to do their own

event scheduling. W e are still studying this problem

and are developing techniques for integrating Tcl and

Tk into such environments.

7 New Tk Widgets

W e are considering implementing two new Tk container

widgets. One would b e a Virtual Screen widget which

would b e able to contain arbitrary top-level X windows

of other applications. This would b e used in imple-

menting our Virtual Screen window sharing capabili-

ties. The other would b e a Generic F unction Manager

(GFM) widget, which would b e able to reparent a sin-

gle existing top-level X window, adding a title bar at

the top like a window manager (but under any exist-

ing window manager title bar). Arbitrary Tk widgets

such as buttons and menu buttons could b e placed on

the title bar p ortion of the GFM widget. These would

b e used to invoke, e.g., hyp erlinking and conferencing

functions.

If and when we implement the ab ove-mentioned

GFM widget, it will take us a long way toward the goal

of having a Tk-based (and therefore highly extensible)

window manager.

8 New Tk Geometry Managers

Our graph browsers, currently written using Interviews,

implement v arious constraints on the graph structure s

they will create. F or example, we have T ree browsers,

4

Tcl-DP was developed by Lawrence Rowe, Brian Smith, and

Steve Y en at the Universit y of California at Berkeley

List browsers, and Network browsers. W e are consid-

ering re-implementing browsers as Tk geometry man-

agers, so that the constraints and graph layouts can b e

implemented in terms of geometry management. Wid-

gets would b e placed in terms of their (logical) link

relationships to other widgets, rather than in terms of

physical layout relationships to othe widgets. F or ex-

ample, a T ree browser geometry manager would accept

placement sp eci�cations consisting of parent/child rela-

tionships b etween the widgets. The geometry manager

would then automatically compute a reasonable physi-

cal layout for the contained widgets.

9 Securit y

The Tcl interpreter s we use cannot b e allowed to exe-

cute arbitrary commands received from arbitrary pro-

cesse s, b ecause some of the built-in Tcl commands (e.g.,

exec) are unsafe. There are two go o d approaches to this

problem.

One approach is to authenticate connections using

an authentication server. This way

, we know who is

connecting to us and can determine whether or not to

interpret commands from the sending pro cess .

The other approach is to have two Tcl interpreters

in our applications. One is made safe by removing (re-

naming to null) any unsafe commands. The other is

a full-blown Tcl interprete r. Any commands received

from another pro cess are sent to the safe interpreter. If

the services of the full-blo wn Tcl interpreter are needed

either internally or for the interpretation of a command

received from another pro cess , the full interpreter can

then b e called up on from inside the application owning

the interp eter, in a safe manner.

In the near term, we will b e using the latter ap-

proach, b ecause it is easier to implement. The former

approach allows for multiple classes of requester s which

are trusted to di�erent degrees, should that b e desirable

at some p oint in the future.

10 Summary

In summary

, the ABC System is a large, complex sys-

tem that makes heavy use of Tcl and Tk for its infras-

tructure and user interfaces. ABC requires that Tcl

and Tk b e used in novel ways, and we b elieve the so-

lutions to our requirements will b e generally useful in

other environments.

References

[1] K. Je�ay

, J.K. Lin, J. Menges, F.D. Smith, and J.B.

Smith. Architectu re of the Artifact-Based Collab o-

ration System Matrix. In Pr o c e e dings of CSCW ’92,

Novemb er 1992.

several other XPSs asso ciated with the other confer-

ence participants. T racking is accomplished by record-

ing summaries of each message that passes through the

proto col server along with time-stamp information.

All of these comp onents function together to provide

an environment in which groups can work on shared

artifacts. Below we discuss some of the ways that we use

Tcl and Tk in the implementation of these comp onents.

4 Using Tcl and Tk with C++

Tcl and Tk were designed to b e used with the C pro-

gramming language, but the ABC system is b eing writ-

ten in C++. F ortunately

, C++ is able to call C co de

and vice versa, so it is p ossible to use Tcl/Tk with

C++. However, using Tcl/Tk e�ectively and naturally

in a C++ environment p oses certain problems. In this

section we discuss the problems we have encountered

and the solutions we have develop ed to date.

4.1 A Tcl/Tk In terpreter Class

It is p ossible to call Tcl/Tk C library routines directly

from C++ co de. It is preferable, however, to encap-

sulate the Tcl/Tk C library calls in one or more C++

classes. F or example, one might have a Tcl/Tk inter-

preter class whose constructor creates a Tcl interpreter

and whose memb er functions map directly to Tcl/Tk

C library calls. Extended Tcl do es this typ e of encap-

sulation for Tcl (but not Tk) via the tcl++.h include

�le.

The primary adv antage of this approach is that

it enables C++ co de to make Tcl/Tk library calls

in a style that �ts the ob ject-oriented nature of the

C++ language. F or example, to create an interpreter ,

one would create an instance of the interpreter class,

and the constructor for the class will automatically

call the Tcl CreateInterp library routine to create

a Tcl interpreter . The constructor can also do any

initialization of the Tcl interpreter, e.g., by adding

pro cs or command bindings to C routines that im-

plement commands. Tcl/Tk library routines such as

Tcl CreateCommand which take a Tcl interpreter

as their �rst argument can then b e implemented as

memb er functions in the interpreter class, their signa-

tures b eing the same as the corresp onding Tcl library

routines, sans the interpreter argument. C++ features

such as default arguments and function overloading can

now b e applied to the Tcl interface, just as they can b e

applied to the other classes in the application. F ur-

thermore, we can add our own memb er functions to

the interpreter class (ones that don’t map directly to

Tcl/Tk library routines) to enhance the capabilities of

our Tcl interpreter.

4.2 Callbac ks to C++ Co de

Tcl and Tk have mechanisms for calling C pro cedures

from the Tcl interpreter . These C pro cedure s are called

c al lb acks. F or example, Tcl commands can b e imple-

mented in C, and the C callback routines implementing

these commands can b e r e gister e d with the Tcl inter-

preter using the Tcl CreateCommand routine. Reg-

istering a command with the interpreter asso ciates the

callback routine with a command name. When the

command is interpreted, the corresp onding C callback

routine is called.

In C++ co de, we can use the \extern C" declaration

to de�ne C++ routines with C calling conventions that

can b e used as callback routines called by the Tcl inter-

preter. F or the C++ programmer, however, it is often

desirable to have the interprete r call particular memb er

functions of particular ob jects.

W e have develop ed a strategy for implementing Tcl

callbacks to memb er functions of particular ob jects.

Since it is di�cult to describ e our strategy and its jus-

ti�cation in a small space, we have included a detailed

description as an app endix to this pap er.

4.3 Shado w V ariables

It is often necessary to have C++ v ariables (usually

memb ers of ob jects) \shadow" Tcl v ariable v alues, and

vice versa. Building on our technique for implement-

ing callbacks, we are implementing C++ classes whose

ob jects act like regular C++ data typ es (either built-

in or user-de�ned typ es), but which keep their v alues

consistent with corresp onding Tcl (string) v ariables.

F or example, one might declare an shadow integer as

follows:

Tcl_int speed(interp, ‘‘speed’’);

The Tcl int class implements an op erator int() con-

version op erator and assignment op erators, enabling

sp eed to b e used in any way that a normal int v ariable

can b e used. The assignment op erators, however, call

SetV ar to up date the Tcl \sp eed" v ariable, and the

Tcl int class has a memb er function which has is reg-

istered (in the constructor) to receive noti�cation when

the Tcl \sp eed" v ariable changes. The Tcl int ob ject

then up dates its v alue accordingly .

More complex user-de�ne d data typ es can also b e

shadowed. F or example, we will implement a bitvector

typ e in C++ which shadows a Tcl typ e (p erhaps an ar-

ray) which is manipulated by a Tk checkb ox list. This

makes it p ossible for the C++ bitvector to automati-

cally re ect the current on and o� v alues of the v arious

checkb oxes in the list.

2: ASampleofthe ABC system or itsorganizationofthe No mayalsob e joinedbyhyp erlinks, either endp oints which are simply no desor endp oints whicanchorswithin the contentof no anccan b ewords, sentenc es,or partsof

�guresor

Sharing of theseartifacts cantaketwo artifacts may b esharedasynchronously byshared artifacts through the distributed graph serv(DGS)[4].

Artifacts may also b e shared syncby sharing windows which display the two users see the same windows encapsulated a nested

Virtual

Screen[2 ] in a WYSIWIS

(what-ysee-is-what-I-see) fashion. to the windows is bitrated by passing a token to the next user who to provide In addition to these functions aailable to the mal user we also incorp orate facilities for and replaying facilities are used by searchers to study the way that groups use the These functions include simple recording and replay all of the windows in the user’s ABC environment well as recording semantic actions in arious

Finally,the system provides an interface to the functions which can b e used b oth with ABC built plications and standard X of the ABC ABC system has �ve principle comp onenare the distributed graph server

(DGS), browsers, function manager, the X Pseudo-Server, and matrix hAdditionallythe system is designed to low standard X applications to b e used either mo di�cation or with minimal mo di�cation to add tures such as anchored hyp erlinks.

Each of these is discussed b eloof the artifacts used in the ABC system are in a distributed graph server

(DGS) built as part of DGS repres ents all artifacts as (no des, subgraphs, or no de content) in a Broare used to manipulate and travgraph structure, providing sp ecialized to ols for nipulating lists, trees, and netwThe generic function manager

(GFM) acts as an terface to the ABC many of the of the ABC system op erate on a particular window on a no de represe nted by a window) this interface ists for each window in the ABC T prothisinterfacewe add a barb etweentop-level

Xdows andthe window-manager title baras shown the ABC,T ree Browser, andxtermwindowsinurefunctions are invoked via this which is managed by the GFM, like a window manages the title bars it GFM the user interface, but another pro cess , the hub,keepstrackofwhat’sgoingoninthe which windowisop en on whichno de the trix hub, workingin conjunction withthe GFM,is toasso ciate requests such as ’create hyp erlink’withartifacts thatare b eing examinedinthe resp ec tive doturn, the matrix hub communicates this the graph-servGFM bar is also used to invokconferencing op erations, such as ’moe this window ina conference’, and other system op addition to the browsers built for the ABC wuse standard applications to manipulate no de tent. any mo di�cations these applications b used to edit and manipulate no de content, ing creating and following un-anchored hyp erlinks (bof the GFM or following anchyp do es require some minimal mo di�cations application.A mo di�ed application must proa mechanism for identifying an item or region nated as an anchor and passing that informationto library function willsend a message theGFM informingit of theselectedregion so that matrix hub may recordthelink. may b mo di�ed similarly to record what semantic were invok, we have the comp onent which manipulathe X proto col Windoare group ed, ference d, and tracked by using an X Pseudo-Serv(XPS) which can intercept, translate, and X-proto col streams[3 XPS can mo dify the proto streams for a set of windows so that they app ear to have the same (virtual) ro ot window, ththem inside a common Virtual also conference windows by distributing and ing the X-proto col stream for a particular window andTk inArtifact BasedorationJohn

Mark

Parris

May 24, Athe

University of North

Carolina

Department

Science we are developing the Artifact

Collab oratioSystem

(ABC) which provides supp ort for collab consists of distributed hyp ermedia graph server with asso broalso includes the ABC Matrix whicinterconnects graph server and browsers with isting

X-based also provides hp erlinkingandwindow sharingfor de�ning pro cess -levelinterfacesandfor inapplicationcommis usedto implemenarious userinthispap erwediscuss rent and exp ecte d uses for Tcl and Tk in the and some of the problems we have encounregarding the use of Tcl and Tk in our environmenAthe UNC Department of Computer Science we developing a system to provide computer supp ort collab oration. The system is called the ABC Based Collab oration) System[5][1] and runs on UNIX under the X WindowSystem

ABC supp orts lation and sharing of the artifacts which are the pro ucts of group collab oration.alsoprovidesforing and studying the way the system is tifactsinclude,butarenotlimitedto,do cuments, grams, and co de as well as graphs which repres ent lationshipsamongthese artifacts are ofcollab orationamonggroups ofp eople maor may not b e co-lo cated in either time or Below, we �rst describ e the functionality and of the app earance of the we discuss high-levview of the design of the w

Menges (menges@cs.unc.edu) and Mark Parris ris@cs.unc.edu) are graduatestudents in Computer Sciencethe Universityof North CarolinaUNIX is a registered trademarkof A

The X Window System is a trademark of the MassachusettInstitute of T echnology

Figure 1: An ABC Virtual Scree discuss our use of Tcl and Tk in the implementation of the ABC ABC system is not a single application,but an vironment in which applications may b b etween this environment and the normal environmenis represe nted on the the user’s display virtual ro ot windowindow exists as a ferent logicaldisplayto which X-clients running insystemmay window also hasowindow manager

(Figurethe ABCsystem,artifactsarereprese nted asno no decontentin2showsagraph with four no leaf no des (no des A, andC) each havecontencontentofeachno is shown in the rectangles attached by dashed Thegraphartifactscanb emanipulatedbyhyp diabrowsers that are part of the ABC system while the other typ es of content can b e byarbitraryX-based applicationsthatarenotaw