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Abstract.

In constructing large scale applications programs, problems arise of
maintaining a complex modular structure and few systems offer good tools for
managing the structure. Using persistent programming languages to construct such
tools transforms the problem into a database maintenance problem. The application
* construction environment can be considered to be a database of software libraries
and standard database techniques can be used to handle the modules. There needs to
be appropriate storage, retrieval, display-and version control facilities. and thus
software re-use is encouraged and the production of documentation can be
automated. The persistent programming language, PS-algol, provides a good basis
for such libraries as it has appropriate graphics facilities, first-class procedures and
the ability to choose the time at which program modules are bound together. This
latter feature means that it is possible to create utilities which permit different ways

of binding modules together.




Introduction.

Producing an application program consists of a number of steps -

® systems analysis and design, from which arises a set of modules which

will comprise the final program;

® searching the environment within which the program is to be created
for versions of any of these modules which already exist - clearly

this search may influence the first step;

* modifying any of these which only approximate to the required

module;

* producing any new modules; and

® 'glueing' the modules together.

A persistent store with first-class procedures can hold program fragments in
the same space as 'data’. Therefore the same operations are available on modules of
programs as on any other data item. This should provide an ideal environment
within which to build tools which support the activities above, by using the same

kind of operations traditionally used on other kinds of data.

The diagram in Figure 1 represents a multi-application environment. In the
centre is a 'system'’ library of modules of general applicability. Surrounding it are
application programs which contain modules specific to the application as well as
calls to system library modules. Each application has a single root module from
which it is started and consists of a Directed Acyclic Graph of modules drawn from

its own library and the system library.
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Figure 1. Module Dependency Graphs for a System with Four Applications

Given this view of an application, we may list some facilities which we wish to

provide in developing an application:

° a display mechanism for the DAG, with facilities for scrolling it and

zooming in to get details of individual modules;
* methods for discovering what modules exist in the system library;

¢ support for versions of modules;

the ability to establish links between modules and determine the nature

of these links;

® assistance in propagating any changes to low-level modules painlessly
through the DAG;

@

aid in the production of good quality on-line and off-line program

documentation.
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In this paper, we show how to provide these facilities, in particular
concentrating on version control and the way in which modules are bound to their
caller. We wish to support the variety of reasons for which new versions of
modules are produced. In particular, we note that a new version may be: the
removal of a program error; the extension of the power of the module; or the
provision of an alternative to the already existing versions (for instance an
implementation of a new sorting algorithm, applicable in different circumstances

than those already existing).

We also wish to support a variety of binding styles. We may envisage that this
may include once-and-for-all static binding, dynamic binding to get the latest version
of the lower-level module or menu-driven selection between parallel versions. In
the latter case, the application programmer may make the selection at the time of
building the program or pass the decision to the user, who may, for instance, choose
an interface style when starting the program. These different styles can be provided
in a language like PS-algol, which permits a range of times at which programs are
bound to data [MADS7, ABMS88).

The rest of the paper describes some of the relevant facilities of PS-algol and

then a set of programs which provide some of the facilities above.

PS-algol.

PS-algol is a block-structured, strongly typed language with orthogonal
persistence [Psal87]. Every object in the language consists of a quadruple of attributes:
its name; its type; its value; and its constancy. Of these, only the value may change
and then only if it has not been declared as a constant object. The type system is
simple, but rich enough to include types to represent graphical data [MDB86] and to
include procedures as first-class objects (the language is data-type complete){AM85].
Thus numerical, textual and graphical data are all handled in the same way as each
other and in the same way as "programs” (i.e. procedures). This will enable us to
store our modules in a database and to provide a good quality interface to the tools

we will provide. The provision of first-class procedures also means that the
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compiler could be made available as a library procedure. Therefore, programs can

construct other programs as strings and compile and run them at run-time.

Although the language is strongly typed, with all objects being bound to a type
at compile-time, a mechanism has been provided which allows a program to retain
flexibility over the nature of such bindings - the extensible union type. To illustrate

its value, consider the PS-algol command:

structure address( int house; string street, city )

which introduces a new class of objects, named address, with one integer field and
two string fields. The name, address, is introduced as a constructor for instances of

the class, so:

let CS = address( "17", "Lilybank Gdns", "Glasgow" )

creates a new object which is in the class, address. The type of this object is pntr and
the data type completeness of PS-algol means that the fields of a structure may be of
any type. In particular they may be of type, pntr. This provides a powerful

modelling tool since complex structures may be represented in PS-algol.

However, a further feature is that all objects created as instances of any of these
class constructors are of the same type: pntr. This means that programs can be
written which manipulate objects without knowing which class they are in. Thus
the binding of program to data can be deferred for as long as necessary. In particular,
if a procedure is stored in a structure in a database, it can be unpackaged at the
beginning of the calling program, which constitutes a static bind, or every time it is

used, thus constituting a dynamic bind.

In particular, the mechanism which is used to provide persistence relies on
this. Objects in the program can be made to persist between program runs by the
simple mechanism of making it reachable from a root object and executing a commit
command. The root objects of PS-algol are called 'databases' and consist of tables

which associate strings and PS-algol objects of type pntr. The command:
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let DB = open.database( "X", "Y", "write" )

creates DB as a reference to the table of the database whose name is "X" and password

is "Y" and allows the program to update it. The command:

s.enter( "keyforO", DB, O )

then enters complex object, O, into the database, keyed by the string "keyforQO", while

the command:

let O = s.lookup( "keyforO", DB )
retrieves a reference to the complex object.

A table of this kind is a natural repository for a simple library of procedures.
Each procedure is packaged into a PS-algol structure containing just one field, whose
type is the appropriate procedure type. This may then be entered into the library

with s.enter and retrieved for binding to a calling procedure using s.lookup.

Modular Program Construction in PS-algol

The provision of first-class procedures in PS-algol encourages the modular
design and construction of programs. Essentially, the program is analysed into units
of functionality and each is implemented as a PS-algol procedure. The procedure is
then stored in the persistent store for later retrieval by calling modules. For
instance, a minimum function might be implemented and stored in th

e"program”/"Library" database by the following program text:

let min = proc(inta,b -> int)
ifa>b thena else b
structure minpack( proc(int,int -> int) minproc )
let library = open.database( "Procedures”, "Library", "write" )
s.enter( "min", minpack(min), library )
if commit() =nil  then write "Procedure min stored'n
else write "Commit fails'n”

s
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Then a module which calls min, a procedure which provides the minimum of

a vector of integers, for instance, can use it as follows:

let library = open.database( "Procedures”, "Library”, “write" )
structure minpack( proc(int,int -> int)

let min = s.lookup( "min", library }( minproc )

let minvec = proe( *int V -> int )

let smallest .= V(1wb(V))

for i = Iwb(V) to upb(V) do smallest := min( smallest, V(i) )
smallest
end

structure minvecpack( proc( *int -> int ) minvecproc )

s-enter( "minvec", minvecpack(minvec), library )

if commit() = nil  then write "Procedure min stored'n”
else write "Commit fails'n"

One advantage of this approach is that the min procedure, once stored in the
database, is accessible for use by any other program that knows of its existence in a

database called "Procedures", password "Library". However, the mechanism is
deficient in a number of ways:

© no record of the dependency of one module on another is kept;
® there is no support for the creation of new versions;
e there is no support for documentation;

* the code to store and retrieve modules is unnecessarily complex.

We will take these points in order. As shown in Figure 1, there is an
underlying graph of module dependencies which this simple mechanism totally
obscures. After the two programs above have been run, there is no way of
discovering the fact that minvec calls min. The link between the two exists only
within the closure of minvec and this is inaccessible. Therefore, we cannot write a
program which is given a pointer to the "root" module of an application and

manipulates the module dependency graph (MDG), for instance a program to display
it

The provision of version control is even more important and is totally lacking

here. Imagine the effect of making a change to min, removing the error that exists
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in it - yes the error was deliberate! If the source file is edited, re-compiled and re-run,
a correct version of min will be stored in the database as required. However, no
effect will be felt by minvec, as this is still bound to the faulty version of min. The
module containing minvec will also have to be re-run (although not re-compiled),
in order to bind it to the new version. We can modify the minvec module by
moving the lookup of min inside the body of minvec and this will have the effect of
dynamically binding min into minvec every time the latter is run, thus ensuring
that it always uses the latest version. We would like, however, to provide more
sophisticated control over this binding, as we will outline below, to reflect the
variety of reasons for providing new versions. Furthermore, as we do not have
access to the MDG, when we mend min , we don't know which modules call it, nor
which programs need to be re-run to bind these modules to the new version.
Finally, we might like to retain a history of versions, as done in the system described

by Davison & Zdonik[DZ86].

Perhaps the lack of any encouragement for documentation may be considered
less serious, but any attempt to help programmers document as they produce an
application must improve productivity for two reasons. Firstly, it is quicker to
document each module as it is written, rather than at the "end" of the production of
the whole application. Secondly, it is easier to debug later parts of the program, if
earlier parts are already documented. The approach above permits, if not
encourages, the programmer who requires a facility to hack in a quick procedure
together, dump it in the database, make a call from the module which is under
consideration and then forget about it. Allied to this point is the lack of any method
of helping the programmer find modules as they are needed. It might be guessed
that the minimum procedure is called min, but what type are its parameters? At
another point in the program, a sorting procedure might be needed. What versions

are there and how are they accessed?

The final point is that it is hard to justify the amount of code required to
package and unpackage procedures used in PS-algol. The language is designed to
simplify the code and reduce the programming overheads. The overheads seen in

the above programs are a consequence of the provision of features which provide
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immense benefits in other areas, but there is no reason why we shouldn't provide
some automatic methods to save us some programming effort. The overheads are
made worse by the requirement that every name, including the structure and field
names of the procedure packaging, must be unique. We therefore seek to provide a
less cumbersome syntax for introducing the simple notions: "this module uses
version V of module M in the program library" and “store this module in the
program library - this is a new module or a new version of M introduced for

such-and-such a reason".

To achieve all of these aims, we introduce a systematic intermediate packaging
structure with which to represent the nodes of the MDG. This will include pointers
to represent dependencies and versions; text fields for documentation and program
source; a time field to capture module creation time; other fields for author name;

and of course the procedure itself.

Version Control

We note first that version control in a software library contains two
components - the storage of a new version and the retrieval of a specified version.
We seek to provide the kind of facilities required for carrying out both of these

activities, firstly listing the requirements and then showing how o satisfy them.

When a new version of a software module is created this can reflect a number

of different intentions on the part of the programmer:

* a bug-fix - the programmer intends a complete replacement of the old

version by the new because the old version is faulty;
° an "extension" - the new version is more powerful or of wider

applicability than the old, although the old may still be adequate for

some users;
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® a new parallel version - this is not intended to replace the old version,
P P

but to be an alternative (for instance a new editor).

The programmer who wishes to use a module in a library has a separate set of

possible requirements. The programmer may want:
e to retain his original version at all costs;
e any changes at all to permeate through to his application;
e to accept only bug-fix updates, but otherwise retain his original version;
e to specify a particular version when writing the code;
e to choose the version at the time the calling module is stored; or

* to pass the choice of version to use onto the user.

We next present an outline of a system which provides all of these
alternatives. To start with we will consider a two-dimensional taxonomy of
versions in which each module in our system to exist as a number of parallel
"versions”, each of which may exist in a number of sequential "generations". We
then adopt the following insertion strategy, in which one of three conditions can
hold:

® a) it is a new module - a new entry in the library is created;

® b) it is a new version - a new version node is created, which is inserted
into a list of versions - if it is marked as preferred, the library entry

for this node is made to point to this version;
e ¢) it is a new generation of an already existing version - the new
generation is placed at the head of the list of generations of this

version - the new generation may be marked as the preferred one.

The simplest PS-algol code to do each of these is given in Figure 2 for the case in

which a string editor is to be inserted.
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let editor = proc( string Xin -> string )
structure ed Pack( proc(string -> string) anEditor)
structure modVersion( string Vname, Gnumb;
pntr thisVers, lastVers, lastGen )
let library = open.database(
"Procedures”, "Library", "write" )

leteditor = proc( string Xin -> string )
structure ed Pack( prec(string -> string) anEditor)
structure mod Version( string Vname, Gnumb;
pntr thisVers, lastVers, lastGen )
Yet library = open.database(
"Procedures”, "Library", "write" )

s.enter( "editor”, mod Version("first", "1, letoldGen:= s.lookup( "editor”, library )

edPack(editor), nil, nil ), library ) while oldGen( Vname ) ~= "second" do
if commit() = nil oldGen = 0ldGen( lastVers )
then write "Procedure edit stored'n" let newGen = modVersion( "second”,
else write "Commit fails'n" succ( oldGen( Gnumb) ),
edPack(editor),
a) Inserting the first version of a module oldGen ( lastVers ),
oldGen )
s.enter( "editor”, newGen, library )
let editor = proc( string Xin -> string ) if commit() = nil

....... then write "Procedure edit stored'n”
structure ed Pack( proc(string -> string) anEditor) else write "Commit fails'n"
structure modVersion( string Vnanie, Gnumb;

pntr thisVers, lastVers, lastGen ) o) Inserting a new generation of the

let library = open.database( second version of a module
"Procedures”, “Library”, "write" )
let oldVersion = s.lookup( “editor”, library )
s.enter( "editor”, modVersion("second”, 1",
edPack(editor), oldVersion, nil ), library )

if commit() = nil

then write "Procedure edit stored'n”

else write "Commit fails'n"

b) Inserting the second version of a module

Figure 2. Three Different Types Of Module Instance Creation.

Turning to the problem of binding in called procedures, Figure 3 indicates 6
ways to do this, in the case of linking a call to a string editor into a procedure called

caller.

Holding on to the original version is straightforward in a persistent system.
Code fragment a) of Figure 3 shows how to do this. The latest editor will be bound
into caller and the dependency created can never be broken by anyone other than the
application programmer by re-running this program. In particular, the creation of

new versions of editors will not affect this binding.

To make changes to the implementation of the editor permeate through, it is

necessary to move the lookup of the editor into the body of caller, as shown in code
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fragment b). Now the editor is bound into caller each time it is called. This has the

effect of always using the latest version.

To make the change be dependent on the last editor change being a bug-fix,
slightly more complex code is required as shown in code fragment c). Here, an
initial instantiation of the editor is selected, but is altered if a bug-fix to this version
has been made - note that this uses an extension to our original modVersion

structure, a string field called Reason to hold the reason for the update.

To specify the version required, a utility findNamedVers could be provided,
which given the module name and version name could look up the latest
generation of that version. Code fragment d) shows how to this utility could be used
to specify the version once and for all. The call to findNamedVers could be moved

inside caller to dynamically bind to the latest generation of the named version.

To leave the choice as to which version of the editor to choose until the
procedure caller is stored, we could envisage a generic utility, paraChoice, which

would be called instead of lookup, for instance by:

let myEditor = paraChoice( "editor" )

which, if there was only one version, would return the latest generation of it, but if
there were more than one version would build a menu of the Version names and

get the programmer to choose one. This is shown in fragment e).

The same utility could also be used to pass the choice onto the user by moving
the call inside the caller procedure. This is shown in fragment f), which shows the
version which gives a menu every time a module is called. Another version is

called which presented the menu only for the first call after the application is started

up.
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structure edPack( proc(string -> string) anEditor) structure edPack( proc(string -> string) anEditor)

let myEdPack = s.lookup( "editor" ) let caller = proc(...)
let myEditor = myEdPack( thisVers)( anEditor ) begin
let caller = proc( ...) let myEdPack = s.lookup( "editor” )
begin let myEditor=myEdPack( thisVers)anEditor)

end end
enter( “caller", caller ) enter( “caller", caller )
a) Always use original version. b) Always use latest version.

structure edPack( proc(string -> string) anEditor) structure edPack( proc(string -> string) anEditor)
let myEdPack := lookup( "editor” ) let myEdPack = findNamedVers( "editor", "myver")
let oldName = myEdPack( Vname ) Yet myEditor = myEdPack( thisVers Y anEditor )

let caller = proc(...) let caller = proc( ...)
begin begin
let newEdPack= 7
findNamedVers( "editor", oldName ) newString := myEditor( oldString )
if newEdPack ~= myEdPack and
newEdPack(Reason) = "bugfix" do end
myEdPack := newEd Pack enter( “caller", caller )
let myEditor =

myEdPack(thisVers anEditor )
....... d) Using version, "myver”.

end
enter( "caller", caller )

¢) Using bug-fix of original version.

structure edPack( proc(string -> string) anEditor)  structuie edPack( proc(string -> string) anEditor)

let myEdPack = paraChoice( "editor" ) let caller = proc( ... )
let myEditor = myEdPack( thisVers W anEditor ) begin
let caller = proc( ... ) let myEdPack = paraChoice( "editor" )
begin let myEditor=myEdPack( thisVersWanEdifor)

end . end
enter( "caller", caller ) enter( "caller”, caller )
e) Choose version at commit time. f) User chooses the version.

Figure 3. Six Different Strategies For Calling a System Module.

These constitute some of the ways a called module may be bound into a caller

in PS-algol. The flexibility we are provided with in PS-algol is, however, somewhat
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offset by the nature of the code we have to write to generate the different binding
styles. It is somewhat complex, but worse than that obscures the programmer's
attention. We propose here to make the programmers requirements explicit and
allow the program to create module source files which have clear instructions to the
system on what binding is required. We will take that source file and translate it
into pure PS-algol of the forms shown in Figures 2 and 3 and submit that to the

compiler.
In the case of storing a module, the programmer will be allowed the syntax

"save" ( "systemlibrary” | applicationname ) modulename

versionname ("new" | "newversion" | "newgeneration" )

A line of this form will be placed at the end of the module and this will be

transformed into the code shown in Figure 2.
For retrieval, a line of the form

"retrieve” ( "systemlibrary" | applicationname ) modulename
( "fixed" | " latest” | "bugfix" | "preferred” |
"Ichoose”" | "userchoose” { "firsttime" | “everytime" ) |
("/" versionname ( "fixed" | " latest" | "bugfix" | "preferred” |

("/" generationnumber ) ) ) )

at the start of the source file will be transformed into the code shown in Figure 3.

For instance, the 6 parts of Figure 3 could be achieved by:

retrieve systemlibrary editor fixed
retrieve systemlibrary editor latest
retrieve systemlibrary editor bugfix
retrieve systemlibrary editor/myver fixed
retrieve systemlibrary editor Ichoose

retrieve systemlibrary editor userchoose everytime
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Having described the version control system we are now in a position to
incorporate these ideas into set of programs to give general support to the
applications programmer. We continue by giving a semi-formal descriptions of the
objects and operations we will be providing and then outline the method of

implementation.

A Semi-Formal Specification.

In the following, we present the objects and operations required in a
semi-formal style, to clarify the requirements we have of our system. The

formalism is influenced by [HJ]87].

We start by defining a module to consist of the following:

a name by which it can be referenced;
a description of the purpose of the module
a reference to the first version.

We then define a module version instance to consist of:

a version name;

a reference to all other versions which exist;

a generation number, the range of which is left unspecified and may vary
from implementation to implementation;

a reference to all other generations of this version which exist;

the reason for storing this version;

a set of references to other module instances which this one calls;

a set of references to other module instances called by this one;

a set of argument types for objects imported by the module;

a set of result types for objects exported by the module (we follow PS-algol
in only permitting a single result for the purposes of this discussion
- extending to the more general case introduces no new problems);

the program source which defines the module;

the procedure which implements the module; and

sundry documentation material.

A module source will be a text which includes specifications of which modules
it calls and how the binding to these modules should be done; which

objects it imports and exports; the body of the procedure which
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implements it; and a specification for how it is to be stored, whether as a

new module, a new version or a new generation.

A system library is a set of modules for each of which all modules called by the

module are also in the set.

An application is a set of modules and data held together such that:
for each module, all modules called by it are either in the application or
the system library;
there is one distinguished root module which is not called by other
modules but by directly invoking the application;
for each of the other modules, each module calling it is in the

application.
We can then define a series of operations which we require.
Run an application. Invoke the root module.

Store a module. This will take in a module source and store it appropriately.
The operation also requires an application name or "system library” to

determine which module set to store it in.

Display an application/the system library. The MDG will be shown to an
arbitrary degree of detail. Among the facilities this operation might be
expected to provide are: scrolling about the MDG; traversing the
versions of the modules zooming in on the imports/exports which flow

along the dependencies or on the details of the modules as required.

Retrieve module details. Given a search string, any modules having that
string as part of its name, version name or some subset of the
documentation fields will be returned for examination. The search will
be confined either to the system library or to an application together with

the system library.
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Produce program documentation. The application MDG will be processed in a
systematic way and the documentation fields will be transformed into a
documenting text. Note that the display operation above provides an

on-line documentation tool similar to hypertext systems.

We conclude with an outline of an implementation of such a system.

System Implementation - the objects.

We need to specify concrete representations of our abstract objects above.

Firstly a module will be represented by the following structure:

structure module(
string moduleName;
string description ;
putr dynamicCallers; ! references from modules that call no specific
pntr versions ) ! instance

Then a structure to contain an instance of a module:

structure moduleVersion(
string versionName;
pntr lastVersion;
pntr nextVersion;
string generationNumber;
pntr lastGeneration;
putr nextGeneration;

! versions held in a doubly-linked list

! probably better stored as a string
! generations also held in a doubly-linked list

pntr called; ! to a lists of called modules and ones which call it
pntr staticCallers; t  the structure indicates the nature of the bind.
string imports; {e.g. "int ab"

string export; ! the type of the export

string theSource;
integer storeTime;
string author;
string updateReason; fe.g. "bugfix"

pntr packagedProc ) ! points to a packaged procedure.

! the time when the module was stored

The last pointer will point to a structure which contains a single procedure field to
hold the procedure. The names of the structure and the field can be generated
automatically from the imports and export of the procedure, for instance minvec

would be stored in the following structure:
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structure VintTintprocpack( proc( *int -> int ) VintTintproc )

A module source will be a string, which in the case of minvec, would be like

retrieve systemlibrary min latest
let minvec = proc( *int V -> int )

let smallest := V(1wb(V))
for i = twb(V) to upb(V) do smallest := min( smallest, V(i) )
smallest
end
save systemlibrary minvec firstgo new
Richard Cooper
Returns the smallest of a vector of integers.

More formally, the module source consists of:

one or more lines retrieving versions of modules from the system library
or from the application;

the procedure body implementing the module version;
a line saving the module version in the system library or application;
a line with the author's name; and

one or more lines of description.

The system library is a PS-algol database with name "Procedures" and password
"Library”. New modules will be entered in the top-level table of the database.

Updates will be linked via the various fields of the module structures.

An application is also a PS-algol database. One entry in the top-level table will
point to a table containing the application library, which will be organised in the
same way as the system library. The root module is contained in this table along
with the others, and is keyed in the table with the name "root". This contrasts with
the usual PS-algol approach in which the root module is a compiled PS-algol
program which initiates the application. All the data connected with the application ..

will be stored in structures reachable from the other entries in the top-level table.
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System Implementation - the operations.

We are now in a position to outline the implementation of the operations in

PS-algol.
To run an application we will issue the command
runapp applicationName

and this runs the following simple program:

let AppDB = open.database( applicationName, “friend", "write" )
let library = s.lookup( “library”, AppDB)

structure voidprocpack( proc() voidproc )

let roof = s.Jookup( "root", library Y voidproc )

root()

To store a module, we will use the following command
store moduleSource applicationName

where applicationName can be "systemlibrary”. This will take in the module source
and translate it into a PS-algol program similar to those shown for storing min and

minvec. The program that implements this lies at the heart of our system and

deserves the closest attention.

It relies an extension of the PS-algol parser, which analyses the source module
in the form presented above. Using a system like that described in [BC87], we can

create such an parser, which returns a tree of lexeme, token pairs. We can then use

this as follows:
1) Divide the module source into six parts: the set of retrievals; the

procedure definition line together with the first begin; the rest of the
body of the procedure; the storage line; the author name; and the

description. Note a begin/end pair may need to be inserted if the

procedure body consists of just one clause.

2) Scan the retrievals and build open.database calls to the system library
and application databases as required, as a string ODB, say.
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3) For each retrieval, build the appropriate code to load the correct
module. This code relies on:

a packaging structure which can be built from the types found
in the imports and export fields;
calls to standard procedures, like findNamedVers and
paraChoice - these will be already in the system library and so
must be themselves retrieved;
an examination of the final parameter to determine whelhebr
the retrieval should occur outside or inside the procedure -
two strings staticCalls and dynamicCalls will be built up for

these two cases.

4) The require PS-algol source to this point is ODB followed by staticCalls
followed by the procedure definition followed by dynamicCalls and

the procedure body.

5) The list of modules called by this one is created. The list contains a
pointer to the called module if the bind is dynamic or to a module
instance if it is static. The list is scanned to create backwards links - a
general function, makeBackwardLinks can be created which does

this systematically.

6) a) If this is a new module, build a module version object with nil fields
for the version and generation lists and "new" for the updateReason
field. Get the initial value of the generation number from a system
function, firstGen - this allows different systems to have different
generation numbering mechanisms. Create a new module object,

make it point to the version object and put it into the table.

b) If it is a new version, lookup the module object and create the new
version object so that it is linked into the list of versions. Make the

module point to this version if it is "preferred".
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¢) If it is a new generation, lookup the module and then find the
version. Create a new module instance to represent the new
generation and then link it into the list of generations - the
generation number will be determined by using another system

function, succGen, to generate it.

7) Fill in the other fields of the module version from the appropriate

sources.

8) Put the commit line in and we're done. We have a complete PS-algol
program to place the module appropriately. We can call the PS-algol

compiler and then run the program.

As a final illustration, the module source given above for minvec would be

translated into:
let sysDB = open.database( “Procedure”, "Library", "write" )
structure intintTintprocpack( proc( int,int -> int ) intintTintproc )
let minvec = proc( *int V -> int)
begin
let min = s.lookup( "min", sysDB Ywersions X intintTintproc )
let smallest :== V(1wb(V))
for i = lwb(V) to upb(V) do smallest := min( smallest, V(i)
smallest
end

structure callList pntr call; string bindType ; patr callNext )
let called Procs = callList( s.lookup( "min", sysDB ), "latest”, nil )
makeBackwardLinks( calledProcs )

structure VintTintprocpack( proc( *int -> int) VintTintproc)
structure module( ....
structure moduleVersion(....
let version = moduleVersion( "firstgo”, nil, nil, 1, nil, nil, calledProcs, nil, ™int V", "int",
“retrieve ...... integers.”, !ie. the whole source
date(), { system function
"Richard Cooper”, "new",
VintTintprocpack( minvec ))
let Module = module ( "minvec”, " Returns the smallest of a vector of integers.", version )
s.enter( "minvec”, sysDB, Module )
if commit() = nil  then write "New module minvec stored ok'n"
else write " Commit of new module minvec failed'n”
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Fig. 4 Module Dependency Graph Display

To display an MDG, the command
dispapp applicationName

will call a program which shows the MDG from the root module in a scrollable
window, putting as many nodes on the screen as it can. The modules are displayed
as boxes with their name, version name and generation number, as shown in Figure
4. The existence of other generations is indicated by shadow boxes, to a maximum of
five, while the existence of alternative versions is shown by arrows at the top of the
box. Alternative versions or generations can thus be seen by clicking on the
shadows or arrows. As specified above, clicking on the nodes will display the
documentation material available, clicking over the shadows and version arrows
will move to display the other versions, while clicking near the arcs will display

import/export information. Figure 5 shows the effect of clicking on the minvec box

and the min/minvec arc.
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module name: minvec
author: Richard Cooper
creation date: 27/11/87
creation time: 10:15:53
caller.  minvec version name: firstgo
called:  min ‘/min generation number: 3
imports: inta, b update reason: bugfix
; exports:_int description: Fix of gen 2 to get
rid of bound etror

< ]

Fig.5 Module and Dependency Detail Display

An outline of such a program is:
open the database and find the root module;
display at, say, the left-hand side of the screen;
find all the modules called from the root recursively to a fixed depth;
use a node placement algorithm to decide where to show these modules;
then display the nodes and arcs;
wait for the user to click in the scroll-bar or on one of the boxes or arcs;
if the selection is a scroll, recalculate and re-display the nodes;

if the selection is a node or arc, open a new window, with a go-away box.

Module retrieval is done by the command

retrieve astring applicationNane
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where applicationName may be “systemlibrary”. The program called by this
command scans the appropriate table and finds every module with the string in its
name, then all those with the string in its version name and then with its string in
the description field and finally in the author field. It then presents a menu of
module name/version name pairs, clicking over each of which will display all the

documentation information about the procedure.

The production of documentation is done by the command
document applicationName

this will traverse the MDG and write out the documentation for each module in a
systematic way. The program provides a menu of all the modules in the MDG, with
the user determining the order of description by clicking over the menu items one
by one. There is also an item in the menu which allows the user to supply

intervening text, for instance headings, directly from the keyboard.

Conclusions.

We have shown how to build a set of tools to manipulate a procedure database
which assists in the construction of application programs. We have been able to do
this because we have a persistent language in which the fine detail of storage has
been removed from the programmer's concern. The language also provides good
graphics facilities which encourages fast prototyping of interfaces. The provision of
first-class procedures and the extensible union type pntr have been our major aids,
however. We have been able to write programs which manipulate the procedures
which instantiate our modules with the same ease as any other data item and we
have had access to the compiler at run-time. Further, by making references to the
stored procedures via pnir fields, we have been able to write generic programs which
handle any kind of procedure, although any use of any of these will be fully
type-checked.
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We are not here concerned with the nature of the tools which we have
constructed - it is the business of software engineers to design the kind of tools
which they require. One tool that we haven't described would be a program which
takes the program graph and recreates all of the module dependencies, under user
control. What we have shown is that when the tools have been designed, they can

be implemented in a language like PS-algol.

We have in fact made a number of restrictive assumptions in the system as
described. For a start we have assumed acyclicity in our dependency graphs, as do
[H]87]. The extension to cydlic graphs introduces no new problems. We have also
assumed that each module source produces exactly one procedure. There is no
intrinsic reason why a module shouldn't store more than one procedure. Nor is
there any reason not to use the same mechanism to store other kinds of obje.zct. The
data-type completeness of PS-algol means that any type of object can be mampula.ted
with the same ease as any other. Thus we envisage future work implementing
systems like those described in [EEES7] and [KC87). We have already referred to fhe
restriction of procedure exports to one - this was merely to ease the transformat.lon
into PS-algol. All of these restrictions were made to simplify the work, by excluding

extraneous issues, and not because they pose any new hard problems.

Work is already under way to implement this system. The implementation is
taking two paths - a direct implementation in PS-algol and an indirect
implementation using the requirements modelling language, PSRML [CA87]. A set

of tools which ease the programmer's lot should soon be in place.
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