0MLWorks

User ’s Guide to the Envir onment

Restricted beta version, June 1996

DRAFT

Copyright and T rademarks

MLWorks User’s Guide to the Environment

Restricted beta version

June 1996

Part number: ML W-1.0B-UG

Copyright © 1996 by The Harlequin Gr oup Limited.

Companies, names and data used in examples her ein ar e fictitious unless otherwise noted.

All Rights Reserved. No part of this publication may be r eproduced, stor ed in a r etrieval system, or transmitted, in any form or by any means, electr onic, mechanical, photocopying, r ecording, or otherwise, without the prior written permission of The Harlequin Gr oup Limited.

The information in this publication is pr ovided for information only , is subject to change without notice, and should not be constr ued as a commitment by Harlequin Limited, Harlequin Incorporated, Harlequin Australia Pty. Limited, or The Harlequin Gr oup Limited. The Harlequin Gr oup Limited assumes no r esponsibility or liability for any err ors or inaccuracies that may appear in this publication. The softwar e described in this book is furnished under license and may only be used or copied in accor dance with the terms of that license.

MLWorks is a trademark of The Harlequin Gr oup Limited.

Other brand or pr oduct names ar e the r egister ed trademarks or trademarks of their r espective holders.

The MLWorks Softwar e is subject to the following Restricted Rights Legend: “Use, duplication, or disclosur e by the United States Government is subject to r estrictions as set forth in (i) F AR 52.227-14 Alt III, (ii) FAR 52.227-19, (iii) DFAR 252.227-7013(c)(1)(ii), or (iv) the accompanying license agr eement, as applicable. For purposes of the F AR, the Softwar e shall be deemed to be ‘unpublished’ and licensed with disclosur e prohibitions, rights r eserved under copyright laws of the United States. Harlequin Incorporated, One Cambridge Center , Cambridge, Massachusetts 02142.”

North America:

Harlequin Incorporated One Cambridge Center Cambridge, MA 02142 U.S.A.

telephone +1 617 374 2400 fax +1 617 252 6505

Europe:

Harlequin Limited Barrington Hall Barrington Cambridge CB2 5RG U.K.

telephone +44 1223 873 800 fax +44 1223 872 519

Electronic Access:

http://www .harlequin.co.uk http://www .harlequin.com

Contents

1 Using MLWorks interactively1

The console 1 Introducing the Listener 1 Repeating and editing input 3 Writing and r eading files 6 Error handling 7 Editing ML files 8 Examining ML objects 9 Tracking down unhandled exceptions 10 The MLWorks start-up file 11

2 The separate compilation system13

Introduction 13 Expressing dependencies in files 14 The compilation mechanism 15 The sour ce path 19 MLWorks units and compounds 19 Delivery using ML Works 21

3 Examining Objects23

Examining values: the Inspector 23 Examining the envir onment: the Br owser 26

4 Debugging and tracing29

Viewing Files 29 Step mode 31 Adding br eak points 31 Interr upting an evaluation 32 Tracing 32

1 1Using ML Works interactively

1.1The console

When you start ML Works, it will draw the console window on your scr een. This window will be pr esent thr oughout your ML Works session; closing the colsole with the Tools > Exit menu item will exit ML Works. Other tools may be started by selecting them fr om the Tools menu of this or any other window .

1.2 Introducing the Listener

The first thing you will need to r un MLWorks interactively is a Listener . This gives you an ML command line at which you can type expr essions. To start a Listener , choose Tools > Listener from the ML Works console (or any ML Works window).

A Listener appears, with the pr ompt ‘MLWorks> ’.

At the heart of the Listener is a read-eval loop which r eads input typed at the prompt, evaluates it, and prints the r esult. If you type an expr ession, the r esult is just the value of the expr ession:

MLWorks> (7 * 4) - 3;
val it : int = 25

1 Using MLWorks interactively

Remember to terminate each line of input with the Return (or Enter) key — in this example, after the semi-colon. ML Works does not r ead the line until it is terminated in this way , or equivalently by pr essing the Evaluate button at the bottom of the Listener .

Note : in standar d ML, an expr ession encounter ed at top level is tr eated as an implicit declaration, binding the identifier it to the given expr ession. Fr om here on, when we r efer to a ‘declaration’ typed in the Listener , we include an expression typed at top level. The r esult of evaluating an expr ession, shown above, is in fact just a special case of the evaluation of a declaration, which we examine next.

If you type an explicit declaration in the Listener , MLWorks binds the identifier to the given value and verifies the declaration and its type. For example, we can bind the identifier five to the value 5, declar e an exception Fact, and define fact to be the usual factorial function:

MLWorks> val five = 5;
val five : int = 5
MLWorks> exception Fact;
exception Fact
MLWorks> fun fact 0 = 1
        | fact n =
            if n<0 then raise Fact
            else n * fact (n-1);
val fact : int -> int = fn

The last example shows another featur e of the Listener , namely that it accepts declarations typed over multiple lines. It r eads and parses lines in turn as they ar e typed, but it does not attempt to evaluate a declaration until it encounters the semi-colon that terminates the declaration. When ML Works reads a line containing the terminating semi-colon, it interpr ets everything since the last evaluation as a declaration (or series of declarations).

Once a value has been bound to an identifier , that binding r emains in the MLWorks envir onment, unless it is overridden by a later binding. It can be used in subsequent declarations:

1.3 Repeating and editing input

MLWorks> fact five;
val it : int = 120
MLWorks> val five = 6;
val five : int = 6
MLWorks> fact five;
val it : int = 720

If you type a declaration in the window and pr ess the Time button, ML Works will evaluate the declaration as normal, and also give a line of information about how long the evaluation took. For much mor e complicated pr ofiling of ML functions, you can use the ML Works Pr ofiler, invoked with the

Shell.Profile.profile function.

1.3 Repeating and editing input

The Listener has extensive support for editing and r e-evaluating pr evious input. This can be done by moving about the Listener window , or by using the Listener ’s built-in history mechanism.

While you ar e typing a declaration, you can delete characters using the Delete key, and move the cursor using the cursor keys to insert or delete characters at any point. When you pr ess the Return key (or the Evaluate button on the Listener), ML Works r eads the curr ent line.

You can use this to r epeat an earlier one-line declaration, by moving the cursor to the line in the Listener window containing the complete declaration, perhaps modifying it, and hitting Return (or , as usual, the Evaluate button). MLWorks copies the declaration to the curr ent pr ompt at the bottom of the window and r eads it. (Pr essing Return on a pr evious line which does not contain a complete declaration may lead to slightly odd r esults.)

Parts of the window may also be selected with the mouse and cut, copied or deleted using the r elevant entries on the Edit menu. Cut or copied items may be pasted elsewher e by positioning the cursor and using Edit > paste .

Note that you can use a few common keystr okes to move ar ound the window besides the cursor keys:

Ctrl-A move to start of line

Ctrl-E move to end of line, or if at end of line, end of next line

1 Using MLWorks interactively

Ctrl-B move backwar ds one character Ctrl-F move forwar ds one character Ctrl-N move to next line Ctrl-P move to pr evious line Alt-F move to beginning of next wor d Alt-B move to beginning of pr evious wor d Ctrl-V scroll forwar ds one scr een Alt-V scroll back one scr een Alt-< move to start of Listener Alt-> move to end of Listener Ctrl-L Redraw display Ctrl-U delete everything since last MLWorks> prompt Ctrl-D delete character right of insertion point Ctrl-K cut from cursor to end of line Shift+cursor move cursor , selecting text between start and end point Delete delete selected text Ctrl-W cut selected text Ctrl-Y paste Alt-P previous history item Alt-N next history item

1.3 Repeating and editing input

Also, double- or triple-clicking will select an entir e wor d or line, r espectively .

A mor e flexible way of r epeating declarations is to use the Listener ’sHistory menu. This is a list of all declarations pr eviously accepted by the Listener; when you select one, it appears at the curr ent pr ompt (at the bottom of the window), as originally formatted — possibly over multiple lines. Y ou may now edit it, befor e pressing Return, at which point it is evaluated. Instead of using the menu, you can use the Previous and Next buttons at the bottom of the listener to cycle thr ough the history list.

Note : if you use the mouse to paste text into the Listener window , remember it will be pasted at the position of the mouse pointer (not cursor). It will not automatically be pasted at the curr ent pr ompt or at the curr ent cursor position.

The Clear button clears the Listener window , but not the history list, which it leaves unchanged.

Finally note that you can use ML Works’ tab-completion to save typing. Pr essing the T ab key when part-way thr ough a wor d causes ML Works to complete the wor d as an existing identifier , if this can be done uniquely . For example, consider the following:

MLWorks> val a_long_identifier = "Hello, world.";
val a_long_identifier : string = "Hello, world."
MLWorks> a_l

At this point on the line, we pr ess the Tab key, and as ther e is only one identifier beginning ‘ a_l’, MLWorks completes it:

MLWorks> a_long_identifier

If ther e is mor e than one possible completion, ML Works brings up a completion dialog with a line for each possible completion. Y ou may select one, in which case it is inserted at the pr ompt in the usual way , or pr ess the Cancel button on the dialog. Either action causes the dialog to disappear . Alternatively, if you simply carry on typing in the Listener , the completion dialog will disappear .

If the identifier you start typing is a str uctur e name, tab-completion will complete the str uctur e name, allowing you to start typing the qualified name you need fr om within the str uctur e. If it is a string, ML Works will try to complete it

1 Using MLWorks interactively

as a filename; this is useful when using a function such as use (see the next section).

If completion dialogs ar e not to your taste, you can switch them of f using the Preferences > General menu item on the ML Works console.

1.4 Writing and reading files

You may want to save the code you have so far typed into the Listener to a file. You can do so by going to the ML Works console, and choosing Context > Save Source As ... MLWorks will give you a file dialog, and allow you to choose a directory and a filename in which to save the sour ce. You might like to choose a filename with the suf fix .sml to indicate that it contains Standar d ML code. You can then edit the file as you would any other pr ogram, with a text editor .

Notice it will save all the code that has led to the curr ent MLWorks context. In particular , if you have had mor e than one Listener , this option will r ecord all code typed into all your Listeners, in the or der in which it was evaluated. Since Listeners all shar e the same context, the context cr eated by r unning this file will be the same as that existing in any of your Listeners at the point when you do the save.

If you have alr eady used Context > Save Source As in this ML Works session, you can now simply choose Context > Save Source instead, and ML Works will update the file with any new sour ce that you have enter ed since the last save.

Conversely , you may want to r ead ML code fr om a file in to your curr ent context. Ther e are various ways to do this; one is to use the Listener ’sFile > Use File command. This pr oduces a file dialog, and ML Works will r ead code in from the file you choose as if it had been typed in to the Listener window . The Listener will verify all the declarations in the file in the usual way . In the example below , the file lists.sml was used; it contains definitions of a couple of simple list functions, length and flatten:

use "lists.sml";
val it : unit = ()
Use: lists.sml
val length : ’a list -> int = fn
val flatten : ’a list list -> ’a list = fn

1.5 Error handling

Note : The File > Use File command, in conjunction with the err or-handling and editing facilities detailed in the next section, pr ovides a handy way of interactively managing fairly small pieces of ML code. However , for lar ger or mor e complex sets of ML files, you should use the separate compilation system, documented in Chapter 2.

1.5 Error handling

It may happen that you type in to the Listener a declaration which causes the compiler to detect a fault. It could be a type mismatch, or an unbound identifier, etc (unhandled exceptions ar e dealt with in another way — see “T racking down unhandled exceptions” on page 10).

Specifically , suppose you enter the following:

MLWorks> val a = if b>7 then 9 else false;

This line is wr ong in two ways: the boolean b has not been defined, and the whole expr ession is ill-typed. ML Works alerts you to the err or by bringing up a new window , the Err or Browser .

Note : if you do not like the Err or Browser , you may switch it of f by selecting Preferences > General on the ML Works console. Err ors will then be r eported directly in the Listener window .

The Err or Browser has two windows. The top window shows a list of the errors that have been encounter ed. Any of these may be selected, and the bottom window shows mor e details, if any ar e available, of the selected err or. In this case, the Err or Browser is initially showing details of the type clash it has detected, including what the two dif ferent types ar e that it cannot unify . If we select the other err or in the top window (‘ Unbound value b’), there is no mor e to say about it, and the Err or Browser simply r epeats this information in the lower window .

You can thus look thr ough all the err ors in turn, editing the declaration in the Listener window as you go, befor e trying to evaluate the declaration again. You can do this in the usual way (pr essing the Return key or the Evaluate button), or by selecting Action > Redo on the Err or Browser window . MLWorks will try to evaluate the line as amended, and the Err or Browser will disappear .

1 Using MLWorks interactively

The Action > Close menu item will close the Err or Browser , copying the err or report to the Listener and giving a new pr ompt.

The Err or Browser ’s remaining menu item, Action > Edit, causes the part of the declaration wher e the err or was detected to be underlined in the Listener window.

1.6 Editing ML files

When ML Works identifies an err or in an ML file, one of the options it makes available is to load the file into your chosen editor at the line containing the error. To specify the editor you want to use, select Preferences > Editor ... from the MLWorks console. The r esulting dialog gives you thr ee ways of specifying an editor:

• Select the Emacs server . This allows you to have a single Emacs session, and all files to be edited will appear as buf fers in that session. Err ors discover ed by ML Works ar e highlighted in the Emacs buf fer. To use the server , you will need to load some Emacs Lisp code into your Emacs session. Y ou can do this by copying the code in the file env/emacs in the dir ectory wher e MLWorks is installed, into the file .emacs in your home dir ectory. You can now make Emacs communicate with ML Works by typing M-x

mlworks-server in Emacs.

Note : If you ar e running ML Works acr oss a network, r emember to ensur e your Emacs session is r unning on the same host.

• Select an Xterm editor . Use the text box to specify a command line.

When you ask ML Works to edit a file, it will start a new X window in which the given command line, with the name of the file to be edited appended, is executed. If the command line includes %l, MLWorks will substitute an appr opriate line number .

• Select an X editor . This works in the same way as the Xterm editor , but instead of starting a new window , MLWorks will invoke the editor in the window fr om which you started ML Works.

Note : Your choice of editor , like other pr eferences fr om the Preferences menu, can be saved by selecting Preferences > Sa ve Preferences . MLWorks will write

1.7 Examining ML objects

the details of your settings to a file called .mlworks_preferences in your home dir ectory, which will be r ead in on starting subsequent ML Works images.

Suppose that, having set your editor to something acceptable, you invoke File > Use File to run a file which contains an err or. MLWorks r eports the err or in the Listener , and brings up the Err or Browser .

use "error.sml";
val it : unit = ()
Use: error.sml
error.sml:3,9 to 3,11: error: Unbound value boo

All err ors in the first err oneous declaration in the file will be found, and they may be br owsed in the usual way . The actions available ar e the same as when any err or is encounter ed, with one exception: the Action > Edit menu item on the Err or Browser will start up your chosen editor , passing it the line number containing the err or curr ently selected in the Err or Browser .

Alternatively , you can position the cursor on the line in the Listener wher e the location of the err or is given, and select Edit > Edit Error. Again, ML Works will start up your chosen editor at the line containing the err or. This method allows you to edit a file containing an err or even when you have switched of f Error Browsers.

1.7 Examining ML objects

You can look at the details of an ML value or function using the Inspector . To see it in action, define an object as follows:

MLWorks> val walrus = ("hello", [[1,2], [3,4] @ [5]]);

Now choose Action > Inspect . MLWorks brings up an Inspector .

The Inspector contains details of the item most r ecently defined in the Listener wher e it was invoked. It has several fields: the Sour ce field shows the declaration MLWorks r ead which defined the object being examined, and the V alue and Type fields show its value and type, as you would expect.

The Components field shows a graphical r epresentation of the object. Currently this is not very informative; however , it can be expanded to show the structur e of the object. Double-click on the object to expand it one level, show-

1 Using MLWorks interactively

ing the components. The second component is a list, and can be further expanded in the same way . It may be convenient to r esize the Inspector window using your window manager .

By invoking the Inspector fr om the Listener you can only inspect the most recently defined item. Y ou can inspect an older item, however , from the Context Browser . To do this, select Tools > Conte xt Browser. The Context Br owser appears.

It contains a list of everything defined in the curr ent MLWorks context. T o inspect any item in the context, select the item by clicking on it in the list, and then choose Action > Inspect from the Context Br owser .

For mor e details of the Br owser and Inspector , see Chapter 3, “Examining Objects”.

1.8 Tracking down unhandled exceptions

This section gives a very brief intr oduction to the ML Works Stack Br owser . The Stack Br owser appears whenever the compiled code causes an unhandled exception to be raised; it allows you to see the function calls on the stack at the point when the exception occurr ed. Similar tools ar e sometimes called ‘debuggers’, but unfortunately they do not actually r emove bugs; they mer ely supply information which helps track them down. Besides, the wor d ‘debugger ’ has a vulgar taste in the mouth. So, as the purpose of the tool is to br owse the stack, it is called the Stack Br owser .

Before using the Stack Br owser , it is important to turn debugging mode; this will ensur e that the necessary debugging information is generated when code is compiled, so that it can later be passed to the Stack Br owser . To turn on debugging mode, choose Preferences > Mode from the console. In the Mode Options dialog, select the ‘Debugging’ check-box and pr ess OK.

To invoke the Stack Br owser , you need to raise an unhandled exception. Define and call the following less useful variation on the factorial function:

MLWorks> exception Fract;
exception Fract
MLWorks> fun fract 0 = raise Fract | fract n = n * fract (n-1);
val fract : int -> int = fn
MLWorks> fract 5;

1.9 The MLWorks start-up file

On the call to fract 5, MLWorks enters the Stack Br owser .

The box at the top contains an err or message which tells you what exception was raised, and the bottom window contains a list of the function calls leading up to the unhandled exception. Selecting one of these with the mouse will bring up mor e information about that function call in the middle pane of the Stack Browser . The Abort button will close the Stack Br owser .

For mor e details of the Stack Br owser , see Chapter 4, “Debugging and tracing”.

1.9 The MLWorks start-up file

When ML Works starts up, it looks for a file called .mlworks in your home directory, and if this exists, evaluates its contents as ML declarations and modifies the context accor dingly . You could use this file to pr e-load function libraries, for instance, so that you do not need to load them by hand at the beginning of each session.

MLWorks will print the r esult of evaluating the contents of the file at the command line wher e it was invoked:

$ mlworks
Use: .mlworks
val twice : int -> int = fn

Here, the .mlworks file defines a function twice:

fun twice n = 2 * n;

2The separate compilation system

2.1 Introduction

MLWorks has a ‘separate compilation’ system (rather similar to UNIX’s make command), which allows you to compile files of ML code or load them into your envir onment. The files may depend on one another in complex ways, in which case when you ask ML Works to compile a file, it will also compile all the files that your file depends on. However , a given file is only compiled by MLWorks if it has been changed since the last time it was compiled.

When it compiles a file of code (sour ce file), MLWorks can do either of two things: it can output an object file, which contains an internal r epresentation of the objects defined by the code; or it can load those objects (functions, values, and so on) into the curr ent envir onment. (Of course, it can also do both.) If an object file is alr eady available, ML Works does not need to compile the sour ce file; it can just load the objects dir ectly from the object file.

Using object files is much faster than r e-compiling every file whenever you change it or r e-start ML Works. However , it would be inconvenient if you had to keep track of object files and r emember which ones needed r e-compiling. The separate compilation system does this tracking for you.

2 The separate compilation system

2.2 Expressing dependencies in files

To allow ef ficient separate compilation of sour ce files, ther e must be some way to expr ess dependencies between files. ML Works accomplishes this by extending standar d ML with an additional keywor d, the require keywor d, which can be used to make a top-level declaration of the form

require "<sour ce>";

to tell the compiler that the pr esent file uses values or functions defined in

<sour ce>, which should ther efore be read in first.

The require keywor d takes a single string ar gument, which is the name of an MLWorks unit (for units see Section 2.5; for the moment, you can think of a unit name as being the name of a sour ce file without the .sml extension). Any

require statements must be at the start of the file, befor e any other top-level

declarations, and the ar gument must be a string constant, not just an ML expression of type string.

The effect of a require declaration is to import the declarations fr om the specified file into the curr ent file. For example, suppose you have thr ee files,

xval.sml, yval.sml and sumxy.sml, all in the same dir ectory, as follows:

Then the ef fect of the file sumxy.sml is to bind the identifier answer to the value 15.

Note : A file may use declarations fr om files it imports with r equir e, but this relation is not transitive. Suppose you change xval.sml to requir e another file,

zval.sml, to compute its value of x:

file xval.sml

val x = 6;

file yval.sml

val y = 9;

file sumxy.sml

require "xval";

val answer = x + y;

require "yval";

import x

import y

do something with them

2.3 The compilation mechanism

Then sumxy.sml could still use the value of x, but not the value of z from

zval.sml, as it does not explicitly r equir e the latter file. In this r espect, the

MLWorks require keywor d is rather like ML ’slocal <declarations> in ...

end constr uction.

2.3 The compilation mechanism

2.3.1 Registering units

For the moment, we shall assume the files xval.sml, yval.sml, zval.sml and

sumxy.sml reside in a common dir ectory, from which ML Works was started.

For details of how to make ML sear ch other dir ectories for require statements, see Section 2.4.

Once you have expr essed file dependencies in your sour ce files using require statements, you can compile the files using the Compilation Manager . To get a Compilation Manager , choose Tools > Compilation Mana ger from any ML Works window .

The top pane of the Compilation Manager shows a list of the units curr ently known to it; each unit corr esponds to a file of sour ce code, and has the same name as the file without the .sml prefix.

Initially, the list is empty . To register sumxy on the list, choose File > Read Dependencies . MLWorks brings up a standar d file dialog; select the file

sumxy.sml, and click OK.

MLWorks adds sumxy to its list of units. It also r eads the r equir e statements in

sumxy.sml and adds whatever further units ar e requir ed by sumxy, and it

checks those files for r equir e statements, and so on. In this example it has found four units.

file xval.sml

require "zval";

file zval.sml

                       val z = 42;
val x = z div 7;

2 The separate compilation system

Choosing View > Show Graph will give a new window showing the curr ent dependencies of the units in graphical form.

So far, MLWorks has not r ead the declarations in the files, and in particular it has not compiled them or loaded them into the envir onment. It has only r ead the r equir e statements and calculated the dependencies.

Incidentally , you could r emove a unit fr om the list by choosing Build > Delete, or clear the list with Build > Delete All. These operations only af fect the list in the Compilation Manager; they do not delete any files or any objects fr om the envir onment. Y ou could also edit the file corr esponding to a unit by choosing Build > Edit; this will put you into your pr eferred editor , as detailed in Section 1.6, “Editing ML files”.

2.3.2 Compiling files

MLWorks can compile a unit into an object file, which contains a r epresentation of the objects defined in that unit. The object file can later be loaded into the envir onment very quickly — it is much faster than r e-evaluating all the declarations in the file, for example. Y ou can see this in action by compiling

xval. In the Compilation Manager , select xval in the list of units, and choose

Build > Compile. The command is echoed in the lower pane of the Compilation Manager:

Compile xval
Compiling /u/ldisk/markw/ml/zval.sml
Compiling /u/ldisk/markw/ml/xval.sml

Notice that, though you only asked for xval to be compiled, ML Works has compiled zval too, as xval depends on zval. MLWorks brings up a confirmation dialog when the compilation is finished. It has now cr eated object files

xval.mo and zval.mo in the same dir ectory as the sour ce files.

MLWorks only compiles those files that do not alr eady have up-to-date object files. You can see this in action if you now compile sumxy, by choosing it fr om the list and choosing Build > Compile:

Compile sumxy
Compiling /u/ldisk/markw/ml/yval.sml
Compiling /u/ldisk/markw/ml/sumxy.sml

2.3 The compilation mechanism

MLWorks compiled yval (on which sumxy depends), but did not r e-compile

xval and zval, as up-to-date object files alr eady existed for these units. If the

files had been changed since they wer e last compiled, ML Works would have recognised this and r e-compiled them. For example, if you now choose Query > Compile:

Check compile of sumxy
No units need compiling

The Query menu item does not actually try to compile the unit; it mer ely looks to see which non-existent or out-of-date object files would need to be r e-gen-erated if this file wer e compiled. None of the sour ce files for sumxy or the units it depends on have changed, so all the object files ar e still curr ent. Now choose Touch > Source. This changes the date stamp on the sour ce file (as if the sour ce had been edited), making the object file for sumxy look out of date. Choosing Query > Compile again gives:

     Check compile of sumxy
     Units to compile: sumxy

sumxy.mo is now out of date, but none of the the other object files it depends

on need r e-compiling.

The Touch > Source menu item can be used to for ce re-compilation of a unit, even when the sour ce file has not actually been changed.

2.3.3 Loading objects into the environment

So far you have compiled sour ce files to object files. No objects have been loaded into the ML Works envir onment; for instance, if you type the following at a Listener pr ompt:

MLWorks> answer;

it generates an Unbound value error, even though sumxy.sml assigns a value to answer.

To load the object file for sumxy into the curr ent envir onment, choose Build > Load Objects .

2 The separate compilation system

Load sumxy
Loading mo module zval
Loading mo module xval
Loading mo module yval
Loading mo module sumxy
processing result
val answer : int = 15

As the compilation manager r eports, the value of answer is now available in the envir onment. Notice, however , that the values of x, y and z are not available; to make them available, you must explicitly load the units wher e they are defined.

The Build menu also has a Load from Sour ce item. Choosing this causes MLWorks to r ead the sour ce file for the selected unit (and any units on which it depends), evaluate it, and load the objects into the envir onment without going thr ough an intermediate object file. As loading fr om sour ce, like compiling, involves evaluating ML sour ce code, it in general takes much longer than just loading fr om an object file. The Compile and Load item, as you might expect, evaluates the sour ce and both loads the r esult into the envir onment and writes out an object file.

2.3.4 Summary of compilation operations

MLWorks converts between sour ce files, object files and loaded objects in the envir onment as shown by the following diagram:

All thr ee operations load or compile the selected unit and all units on which it depends. No unnecessary loading or compiling is ever done: that is, units ar e loaded or compiled only if the r elevant objects do not alr eady exist, or ar e out compile

load fr om sour ce load objects

SOURCE FILES OBJECT FILES

ENVIRONMENT

2.4 The source path

of date. Objects can be marked out of date using the T ouch menu: Touch > Source updates the time stamp on the sour ce file, which will for ce re-evalua-tion if a unit is compiled or loaded fr om sour ce. Touch > Loaded removes the time stamp on the objects loaded in the envir onment, which will for ce them to be re-loaded if the unit is loaded fr om sour ce or object file. Touch > All Loaded marks all loaded objects out of date.

2.4The source path

Until now we have supposed that ML Works looks for all files in the dir ectory wher e it started up. However , this can be changed using the Paths menu on the MLWorks console. ML Works keeps a notion of the sour ce path, a list of directories which it should sear ch, in or der, for files and subdir ectories.

Paths > Set Sour ce Path shows a list of the dir ectories on the curr ent path, and allows you to edit it by adding and r emoving items. By default, the initial sour ce path on starting ML Works contains only the start-up dir ectory. However, the sour ce path may be changed by using the Shell.Path.setSource-

Path function, which takes an ar gument of type string list; each string

should be an absolute pathname, or a r elative pathname to be interpr eted r elative to ML Works’ ‘current dir ectory’ (initially the dir ectory fr om which it is started up). If you want a particular sour ce path set on start-up, you could put a call to this function in the ML Works start-up file (see Section 1.9, “The MLWorks start-up file”). Alternatively you can set the desir ed sour ce path in the MLWORKS_SRC_PATH envir onment variable befor e invoking ML Works.

2.5MLWorks units and compounds

MLWorks has a notion of units separated into compounds. Compounds can contain subcompounds; units and compounds ar e analogous to files and directories.

In the above example it was assumed that all sour ce files wer e in the dir ectory from which you invoked ML Works (or other dir ectories on the sour ce path). Suppose instead that zval.sml is in a subdir ectory values of that dir ectory. If you now choose File > Read Dependencies and select zval.sml in the file chooser dialog, the corr esponding unit will show up as values.zval.

2 The separate compilation system

MLWorks considers the unit to be in a compound called values. If xval, a toplevel unit, still wants to r equir e values.zval, the r equir e statement must be changed:

Requir e declarations ar e interpr eted r elative to the curr ent compound. In this example, xval is in the top-level compound, so ML Works will sear ch the sour ce path for a dir ectory values containing a file zval.sml. If this r equir e statement appear ed in a unit maths.xval, MLWorks would look for the unit

maths.values.zval.

The ^ character can be used to specify the par ent compound: if the dependency between xval and values.zval were the other way r ound, zval.sml might be changed to r ead

A unit imported with require is sear ched for along the entir e sour ce path, so in this example ML Works would sear ch the entir e path for xval.sml; it would not look only in the dir ectory above values.

The $ character denotes a notional r oot compound, so if a unit A.B.C.foo contained the line

require "$.bar";

it would denote the unit bar, not the unit A.B.C.bar.

file xval.sml

require "values.zval";

file zval.sml

                             val z = 42;
val x = z div 7;

in dir ectory values

file zval.sml

require "^.xval";
val z = x * 7;

2.6 Delivery using MLWorks

2.6 Delivery using MLWorks

It is possible to deliver an image file or executable file fr om MLWorks. An image file contains an image of a particular function inside ML Works. This is read by the r un-time code, which r ecreates and evaluates the function. In the useful case this function has side-ef fects, which ar e the output of the pr ogram being deliver ed. An executable file is similar , but includes the r un-time code as well, so it is fr ee-standing.

Programs ar e deliver ed using the ML Works function

MLWorks.Deliver.deliver. This function takes thr ee arguments:

• a string, which is the filename of the file to be output;

• a function of type unit -> unit. This is the function to be evaluated when the image is loaded;

• a boolean, which should be true for an executable file, false for an image file.

To be specific, suppose you have defined the following function. It may have been defined in a file that was compiled and loaded, or in a file that was called with use, or by typing dir ectly in the Listener .

fun hello () =
  let open MLWorks.IO in output (std_out, "Hello, World.\n") end;

By invoking MLWorks.Deliver.deliver from a Listener , you can now deliver the function hello as an image file:

MLWorks> MLWorks.Deliver.deliver ("hello.img", hello, false);

or as an executable file:

MLWorks> MLWorks.Deliver.deliver ("hello", hello, true);

The image file is invoked using the mlrun command, part of the ML Works distribution:

mlrun -load hello.img
Hello, World.

The executable file, considering what it does, may seem quite lar ge. However , this is because it must contain a copy of the r un-time code. This is a constant overhead (somewhat under 300 KB), so is less significant for lar ger pr ograms. By contrast, the over head for an image file is only about 6 KB.

3Examining Objects

There are various tools in ML Works that you can use to look mor e closely at the values and functions defined in your envir onment. T wo of them we have already met: the br owser and the inspector . Here we shall look at these in more detail.

3.1 Examining values: the Inspector

Let us take a closer look at the Inspector . In a Listener window , type the following definition of a binary tr ee (MLWorks’ verification output is omitted):

MLWorks> datatype btree = leaf of int | node of (btree * btree);
MLWorks> node (leaf 1, node (node (leaf 2, leaf 3), leaf 4));

Now select Action > Inspect . An Inspector appears with details of the tr ee just defined. The bottom pane of the Inspector includes a graphical r epresentation of the tr ee, showing only the r oot node; clicking on this expands the graph to show the childr en. (You may want to r e-size the Inspector using your window manager .) You can click on any node to select it, and clicking again will further expand that node.

3 Examining Objects

3.1.1 Changing the graph layout

Different data str uctur es have dif ferent shapes, which can af fect how best to represent them graphically . Type the following two lines into the Listener:

MLWorks> fun ilist 0 = nil | ilist n = n::ilist (n-1);
MLWorks> ilist 100;

Now choose Action > Inspect and click on the r oot node to see all the childr en of this hundr ed-element list.

The curr ent r epresentation is not, per haps, the most useful for inspecting this value. Select View > Graph Layout to get a dialog fr om which the appearance of the graph can be changed. On this dialog, select:

• Orientation > Vertical

• Line Style > Step

• Child Position > Next

• Horizontal Spacing > 0

Click Apply. The appearance of the graph changes to r eflect the new options.

The many par ent-child links ar e easier to distinguish because you have specified steps instead of straight lines. The Child Position setting ensur es that the list itself aligns with its first few entries, rather than the entries in the middle, and the decr ease in horizontal spacing allows mor e values to fit in the Inspector window .

The Orientation setting af fects whether successive generations appear below their par ents, or to the right of them. Change this setting to Horizontal, and set Vertical Spacing to zer o, to get a tall thin graph instead of a short wide one.

Of course, with suf ficiently lar ge str uctur es, no amount of settings will make it possible to view an entir e value at one time, but it is generally possible to see the important information by judicious expansion and contraction of parts of the graph. The layout options ar e present to pr ovide further flexibility .

3.1.2 Display controls

The Inspector has another dialog af fecting the graph: the View > Display Controls dialog.

3.1 Examining values: the Inspector

Selecting the Type radio button (and, as usual, clicking Apply or OK) changes the r epresentation of objects in the Inspector ’s graph window . Instead of showing the objects’ values, the graph shows their types.

If the Atomic entries box is not checked, tr ee-nodes consisting of a single atom (integers, r eals, strings, etc) will not be shown when the graph is expanded.

The Expand All Children check box expands the curr ent tr ee to the fullest extent, and does the same for subsequent objects when they ar e first inspected. If Atomic entries is not checked it will, of course, omit atoms.

If the Equal values shared check box is checked, a single value will not be drawn twice in the Inspector ’s graph window; instead, ML Works will show which values ar e shar ed by drawing a graph wher e objects have multiple parents.

3.1.3 Value and Type fields

The Inspector has V alue and T ype fields which show a text r epresentation of the curr ent object. This is not necessarily the whole object being inspected, but the component selected in the graph window . Single-clicking selects an element without expanding or collapsing the subtr ee below that element.

If you select a component which is a function, the V alue field does not give the ML code for the function. For instance, try evaluating and inspecting the function ilist itself. The Type window gives the type of the function, but the Value window says only that it is a function. It can be made mor e informative using the View > Value Printer dialog. On this dialog, check the Show function details box and click Apply. Now r e-select ilist on the graph by clicking. The Inspector ’s Value field now r eads

fn[ilist[<Listener #1>:1,5 to 1,44]]

It gives the name of the function ( ilist), and wher e it was defined: in this case, in the Listener . If it had been defined in a file, and if debugging mode had been on when that file was r ead in, you could now use Action > Edit to open the file in your pr eferred editor at the definition of ilist. For details of defining a pr eferred editor , see Section 1.6, “Editing ML files”. Debugging mode is switched on using Preferences > Mode from the ML Works console.

3 Examining Objects

The Show exception details check-box has a similar ef fect when a value being inspected is an exception, and in general the options on this dialog all af fect the contents of the Inspector ’s Value window in the same way as the corr esponding options in the Listener .

3.2 Examining the environment: the Browser

Just as the you can examine a particular object with the Inspector , so you can look at the envir onment as a whole with the Br owser . The Browser comes in two flavours: the System Br owser lets you look at the functions and values built in to ML Works, while the Context Br owser lets you look at objects you have defined yourself.

As we have alr eady seen in Chapter 1, one use of this is to invoke an Inspector on any object in the envir onment. T o see mor e clearly the functions of a Browser , select Tools > System Br owser from any ML Works tool.

The Browser shows all the pervasive (built-in) objects that exist at top level: signatur es, str uctur es, types, values, and so on. A signatur e contains a list of further objects with their types, etc.; you can use the Br owser to look inside a signatur e. Click on the VECTOR signatur e to select it, and click again to expand it. The graph expands to show the types, exceptions and values specified in the

VECTOR signatur e. The pervasive str uctur e called Vector is defined to have this

signatur e, and you can expand the Vector structur e to see its contents. Since the Browser only shows the types of objects, not their values, this is of course the same as expanding the VECTOR signatur e.

If this seems unnecessarily r epetitive, you can r emove signatur es (for example) from the Br owser window . Select View > Filters, turn of f the ‘Show signatures’ check-box and click Apply; all signatur es will vanish fr om the Br owser window . The other check-boxes on the filter dialog can be used to contr ol exactly what is included in the Br owser view .

There is also a View > Graph Layout dialog, whose entries have the same functions as the corr esponding entries on an Inspector .

At the top of the Br owser is a ‘Selection’ window , which contains the identifier of whatever object is curr ently selected. (An object is selected by clicking.) If

3.2 Examining the environment: the Browser

the object is inside a str uctur e, this window contains the full qualified name of the object. The contents of the window can be cut and pasted (into a Listener , for example), either using Edit > Copy, or with the mouse.

3.2.1 Inspecting objects from the Context Browser

Tools > Conte xt Browser brings up the Context Br owser , which is like the System Browser , but shows user -defined objects rather than built-in ones. Y ou can invoke an Inspector fr om the Context Br owser to inspect a value you have defined. Select the object and choose Action > Inspect . An inspector appears, showing details of the value in the usual way .

4Debugging and tracing

We have alr eady seen the Stack Br owser in operation briefly in Chapter 1. Now we shall take a longer look at what it does and at the various ways in which it can be invoked.

Note : First ensur e that debugging mode is on, and optimising mode is of f. You can do this by invoking ML Works with the -debug-mode option, or fr om the MLWorks console’s Preferences > Mode dialog. (The Preferences > Sa ve Preferences menu item will save any pr eferences in for ce and use them in the futur e whenever you start up ML Works again.) Y ou should also make sur e that you have set your pr eferred editor; see Section 1.6. Finally , if your pr eferred editor is the Emacs server , you should make sur e you have Emacs r unning and have started the server with the M-x mlworks-server command.

4.1 Viewing Files

Associated with the Stack Br owser is the ability to view dif ferent parts of the sour ce code corr esponding to the various functions that have been called. T o see this in action, cr eate a file called, say , debug.sml, containing the following curious code defining factorial functions for odd and even numbers:

exception Fact;
fun ofact 0 = raise Fact | ofact n = n * efact (n-1)
and efact 0 = 1 | efact n = n * ofact (n-1);

4 Debugging and tracing

Now r ead this file fr om a Listener with File > Use File.

The somewhat inef ficiently coded functions efact and ofact happily compute factorials of even and odd integers, r espectively . However , invoking one of them on an integer of the wr ong parity raises an exception, and enters the Stack Browser . In the Listener window , type

MLWorks> ofact 6;

The stack br owser appears, with a list of the function calls leading up to the uncaught exception.

At the same time, a view of the file debug.sml appears in one of two ways:

• If you have set your pr eferred editor as the Emacs server , and have an Emacs server r unning, the sour ce appears in your Emacs window . The definition of the last function called befor e the exception was raised, namely efact, is highlighted, but you can move about the sour ce and edit it.

• Otherwise, it appears in an ML Works File V iewer. The definition of

efact is highlighted. Choosing Action > Edit from the Stack Br owser will

put you into your pr eferred editor , passing the line number of the definition of efact.

In the bottom pane of the Stack Br owser ar e the function calls leading to the uncaught exception; they ar e alternately efact and ofact. You can select any function call by clicking. Selecting a function call has two ef fects:

• It changes the other information in the Stack Br owser , specifically the details of the local variables passed to the function in the upper pane of the Stack Br owser .

• It causes the Emacs server or File V iewer to change view , highlighting the definition of the function you have selected. If you have a File Viewer, you can at any point select Action > Edit from the Stack Br owser to enter your pr eferred editor , passing the line number of the curr ently selected function.

4.2 Step mode

4.2 Step mode

It is not necessary to raise an exception in or der to use the Stack Br owser; this and the next sections pr esent mor e ways of invoking it. This section looks at running a function in step mode.

To use step mode, choose Break / Trace > Step Mode from the ML Works console. Now the next declaration typed into the Listener will be evaluated one step at a time, entering the Stack Br owser each time a new function call is enter ed. For instance, having selected step mode (and with the definitions fr om the last section still in for ce), type

efact 10 + ofact 11;

The Stack Br owser appears, and the text field at the top shows this is because

efact has been enter ed. The lower pane shows the details of the function call,

and the upper pane the value of any ar guments passed; in this case ther e was only one ar gument.

As well as the usual Abort button, ther e are now active buttons marked Continue, Step and Next. The Step button will continue the evaluation until another function call is enter ed — in this case, ofact. At each step the Stack Browser shows the local variables and function ar guments to the top function on the stack, and the File V iewer (or Emacs server) moves to the definition of the r elevant function, which is highlighted.

The Next button will continue the evaluation until the function curr ently at the top of the stack r eturns: in the pr esent case, it will finish the evaluation of

efact 10, and stop again at the call to ofact 11. Continue, at any point, will

switch of f step mode and continue until the end of the evaluation.

4.3 Adding break points

Sometimes, when tracking down a bug, you might want to be able to stop a computation whenever a particular function is called. The Br eakpoint Manager is for just this purpose. It is invoked fr om the ML Works console with Break / Trace > Breakpoint Mana ger.

The Breakpoint Manager allows you to specify a number of function names. Whenever one of these function names is called, ML Works enters the Stack

4 Debugging and tracing

Browser . To specify a br eak point, type the function name into the text box and click Add Name followed by Apply.

4.4Interrupting an evaluation

Finally, the Stack Br owser may be enter ed by interr upting an evaluation. While MLWorks is evaluating some declaration, you can interr upt it by pr essing Ctrl-C. ML Works scans the stack and enters the Stack Br owser .

Note : The stack may be very lar ge if you ar e in the middle of a long r ecursive computation, in which case scanning it will take a corr espondingly long time. Please be patient waiting for the Stack Br owser to appear .

4.5 Tracing

Beside the Stack Br owser , MLWorks has another facility to help the debugging process: tracing. It is contr olled fr om the T race Manager , invoked fr om the MLWorks console with Break / Trace > Trace Manager. The Trace Manager works in exactly the same way as the Br eakpoint Manager: it contains a list of functions to be traced whenever they ar e called. You can add or r emove functions in the list.

Whenever a function listed in the T race Manager is called, ML Works r eports that it has been called, and also r eports the r esult of the call when the function returns. If you now add efact to the T race Manager and type efact 6 in the Listener , MLWorks will trace all the r ecursive calls to efact:

MLWorks> efact 6;
efact 6
  efact 4
    efact 2
      efact 0
      efact returns 1
    efact returns 2
  efact returns 24
efact returns 720
val it : int = 720