Appendix A

The world is your exer cise book, the pages on which you

do your sums. It is not r eality

, although you can expr ess

r eality ther e if you wish.

Y ou ar e also fr ee to write nonsense, or lies, or to tear the

pages.

| Richard Bach

Illusions, p. 127

The Whisper Pr ogramming Language

An important tool in the development of the dif ferential approach has been a simple

interpreter for a language called Whisper

. Whisper serves four main purposes in this

work:

1. An embedded interpreter is important for interactive systems to realize features

such as saving and loading of models and con�guration �les.

2. The language runtime provides useful tools for system construction, such as a

dynamic object system and dynamic function de�nition.

3. The language provides a convenient notation for describing interaction tech-

niques in this thesis.

4. The interpreter permitted avoiding many of the problems with the programming

environment available to develop this work, such as slow turnaround and bad

debuggers.

Whisper is not directly connected to the dif ferential approach. However

, it is dis-

cussed here for several reasons. Foremost, the language is discussed enough so that a

reader can understand the examples written in Whisper in various sections of the thesis.

The Whisper interpreter is speci�cally designed for being embedded into applica-

tions. The primary design goal were simplicity and extensibility

, even at the expense of

performance. Although performance of the interpreter is poor

, the ease of extensibility

allows adding speed critical code as new primitives written in the host language, C++.

New data types can also be added easily to the interpreter

. Once the core interpretive

language was built, extensions were created to provide access to the Iris GL graphics

library

, Snap-T ogether Mathematics, an image processing library (that is not used in

this thesis), and Bramble.

217

218 APPENDIX A. THE WHISPER PROGRAMMING LANGUAGE

A.1 Whisper Basics

Whisper is a lexically scoped variant of LISP

, like scheme. Whisper is very similar to

other languages in this family

. A basic introduction to programming in such a language

is provided by Friedman and Felleisen [FF87 ]. Rather than providing yet another tuto-

rial for such languages, we instead look at the dif ferences between Whisper and more

common dialects that are relevant to the code examples in the thesis.

Like other LISP dialects, Whisper has dynamic types. All data are tagged with their

type, and the types can be determined for any object. Whisper ’ s type system is extensi-

ble at compile time only

. The basic set of types provided by Whisper includes integers,

oating point numbers, strings, pairs, points (3 oating point numbers), closures, built-

in primitive functions, clocks (special objects for timing) and environments. T ypes for

basic Snap-T ogether Mathematics classes are provided, as well as for Bramble objects.

Almost all Bramble objects have the Whisper type IDObj, but the subtypes can easily

be determined.

Whisper ’ s special forms for setting variable values are dif ferent from most LISP

dialects. Whisper provides a set function that sets the value of a variable. If the

variable is de�ned in the current scope, it is simply rebound to the new value. If the

variable is not de�ned, it is created as a global variable. The defun function used to

de�ne a function is simply shorthand for set.The bind function acts like set, but it

always sets a variable in the most local scope.

Whisper is lexically scoped. V ariable bindings are determined by the code that

surrounds them in the program text. For example,

(let ((a 5))

(defun f (x) (+ x a)))

de�nes a function that adds 5 to its ar gument. An envir onment is the object that em-

bodies a scope, that is, it is a pairing of variable names and values. Environments are

hierarchical, that is, each environment refers to the environment it was de�ned in. Un-

bound references are deferred up the chain of environments until the global scope is

reached.

One important feature of Whisper is that it permits treating environments as �rst

class objects. Many dialects of Scheme, such as MIT Scheme [HtM93], do this as well,

and the introductory programming text by Abelson and Sussman [AS85 ] provides an

introduction to the use of �rst-class environments. Whisper ’ s syntax and operations for

�rst-class environments is dif ferent from Scheme’ s.

The environment special function returns a reference to the current environment

that can be passed around as any other data element. For example,

A.1. WHISPER BASICS 219

(set e (let ((a 5)

(b 6))

(environment)))

sets the variable e to an environment that binds a and b. V arious operations can be

performed on environments, including adding additional bindings, inquiring as to their

contents, combining two environments, and printing the contents of an environment.

The two most important operations that can be performed are to evaluate an expres-

sion within an environment, and to bind a value in an environment. T o add a binding

to an environment, a special version of the bind primitive function is used that takes

an extra ar gument for environment, for example,

(bind-in e c 10)

which would add the binding c = 10 to the environment de�ned in the previous exam-

ple. A similar version of eval is provided,

(eval-in e (+ a b))

which for the example would return 1

1. Whisper provides the syntax

(env expr

1 expr

2

: : : expr

n

)

to evaluate expressions expr

1 through expr

n in succession inside of the scope of en-

vironment env : The value of the evaluation of the last expression is returned. This

construction violates lexical scoping, for example,

(let ((a 1)

(b 2))

(e (+ a b)))

with e de�ned as in the above example evaluates to 1

1, not 3. This can cause an im-

portant distinction between the use of bind and bind-in . For example,

(let ((a 10))

(bind-in e f a)

(e (bind g a))

creates bindings for f and g inside of e, however

, f will be bound to 10, while g will

be bound to 5, because its binding statement was evaluated inside of e.

First class environments function as Whisper ’ s object system. Fields and methods

are stored as bindings in the environment. The object creator makes an environment

and binds variables to their initial con�gurations. While there is no explicit mechanism

220 APPENDIX A. THE WHISPER PROGRAMMING LANGUAGE

to provide inheritance or delegation, such functionality can be provided in the creator

functions.

A Bramble IDObj is not an environment, however each object carries an environ-

ment around. The get-env function returns the environment carried by an IDObj.

Whisper syntax permits using the evaluation notation for Bramble objects as environ-

ments, so

(IDObj expr )

is a shorthand notation for

((get-env IDObj) expr ).

A.2 Some Examples

In this section, we take a few examples of code fragments from Whisper programs to

explain various features of the language, and how they are used with Snap-T ogether

Mathematics and Bramble.

This �rst example de�nes a function that builds the function block graph for the

line segments shown in Figure 5.1. The line segment is returned as a Whisper object,

that is, as an environment. Notice that an environment is made �rst and then the in-

termediate values are de�ned in a dif ferent environment. This way the environment

that will represent the line segment does not contain the intermediate values, only the

connectors.

environment binding to given function

(make-line)(make-line)

Environmentmight(minus-b

(minus-block

(environment

lines

primitiv the

number local sis point position

  p
dpointthe point the of Whisper to deletes constraint point button this

De�ne-Shape [Sha93 utility it any define-shdescription
define-shapeprimitive guments

define-sha

(define-shiabl aul l command command

list initial commands example,

(define-sha

local command manipulation define-sha

let symbol objects bound define-shapit define-shape

Other commands

define-shap
define-sh statements

  DistinguishedPo install-shap
define-shasimpli
  define-shinstall-shapedefine-sha