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Abstract : A generic procedure can be specialized, by compilation through views,
to operate directly on concrete data. A view is a computational mapping that
describes how a concrete type implements an abstract type. Clusters of related views
are needed for specidization of generic procedures that involve severa types or
several views of a single type. A user interface that reasons about relationships
between concrete types and abstract types allows view clusters to be created easily.
These techniques allow rapid specialization of generic procedures for applications.

Index Terms: software reuse, view, generic algorithm, generic procedure, algorithm
specialization, partial evaluation, direct- manipulation editor, abstract data type.
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1. Introduction

Algorithm : is a method for solving a class of problems on a computer. The complexity of an
algorithm is the cost, measured in running time, or storage, or whatever units are relevant, of
using the algorithm to solve one of those problems. Some problems take a very long time,
others can be done quickly. Some problems seem to take a long time, and then someone
discovers a faster way to do them (a “faster algorithm'). 2

Ok, I think that Algorithms are logical ways to do things. And how does this influence my

programming? Well, you use algorithms to tell your application how to do the things you want
it to do!

A generic algorithm is one that has (1) a formal specification, (2) a proof that it satisfies this
specification, and (3) generic identifiers representing types and operations. !

So A generic algorithm is written by abstracting algorithms on specific types and specific data
structures so that they apply to arguments whose types are as general as possible. This
means that a generic algorithm actually has two parts: the actual instructions that describe
the steps of the algorithm and the set of requirements that specify precisely which properties
its argument types must satisfy. !

There are many cases in which the same algorithm may need to be implemented for several
different data types

And we can say that, Generic algorithms

» Operate on containers

» Perform common tasks: searching, sorting, counting, replacing...
But Why “generic algorithms”?

» Algorithm because it encapsulates the implementation of a common task

* Without generic algorithms you wind up writing the same loops over and over again in
different contexts

» Generic because it works for any container type...... and for any value type!

Generic Procedures : Generic procedures provide a mechanism by which a Scheme
procedure can select different bodies for execution depending on the types of the parameters
it was called with. Languages like ANSI Lisp and Dylan provide similar functionality. Generic
procedures have several advantages over normal functions:

must come up with uniqgue names for procedures that perform the same operation on
different types of objects. This avoids cluttering the name space. All these procedures
can be defined separately but yet be part of the same, single generic procedure.

The functionality of a generic procedure can be extended incrementally through code
located in different places. This avoids "spaghetti code" where adding a new type of
objects requires changes to existing pieces of code in several locations.

Code using generic procedures has a high degree of polymorphism without having to
resort to ugly and hard-to-maintain test-type-and-dispatch branching.

A procedure name is generic if it can be referenced with more than one actual argument
type/kind/rank pattern. Most intrinsic procedures are generic, and in addition user-defined
procedures may be made generic. The interface block is used to specify generic names for
user-defined procedures. As with generic intrinsic procedures, it is the type, kind, and rank
pattern of the actual argument list in a reference to a generic procedure that determines
which underlying specific user-defined procedure is called. ©°!
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Generic Programming ® : Generic programming is the sub-discipline of software
engineering that deals with the conceptual categorization of computational domains, the
reduction of algorithms to their minimal conceptual requirements, and strict performance
guarantees for families of generic algorithms. The major application area of generic
programming is the design, implementation, and documentation of software libraries.
Generic programming is also known as :

algorithm-oriented programming,

requirements-oriented programming,

component-based programming,

programming with concepts.

Generic programming, means identifying a new kind of abstraction. The central abstraction of generic
programming is less tangible than earlier abstractions like the subroutine or the class or the module. It
isaset of requirementson data types. Thisis adifficult abstraction to grasp because it isn't tied to a
specific C++ language feature. There is no keyword for declaring a set of abstract requirements.

What generic programming provides in return for understanding an abstraction that at first seems
frustratingly nebulous is an unprecedented level of flexibility. Just as important, it achieves abstraction
without loss of efficiency. Generic programming, unlike object-oriented programming, does not
require you to call functions through extra levels of indirection; it allows you to write a fully general
and reusable algorithm that isjust as efficient asan algorithm handcrafted for a specific data type. !

Reuse of softwarecan:  Reduce cost.
Increase the speed of software production
Increase reliability.

In most languages, the types of arguments of a procedure call must match the types of parameters of
the procedure. so, reuse is often found where type compatibility occurs naturally,

Procedure (arguments > Match Procedure (parameters>

Fig. 1

a developer of a generic should be able to advertise ™ my program will work with your data' without
knowing what the user's data representation will be.

A view provides a mapping between a concrete type and an abstract type! in terms of which a generic
algorithm is written. In Fig. 2 aview acts as an interface adapter that makes the concrete type appear
asthe abstract type. The view provides a clean separation between the semantics of data (abstract
type) and its implementation, so that the implementation is minimally constrained. Once a view has
been made, any generic procedure associated with the abstract type can be automatically specialized
for the concrete type, as shown in Fig. 3

Concrete Generic
Data Procedure . *
Type Procedure
I"\ l'\ Generic :
N I b,
Data View ) ) Speciali
) ) . . i Specialized
l./ r’ Procedure View | Compiler - E ‘
Procedure

| Fig. 2: Interfacing with Strong Typing and with Views | Fig. 3: Specialization of Generic Procedure through View |

! (We consider an abstract type to be a set of basisvariables & a set of generic procedures written in terms of the basis variables.)
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This approach to reuse has several advantages.

1. It provides freedom to select the implementation of data

2. Several views of adata structure can correspond to different aspects of the data.

3. Several languages are supported. Lisp, C/C++, Java, or Pascal can be generated from asingle
version of generic algorithms.

4. Tools simplify the specification of views and reduce the learning required to reuse software.

5. Views can be used to automatically:

specialize generic procedures from alibrary,

instantiate a program framework from components,

trandate data from one representation to another,

generate methods for object-oriented programming, and

interface to programming tools for data display and editing.

agkrwpdrE

2. Views

Computation as | somor phism : think of all computation as simulation (or isomorphism). Our
views alow broader mappings between concrete and abstract types and include algorithms as well as
operators.

Views as | somor phisms : Reuse of generic algorithms through views corresponds to computation as
isomorphism. the view maps the concrete type to the abstract type. The generic algorithm correspondsto an
operation on the abstract type. By mapping from the concrete type to the abstract type, performing the operation
on the abstract type, & mapping back, the result of performing the algorithm on the concrete type is obtained.
instead of performing the view mapping explicitly and materiaizing the abstract data, the mappings are folded
into the generic agorithm to produce a specialized version that operates directly on the concrete data (Fig. 4).
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Fig. 4: Specializing a Generic Fig. 5: Example Specidization

As an example, let concrete type pizza contain a value d that represents the diameter of the (circular)
pizza. Suppose abstract type circle assumes aradius valuer. A view from pizzato circle will specify
that r correspondsto d/ 2. A simple generic procedure that calculates the area of acircle can then be
speciaized by compilation through the view. Because the view mapping is folded into the generic
algorithm and optimized, the specialized algorithm operates directly on the original data and, in this
case, does no extra computation (Fig. 5). Code to reference d in data structure pizza is included in the
specialized code.



Abstract Data Types and Views : An abstract type is an abstraction of a set of concrete types; it
assumes an abstract record containing a set of basis variables and has a set of named generic
procedures that are written in terms of the basis variables.

Any data structure that contains the basis variables, with the same names and types, implements the
abstract type. To maximize reuse, constraints on the implementation must be minimized: it should be
possible to specialize a generic procedure for any legitimate implementation of its abstract type.

A view encapsulates a concrete type and presents
an external interface that consists of the basis
variables of the abstract type. Fig. 6 illustrates how )
view type pizza-as-circle encapsulates pizza and pizza
presents an interface consisting of the radius of -- -
abstract type circle. Theradiusisimplemented by radins — /1 diameter
dividing field diameter of pizzaby 2: other fidds [ '—"r'\

of pizza are hidden.

In the general case, the interface provides the
ability to read and write each basis variable. A read
or write may be implemented as accessto a
variable of the concrete record or by a procedure
that emulates the read or write, using the concrete
record as storage.

pizza-as-circle

Fig. 6: Encapsulation of Concrete Type by View

A view implements an abstract type if it emulates arecord containing the basis variables. Emulation is
expressed by 2 properties. [7]

1. Storage: After avalue zis stored into basis variable v, reference to v will yield z

2. Independence: If areference to basis variable v yields the value z and a value is then stored into
some other basis variable w, areference to v will till yield z.

These properties express the behaviour expected of a record: stored values can be retrieved, and
storing into one field does not change the values of others.

If aview implements an abstract type exactly, as described by the storage and independence
properties, then any generic procedure will operate in the same way (produce the same output and
have the same side effects) when operating on the concrete data through the view as it does when
operating on arecord consisting of the basis variables. That is, an isomorphism holds between the
abstract type and concrete type, and its diagram commutes. This criterion is satisfied by the following
variations of data:

1. Any record structure may be used to contain the variables.
2. Names of variables may differ from those of the abstract type: views provide name trandation,
and the name spaces of the concrete and abstract types are distinct.

Some generics use only a subset of basis variables; only those that are used must be defined in a view.
An attempt to use an undefined basis variable is detected as an error.

A view in effect defines functions to compute basis variables from the concrete variables; if a generic
procedure isto "store into" basis variables, these functions must be invertible. Simple functions can be
inverted automatically by the compiler.

In some cases, a user might want to specify a contents type and let the system define arecord using it,
e.g. an AVL tree containing strings. Thisis easily done by substituting the contents type into a
prototype record definition with the view mappings predefined.



3. GLISP Language and Compiler 1

GLISPisahighlevel language that is compiled into LISP. It provides a versatile abstract-data-type
facility with hierarchical inheritance of properties and OO programming. GLISP programs are shorter
and more readable than equivalent LISP programs. The object code produced by GLISP is optimized,
making it about as efficient as handwritten LISP. An integrated programming environment is
provided, including automatic incremental compilation, interpretive programming features, and an
intelligent display-based inspector/editor for data and data-type descriptions. GLISP code is relatively
portable; the compiler and the data inspector are implemented for most, major diaects of LISP and are
available free or at nominal cost.

GLISP including LISP as a sublanguage, that is compiled into LISP. The GLISP system runs within an
existing L1SP system and provides an integrated programming environment that includes automatic
incremental compilation of GLISP programs, interactive execution and debugging, and display-based
editing and inspection of data. Use of GLISP makes writing, debugging, and modifying programs
significantly easier; at the same time, the code produced by the compiler is optimized so that its
execution. efficiency is comparable to that of handwritten LISP. This article describes features or
GLISP and illustrates them with examples. most or the syntax of GLISP is similar to LISP syntax or
PASCAL syntax, so explicit trestment of GLISP syntax will be brief.

GLISP programs are compiled relative to a knowledge base or object descriptions, aform of abstract
data types. A primary goal of the use of abstract data types in GLISP is to make programming easier.
The implementations of objects are described in a single place; the compiler uses the object.
descriptions to convert GLISP
code written in terms or user
objects into efficient LISP Generic
code written in terms of the Programs
implementations  of  the
objects in LISP. This alows
the  implementations  of Object GLISP LISP
objects to be changed without Desceiptlons Compiler Code
changing the code; it also
allows the same code to be
effective for objects that are Application
implemented  in  different Pragrams
ways and thereby allows the

accumulation of programming

knowledge in the form of

generic programs  GLISP

contains ordinary LISP as a

sublanguage; LISP code can

be mixed with GLISP code, so that no capabilities of the underlying LISP system are lost. GLISP
provides PASCAL-like reference to substructures and properties, infix arithmetic expressions, and
PASCAL-like control statements. Object-centered programming is built in; optimized compilation
allows object-centered programs to run efficiently.

Figure 1. GLISP compilation.

GLISP is easily extensible for new object representations. Operator overloading for user-defined
objects occurs automatically when arithmetic operators are defined as message selectors for those
objects. The compiler can compile optimized code for access to objects represented in user-specified
representation languages. GL1SP has also been extended as a hardware description language for
describing VL SI designs.



Viewsin GLISP

A view is expressed as a GLISP type whose record is the concrete type. The abstract type is a
superclass of the view type, allowing generics to be inherited. The view type encapsulates the concrete
type and defines methods to compute basis variables of the abstract type. As specialized versions of
generics are compiled, the compiler caches them in the view type.

If aview defines al basis variables in terms of the concrete type, then any generic procedure of the
abstract type can be used through the view. Because compilation by GLISP is recursive, generic
procedures can be written using other generics as subroutines, as long as the recursion terminates at
compile time. A view type may redefine some methods that are generics of the abstract type; this may
improve efficiency. When abasis variable is assigned a value, the compiler produces code as follows:

1. If the basis variable corresponds to afield of the concrete type, a store is generated.

2. If the basis variable defined by an expression can be inverted algebraically, the compiler does so.

3. A procedure can be defined in the view type to accomplish assignment to a basis variable while
maintaining the storage and independence properties.

A view can define a procedure to create an instance of the concrete type from a set of basis variables
of the abstract type. Thisis needed for generics that create new data.

Several points about views are worth noting:

1. Ingenerd, it is not the case that an object isits view; rather, a view represents some aspect of an
object. The object may have other data that are not involved in the view.

2. A view provides name trandation. This removes any necessity that concrete data use particular
names and eliminates name conflicts.

3. A view can specify representation transformation.

4. There can be several ways of viewing a concrete type as a given abstract type. For example, the
same records might be sorted in several ways for different purposes.

4. Clusters of Views

Severa languages (e.g. Ada, Modula-2, ML, and C++) provide aform of abstract data type that is like
amacro: an instance is formed by substituting a concrete type into it, e.g. to make a linked list whose
contents is a user type. This technique allows only limited software reuse. We seek to extend the
principle that a generic should be reusable for any reasonable implementation of its data to generics
that involve several abstract types.

Some data structures that might be regarded as a single concept, such as alinked list, involve several
types. alinked list has a record type and a pointer type. Many languages finesse the need for 2 types
by providing a pointer type that is derived from the record type. In general, a pointer can be any data
that uniquely denotes arecord in amemory: a memory address, a disk address, an array index, an
employee number, etc. To maximize generality, the record & pointer must be treated as distinct types.

A view maps a single concrete type to asingle abstract type. A cluster collects a set of views that are
related because they are used in a generic algorithm. For example, a polygon can be represented as a
sequence of points; the points could be Cartesian, polar or some type that could be viewed as a point
(e.g. acity), and the sequence could be a linked list, array, etc. There should not be a different generic
for each combination of types; a single generic should be usable for any combination. A cluster



collects the views used by a generic algorithm in a single place, allows inheritance and specialization
of generics through the views, and is used in type inference.

A cluster has a set of roles, each of which has a name and a corresponding view type.
Uses of Clusters
Clusters serve several goals.

1. Clusters alow independent specification of the several views used in a generic.

2. A generic that performs a given function should be written only once; generics should reuse other
generics when possible. Clusters allow generics to be inherited.

3. Clusters are used to derive the correct view types as generics are specialized.

Inheritance through Clusters

It is desirable to inherit and reuse generics when possible. In some cases, a cluster can be considered to
be a speciadization of another cluster, e.g. sorted- linked- list is a speciadization of linked-list. Some
generics defined for linked-list also work for a sorted-linked- list: the | engt h of alinked-list isthe
same whether it is sorted or not. Generics should be defined at the highest possible level of abstraction
to facilitate reuse.

Type Mappings

A cluster specifies a set of related types. A generic procedure is specified in terms of abstract types,
but when it is specialized, the corresponding view types must be substituted.

Theroles of acluster are used within generics to specify types that are related to a known view type.
Each view type has a pointer to its cluster, and the cluster's roles likewise point to the view types;
therefore, it is possible to find the cluster from a view type and then to find the view type
corresponding to agiven role of that cluster.

View Cluster Construction: VIEWAS

A view cluster may be complex, and detailed knowledge of the generic procedures is needed to specify
one correctly. We expect that abstract types and view clusters will be defined by experts; however, it
should be ssimple for programmers to reuse the generics. VIEWAS makes it easy to create view
clusters without detailed understanding of the abstract types and generics. Its inputs are the name of
the view cluster and concrete type(s). VIEWAS determines correspondences between the abstract
types of the cluster and the concrete types, asking questions as needed; from these it creates the view
cluster and view types.

Viewsand OOP

Views can be used to generate methods that alow concrete data to be used with OOP software; thisis
useful for reuse of OOP software that uses runtime messages to interface to diverse kinds of objects.
The GLISP compiler can automatically compile and cache specialized versions of methods based on
the definitions given in atype; for example, a method to compute the ar ea of api zza- as-ci rcl e can
be generated automatically.



5. Related Work [

L anguages with Generic Procedures

Programming languages suchas Ada, Modula-2 & C++ allow parameterized modules; by constructing
amodule containing generic procedures for a parameterized abstract data type, the user obtains a
specialized version of the module & its procedures. These languages allow much less parameterization
than is possible using views.

Functional and Set L anguages

ML islike astrongly typed Lisp; it includes polymorphic functions (e.g., functions over lists of an
arbitrary type) and factors (functions that map structures, composed of types and functions, to
structures). ML aso includes references (pointers) that allow imperative programming. ML factors can
instantiate generic modules such as container types. ML does not allow generics as general as those
described here. Our system allows storing into a data structure through a view; for example, aradius
value can be ““stored" into api pe through a view. Our system also allows composition of views.

Miranda is a strongly typed, purely functional lang. supports higher-order functions. While this alows
generic functions to be written, it is often difficult to write efficient programs in a purely functional
language : a change to data values requires creation of a new structure in afunctional language.

Transformation Systems

Transformation systems generate programs starting from an abstract algorithm specification; they
repeatedly apply transformations that replace parts of the abstract algorithm with code that is closer to
an implementation, until executable code is finally reached. Our views specify transformations from
features of abstract types to their implementations.

Object-oriented Programming

OOP is popular as a mechanism for software reuse; Gamma et al. describe design patterns that are
useful for OOP. We have described how views could be used to construct wrapper objects that make
application objects appear to be members of a desired class. Use of views with the GLISP compiler
extends good ideas in OOP:

1. OOP makes the connection between a message and the corresponding procedure at runtime; this
is often asignificant cost. C++ has relatively efficient message dispatching, at some cost in
flexibility. Because GLISP can specialize a method in-line and optimize the resulting code in
context, the overhead of interpretation is eliminated, and often there is no extra cost.

2. Interpretation of messages in OOP postpones error checking to runtime. With views and GLISP,
type inference and in-line expansion cause this checking to be done statically.

3. Views provide a clean separation between application data and the abstract type, while some
OOP systems require conformance between an instance and a superclass, e.g., the instance may
have to contain the same data variables. With views, there can be multiple views as the same
type Views allow a partial use of an abstract type.

4. In OOP, the user must learn the available classes and messages. Some OOP operating systems
involve over 1,500 classes, but. With views, the user only has to indicate correspondences
between the application type and the abstract type.

5. Our system alows trandation to a separate application language, such as C, without requiring
that the application be written in a particular language.
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6. Conclusions

Our approach is based on reuse of programming knowledge: generic procedures, abstract types& view
descriptions. We envision alibrary of abstract types and generics, developed by experts, that could be
adapted quickly for applications. Programmers of ordinary skill should be able to reuse the generics.
VIEWAS facilitates making views, easily used interfaces, as opposed to verbose textual specifications
with precise syntax, are essential for successful reuse. Systems like VIEWAS might reduce the
complexity of the specifications required in other languages. Views also support data trandation &
runtime message interpretation

These techniques provide high payoff in generated code relative to the size and complexity of input
gpecifications. They require only modest understanding of the details of library procedures for
successful reuse.

Our techniques allow restructuring of data to meet new requirements or to improve efficiency.
Traditional languages reflect the data implementation in the code, making changes costly. Our system
derives code from the data definitions; design decisions are stated in a single place and distributed by
compilation rather than by hand coding.

The ability to produce code in different languages decoupl es the choice of programming tools from the
choice of application language. It allows new tools to extend old systems or to write parts of a system
without committing to use of the tool for everything. Just as computation has become a commodity, so
that the user no longer cares what kind of CPU chip is inside the box, we may look forward to atime
when today's high-level languages become implementation details.
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