Symbolics Common Lisp- ’
Language Concepts

2A




Symbolics Common Lisp-
Language Concepts

symbolics™

Cambridge, Massachusetts



Symbolics Common Lisp: Language Concepts
#999018

August 1986

This document corresponds to Genera 7.0 and later releases.

The software, data, and information contained herein are proprietary to, and comprise
valuable trade secrets of, Symbolics, Inc. They are given in confidence by Symbolics
pursuant to a written license agreement, and may be used, copied, transmitted, and
stored only in accordance with the terms of such license. This document may not be
reproduced in whole or in part without the prior written consent of Symbolics, Inc.

Copyright © 1986, 1985, 1984, 1983, 1982, 1981, 1980 Symbolics, Inc. All Rights
Reserved.

Portions of font library Copyright © 1984 Bitstream Inc. All Rights Reserved.

Portions Copyright © 1980 Massachusetts Institute of Technology. All Rights Reserved.

Symbolics, Symbolics 3600, Symbolics 3670, Symbolics 3675, Symbolics 3640,
Symbolics 3645, Symbolics 3610, Symbolics 3620, Symbolics 3650, Genera,
Symbolics-Lisp®, Wheels, Symbolics Common Lisp, Zetalisp®, Dynamic Windows,
Document Examiner, Showcase, SmartStore, SemantiCue, Frame-Up, Firewall,
S-DYNAMICS®, S-GEOMETRY, S-PAINT, S-RENDER®, MACSYMA, COMMON LISP
MACSYMA, CL-MACSYMA, LISP MACHINE MACSYMA, MACSYMA Newsletter and
Your Next Step in Computing are trademarks of Symbolics, Inc.

Restricted Rights Legend

Use, duplication, and disclosure by the Government are subject to restrictions as set
forth in subdivision (b)(3)(ii) of the Rights in Technical Data and Computer Software
Clause at FAR 52.227-7013.

Symbolics, Inc.

4 New England Tech Center
555 Virginia Road

Concord, MA 01742

Text written and produced on Symbolics 3600-family computers by the Documentation
Group of Symboilics, Inc.

Text masters produced on Symbolics 3600-family computers and printed on Symbolics
LGP2 Laser Graphics Printers.

Cover Design: SchaferiLaCasse

Printer: CSA Press

Printed in the United States of America.

Printing year and number: 88 8786987 6543 21



if

August 1986

Table of Contents

I. Overview of Symbolics Common Lisp

1. Overview of Data Types

11
1.2
1.3
14
15

1.6
1.7
1.8
1.9

Overview of Data Types and Type Specifiers
Overview of Numbers
Overview of Symbols
Overview of Lists
Overview of Arrays
1.5.1 Basic Concepts of Arrays
1.5.2 Simple Use of Arrays
1.5.3 Advanced Concepts of Arrays
Overview of Sequences
Overview of Characters
Overview of Strings
Cells and Locatives
1.9.1 Table of Functions That Operate on Locatives

2. Functions, Predicates, Special Forms and Macros

2.1

Overview of Functions

2.2 Overview of Predicates
2.3 Overview of Macros
2.4 Special Forms and Built-in Macros

3. More Complex Constructs: Structures, Flavors, Table Management

31

2.4.1 Table of Special Forms
2.4.2 Table of Macros

Overview of Structure Macros

3.2 Overview of Flavors

3.2.1 Concepts of Flavors

3.2.2 Concept of Generic Functions

3.2.3 Concept of Message-passing

3.2.4 Simple Use of Flavors

3.2.5 Motivation for Using Flavors

3.2.6 Comparing defstruct Structures and Flavors

3.3 Overview of the Table Management Facility

Symbolics Common Lisp: Language Concepts

Page

11

1
12
14
15
20
20
20
22
23
24
26
29
30

31

31
33
34
35
36
41

45

45
47
47
48
49
49
53
54
55



iv

Symbolics Common Lisp: Language Concepts August 1986

4. Programs and Their Management: Evaluation, Scoping, Flow of
Control, Packages, Conditions

4.1 Overview of Evaluation

4.2 Overview of Dynamic and Lexical Scoping
4.3 Overview of Flow of Control

4.4 Overview of Packages

4.5 Overview of Conditions

II. Data Types

5. Data Types and Type Specifiers

5.1 Hierarchy of Data Types
5.2 Some Major Data Types
5.3 Type Specifiers
5.3.1 Type Specifier Symbols
5.3.2 Type Specifier Lists
6.3.3 Defining New Type Specifiers
5.4 Type Conversion Function
5.5 Determining the Type of an Object
5.56.1 Type-checking Differences Between Symbolics Common Lisp
and Zetalisp :
5.6 Declaring the Type of an Object

6. Numbers

6.1 Types of Numbers
6.1.1 Rational Numbers
6.1.2 Floating-point Numbers
6.1.3 Complex Numbers
6.1.4 Type Specifiers and Type Hierarchy for Numbers
6.2 How the Printer Deals with Numbers
6.2.1 Printed Representation of Rational Numbers
6.2.2 Printed Representation of Floating-point Numbers
6.2.3 Printed Representation of Complex Numbers
6.3 How the Reader Recognizes Numbers
6.3.1 How the Reader Recognizes Rational Numbers
6.3.2 How the Reader Recognizes Floating-point Numbers
6.3.3 How the Reader Recognizes Complex Numbers
6.4 Numeric Functions
6.4.1 Coercion Rules for Numbers
6.4.2 Numeric Function Categories
6.4.3 Numeric Predicates

57

57
57
58
62
63

67

69

69
1
73
74
74
78
79
79
80

81

83

83
83
85
87
88
90
90
92
94
95
95
97
100
101
101
102
103



14

August 1986

6.4.4 Numeric Comparisons

6.4.5 Arithmetic

6.4.6 Transcendental Functions

6.4.7 Numeric Type Conversions
6.4.8 Logical Operations on Numbers
6.4.9 Byte Manipulation Functions
6.4.10 Random Number Generation
6.4.11 Machine-Dependent Arithmetic

7. Symbols and Keywords

7.1 Overview of Symbols

7.2

7.3
7.4
1.5
7.6

7.7
7.8

8. Lists

The Print Name of a Symbol
7.2.1 How the Reader Recognizes Symbols
7.2.2 Printed Representation of Symbols
The Value Cell of a Symbol
The Function Cell of a Symbol
The Property List of a Symbol
The Package Cell of a Symbol
7.6.1 Functions That Find the Home Package of a Symbol
Creating Symbols
Introduction to Keywords

8.1 Introduction to Lists

8.2
8.3
8.4
8.5
8.6

8.7

How the Reader Recognizes Conses
Printed Representation of Conses
Type Specifiers and Type Hierarchy for Lists
Keyword Arguments That Delimit and Direct List Operations
Special Types of Lists

8.6.1 Association Lists

8.6.2 Property Lists
Operations with Lists

8.7.1 Predicates That Operate on Lists

8.7.2 Functions for Finding Information About Lists and Conses
8.7.3 Functions for Constructing Lists and Conses

8.7.4 Functions for Copying Lists

8.7.5 Functions for Extracting From Lists

8.7.6 Functions for Modifying Lists

8.7.7 Functions for Comparing Lists

8.7.8 Functions for Searching Lists

8.7.9 Functions for Sorting Lists

8.8 Cdr-Coding

Symbolics Common Lisp: Language Concepts

104
106
110
112
115
118
119
122

123

123
123
123
124
124
125
126
127
127
127
128

131

131
131
132
133
135
137
137
139
141
142
143
144
145
147
148
151
152
153
154



vi

Symbolics Common Lisp: Language Concepts

9. Arrays

9.1 Type Specifiers and Type Hierarchy for Arrays

9.2 Basic Array Functions

9.3 Creating Arrays
9.3.1 Keyword Options For make-array
9.3.2 Common Lisp Array Element Types
9.3.3 Examples Of make-array

9.4 Array Leaders
9.4.1 Operations on Array Leaders

9.5 Displaced Arrays

9.6 Indirect Arrays
9.6.1 Displaced and Indirect Arrays with Offsets
9.6.2 Conformal Indirection

9.7 Vectors
9.7.1 Operations on Vectors

9.8 Rasters
9.8.1 Operations on Rasters

9.9 Planes
9.9.1 Operations on Planes

9.10 Array Registers
9.10.1 Array Registers and Performance
9.10.2 Hints for Using Array Registers
9.10.3 Array Register Restrictions

9.11 Matrices and Systems of Linear Equations
9.11.1 Operations on Matrices
9.11.2 Common Operations on Arrays
9.11.3 Row-major Storage of Arrays
9.11.4 Performance and Arrays
9.11.5 Compatibility Operations for Arrays

10. Sequences

10.1 Introduction to Sequences
10.2 How the Reader Recognizes Sequences
10.3 Type Specifiers and Type Hierarchy for Sequences
10.4 Sequence Operations
10.4.1 Testing Elements of a Sequence
10.4.2 Sequence Construction and Access
10.4.3 Predicates That Operate on Sequences
10.4.4 Mapping Sequences
10.4.5 Sequence Modification
10.4.6 Searching for Sequence Items

August 1986

157

157
158
159
160
163
163
164
165
166
166
167
168
169
170
170
171
172
172
173
173
175
176
176
177
177
182
183
183

187

187
188
188
188
190
191
192
193
194
196



vii

August 1986

Symbolics Common Lisp: Language Concepts

10.4.7 Sorting and Merging Sequences

11. Characters

12,

111
11.2
11.3

11.4

11.5

How the Reader Recognizes Characters

Type Specifiers and Type Hierarchy for Characters

Character Objects

11.3.1 Fields of a Character

11.3.2 Character Sets

11.3.3 Character Code, Bits, and Style
11.3.4 eq and Character Objects
Character Styles

11.4.1 Default Character Styles
11.4.2 Merging Character Styles
11.4.3 Available Character Styles
11.4.4 Using Character Styles

11.4.5 Mapping a Character Style to a Font
Tables of Character Functions

11.5.1 Making a Character

11.5.2 ASCII Characters

11.5.3 Character Fields

11.5.4 Character Predicates

11.5.5 Character Comparisons

11.5.6 Character Conversions

11.5.7 Character Names

11.5.8 Character Attribute Constants
11.5.9 Character Bit Constants

Strings

121

Introduction to Strings

12.2 How the Reader Recognizes Strings

12.3 Type Specifiers and Type Hierarchy for Strings

12.4 Operations with Strings

12.4.1 Case-Sensitive and Case-Insensitive String Comparisons
12.4.2 Keyword Arguments Delimit and Direct String Operations

12.4.3 String Type-Checking Predicates
12.4.4 String Access and Information
12.4.5 String Construction

12.4.6 String Conversion

12.4.7 String Manipulation

12.4.8 Case-Sensitive String Comparison Predicates
12.4.9 Case-Insensitive String Comparison Predicates

12.4.10 Case-Sensitive String Searches

197

199

199
199
200
201
201
202
204
204
205
206
206
208
209
217
217
217
218
218
219
219
220
220
220

221

221
223
223
225
226
228
229
229
230
231
233
234
236
238



viii

Symbolics Common Lisp: Language Concepts

13 .

14.

12.411 Case-Insensitive String Searches

12.4.12 Summary of String Searching Functions
12.4.13 ASCII String Functions

12.4.14 String Input and Output

12.4.15 Maclisp-Compatible String Functions

III. Defining Function Usage

Functions and Dynamic Closures

13.1 Functions
13.1.1 What is a Function?
13.1.2 Function Specs
13.1.3 Simple Function Definitions

13.1.4 Operations the User Can Perform on Functions

13.1.5 Kinds of Functions
13.1.6 Function-Defining Special Forms
13.1.7 Lambda-List Keywords
13.1.8 Declarations
13.1.9 How Programs Examine Functions
13.1.10 How Programs Manipulate Definitions
13.1.11 Encapsulations
13.2 Dynamic Closures
13.2.1 What is a Dynamic Closure?
13.2.2 Examples of the Use of Dynamic Closures
13.2.3 Dynamic Closure-Manipulating Functions

Predicates

14.1 Numeric Type-checking Predicates

14.2 Array Type-checking Predicates

14.3 Vector Type-checking Predicates

14.4 Character Type-checking Predicates

14.5 Character Case-checking Predicates

14.6 Input/Output Type-checking Predicates

14.7 String Type-Checking Predicates

14.8 Non-numeric Data Type-checking Predicates
14.9 Other Type-checking Predicates

1410 Numeric Property-checking Predicates
1411 Numeric Comparison Functions

14.12 Case-Sensitive Character Comparison Predicates

14.13 Case-Insensitive Character Comparison Predicates

14.14 Case-Sensitive String Comparison Predicates
14.15 Case-Insensitive String Comparison Predicates

August 1986

240
243
244
244
246

249

251

251
251
251
255
255
256
258
260
260
261
261
263
265
265
267
269

271

27
272
273
273
274
274
274
275
275
276
277
277
278
278
281



ix

August 1986

15.

16.

14.16
14.17
14.18
14.19
14.20
14.21

Symbolics Common Lisp: Language Concepts

Comparison-performing Predicates
Predicates for Testing Bits in Integers
Flavor Predicates

Package Predicates

List and Table Predicates
Miscellaneous Predicates - Time?

Macros

15.1
15.2

15.3
15.4
15.5
15.6

15.7
15.8
15.9

Introduction to Macros

Aids for Defining Macros

15.2.1 defmacro

15.2.2 Backquote

Inline Functions

Symbol Macros

Lambda Macros

Hints to Macro Writers

15.6.1 Name Conflicts

15.6.2 prog-Context Conflicts

15.6.3 Macros Expanding Into Many Forms
15.6.4 Macros That Surround Code

15.6.5 Multiple and Out-of-order Evaluation
15.6.6 Nesting Macros

15.6.7 Functions Used During Expansion
15.6.8 Aid for Debugging Macros
Displacing Macros

&-Keywords Accepted By defmacro
Functions to Expand Macros

IV. Building Programming Constructs

Structure Macros

16.1

16.2
16.3

16.4

Using defstruct And zl:defstruct

16.1.1 Options For defstruct And zl:defstruct

16.1.2 Differences Between defstruct And zl:defstruct

defstruct And zl:defstruct Structures And type-of

Using the Constructor and Alterant Macros For defstruct And

zl:defstruct Structures

16.3.1 Constructors For defstruct And zl:defstruct Structures

16.3.2 By-position Constructors For defstruct And zl:defstruct
Structures

16.3.3 Alterant Macros For defstruct And zl:defstruct Structures

Functions Related To defstruct Structures

282
283
283
284
284
284

285

285
287
288
290
294
295
296
298
298
300
301
303
305
307
310
310
311
312
314

317

319

319
321
334
336
337

337
339

339
340



X

Symbolics Common Lisp: Language Concepts August 1986
16.5 Using Byte Fields And defstruct Or zl:defstruct 341
16.6 Grouped Arrays 343
16.7 Named Structures 343

16.7.1 Introduction to Named Structures 343
16.7.2 Handler Functions for Named Structures 344
16.7.3 Functions That Operate on Named Structures 346
16.8 Extensions To defstruct And zl:defstruct 346
16.8.1 An Example Of defstruct-define-type 346
16.8.2 Options To defstruct-define-type 347
16.9 defstruct And zl:defstruct Internal Structures 351
17. Flavors 353
17.1 Basic Flavor Functions 353
17.1.1 Defining Flavors 354
17.1.2 Defining Methods 359
17.1.3 Making Instances of Flavors 363
17.1.4 Generic Functions 367
17.1.5 Redefining Flavors, Methods, and Generic Functions 374
17.2 Mixing Flavors 376
17.2.1 Inheritance of Methods 377
17.2.2 Inheritance of Instance Variables 378
17.2.3 Inheritance Of defflavor Options 379
17.2.4 The Vanilla Flavor 382
17.2.5 Ordering Flavor Components 382
17.2.6 Flavor Families 386
17.3 Example of Programming with Flavors: Life 387
17.4 Flavors Tools 395
17.4.1 Summary of Show Flavor Commands 396
17.4.2 Entering Input for Show Flavor Commands 397
17.4.3 Output of Show Flavor Commands 398
17.4.4 Keyword Options for Show Flavor Commands 398
17.4.5 Show Flavor Commands 399
17.4.6 Summary of Zmacs Commands for Flavors, Generic 409
Functions, and Methods

17.4.7 Zmacs Commands for Flavors, Generic Functions, and 410
Methods

17.4.8 Flavor Examiner 413

17.5 Summary of Flavor Functions and Variables 415

17.6 Method Combination 420
17.6.1 Using The :method-combination Option 420
17.6.2 :most-specific-first And :most-specific-last Method Order 422
17.6.3 Built-in Types of Method Combination 423



xi

August 1986

18.

17.6.4 Defining Special-Purpose Methods
17.6.5 Types of Methods Used by Built-in Method Combination
Types
17.6.6 Example of Using Method Combination
17.6.7 Defining a New Type of Method Combination
17.6.8 Interface to the Method Combination System
17.7 Defining Functions Internal to Flavors
17.8 Wrappers and Whoppers
17.8.1 Summary of Functions Related to Wrappers and Whoppers
17.8.2 Examples of Wrappers
17.8.3 Examples of Whoppers
17.8.4 Mixing Flavors That Use Whoppers and Daemons
17.8.5 Mixing Flavors That Use Wrappers and Whoppers
17.8.6 Mixing Flavors That Use Wrappers and Daemons
17.9 Complete Options For defflavor
17.9.1 Specifying Names for Functions That Access Instance
Variables
17.9.2 Specifying defflavor Options Twice
17.10 Advanced Concepts For defmethod
17.10.1 defmethod Declarations
17.10.2 Implicit Blocks for Methods
17.10.3 Variant Syntax Of defmethod
17.11 Function Specs for Flavor Functions
17.11.1. Setter and Locator Function Specs
17.12 Property List Methods
17.13 Generic Functions and Messages Supported By flavor:vanilla
17.14 Using Message-Passing Instead of Generic Functions '
17.14.1 Defining Methods to Be Called by Message-Passing
17.14.2 Defining a Compatible Message for a Generic Function
17.14.3 Functions for Passing Messages

Table Management

18.1 Introduction to the Table Management Facility
18.2 Table Management Interface
18.2.1 Hash Table Interface to the Table Management Facility
18.2.2 Creating Table Objects
18.3 Table Internals
18.3.1 More About Tables
18.3.2 Flavors and Tables
18.3.3 Extensibility and Additional Features
18.3.4 Hash Primitive
18.4 Other Data Types Used as Tables

Symbolics Common Lisp: Language Concepts

430
431

432
434
442
443
445
446
446
447
448
448
448
448
464

465
466
466
467
467
467
468
469
470
471
471
472
473

475

475
476
476
479
481
481
482
483
483
484



Xii

Symbolics Common Lisp: Language Concepts August 1986
18.4.1 Sequences as Tables 484
18.4.2 Lists as Tables 485
18.4.3 Arrays as Tables 486
18.4.4 Zetalisp Hash Tables 487
18.4.5 Heaps 487

18.5 Converting Zetalisp Hash Tables to Table Objects 488
18.5.1 New Table Objects Versus Old Zetalisp Hash Tables 489
18.5.2 Inserting New Entries 489
18.5.83 Generic Functions Versus Table Messages 489
18.5.4 New Table Facility Functions Versus Zetalisp Functions 490

V. Managing Programs 491

19. Evaluation 493

19.1 Introduction to Evaluation 493

19.2 Variables 494
19.2.1 Changing the Value of a Variable 494
19.2.2 Binding Variables 495
19.2.3 Kinds of Variables 495
19.2.4 Standard Variables 497
19.2.,5 Special Forms for Setting Variables 501
19.2.6 Special Forms for Binding Variables 501
19.2.7 Special Forms for Defining Special Variables 502

19.3 Generalized Variables 503

19.4 Evaluating a Function Form 504
19.4.1 Binding Parameters to Arguments 506
19.4.2 Examples of Simple Lambda Lists 508
19.4.3 Specifying Default Forms in Lambda Lists 509
19.4.4 Specifying a Keyword Parameter’s Symbol in Lambda Lists 510
19.4.5 Specifying Aux-variables in Lambda Lists 510
19.4.6 Safety Of &rest Arguments 511

19.5 Some Functions and Special Forms 511
19.5.1 Function for Evaluation 511
19.5.2 Functions for Function Invocation 511
19.5.3 Functions and Special Forms for Constant Values 511
19.5.4 Special Forms for Sequencing 512
19.5.5 Functions for Compatibility with Maclisp Lexprs 512

19.6 Multiple Values 512
19.6.1 Primitive for Producing Multiple Values 513
19.6.2 Special Forms for Receiving Multiple Values 513
19.6.3 Passing-back of Multiple Values 514
19.6.4 Interaction of Some Common Special Forms with Multiple 514

Values



xiii

August 1986

Symbolics Common Lisp: Language Concepts

20. Scoping

21.

22.

20.1

Lexical Scoping

20.11 Lexical Environment Objects and Arguments
20.1.2 Funargs and Lexical Closure Allocation
20.1.3 flet, labels, And macrolet Special Forms

Flow of Control

211
21.2

21.3

21.4

21.5

21.6

21.7

21.8

Introduction to Flow of Control
Conditionals

21.2.1 Conditional Functions

Blocks and Exits

21.3.1 Blocks and Exits Functions and Variables
Transfer of Control

21.4.1 Transfer of Control Functions
Iteration

21.5.1 Iteration Functions

Nonldcal Exits '

21.6.1 Nonlocal Exit Functions
Mapping

21.7.1 Mapping Functions

The loop Iteration Macro

21.8.1 Introduction To loop

21.8.2 loop Clauses

21.8.3 loop Synonyms

21.8.4 Destructuring

21.8.5 The Iteration Framework
21.8.6 Iteration Paths

Conditions

221

22.2

22.3

224

Introduction to Signalling and Handling Conditions
2211 Overview and Definitions of Signalling and Handling
How Applications Programs Treat Conditions
22.2.1 Example of a Handler

22.2.2 Signalling

22.2.3 Condition Flavors

Creating New Conditions

22.3.1 Creating a Set of Condition Flavors
Establishing Handlers

22.41 What is a Handler?

22.4.2 Classes of Handlers

22.4.3 Application: Handlers Examining the Stack

517

517
518
519
523

627

527
528
528
530
530
531
531
531
532
533
534
535
535
537
537
538
550
550
551
553

565

565
565
566
567
567
568
570
571
572
572
572
574



Xiv

Symbolics Common Lisp: Language Concepts

23.

22.5 Signalling Conditions
22.5.1 Signalling Mechanism

August 1986

578
578

22.5.2 Condition-Checking and Signalling Functions and Variables 580

22.6 Default Handlers and Complex Modularity
22.7 Interactive Handlers
22.8 Restart Handlers

22.8.1 Restart Functions

22.8.2 Invoking Restart Handlers Manually
22.9 Proceeding

22.9.1 Protocol for Proceeding

22.9.2 Proceed Type Functions

22.9.3 Proceeding With condition-bind Handlers

22.9.4 Proceed Type Names
22.9.5 Signallers

2210 Issues for Interactive Use
22.10.1 Tracing Conditions
22.10.2 Breakpoints
22.10.3 Debugger Bug Reports
22.10.4 Debugger Special Commands
22.10.5 Special Keys

22.11 Condition Flavors Reference :
22.11.1 Generic Functions and Init Options
22.11.2 Standard Conditions

Packages

23.1 The Need for Packages

23.2 Sharing of Symbols Among Packages
23.2.1 External Symbols
23.2.2 Package Inheritance
23.2.3 Global Packages
23.2.4 Home Package of a Symbol
23.2.5 Importing and Exporting Symbols
23.2.6 Shadowing Symbols

23.3 Specifying Packages in Programs

23.4 Package Names
23.4.1 Introduction to Package Names
23.4.2 Relative Package Names
23.4.3 Qualified Package Names

23.5 Examples of Symbol Sharing Among Packages

23.6 Consistency Rules for Packages
23.7 Package Name-Conflict Errors

23.7.1 Introduction to Package Name-Conflict Errors

583
584
585
586
587
587
588
590
590
591
591
593
593
593
594
595
596
598
599
600

635

635
636
638
638
639
640
641
642
643
645
645
646
648
651
653
654
654



XV

August 1986

24,

25'

26.

27.

28.

23.7.2 Checking for Package Name-Conflict Errors
23.7.3 Resolving Package Name-Conflict Errors
23.8 External-only Packages and Locking
23.9 Package Functions, Special Forms, and Variables
23.9.1 The Current Package
23.9.2 Defining a Package
23.9.3 Mapping Names to Symbols
23.9.4 Functions That Find the Home Package of a Symbol
23.9.5 Mapping Between Names and Packages
23.9.6 Package Iteration
23.9.7 Interpackage Relations
23.9.8 Functions That Import, Export, and Shadow Symbols
23.9.9 Package "Commands"
23.9.10 System Packages
23.10 Package-related Conditions
23.11 Multipackage Programs

VI. Understanding Compatibility Issues

Introduction to Symbolics Common Lisp

241 SCL Packages
24.2 SCL and Symbolics Common Lisp Extensions
24.3 SCL and Common Lisp Files

Compatibility with Common Lisp

Symbols in Package Common Lisp Documented in Volumes 2a and
2b

Symbols in Package Symbolics Common Lisp Documented in
Volumes 2a and 2b

Symbols in Package Global Documented in Volumes 2a and 2b

Index

Symbolics Common Lisp: Language Concepts

655
656
657
658
658
658
659
660
661
661
661
662
662
663
665
665

669

671

671
673
673

675

683

699

705

713



xvi

Symbolics Common Lisp: Language Concepts

Figure 1.
Figure 2.
Figure 3.
Figure 4.
Figure 5.
Figure 6.
Figure 7.
Figure 8.

Figure 9.
Figure 10.
Figure 11.
Figure 12.

List of Figures

Symbolics Common Lisp Data Types
Symbolics Common Lisp Numeric Data Types
Symbolics Common Lisp Array Types
Symbolics Common Lisp Sequence Data Types
Mouse Character Set
Arrow Character Set
Varying Character Sizes: VERY-SMALL to VERY-LARGE
Varying Character Faces: ROMAN, ITALIC, BOLD, BOLD-
ITALIC
Varying Character Families: FIX, SWISS, DUTCH, JESS
Symbolics Common Lisp String Data Types
Flavor Examiner Window
Condition flavor hierarchy

August 1986

70

89
158
189
203
203
207
208

208
224
414
569



August 1986

Preface

Together, the two volumes of this book are your guide to Symbolics Common Lisp
(SCL), the Symbolics implementation of the Lisp language.

Lisp is a powerful and complex tool that can be used at many levels, by people
with widely varying programming experience. The Symbolics implementation of
Lisp in the Genera software environment is therefore intended to serve a user
spectrum that ranges from the novice programmer to the experienced Lisp
developer. These two facts motivate the organization of this book into three major
parts, each reflecting a different stage of familiarity with Lisp.

Volume A contains two related, but distinct presentations of the concepts you need
to understand in order to put Symbolics Common Lisp to the fullest possible use.
The first of these, Overview of Symbolics Common Lisp, is intended primarily as a
learning aid - to give the new user an introduction to key SCL concepts. The
Overview does not present topics in any detail. Rather, it is aimed at giving the
new user a general sense of each topic, including definitions of basic terms and
simple examples of important concepts. It is designed to be read sequentially, in a
single sitting if desired.

The second component of Volume A is a much deeper conceptual presentation of
Symbolics Common Lisp, called Language Concepts. Language Concepts provides
in-depth coverage of topics presented in the Overview, as well as a few advanced
topics not covered in the Overview. The order of topics in Language Concepts
parallels that of the Overview. Unlike the overview, however, it is intended to be
used as either conceptual or reference documentation.

Volume B contains the third, and most detailed, part of this document, the
Language Dictionary. This is a true dictionary of reference entries for all
Symbolics Common Lisp symbols. Each entry provides a complete description of a
single Lisp object. For example, the entry for a given SCL function would include
its syntax, what it returns, examples of its use and cross-references to related
functions or topics. The entries are alphabetized and thumb tabs are provided for
rapid access to information about an individual symbol when you need it. Because
the dictionary entries in Volume B are in alphabetical order, this volume of
Symbolics Common Lisp is not indexed; Volume A is fully indexed.



2

Symbolics Common Lisp: Language Concepts August 1986



Dios

'
Ten

oW

A

[

August 1986

Understanding Notation Conventions

You should understand several notation conventions before reading the
documentation.

Lisp Objects
Functions

A typical description of a Lisp function looks like this:

function-name argl arg2 &optional arg3 (arg4 (foo3)) function
Adds together argl and arg2, and then multiplies the result by arg3. If arg3
is not provided, the multiplication is not done. function-name returns a list
whose first element is this result and whose second element is arg4.
Examples:

(function-name 3 4) => (7 4)
(function-name 1 2 2 ’bar) => (6 bar)

The word "&optional" in the list of arguments tells you that all of the arguments
past this point are optional. The default value of an argument can be specified
explicitly, as with arg4, whose default value is the result of evaluating the form
(foo 3). If no default value is specified, it is the symbol nil. This syntax is used
in lambda-lists in the language. (For more information on lambda-lists: See the
section "Evaluating a Function Form", page 504.) Argument lists can also contain
"&rest"”, which is part of the same syntax.

Note that the documentation uses several fonts, or typefaces. In a function
description, for example, the name of the function is in boldface in the first line,
and the arguments are in italics. Within the text, printed representations of Lisp
objects are in the same boldface font, such as (+ foo 56), and argument references
are italicized, such as argl and arg2.

Other fonts are used as follows:

"Typein" or "example" font (function-name)
Indicates something you are expected to type. This font is also
used for Lisp examples that are set off from the text and in
some cases for information, such as a prompt, that appears on
the screen.

"Key" font (RETURN, c~L)
For keystrokes mentioned in running text.
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Macros and Speclal Forms

The descriptions of special forms and macros look like the descriptions of these
imaginary ones:

do-three-times form Special Form
Evaluates form three times and returns the result of the third evaluation.

with-foo-bound-to-nil form... Macro
Evaluates the forms with the symbol foo bound to nil. It expands as follows:

(with-foo~-bound-to-nil
form1

form2 ...) ==>

(let ((foo nil))
forml

form2 ...)

Since special forms and macros are the mechanism by which the syntax of Lisp is
extended, their descriptions must describe both their syntax and their semantics;
unlike functions, which follow a simple consistent set of rules, each special form is
idiosyncratic. The syntax is displayed on the first line of the description using the
following conventions.

o Italicized words are names of parts of the form that are referred to in the
descriptive text. They are not arguments, even though they resemble the
italicized words in the first line of a function description.

o Parentheses ("( )") stand for themselves.
¢ Brackets ("[ 1") indicate that what they enclose is optional.

o Ellipses ("...") indicate that the subform (italicized word or parenthesized
list) that precedes them can be repeated any number of times (possibly no
times at all).

¢ Braces followed by ellipses ("{ }...") indicate that what they enclose can be
repeated any number of times. Thus, the first line of the description of a
special form is a "template” for what an instance of that special form would
look like, with the surrounding parentheses removed.

The syntax of some special forms is too complicated to fit comfortably into this
style; the first line of the description of such a special form contains only the
name, and the syntax is given by example in the body of the description.

The semantics of a special form includes not only its contract, but also which
subforms are evaluated and what the returned value is. Usually this is clarified
with one or more examples.
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A convention used by many special forms is that all of their subforms after the
first few are described as "body...". This means that the remaining subforms
constitute the "body" of this special form; they are Lisp forms that are evaluated
one after another in some environment established by the special form.

This imaginary special form exhibits all of the syntactic features:

twiddle-frob /(frob option...)] {parameter value}... Special Form
Twiddles the parameters of frob, which defaults to default-frob if not
specified. Each parameter is the name of one of the adjustable parameters of
a frob; each value is what value to set that parameter to. Any number of
parameter/value pairs can be specified. If any options are specified, they are
keywords that select which safety checks to override while twiddling the
parameters. If neither frob nor any options are specified, the list of them
can be omitted and the form can begin directly with the first parameter
name,

frob and the values are evaluated; the parameters and options are syntactic
keywords and are not evaluated. The returned value is the frob whose
parameters were adjusted. An error is signalled if any safety check is
violated.

Flavors, Flavor Operations, and Init Options

Flavors themselves are documented by the name of the flavor.

Flavor operations are described in three ways: as methods, as generic functions,
and as messages. When it is important to show the exact flavor for which the
method is defined, methods are described by their function specs. Init options are
documented by the function spec of the method.

When a method is implemented for a set of flavors (such as all streams), it is
documented by the name of message or generic function it implements.

The following examples are taken from the documentation.

sys:network-error Flavor
This set includes errors signalled by networks. These are generic network
errors that are used uniformly for any supported networks. This flavor is
built on error.

:clear-window of tv:sheet Method
Erase the whole window and move the cursor position to the upper left
corner of the window.

:ityo char Message
The stream will output the character char. For example, if s is bound to a
stream, then the following form will output a "B" to the stream:
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(send s :tyo #\B)

For binary output streams, the argument is a nonnegative number rather
than specifically a character.

dbg:special-command-p condition special-command Generic Function
Returns t if command-type is a valid Debugger special command for this
condition object; otherwise, returns nil.

The compatible message for dbg:special-command-p is:
:special-command-p

For a table of related items: See the section "Basic Condition Methods and
Init Options", page 599.

:bottom  bottom-edge (for tv:sheet) Init Option
Specifies the y-coordinate of the bottom edge of the window.

Variables

Descriptions of variables ("special" or "global" variables) look like this:

typical-variable Variable
The variable typical-variable has a typical value....

Macro Characters

Macro characters are explained in detail in the documentation. See the section
"How the Reader Recognizes Macro Characters" in Reference Guide to Streams,
Files, and I/0.

The single quote character (°) and semicolon (;) have special meanings when typed
to Lisp; they are examples of what are called macro characters. It is important to
understand their effect.

When the Lisp reader encounters a single quote, it reads in the next Lisp object
and encloses it in a quote special form. That is, *foo-symbol turns into

(quote foo-symbol), and ’(cons ’a ’b) turns into

(quote (cons (quote a) (quote b))). The reason for this is that "quote" would
otherwise have to be typed in very frequently and would look ugly.

In Lisp, quoting a character means inhibiting what would otherwise be special

processing of it. Thus, in Common Lisp, the backslash character, "\", is used for
quoting unusual characters so that they are not interpreted in their usual way by
the Lisp reader, but rather are treated the way normal alphabetic characters are
treated. So, for example, in order to give a "\" to the reader, you must type "\\",
the first "\" quoting the second one. When a character is preceded by a "\" it is
said to be slashified. Slashifying also turns off the effects of macro characters
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such as single quote and semicolon. Note that in Zetalisp syntax, the slash, "/", is
the quoting character and must be doubled.

The following characters also have special meanings, and cannot be used in
symbols without slashification. These characters are explained in detail elsewhere:
See the section "How the Reader Recognizes Macro Characters" in Reference Guide
to Streams, Files, and I/0.

Double-quote delimits character strings.

# Sharp-sign introduces miscellaneous reader macros.

Backquote is used to construct list structure.

, Comma is used in conjunction with backquote.

: Colon is the package prefix.

| Characters between pairs of vertical bars are quoted.

® Circle-X lets you type in characters using their octal codes. (Zetalisp only.)

The semicolon is used as a commenting character. When the Lisp reader sees
one, the remainder of the line is ignored.

Character Case

All Lisp code in the documentation is written in lowercase. In fact, the Lisp
reader turns all symbols into uppercase, and consequently everything prints out in
uppercase. You can write programs in whichever case you prefer.

Packages and Keyword Names

For an explanation of packages: See the section "Packages", page 635.

Various symbols have the colon (¢) character in their names. By convention, all
keyword symbols in the system have names starting with a colon. The colon
character is not actually part of the print name, but is a truncated package prefix
indicating that the symbol belongs to the keyword package. (For more
information on colons: See the section "Introduction to Keywords", page 128. For
now, just pretend that the colons are part of the names of the symbols.)

The document set describes a number of internal functions and variables, which
can be identified by the "si:" prefix in their names. The "si" stands for
"system-internals". These functions and variables are documented because they
are things you sometimes need to know about. However, they are considered
internal to the system and their behavior is not as guaranteed as that of
everything else.
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Maclisp

Because Symbolics Common Lisp is descended from Maclisp, some Symbolics
Common Lisp functions exist solely for Maclisp compatibility; they should not be
used in new programs. Such functions are clearly marked in the text.

Examples

The symbol "=>" indicates Lisp evaluation in examples. Thus, "foo => nil" means
the same thing as "the result of evaluating foo is nil".

The symbol "=>" indicates macro expansion in examples. Thus,
"(foo bar) => (aref bar 0)" means the same thing as "the result of expanding
the macro (foo bar) is (aref bar 0)".

The Character Set

The Genera character set is not the same as the ASCII character set used by most
operating systems. For more information: See the section "The Character Set" in
Reference Guide to Streams, Files, and 1/0.

Unlike ASCII, there are no "control characters” in the character set; Control and
Meta are merely things that can be typed on the keyboard.
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PART L.

Overview of Symbolics Common Lisp

The following sections introduce the topics covered in the rest of this manual.
The aim is to provide you with a very general sense of the basic concepts and
terms in Symbolics Common Lisp, in a form that you can read at a single sitting.
If you are a new user you might find this material of particular interest.

The Lisp dialect documented here is Symbolics Common Lisp. Symbolics Common
Lisp is based on Common Lisp, and includes Common Lisp, as well as all the
advanced features of Zetalisp. Details about the relationship between these three
dialects are provided elsewhere: See the section "Introduction to Symbolics
Common Lisp", page 671.

The individual chapters in See the document Symbolics Common Lisp: Language
Concepts. offer more extended coverage of topics appearing in this Overview; the
alphabetized dictionary provides full information about individual functions and
other Lisp objects.

General information about two topics, Cells and Locatives and Special Forms,
appears exclusively in this Overview, the former because the topic does not require
further coverage, the latter because special forms are scattered throughout
"Symbolics Common Lisp" and are covered in the context of various other topics.
See the section "Cells and Locatives", page 29. See the section "Special Forms
and Built-in Macros", page 35.

The term form is ubiquitous in any discussion of the Lisp language and so is
worth mentioning here. A form is a data object that is meant to be evaluated.
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1. Overview of Data Types

1.1 Overview of Data Types and Type Specifiers

Lisp is a typed language; Lisp programs manipulate data structures of a given
type, using them to build more complex structures. The term Lisp object refers to
the collectivity of basic data types that programs can create. Some examples of
Lisp objects are symbols, characters, and structure and flavor instances.

Symbolics Common Lisp provides a wide variety of data object types, as well as
facilities for extending the type hierarchy. It is important to note that in Lisp it
is data objects that are typed, not variables. Any variable can have any Lisp
object as its value.

In Symbolics Common Lisp, a data type is a (possibly infinite) set of Lisp objects.
The defined data types are arranged into a hierarchy (actually a partial order)
defined by the subset relationship.

A type called common encompasses all the data types required by the Common
Lisp language. Symbolics Common Lisp provides several additional data types,
such as flavors, that represent an extension to the Common Lisp type system. The
set of all objects in Symbolics Common Lisp is specified by the symbol t. The
empty data type, which contains no objects, is denoted by nil.

The type hierarchy can be conceptualized as a tree whose root is t. The following
terminology is useful for expressing the basic relationships among the branches
and sub-branches of this tree.

A given type is a supertype of those data types it encompasses. For example, the
type number is a supertype of all other numeric types such as rational, integer,
complex, and so on. These numeric types are called subtypes of number. They
can in turn have supertype-subtype relationships with each other; for example, the
type rational is a supertype of the type integer, which is a supertype of the type
signed-byte, and so forth.

The type t is a supertype of every type whatsoever: every object belongs to type t.
The type nil is a subtype of every type whatsoever: no object belongs to type nil.

Two or more data types can be disjoint, that is no object can simultaneously
belong to more than one of these types. For example, the types float and rational
are disjoint subtypes of the type number.

If several types are subtypes of a common supertype, they form an exhaustive
union. For example, the type common denotes an exhaustive union of, among
others, the types cons, symbol, readtable, pathname, and all types created by the
user with defstruct or defflavor. If the types belonging to a common supertype
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are disjoint, they form an exhaustive partition. For example, the types bignum
and fixnum form an exhaustive partition of the type integer, since an integer can
be either a fixnum or a bignum. For a complete list of Symbolics Common Lisp
data types: See the section "Hierarchy of Data Types", page 69.

Data objects such as numbers or arrays are identified by symbolic names or lists,
called type specifiers, that are associated with them. Type specifiers serve as
arguments to predicates that perform type-checking; they are also used by various
functions whose operation requires arguments or results of a specific data type.

Examples of some major type specifier symbols are number, character, list, array,
table, flavor, and generic function. These and many others are discussed in
individual chapters in the documentation.,

Type specifier lists let you refine type distinctions and define your own types. For
example, the type specifier list (integer low high) lets you define an integer type
whose range is restricted to the limits indicated by the arguments low and high.

Since many Lisp objects belong to more than one group of data types, it does not
always make sense to ask what the type of an object is; instead, one usually asks
only whether an object belongs to a given type. The predicate typep tests a Lisp
object against one of the standard type specifiers to determine if it belongs to that
type. See the section "Type-checking Differences Between Symbolics Common Lisp
and Zetalisp”, page 80.

Other basic operations with data types are converting an object of one type to an
equivalent object of another type (coerce), testing relationships between objects in
the type hierarchy (subtypep), determining a type to which an object belongs
(type-of), getting the type specifier list for standard data types (sys:type-arglist),
and identifying equivalent data type descriptions (equal-typep).

1.2 Overview of Numbers

Symbolics Common Lisp includes several types of numbers, with different
characteristics. These are:

e Rational Numbers. Used for exact mathematical calculations. These include:

© Integers. These are rational numbers without a fractional part, such as
0,1, 2

° Ratios. A ratio is a pair of integers, representing the numerator and
denominator of the number, for example, 15/16, -26/3.

¢ Floating-point Numbers. Used for approximate mathematical calculations.
Symbolics Common Lisp supports two forms:
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° Single-float. Single-precision floating-point numbers, for example,
1.0e-45.

° Double-float. Double-precision floating-point numbers, for example,
5.0d-324.

e Complex Numbers. Used to represent the mathematical concept of that
name, for example, #c(4.0 10).

In conventional computer systems, considerations such as number length, base, or
internal representation are important and numbers therefore have "computer”
properties. In Symbolics Common Lisp, rational numbers are represented as
numbers since their representation is not limited by machine word width, but only
by total memory limitations. Thus, rational numbers in Symbolics Common Lisp
have more familiar mathematical properties.

For internal efficiency, Symbolics Common Lisp also has two primitive types of
integers: fixnums and bignums. Fixnums are a range of integers that the system
can represent more efficiently, while bignums are integers outside the range of
fixnums. When you compute with integers, the system automatically converts
back and forth between fixnums and bignums based solely on the size of the
integer. With the exception of some specialized cases, the distinctions between
fixnums and bignums are invisible to you, in computing, printing or reading of
integers.

The system canonicalizes numbers, that is, it represents them in the lowest form.

Rational canonicalization is the automatic reduction and conversion of ratios to
integers, if the denominator evenly divides the numerator.

Integer canonicalization is the automatic internal conversion between fixnums and
bignums to represent integers.

Complex canonicalization is the matching of complex number types and the
conversion of a complex number to a noncomplex rational number when necessary.

Typically, functions that operate on numeric arguments are generic, that is, they
work on any number type. Moreover, arithmetic and numeric comparison
functions also accept arguments of dissimilar numeric types and coerce them to a
common type by conversion. When these functions return a number, the coerced
type is also the type of the result. Coercion is performed according to specific
rules.

Functions are available to let you force specific conversions of numeric data types
(for example, convert numbers to floating-point numbers, convert noncomplex to
rational numbers).

When comparing numbers, note that although the predicates eq, eql, equal, and
equalp accept numbers as argumeiits, they don’t always produce the expected
results. It is therefore preferable to use = to test numeric equality.
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Integer division returns an exact rational number result, that is, it does not
truncate the result. (Integer division in Zetalisp truncates the result.)

Operations with numbers include type-checking (rationalp), arithmetic, numeric
comparison (=), and transcendental functions (exp); you can also do bit-wise
operations (logior, byte-position), random number generation, and machine-
dependent arithmetic.

Some other terminology associated with numbers:

Radix An integer that denotes the base in which a rational number
prints and is interpreted by the reader. The default radix is 10
(decimal), and the range is from 2 to 36, inclusive. Current
radix for printing and reading is controlled by the variables
*print-base*, and *read-base* respectively.

Radix specifier A convention for displaying a rational number with its current
radix. For example, #2r181 is the binary representation of 101.
Controlled by the value of the variable *print-radix*.

Exponent marker A character that indicates the floating-point format (double,
long, single, short) of a floating-point number. Controlled by
the value of the variable *read-default-float-format* for
printing and reading.

1.3 Overview of Symbols

A symbol is a Lisp object in the Lisp environment. A symbol has a print name, a
value (or binding), a definition (or the contents of its function cell), a property list,
and a package. It is important to understand that a symbol can be any Lisp
object, for example a variable, a function, or a list. It is also important to keep in
mind that while we sometimes say that a symbol is the name of some object, a
name is actually the printed representation of that object. A symbol is the object
itself.

Two kinds of symbols should be mentioned explicitly here: Keywords and
Variables.

Keywords are implemented as symbols whose home package is the keyword
package. (See the section "Package Names", page 645.) The only aspects of
symbols significant to keywords are name and property list; otherwise, keywords
could just as easily be some other data type. (Note that keywords are referred to
as enumeration types in some other languages.)

There are three kinds of variables: special (or global), local (or lexical), and
instance. A special variable has dynamic scope: any Lisp expression can access it
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simply by referring to its name. A local variable has lexical scope: only Lisp
expressions lexically contained in the special form that binds the local variable can
access it. See the section "Overview of Dynamic and Lexical Scoping", page 57.
An instance variable has a different kind of lexical scope: only Lisp expressions
lexically contained in methods of the appropriate flavor can access it. Instance
variables are explained in another section. See the section "Overview of Flavors",
page 47.

1.4 Overview of Lists

This section introduces the concepts of Lisp lists, the components of lists, and
other data structures that are composed of lists.

Lists and list-like structures exist to organize data in tabular structures. The
simplest such structure is just a collection of items. For example:

scallop
clam
oyster
mussel

The kinds of things a program might do with such a structure are, for example,
¢ find a given -- first, last, second -- item in the collection/table/list
o see if a given item is included
¢ add an item to or remove an item from the structure
e copy the structure

or many other possible operations. This collection, which is just a plain list of
items, approximately models the mathematical concept of a set. Since the need for
this kind of structure and these operations is ubiquitous in the type of
programming that the Lisp language was designed for, Lisp has an enormous
collection of functions for performing these types of operations.

The Cons

The basic data type upon which all tabular structures are based is a record
structure called a cons. A cons has two components: the head of the cons, which
is called the car, and the rest, or tail, of the cons, which is called the cdr. The
basic operations on the cons data type are:

cons and xcons Create a cons with a specified car and cdr.
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consp Return t if an object is a cons.

car Return the car of the cons.

cdr Return the cdr of the cons.

With the cons data type and its associated operations, it is possible to create an
unlimited variety of tabular structures. The simplest such structure is the list.

Simple Lists

A list is not a primitive Lisp data type; rather, it is a record structure created out
of conses. The method by which this construction is done allows the many special
list operations to be defined recursively. The key to the construction of a list
using conses is the object called nil, which is by definition the empty list. nil is
also represented as (). nil has its own special data type, null, which includes nil
as its only case.

Having this special object to connote an empty list, it is now easy to define a list
in terms of conses:

A list is either nil or it is a cons whose tail (cdr) is a list.
The list of the above example can thus created by:

(cons ’scallop (cons ‘clam (cons ’oyster (cons ’‘mussel
'nil)))) => (SCALLOP CLAM OYSTER MUSSEL)

which is equivalent to
(Tist ’scallop ’clam ‘oyster ’mussel)

Note that the printed form of the list is enclosed within parentheses. This
structure could be diagrammed as:

first cons
car cdr
| |
SCALLOP |
|
second cons
car cdr
| |
CLAM |
|
third cons
car cdr
| I
OYSTER |
|
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fourth cons
car cdr
| ]
MUSSEL |
I
nil

Note that only the heads (cars) of the conses of this structure contain the
elements of the list. The tail (cdr) of each cons contains the rest of the list,
except for the last cdr, which contains nil.

If you study the form of this structure and consider its recursive generation, you
can easily see how easy it is to generate recursive functions to search through
lists, extract various parts of lists, and the like.

Complex Lists
e Property Lists

At the next level of complexity after the simple kind of list described above, is a
table in which each of the items has some property associated with it. For
example, a property list for a scallop might be:

outer-color blue-black
interior-color mother-of-pearl
shell thin

culinary-value high

The kinds of operations that might be performed on a structure like this are
adding and removing properties and finding a property, given an item. For these
simple operations, a special kind of simple list, called a property list is sufficient.
A property list is just a list that has an even number of elements that are
alternately items and the items’ properties. For example, the above list would be
represented as

(OUTER-COLOR BLUE-BLACK INTERIOR-COLOR MOTHER-OF-PEARL SHELL THIN
CULINARY-VALUE HIGH)

The first items of the pairs in the list are called indicators and the second
members are called values or properties.

The functions for manipulating property lists are side-effecting operations that
have the result of altering the property list itself, rather than of creating a new
list.

e Dotted Lists
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A cons whose tail (cdr) is not the empty list is called a dotted list, an unfortunate
term since a dotted list is not a true list at all. The "dotted" part of the name
stems from the way a dotted list is represented in print with the car and cdr
separated by a dot:

(cons ’scallop ’clam) => (SCALLOP . CLAM)

Dotted "lists" are the building block for a more complicated structure called an
association list.

e Association Lists

Another type of table is one in which each of the items in the table is identified
according to some key. For example:

pectinidae scallop
pelecypoda clam
ostrea oyster
mytilus mussel

The structure used to represent this sort of table is called an association list, or
alist. An alist is a list, the elements of which are conses. The car of one of these
conses is called a key, and the cdr is called a datum. The table above is
represented as:

((PECTINIDAE . SCALLOP) (PELECYPODA . CLAM)(OSTREA . OYSTER) (MYTILUS .
MUSSEL))

The same kinds of operations that can be performed on property lists can be
performed on association lists, but because of their more complicated structure,
additional operations can be performed on them. You can, for example, search on
a key through an alist to find a datum or on a datum to find a key. There is a
function, pairlis, that takes two lists and creates an association list that pairs
elements from each.

Association lists can be incrementally updated by adding new entries to the front.
e Trees

Trees are structures composed of one cons and possibly other conses that are
associated with that cons, as in these examples:

(MYTILUS . MUSSEL)
((PECTINIDAE . SCALLOP) (PELECYPODA . CLAM))
((MYTILUS . MUSSEL) (WHELK PERIWINKLE (FAMILIES . 5) SHELLS)(7 . 4))
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This last tree could be diagrammed as:

CAlM = — e e cdr
I I
car-cdr Car———————mmmme e cdr
I I I |
MYTILUS MUSSEL car----—---- cdr car---cdr
I I I I
WHELK | car-cdr nil
car-------- cdr | |
I |7 4
PERIWINKLE I
car-————---- cdr

car-cdr car-cdr

(I I
FAMILIES 5 SHELLS nil

¢ Circular Lists

A circular list is a simple list whose last cons’s tail is the first cons of the list.
The conses are linked together in a ring with the cdr of each cons being the next
cons in the ring. This list type is useful especially for those functions that
perform a specified operation on all the elements of a list, for example, mapcar.
Circular lists must be used carefully, however, for they can cause many list
functions to get into infinite loops.

¢ Cdr-Coding

Symbolics Common Lisp uses a special internal representation for conses and lists
that effects a substantial reduction in the storage required for these structures.
Cdr-coded lists require, in the optimum case, only half the space that regular lists
use. The disadvantage of cdr-coded lists is that, once they have been altered by
operations like rplacd, ncone, and nreverse, access to them can be slowed down
considerably.

Cdr-coded lists are created by list, list-in-area, make-list, or append.

Normal, that is, not-cdr-coded lists are created by cons, xcons, or ncons, and their
in-area variants.

The copylist function can be used to convert a normal list into a cdr-coded list.
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1.5 Overview of Arrays

1.5.1 Basic Concepts of Arrays

An array is a Lisp object that consists of a group of elements. Each array
element is a Lisp object. General arrays allow the elements to be any type of Lisp
object. Specialized arrays place constraints on the type of Lisp objects allowed as
array elements.

The individual elements of an array are identified by numerical subscripts. When
accessing an element for reading or writing, you use the subscripts that identify
that element. The number of subscripts used to refer to one of the elements of
the array is the same as the dimensionality of the array. Thus, in a two-
dimensional array, two subscripts are used to refer to an element of the array.

The lowest value for any subscript is 0; the highest value is a property of the
array. Each dimension has a size, which is the lowest integer that is too great to
be used as a subscript. For example, in a one-dimensional array of five elements,
the size of the one and only dimension is five, and the acceptable values of the
subscript are 0, 1, 2, 3, and 4.

The number of dimensions of an array is called its dimensionality, or its rank.
The dimensionality can be any integer from zero to seven, inclusive. A zero-
dimensional array has exactly one element.

The basic functions related to arrays enable you to create arrays (make-array),
access elements (aref), and alter elements (setf used with aref). Several advanced
and more specialized programming practices are also supported: See the section
"Advanced Concepts of Arrays", page 22.

A one-dimensional array is known as a vector. A general vector allows its elements
to be any type of Lisp object. Strings are vectors that require their elements to
be of type string-char or character. Bit-vectors are vectors that require their
elements to be of type bit.

For more information on the types of arrays: See the section "Data Types and
Type Specifiers", page 69.

Zetalisp uses a different terminology for array types. A general array is called a
Zetalisp sys:art-q array. Zetalisp has many types of specialized arrays, such as
sys:art-fixnum and sys:art-boolean. These types are used by zl:make-array,
which is supported for compatibility with previous releases. For a complete list of
Zetalisp array types: See the section "Zetalisp Array Types", page 183.

1.5.2 Simple Use of Arrays

The following brief example illustrates the syntax of the basic functions for
creating arrays, reading and writing their elements, and getting information on
arrays.



21

August 1986 Overview of Symbolics Common Lisp

First, we create and initialize an array that could be used to represent an 8-puzzle
game. The first argument represents the array’s dimensions; this is a two-
dimensional array, with three elements in each dimension. The keyword argument
:initial-contents is the mechanism for initializing the elements of the array.

(setq *8-puzzlex
(make-array ’(3 3)
:initial-contents
"((381)
(4 5 nil)
(27 6))))
=>#<ART-Q-3-3 44083776>

make-array returns the array. Its printed representation is #<ART-Q-3-3
44003776>.

The next two forms read the elements specified by subscripts (0 2) and (1 2):

(aref x8-puzzlex B8 2) => 1
(aref x8-puzzlex 1 2) => NIL

To play the first move in the game, we switch the position of the nil with any
adjoining element. When setf is used with aref as follows, the element changes to
the new value given.

(setf (aref x8-puzzlex B 2) nil) => NIL
(setf (aref x8-puzzlex 1 2) 1) => 1

Instead of continuing with the game, we request information on the *8-puzzle*
array:

e What is the rank of the array, or how many dimensions does it have?

(array-rank x8-puzzlex) => 2
The array has 2 dimensions, or a rank of 2.

e What are the dimensions of the array?

(array-dimensions *8-puzzlex) => (3 3)
The elements of the returned list (8 8) are the dimensions of the array.

o What is the type of the elements in the array?

(array-element-type x8-puzzlex) => T

The returned value, t, indicates that the array elements can be of any type.

C\) L\/) ro 'J ”\‘
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1.5.3 Advanced Concepts of Arrays

This section introduces some of the advanced topics of arrays as well as
terminology associated with those topics.

Array leader

Fill pointer

Displaced array

Indirect array

Index offset

Raster

Typically the elements of an array are a homogeneous set of
objects. Sometimes it is desirable to store a few
nonhomogeneous pieces of data attached to the array. You can
use an array leader to do this. An array leader is similar to a
general one-dimensional array that is attached to the main
array. You can create a leader using the :leader-length or
:leader-list option for make-array, and examine and store
elements in the array leader using numeric subscripts.
Alternatively, you can construct the leader using the
:array-leader option for defstruct, and then use automatically
generated constructor functions to access the slots of the leader.

By convention, element zero of the array leader of an array is
used to hold the number of elements in the array that are
"active” in some sense. When the zeroth element is used this
way, it is called a fill pointer. Many array-processing functions
recognize the fill pointer. For instance, if a string has seven
elements,- but its fill pointer contains the value 5, then only
elements zero through four of the string are considered to be
"active". This means that the string’s printed representation is
five characters long, string-searching functions stop after the
fifth element, and so on.

Normally, an array is represented as a small amount of header
information followed by the contents of the array. However,
sometimes it is desirable to have the header information
removed from the array’s contents. A displaced array is such an
array. You can create one with the :displaced-to option to
make-array.

This is an array whose contents are defined to be the contents
of another array. You can create one by giving an array as the
value of the :displaced-to option to make-array.

Both indirect and displaced arrays can be created in such a way
that when an element is referenced or stored, a constant
number is added to the subscript given. This number is called
the index offset, and it is specified by giving an integer as the
value of the :displaced-index-offset option to make-array.

This is a two-dimensional array that is conceptually a rectangle
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of bits, pixels, or display items. A variety of raster operations is
available.

Plane This is an array whose bounds, in each dimension, are plus-
infinity and minus-infinity. All integers are valid as subscripts.
A variety of plane operations is available.

Array register When performance is especially important, you can use the array
register feature to optimize your code.

Adjusting an array
You can adjust an existing array to give it a new dimensionality.
To ensure that an array will be adjustable after it is created,
use the :adjustable option to make-array.

Array storage In all Lisp dialects supported by Genera, arrays are stored in
memory in row-major order. This is an implementation detail
that does not concern most programmers. However, if you use
some of the advanced array practices, such as displaced arrays
or adjusting the array size dynamically, you need to understand
how arrays are stored in memory.

1.6 Overview of Sequences

A sequence is a data type that contains an ordered set of elements. It subsumes
the types lists and vectors (one-dimensional arrays).

Symbolics Common Lisp provides a range of general sequence functions that
operate on both lists or vectors. These functions perform basic operations on
sequences, irrespective of their underlying representation. The advantage of using
a sequence operation, rather than one specifically for lists or vectors, is that you
need not know how the sequence has been implemented. It makes sense to
reverse a sequence or extract a range of sequence elements, whether the sequence
is implemented as a vector or a list.

The principal operations on sequences fall into the following categories:

o Construction and access
e Predicates

e Mapping

e Modification

e Searching

¢ Sorting and merging

Argument keywords extend the power of the sequence functions. For example, the
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keywords :test, :test-not, and :key allow you to set up arbitrarily complex tests for
customizing the operation of the sequence functions. See the section "Testing
Elements of a Sequence”, page 190.

1.7 Overview of Characters

A character is a type of Lisp object. A character object is used to represent letters
of the alphabet and numbers, among other things. Characters are the building
blocks of strings; a string is a one-dimensional array of characters.

The reader recognizes characters by the #\ prefix followed by the character. For
example: #\A is read as the character A; #\1 is read as the character 1. Non-
printing characters have names; the reader recognizes them by the #\ prefix
followed by a name, such as #\Space.

Each character object has the following attributes: the character code, the
character set, the character bits, and the character style.

A character set is a group of related characters. All characters in a character set
are recognized as belonging together, even if they are different sizes or styles.

Genera supports three character sets: the Symbolics standard character set, the
mouse character set, and the arrow character set. Characters that are in
character sets other than the Symbolics character set are represented by the #\
prefix followed by the name of the character set, a colon, and the name of the
character. For example:

#\mouse:scissors
#arrow:eye

Two characters of different character sets can never be char-equal.

The character code is the attribute of a character that identifies the particular
character in the same way that ASCII codes represent particular characters. Two
characters in different sets never have the same code. For example, the Symbolics
standard character set a and the Greek character set o have different character
codes. (Note that Genera does not support a Greek character set.)

The character bits are an attribute of characters. The bits represent the hyper,
super, meta, and control keys; they make it possible to distinguish between the
character "A" and the character "control A", for example.

Characters that have bits set are read by the reader in the same way that other
characters are read: the #\ prefix is followed by the character’s name. For
example, #\control-A or #\c-A is read as the character "control A". Other examples
are: #\c-m-Return, #\hyper-Space, #\meta-B.

A character style is a combination of three characteristics that describe how a
character appears. These characteristics are the family, face, and size.
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Family Characters of the same family have a typographic integrity, so
that all characters of the same family resemble one another.
Examples: SWISS, DUTCH, and FIX.

Face A modification of the family, such as BOLD or ITALIC.
Size The size of the character, such as NORMAL or VERY-SMALL.

The character style is the grouping of the family, face, and size fields. A
character style is often represented by the convention:

family.face.size
An example of a fully specified character style is:
SWISS.ITALIC.LARGE

Each element of the character style can be specified or left unspecified. A family,
face, or size of NIL means to use the default value. Most characters have the
following character style:

NIL.NIL.NIL

Characters of style NIL.NIL.NIL are displayed in the default character style
established for the current output device. '

Genera distinguishes between thin and fat characters:

Thin character A character whose character style is NIL.NIL.NIL and whose
bits are all zero. Thin characters are of type string-char. For
example: #\A

Fat character A character that has a character style other than NIL.NIL.NIL
or whose modifier bits are set to something other than zero.
Fat characters are of type character. For example: #\c-A

describe is useful for getting information about a character. It responds with the
character’s bits, style, code, and character set; it returns the character itself.

The following example shows the result of describing a thin character representing
the letter A.

(describe #\A) =>

#\A is a character with bits #b8, style NIL.NIL.NIL, and code 65

This is offset 65 in character set #<STANDARD-CHARACTER-SET 2840808548>
#\A

The following example shows the result of describing a fat character that
represents the letter A. This character has the Meta bit set and has the style
NIL.ROMAN.NIL. However, the character code of this fat character is the same
as the character code of the thin character representing the letter A.
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(describe (make-character #\A :bits char-meta-bit

:style ’(nil :roman nil))) =>
#\m-sh-A is a character with bits #b18, style NIL.ROMAN.NIL, and code 65
This is offset 65 in character set #<STANDARD-CHARACTER-SET 204008540>
#\m-sh-A

Character styles are device independent. When you want to display a character on
a specific device (such as the black and white console, or the LGP2 printer), a
specific font must be chosen to represent the character. The font is chosen
depending on: the character code, the character set, the character style, and the
device type. The system has a set of predefined mappings between character sets,
character styles, device types and specific fonts.

Common Lisp has a font field instead of a character style field. As implemented
in SCL, characters have no font field and the char-font-limit is 1. This is in
compliance with Common Lisp.

In Symbolics documentation the word font is used in two contexts: to describe a
font that is specific to a device for representing characters; to refer to the font of
a character as implemented in releases of Symbolics software prior to Genera 7.0.

Mouse characters and the functions that manipulate them are described elsewhere:
See the section "Mouse Characters" in Programming the User Interface, Volume B.

1.8 Overview of Strings

The Lisp object, string, is a specialized type of vector, or one-dimensional array,
whose elements are characters.

Common Lisp defines a string as a vector whose elements are characters of type
string-char. Symbolics Common Lisp extends this definition by recognizing an
additional string type, namely a vector whose elements are of type character.
Strings of type string-char are called thin strings; they are made up of thin
characters. Strings of type character are called fat strings; they are made up of
fat characters.

Thin string An array whose elements are thin characters (standard
characters of type string-char with no character style or
modifier bits attributes). For example, "any string”. The
predicate string-char-p tests for thin characters.

Fat string An array whose elements are fat characters of type character,
with fields holding information about character style and
modifier bits. For example, "any string". The predicate
string-fat-p tests strings for fatness.
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Characters and their attributes are discussed elsewhere in this Overview: See the
section "Overview of Characters"”, page 24.

The function stringp lets you test any Lisp object to determine if it is a string.

Zetalisp uses a different terminology for string types. A thin string is called
sys:art-string, and a fat string is called sys:art-fat-string.

Common Lisp also distinguishes between the type string and a subtype of it called
simple-string. A simple-string is a simple-array, that is, an array that has no fill
pointer, is not adjustable after creation, and whose contents are not displaced
(shared with another array). A string is an array that can have a fill pointer, can
be adjusted after creation, and can be displaced. The types of arrays are discussed
elsewhere in this Overview: See the section "Advanced Concepts of Arrays", page
22,

The predicates string-p and simple-string-p test if an object is a string or a
simple-string. The distinction between strings and simple strings is not especially
important in Symbolics Common Lisp.

The individual elements of string arrays are identified by numeric subscripts;
when accessing portions of a string for reading or writing you use the subscript to
identify the elements. The subscript count always begins at zero. In many cases
string operations also return an integer that is an index into the string array (as
for example to indicate the position of a character found in a string search).

As vectors, strings constitute a subtype of the type sequences. Hence, many
string operations can use general purpose array or sequence functions; a large
number of string-specific functions are also available.

The basic functions relating to strings let you create strings (make-string, or
make-array), access a single string element (char, or aref), modify strings or
portions of them (setf used with char or aref), and get information about string
size (string-length). Other typical string operations for which a variety of
functions are provided include comparing two strings, altering string case,
removing portions of a string, combining strings, and searching a string for a
character or a string of characters.

String comparisons and searches examine every individual element of the string.
The case-sensitivity of the comparison determines which attributes of a character
are respected or ignored.

A case-sensitive operation takes into account every single attribute of the
characters compared, whereas a case-insensitive operation ignores the attributes
specifying character style and character case. Both case-sensitive and case-
insensitive operations compare attribute fields such as character code and modifier
bits.
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For example:
(string= “sail” "SAIL") => NIL
; case-sensitive comparison fails

(string-equal "sail" "SAIL") => T
; case-insensitive comparison succeeds

The case-sensitive string comparison functions are distinguished by their use of
algebraic comparison symbols as suffixes (for example, string=); the case-
insensitive string comparison functions have alphabetic symbols as suffixes (for
example, string-equal, string-lessp).

The case-sensitive string search functions often use the suffix -exact (for example
string-search-exact-char); the case-insensitive string search functions omit this
suffix (for example, string-search-char).

Many string functions can be destructive or non-destructive with respect to their
argument(s). Functions beginning with the character "n" modify their argument
so that its original form is destroyed (for example, string-nreverse which reverses
the characters of its argument and does not preserve it). Such destructive
functions have a non-destructive counterpart which preserves the original

argument and returns a modified copy of it (for example string-reverse).
Examples:

; non-destructive lowercasing operation preserves

; the original argument

(setq original "THREE BLIND MICE") => "THREE BLIND MICE"
(string-downcase original) => “three blind mice”

original => “THREE BLIND MICE"

; destructive lowercasing - original argument is lost
(setq original “THREE BLIND MICE") => "THREE BLIND MICE"
(nstring-downcase original) => “three blind mice"
original => “three blind mice"

Most string operations use keyword arguments to help you customize the extent
and the direction of the operation. Keyword arguments are prefixed by a :
character; the most important are :start, :end, and :from-end.

:start and :end must be non-negative integer indices into the string array, and
:start must be smaller than or equal to :end. These keywords operate only on the
"active" portion of the string, that is, the portion below the limit specified by the
fill pointer, if there is one. :start indicates the start position for the operation
within the string. It defaults to zero (the start of the string). :end indicates the
position of the first element in the string beyond the end of the operation. It
defaults to nil (the length of the string). If both :start and :end are omitted, the
entire string is processed by default.
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For example:

; to capitalize the last four characters in "applejack”
(string-upcase “"applejack” :start 5) => “appleJACK"

; to reverse the middle three characters of “doodle”
(string-reverse "doodle" :start 1 :end 4) => "ddoole”

If two strings are involved, the keyword arguments :startl, :endl, :start2, and
:end2 are used to specify substrings for each separate string argument.

For example:

; to compare the first three characters of two strings
(string= "apple" "applejack” :end1 3 :end2 3) =>T

For operations such as searches, it can be useful to specify the direction in which
the string is conceptually processed. This is controlled by the keyword argument
:from-end.

Where this keyword is present in the argument list, the function normally
processes the string in the forward direction, but if a non-nil value is specified for
:from-end, processing starts from the reverse direction. Regardless of the
direction of processing, the count indicating the position of the item found always
starts from the beginning of the string.

For example:

(string-search-exact #\e "heavenly") => 1
; normal search, returns the position of the
; first (Teftmost) occurrence
; of the character “e*

(string-search-exact #\e "heavenly" :from-end t) => 4
; reverse search, returns the position of the last
; (rightmost) occurrence of the character “e"
; counting from the beginning of the string

1.9 Cells and Locatives

A cell is a machine word that can hold a (pointer to a) Lisp object. For example,
a symbol has five cells: the print name cell, the value cell, the function cell, the
property list cell, and the package cell. The value cell holds (a pointer to) the
binding of the symbol, and so on. Also, an array leader of length n has n cells,
and a sys:art-q array of n elements has n cells. (Numeric arrays do not have
cells in this sense.)
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A locative is a type of Lisp object used as a pointer to a single memory cell
anywhere in the system; it lets you refer to a cell, so that you can examine or
alter its contents. Locatives are inherently a more "low-level" construct than most
Lisp objects; they require some knowledge of the nature of the Lisp
implementation. Most programmers never need them.

Here is a list of functions that create locatives to cells:

zl:aloc

zl:ap-leader
zl:car-location
zl:value-cell-location
sys:function-cell-location

Each function is documented with the kind of object to which it creates a pointer.

The macro locf can be used to convert a form that accesses a cell to one that
creates a locative pointer to that cell.

For example:
(locf (fsymeval x)) ==> (sys:function-cell-location x)

locf is very convenient because it saves the writer and reader of a program from
having to remember the names of all the functions that create locatives. See the
section "Generalized Variables", page 503.

The contents of a cell can be accessed by location-contents and updated by
(setf (location-contents ...)).

Access to and modification of the contents of locatives is currently implemented by
the system using the operations cdr and rplacd. Therefore, these instructions
may appear in the disassembly of compiled programs which operate on locatives.
Also, you may sometimes see these functions used to manipulate locatives in old
code. This usage is obsolete and should not be employed in new software.

1.9.1 Table of Functions That Operate on Locatives

location-boundp location Tests if the cell at location is bound to a value

location-contents locative Returns the contents of the cell pointed to by
locative

location-makunbound loc Causes the cell at loc to become unbound

locativep object Tests if object is a locative

locativep x Tests if x is a locative

locf access-form Converts access-form to a new form that will

create a locative pointer to that cell
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2. Functions, Predicates, Special Forms and Macros

2.1 Overview of Functions

Functions are the basic building blocks of Lisp programs. A function is a Lisp
object that, when applied to arguments, performs some action and returns a value.
You can manipulate functions in the same ways you manipulate other Lisp objects;
you can pass them as arguments, return them as values, and make other Lisp
objects refer to them.

There are four kinds of functions, classified by how they work:

e Interpreted functions, which are defined with defun, represented as list
structures, and interpreted by the Lisp evaluator.

o Compiled functions, which are defined by compiling forms from a file or an
editor buffer or by loading a binary file, are represented by a special Lisp
data type, and are executed directly by the machine.

e Various types of Lisp objects that can be applied to arguments, but when
applied, call another function and apply it instead. These include symbols,
dynamic and lexical closures, and instances.

¢ Various types of Lisp objects that, when used as functions, do something
special related to the specific data type. These include arrays and stack
groups.

Lisp has several functions known as function-defining special forms, which are used
in programs to define functions. For example, defun is a common function-
defining special form. Function-defining special forms typically take as arguments
a function spec (see below) and a description of the function to be made.

Function-defining special forms include defun, defsubst, macro, defselect, deff,
and def.

A general programming-style rule of thumb: Anything that is used at top level
(not inside a function) and starts with def should be a function-defining special
form so that the editor can find it in your source file and show it to you whenever
you ask for a definition.

For more information on function-defining special forms: See the section
"Function-Defining Special Forms", page 258.

The name of a function is usually a symbol, but does not have to be a symbol. A
function can be represented by a function spec, which serves to name a function
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and specifies a place to find and remember a function. Spec is short for
specification.

Function specs are not functions. You cannot apply a function spec to arguments.
You use function specs when you want to do something to the function, such as
define it, look at its definition, or compile it. Both function specs and functions
can be defined. To define a function spec means to make that function spec
remember a given function — a task accomplished by the fdefine function. To
define a function means to create a new function and define a given function spec
as that new function — a task accomplished by the defun special-form. Several
other special forms, such as defmethod and defselect, also define functions.

A function spec’s definition generally consists of a basic definition surrounded by
encapsulations. The basic definition is what defun creates. See the section "How
Programs Manipulate Definitions", page 261. The encapsulation is composed of
function-altering functions, such as trace and advise. See the section
"Encapsulations”, page 263. When the function is called, the function’s definition
plus the alterations are executed.

For more information on function specs: See the section "Function Specs", page
251,

There are several operations a user would typically want to perform on functions.
These operations are:

e Print out the definition of the function spec with indentation. (This works
only with interpreted functions.)

¢ Find out about a function by looking at its documentation and its arguments.
e Look at the function’s debugging information.

o Trace the calling history and customize the definition of a function while
debugging.

¢ Examine the compiled code, if the function is compiled.

For more information on these operations: See the section "Operations the User
Can Perform on Functions", page 255.

A Lisp definition is a Lisp expression that appears in a source program file and
has a name to which a user can refer. Two definitions with the same name and
different types can exist simultaneously, but two definitions with the same name
and the same type redefine each other when evaluated. There are four basic types
of definitions:

¢ functions
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e variables
e flavors
e structures

Many types of Lisp special forms, such as defun and defvar, can define these four
types of definitions. For more information about definitions: See the section
"How Programs Manipulate Definitions", page 261.

A Lisp declaration is an optional Lisp expression that provides the Lisp system
with information about your program, for example, documentation. Many Lisp
forms, such as defun, have declarative aspects. See the section "Declarations”,
page 260.

A dynamic closure is a Lisp functional object for implementing certain advanced
access and control structures. Closures give you more explicit control over the
environment, by allowing you to save the environment created by the entering of a
dynamic contour, and then use that environment elsewhere, even after the contour
has been exited. There are several functions that manipulate dynamic closures,
for example, closure.

For more information on dynamic closures: See the section "Dynamic Closures",
page 265.

2.2 Overview of Predicates

A predicate is a function that tests for some condition involving its arguments and
returns some non-nil value if the condition is true, or the symbol nil if it is not
true. Many predicates return the symbol t, instead of another non-nil value, if the
condition is true.

Predicate names usually end in the letter "p". The way the "p" is added to the
end of the predicate depends on whether or not there is an existing hyphen in the
name. For example, the predicate that tests for integers is integerp, while the
predicate that checks for compiled functions is compiled-function-p.

Predicates fall into several logical categories. These include: type-checking
predicates, which test an object for membership in a particular data type such as
numbers, arrays, and so on; property-checking predicates, which determine whether
an object has certain properties (such as whether a number is odd or even);
comparison predicates, which compare objects of the same type; and a few others.

For a complete list of predicates: See the section "Predicates”, page 271. A full
description of each predicate is available in the dictionary of Lisp functions.
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2.3 Overview of Macros

The macro facility allows the user to define arbitrary functions that convert
certain Lisp forms into different forms before evaluating or compiling them.

This is done at the expression level, not at the character-string level, as in most
other languages. Macros are important in the writing of good code: they make it
possible to write code that is clear and elegant at the user level, but that is
converted to a more complex or more efficient internal form for execution.

When eval is given a list whose car is a symbol, it looks for local definitions of
that symbol; if that fails, it looks for a global definition. If the definition is a
macro, it contains an expander function. eval applies the expander function to two
arguments: the form that eval is trying to evaluate, and an object representing
the lexical environment. The expander function returns a new form. This is the
expansion of the macro call. eval evaluates this expansion in lieu of the original
form,

An example of a macro expansion would be as follows :

(macroexpand ’ (return x))
=> (RETURN-FROM NIL
X) and T

Macros are used for a variety of purposes, the most common being extensions of
the Lisp language. Note that macros are not functions, and cannot be applied to
arguments.

The defmacro construct provides a convenient way to define new macros, and the
backquote facility helps to increase their readability. Backquote (‘) is a reader
macro that generates lists. In simple cases, the backquote is just like the regular
single quote macro: it creates a form that when evaluated produces the form
following the backquote. For example:

‘(123)=>(123)
"(123) = (123)

If you include a comma (,) inside the form following a backquote, that form gets
evaluated even though it is inside the backquote. For example:

(setg b 1)
‘(abec) => (ABC)
‘a,bc)=>(A10)

In other words backquote quotes everything except things preceded by a comma;
those things get evaluated.

If an at-sign character follows the comma (,@), it has a special meaning. This
construct should be followed by a form whose value is a list; then each of the
elements of the list is appended to the list being created by the backquote. For
example:
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(setq a "(x y 2))
‘(1,a2) =>(1 (XY 2 2)
‘(1 ,a2) => (1XYZ2)

Here is a simple macro definition using the backquote facility:

(defmacro onep (num)

‘(zerop ,(- 1 num))) => ONEP
(onep 1) => T
(onep 8) => NIL

Inline functions are somewhat similar to macros. An inline function executes like
a function; if it is called by another function that is being compiled, the inline
function’s definition is substituted into the code being expanded. In this respect,
an inline function is like a macro. If something can be implemented as either a
macro or an inline function, it is generally better to make it an inline function.

2.4 Special Forms and Built-in Macros

In order to define the terms "special form" and "macro" it is necessary first to
review some basic concepts.

The form is the standard evaluation unit in Lisp. It is a data object that is meant
to be evaluated as a program to produce one or more values (which are also data
objects). See the section "Introduction to Evaluation", page 493. There are three
categories of forms:

e self-evaluating forms, such as numbers, characters, strings, and bit-vectors
e symbols, which stand for variables
o lists

The evaluator, when applied to a list, performs the operation specified by the first
element of the list, in order to produce a value to return. The first element of
the list is referred to as an operator. There are two categories of operators:

¢ functions
¢ special operators

Functions are explained at length in their own chapter. See the section
"Functions", page 251.

There are two kinds of special operators:
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¢ special forms
® macros

A special form is a special operator that is "built in" to the Lisp language; that is,
this type of special operator is contained within the compiler and interpreter.
(Sometimes special forms are referred to as primitive special operators. This latter
term more accurately expresses the concept, since a special form is not really a
"form" at all. The term "special form" is the one that has been in use in the
Lisp literature heretofore, so the current documentation retains it for the sake of
consistency.)

Most special forms are either control constructs (for example, case, do, loop) or
environment constructs (for example, let, defconstant). Evaluation of some
special forms calls for a nonlocal exit rather than returning a value. An example
is throw. There is no general syntax for a special form; each special form has its
own syntax.

A built-in macro is also defined and available within the language, but unlike
special forms, macros can also be defined by the user.

A macro call is a list whose first element is the name of a macro. Each macro
has its own expander function. When a macro call is made, the expander function
computes a new form that is to be evaluated in place of the original form. The
resulting value is returned as the value of the original form. See the section
"Introduction to Macros", page 285.

The definition of a special form can not be moved from one symbol to another,
while the definition of macro, or a function, can. Whether a particular special
operator is a special form or a macro is implementation dependent. An
implementation is free to implement any special form as a macro and vice versa.
The user can define new functions and macros, but the set of special forms is
fixed by the implementation.

The following tables list the special forms and built-in macros in Symbolics
Common Lisp, Common Lisp, and Zetalisp, categorized according to the chapter in
which they are presented.

2.4.1 Table of Special Forms

The following is a list of different chapters in Reference Guide to Symbolics
Common Lisp in which Special Forms appear:

e Numbers
¢ Functions
¢ Macros
e Flavors
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¢ Evaluation

e Scoping

e Flow of Control
e Conditions

e Packages

2.4.1.1 Special Forms Appearing in the Chapter Numbers

Function Appears in
name the table
zl:signp "Numeric Property-checking Predicates”

2.4.1.2 Special Forms Appearing in the Chapter Functions

declare

def

deff

defselect
defun
zl:let-closed
zl:local-declare

2.4.1.3 Special Forms Appearing in the Chapter Macros

Function Appears in

name the section

deffunction "Lambda Macros"
define-symbol-macro "Symbol Macros"
deflambda-macro "Lambda Macros"
zl:deflambda-macro-displace "Lambda Macros"
defsubst "Inline Functions"
lambda-macro "Lambda Macros"
macro "Introduction to Macros"

2.4.1.4 Special Forms Appearing In the Chapter Flavors

Function Appears in

name the table

defgeneric "Summary of Flavor Functions and Variables"
define-method-combination "Summary of Flavor Functions and Variables"

define-simple-method-combination "Summary of Flavor Functions and Variables"
defmacro-in-flavor "Summary of Flavor Functions and Variables"
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defselect-method "Summary of Flavor Functions and Variables"
defsubst-in-flavor "Summary of Flavor Functions and Variables"
defun-method "Summary of Flavor Functions and Variables"
defun-in-flavor "Summary of Flavor Functions and Variables"
defwhopper "Summary of Flavor Functions and Variables"
undefun-method "Summary of Flavor Functions and Variables"

2.4.1.5 Speclal Forms Appearing in the Chapter Evaluation

zl:comment
‘compiler-let
zl:defconst
defconst
defconstant
defparameter
defsetf

defvar

zl:desetq
zl:destructuring-bind
destructuring-bind
zl:dlet

zl:dlet*

function

lambda

let

let*

let-globally

let-if

letf

letf*
zl:multiple-value
multiple-value-bind
 multiple-value-call
multiple-value-list
multiple-value-progl
progl

prog2

progn

progv

zl:progv

progw

psetf

psetq
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zl:psetq
quote
setq

2.4.1.6 Speclal Forms Appearing In the Chapter Scoping

flet
labels

macrolet

2.4.1.7 Special Forms Appearing in the Chapter Flow of Control

Function Appears in

name the table

zl:*catch "Nonlocal Exit Functions"

and "Conditional Functions"

block "Blocks and Exits Functions and Variables"
case "Conditional Functions"”
zl:caseq "Conditional Functions"

catch "Nonlocal Exit Functions"
ccase "Conditional Functions"

cond "Conditional Functions"
cond-every "Conditional Functions”
ctypecase "Conditional Functions"
zl:dispatch "Conditional Functions"

do "Iteration Functions"

do* "Iteration Functions"
zl:do*-named "Iteration Functions”
zl:do-named "Iteration Functions"

dolist "Iteration Functions"

zl:dolist "Iteration Functions”

dotimes "Iteration Functions"
zl:dotimes "Iteration Functions"

ecase "Conditional Functions"
etypecase "Conditional Functions”

go "Transfer of Control Functions"
if "Conditional Functions"
zl:keyword-extract "Iteration Functions"

or "Conditional Functions"

prog "Iteration Functions”

prog* "Iteration Functions"

return "Blocks and Exits Functions and Variables"

return-from "Blocks and Exits Functions and Variables"
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select

selector

zl:selectq
selectq-every
tagbody

throw

typecase
zl:typecase
unwind-protect
unwind-protect-case

"Conditional Functions"
"Conditional Functions"
"Conditional Functions"
"Conditional Functions"
"Transfer of Control Functions"
"Nonlocal Exit Functions”
"Conditional Functions"
"Conditional Functions”
"Nonlocal Exit Functions"
"Nonlocal Exit Functions"

2.4.1.8 Special Forms Appearing in the Chapter Conditions

Function
name

argument-typecase

catch-error-restart
catch-error-restart-if
cerror

condition-bind
condition-bind-default
condition-bind-default-if
condition-bind-if
condition-call
condition-call-if
condition-case
condition-case-if
define-global-handler
undefine-global-handler
error-restart
error-restart-loop
ignore-errors
signal-proceed-case

Appears in
the table

August 1986

"Condition-Checking and Signalling Functions

and Variables"
"Restart Functions"
"Restart Functions"

"Condition-Checking and Signalling Functions

and Variables"

"Basic Forms for Bound Handlers"

"Basic Forms for Default Handlers"
"Basic Forms for Default Handlers"
"Basic Forms for Bound Handlers"

"Basic Forms for Bound Handlers"

"Basic Forms for Bound Handlers"

"Basic Forms for Bound Handlers"

"Basic Forms for Bound Handlers"

"Basic Forms for Global Handlers"

"Basic Forms for Global Handlers"

"Restart Functions”

"Restart Functions”

"Basic Forms for Bound Handlers"

"Protocol for Proceeding”

2.4.1.9 Special Forms Appearing in the Chapter Packages

zl:defpackage
do-all-symbols
do-external-symbols
do-local-symbols
do-symbols
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zl:package-declare
variable-boundp
zl:variable-location
variable-makunbound

2.4.2 Table of Macros

The following is a list of different chapters in Reference Guide to Symbolics
Common Lisp in which Macros appear:

o Lists

e Arrays

e Functions

¢ Macros

e Structure Macros
¢ Flavors

o Evaluation

o Flow of Control
e Conditions

¢ Packages

2.4.2.1 Macros Appearing in the Chapter Lists

pushnew See the section "Functions for Constructing
Lists and Conses", page 144.

2.4.2.2 Macros Appearing in the Chapter Arrays
array
2.4.2.3 Macros Appearing in the Chapter Functions

defunp

@define

si:encapsulate
let-and-make-dynamic-closure

2.4.2.4 Macros Appearing In the Chapter Macros

Function Appears in
name the section
defmacro "Aids for Defining Macros"

once-only "Multiple and Out-of-order Evaluation”



42

Symbolics Common Lisp: 'Language Concepts August 1986
defmacro-displace "Displacing Macros"

2.4.2.5 Macros Appearing In the Chapter Structure Macros

defstruct-define-type

defstruct

2.4.2.6 Macros Appearing In the Chapter Flavors

Function Appears in

name the table

compile-flavor-methods "Summary of Flavor Functions and Variables"
define-simple-method-combination "Summary of Flavor Functions and Variables"
defwrapper "Summary of Flavor Functions and Variables"
defwhopper-subst "Summary of Flavor Functions and Variables"
defflavor "Summary of Flavor Functions and Variables"
defmethod "Summary of Flavor Functions and Variables"

2.4.2.7 Macros Appearing In the Chapter Evaluation

setf

locf

deflocf

incf

decf

swapf

push
push-in-area
pop

2.4.2.8 Macros Appearing in the Chapter Flow of Control

Function Appears in

name the section

unwind-protect-case "Nonlocal Exit Functions”

loop "Iteration Paths"

loop-finish ' "End Tests For loop"
define-loop-macro "Introduction To loop"
define-loop-sequence-path "Iteration Paths"
define-loop-path "Iteration Paths"

when "loop Conditionalizing Keywords"

unless "loop Conditionalizing Keywords"
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2.4.2.9 Macros Appearing In the Chapter Conditions

Function Appears in

name the table

assert "Condition-Checking and Signalling Functions
and Variables"

catch-error "Condition-Checking and Signalling Functions
and Variables"

check-arg "Condition-Checking and Signalling Functions
and Variables"

check-arg-type "Condition-Checking and Signalling Functions
and Variables"

dbg:with-erring-frame "Functions for Examining Stack Frames"

2.4.2.10 Macro Appearing In the Chapter Packages
pkg-bind
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3. More Complex Constructs: Structures, Flavors, Table
Management

3.1 Overview of Structure Macros

Symbolics Common Lisp offers a variety of built-in data types, such as symbols,
lists, and arrays. You can use Lisp functions to create a new symbol, set the
value of the symbol, read its value, and alter its value. The same functionality is
available for lists and arrays.

The structure macro facility enables you to extend Lisp’s data types by defining
new types of data structures. Once you have defined a new type of data structure,
you can create new structures of that type, and then read and set the values of
their elements.

The newly defined data structure is a convenient, concise, and high-level way to
represent an object. For example, if your program simulates an ocean
environment, you might need to represent boats. You can use structure macros to
define a high-level representation of boats. The elements of the data structure are
called slots. Further on, we define a sample boat structure that has slots for the
boat’s x-position, y-position, x-velocity, and y-velocity.

To define new structures, you use defstruct or zl:defstruct. These macros
provide a similar functionality. defstruct adheres to the Common Lisp standard,
with several extensions derived from useful features of zl:defstruct. zl:defstruct
is supported for compatibility with previous releases.

In brief, the structure macro facility gives you the following features:

¢ Ability to define new aggregate data structures with named slots.

(defstruct boat
x-position
y-position
x-velocity
y-velocity)

e Constructor functions (generated automatically) for making objects of the
newly-defined type of structure.
(setq boat-1 (make-boat))
¢ Slot-initialization capabilities, including a way to initialize slot values when

constructing new objects, and to specify default slot values in the defstruct
form.
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(setq boat-2 (make-boat :x-position 12
:y-position 73
:x-velocity 8
:y-velocity 25))

¢ Accessor functions (generated automatically) for reading the value of a slot.

(boat-x-position boat-2)

¢ Alterant macros (generated automatically) for changing the value of a slot.

(setf (boat-x-position boat-2) 12.5)

By creating a new high-level data structure to represent the objects of a program,
you gain several advantages over using lower-level data structures, such as lists or
arrays. The program should be more readable and understandable.

For example, if you represent a boat with lists or arrays, it would not be obvious
when reading a program that an expression such as (fifth boat-1) or (aref
boat-2 4) means "the y component of the boat’s velocity".

The main purpose of using defstruct to define new structures is to increase the
clarity of a program that deals in some kind of objects. The clarity is a result of
named slots and automatically-generated constructor, accessor, and alterant
macros.

defstruct offers other features, such as the ability to control the internal
representation of the structure. You can use the :type option to indicate that the
structure should be implemented as a list, an array, a named-array, and so on.

You can also create new structures that inherit slots from another structure. For
example, you might define a structure to represent a person. You might then
define structures to represent astronauts, which could include the slots of the
person structure,

defstruct structures are useful and appropriate for many application programs.
Flavors is an alternate method of writing programs that need to represent objects.
Flavors offers greater flexibility in program development and several programming
practices that are not available with defstruct structures.

For related information:
See the section "Structure Macros”, page 319. See the section "Differences
Between defstruct And zl:defstruct”, page 334. See the section "Overview
of Flavors", page 47. See the section "Comparing defstruct Structures and
Flavors", page 54.
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3.2 Overview of Flavors

Flavors is the part of Symbolics Common Lisp that supports object-oriented
programming. Flavors is a powerful and flexible tool for programming in a
modular style.

The basic concepts of Flavors are simple to understand and it is easy to begin
experimenting with Flavors. On the other hand, Flavors is a complex system that
offers many advanced options and programming practices. These advanced topics
are not presented here, but are covered in the reference documentation: See the
section "Flavors", page 353.

3.2.1 Concepts of Flavors

It is often convenient to organize programs around objects, which model real-world
things. Each object has some stfate, and a set of operations that can be performed
on it. Object-oriented programming is a technique for organizing very large
programs. This technique makes it practical to manage programs that would
otherwise be impossibly complex.

An object-oriented program consists of a set of objects and a set of operations on
those objects. The design of such a program consists of three major tasks:

¢ Choosing the kinds of objects to provide in the program.

o Defining the characteristics of each kind of object.

o Determining what operations can be performed on each kind of object.

- Using Flavors terminology, an object-oriented program is built around:

Flavors Each kind of object is implemented as a flavor. A flavor is a
template for objects. In other words, a flavor is an abstraction
of the characteristics that all objects of this flavor have in
common.

Instances of a flavor
Each object is implemented as an instance of a flavor. In fact,
the term object is used interchangeably with instance.

Instance variables Each flavor specifies a set of state variables for objects of that
flavor. These are called instance variables.

Generic functions The operations that are performed on objects are known as
generic functions.

Methods The code that performs a generic function on instances of a

: N
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certain flavor is called a method. Typically, one generic
function has several methods defined for it.

Often a flavor is defined by combining several other flavors, called its components.
The new flavor inherits instance variables, methods, and additional component
flavors from the components. In a well-organized program, each component flavor
defines a single facet of behavior. When two types of objects have some behavior
in common, they each inherit it from the same flavor. This code need not be
duplicated.

In summary, each real-world object is modelled by a single Lisp object. The
object’s flavor defines the inherent structure of the object. The state of each
individual object is stored in its instance variables. Generic functions are used to
perform operations on flavor instances. Each generic function is implemented
with one or more methods; each method performs the operation on objects of a
certain flavor.

3.2.2 Concept of Generic Functions

Like ordinary functions, generic functions take arguments, perform an operation,
and perhaps return useful values. The first argument to a generic function is an
object (an instance of a flavor). Unlike ordinary functions, generic functions
behave a certain way for objects of one flavor, and behave in another way for
objects of another flavor.

For example, in writing a text editor we might define two flavors: character and
paragraph. It is important to be able to erase characters and paragraphs, so we
define a generic function called erase. When we use erase on a character object,
we want the character to disappear from view, and not to be saved anywhere.
However, when we use erase on a paragraph object, we want the paragraph to
disappear, and we also want to save the paragraph in a buffer somewhere. This
feature aids users in restoring large bodies of text to their buffers.

Using Flavors terminology, we implement the generic function by writing two
methods. Both methods are associated with the generic function erase. One
methods is associated with the character flavor; the other is associated with the
paragraph flavor. When the generic function erase is called on an object, the
flavor of the object determines which method is used.

Generic functions differ from ordinary functions in that each generic function can
have several methods associated with it, and Flavors chooses which one to use on
any given call by the flavor of the first argument. An ordinary function has a
single body of code that is always executed when the function is called.

For further discussion: See the section "Generic Functions", page 367. See the
section "Using Message-Passing Instead of Generic Functions", page 471.
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3.2.3 Concept of Message-passing

In previous versions of Flavors, the only mechanism for operating on objects was
called message-passing. Using message-passing, you can operate on an object by
sending it a message. The object receives the message and selects the appropriate
method to execute. You use the function send to send the message and
defmethod to write methods for messages. In most cases the name of the
message is a keyword.

In Genera 7.0, generic functions were introduced as the new and preferred way to
operate on objects. Generic functions are smoothly integrated into the Lisp
environment. Ordinary functions and generic functions are called with the same
syntax. Making generic functions syntactically and semantically compatible with
ordinary functions has the following advantages:’

e The caller of a function need not know whether it is generic.

e The Common Lisp package system can be used to isolate modules and to
distinguish between public and private interfaces by exporting the names of
public generic functions.

o Debugging tools such as trace can be used on generic functions.
o They are true Lisp functions that can be passed as arguments and used as
the first argument to funcall and mapcar:
(mapc #’reset counters)
It is important to continue to support message-passing because a large body of
customer code and Symbolics system code had been developed using message-
passing. There is generally not much point to converting existing code from

message-passing to generic functions. However, when writing new programs, it is
good practice to use generic functions instead of message-passing.

For more information on message-passing: See the section "Using Message-
Passing Instead of Generic Functions", page 471.

3.2.4 Simple Use of Flavors

This section illustrates the basic concepts of using flavors. For a lengthier
example: See the section "Example of Programming with Flavors: Life", page 387.

Representing Objects

The program we are writing deals with ships. We must first determine a way to
represent ships. If the important things to know about a ship are its name, x-
velocity, y-velocity, and mass, we can represent ships as follows:
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(defflavor ship (name x-velocity y-velocity mass)
O ; no component flavors
:readable-instance-variables
:writable-instance-variables
:initable-instance-variables)

This defflavor form defines a flavor that represents ships. The name of the
flavor is ship. The instance variables are x-velocity, y-velocity, and mass. The
empty list could contain component flavors to be mixed into the definition of ship;
in this case, ship has no component flavors. The form contains three options,
which have the following effects:

:readable-instance-variables
Defines accessor functions that enable you to query the object
for the value of instance variables. In this case four functions
are automatically generated: ship-name, ship-x-velocity,
ship-y-velocity, and ship-mass.

:writable-instance-variables
Enables you to alter the value of instance variables using setf
and the accessor functions. When this option is supplied, the
instance variables are also made :readable-instance-variables.

:zinitable-instance-variables
Enables you to initialize the value of an instance variable when
you make a new instance.

The ship flavor is a framework, and many ships will fit into that framework. We
represent each real-life ship as an instance of the ship flavor. Each instance
stores information about one particular ship in its instance variables.

To create instances, we use make-instance as follows:

(setq my-ship (make-instance ’ship :name "Titanic"
:mass 14
:x-velocity 24
:y-velocity 2))
As a result of giving the :initable-instance-variables option to defflavor, we were

able to initialize the values of the instance variables when making the instance of
ship. The symbol my-ship is now bound to the newly created instance.

Operating on Objects
We can query my-ship for the value of any of its instance variables by using a

function that was automatically generated as a result of the
:readable-instance-variables option to defflavor. For example:
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(ship-name my-ship)
-=> "Titanic"

Similarly, because we included the :writable-instance-variables option, we can
change the value of an instance variable. For example:

(setf (ship-mass my-ship) 1@8)
--> 100

We can examine the instance by using describe:

(describe my-ship)
-->#<SHIP 54157652>, an object of flavor SHIP,
has instance variable values:

NAME “Titanic"”
X-VELOCITY: 24
Y-VELOCITY: 2

MASS: 1008

We can define new operations (called generic functions) for instances of the ship
flavor, using defmethod. Inside the body of the method, we can access the
instance variables of the object by name. For example:

(defmethod (speed ship) ()
(sart (+ (expt x-velocity 2)
(expt y-velocity 2))))

To the caller, a generic function is just like any other Lisp function:

(speed my-ship)
-->24.083189

Operating on Different Kinds of Objects with One Generic Function

Generic functions are more interesting when they can be used to operate on
different kinds of objects. Let’s introduce a new flavor, comet, and create an
instance of it:

(defflavor comet (x-velocity y-velocity z-velocity)

0

:initable-instance-variables)

(setg my-comet (make-instance ’comet
:x-velocity 312
:y-velocity 23.5
:z-velocity 26))

We can define a new method that implements the speed generic function on
instances of comet:
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(defmethod (speed comet) ()
(sqrt (+ (expt x-velocity 2)
(expt y-velocity 2)
(expt z-velocity 2))))

To find the speed of my-comet:

(speed my-comet)
-->313.9622

The generic function speed now has two different methods defined for it. One
method implements speed on ship objects, the other on comet objects. When you
call the generic function speed on an object, Flavors determines the flavor of that
object and chooses the appropriate method for it.

Mixing Flavors

For a simple example of mixing flavors, we can represent a passenger ship. A
passenger ship has the same characteristics as the ship flavor, with one additional

attribute: a list of passengers. We can use the ship flavor as a building block for
the new flavor, as follows:

(defflavor passenger-ship (passenger-list)

(ship)
:initable-instance-variables)

The ship flavor is called a component flavor of passenger-ship. passenger-ship
inherits instance variables and methods from ship. For example, when we make
an instance of passenger-ship, we can initialize name, mass, x-velocity, and
y-velocity, all instance variables inherited from ship:

(setq my-passenger-ship
(make-instance °’passenger-ship
:name "QE2"
:mass 450
:x-velocity 12
:y-velocity 0
:passenger-list ’(Brown Jones Lee)))

Similarly, we can use the generic function speed on passenger-ship; the method
was inherited from the component flavor ship.

(speed my-passenger-ship)
-->12
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3.2.5 Motivation for Using Flavors

The motivation for using flavors usually arises in large programs. Flavors enable
you to organize programs around objects, which model real-world things. An object
has a state and operations that can be performed on it. Flavors can be considered
an extension of the Common Lisp facility for defining new structures with
defstruct.

Here are some guidelines for using flavors:
¢ When you would consider using defstruct.
e When your program contains lots of particular kinds of objects.
e When different kinds of objects share some characteristics.
e When one operation is appropriate for different kinds of objects.
e When you want to define a protocol that different programs can use.

The last item illustrates the strengths of Flavors:

For example, we could implement output streams as flavors. The "protocol”
consists of a set of functions that are guaranteed to work on any output stream.
These functions might include output-char, output-string, and output-line,
among others.

This protocol makes it easy to write programs that appear device-independent, by
using the generic functions available for output streams. The use of the generic
functions is the same, no matter how the actual output is implemented.

From the other perspective, you can implement a new kind of output device by
implementing all the operations handled by output streams. Then all existing
programs that deal with output streams work on the new device.

Various Various
Programs Single Protocol Output Devices
User programs | output-char Console
Hardcopy | output-string Laser printer
I

BDocument Examiner output-line

+ - —— ¢

Using Flavors frees programs from needing to understand how each output
operation is implemented on the different devices. This style of programming is
modular, easy to extend, and easy to maintain.
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3.2.6 Comparing defstruct Structures and Flavors

This section compares and contrasts defstruct structures and flavors.

Flavors and defstruct enable you to:

e Use object-oriented programming in the Lisp environment, encouraging a

modular style of programming.

e Create and use new aggregate data types.

° Elements of the new data types are named.

o Specify that functions should be automatically generated to read and write
the elements of the new data types.

¢ Include the definition of one new data type in another:

° Elements are inherited from an existing structure.
° Functions for reading and writing elements are inherited.

The major differences between flavors and defstruet structures are as follows:

defstruct Structures

Each structure can have only
one component. structure
(given with :include).

A structure does not inherit
operations from its
component structure.

It is difficult, inconvenient,
and sometimes impossible to
add, delete, or rename slots.

You can control the
internal representation
of the structure, such
as a list, array, or
other representation.

It is somewhat faster to

Flavors

You can mix flavors liberally,
and include many flavor components
in the definition of a new flavor.

A flavor inherits methods for
operations from its component
flavors.

It is easy and convenient to

add, delete, and rename instance
variables, or to change other
flavor characteristics.

You cannot control the

internal representation
of a flavor.

It is somewhat slower to
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reference a slot of a access instance variables

defstruct structure. than slots.

You can cache a You cannot cache an

defstruct structure in instance in an

an array register. array register.

Flavors offers many advanced
features and programming
practices that are not
available using defstruct.

3.3 Overview of the Table Management Facility

A table is a data structure that consists of some number of entries, each containing
one or more objects. The number of objects per entry is fixed and uniform in any
given table. The simplest tables consist of entries which are keys. In the most
common table, the first object in each entry of a table is the key, and the second
object is the value. In more complex tables, there can be some combination of
multiple keys and multiple values.

This sample table is made up of key and value pairs, where the key is the bird
type and the value is a list of foods that bird eats:

KEY (bird) VALUE (diet)
blue-heron (frogs snakes turtles)
ENTRY horned-owl (mice snakes)

pelican (fish)

The principal operations on tables are:
¢ searching by key
e inserting and deleting entries
e examining all entries

¢ deleting all entries
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Some tables also support the additional operations of retrieving the first entry,
retrieving the last entry, and possibly retrieving the entries in order by key.

The table management facility performs these operations on tables of many forms,
using one common interface. Thus, you need not worry about the internal
representation of the data or other properties of the table. If you create tables
with this facility, you have code which is easily ported to Common Lisp while
taking advantage of the efficiencies provided by the facility. If you create tables
which do not use the Symbolics extensions to the make-hash-table function, your
code will already be compatible with Common Lisp.

You create table objects with the make-hash-table function, and add new entries
by using a combination of the gethash function and the setf macro. Here is a
simple example:

(setq bird-table (make-hash-table :size 18))
=> #<EQL-ALIST-PROCESS-LOCKING-DUMMY-GC~-LOCKING-
ASSOCIATION-MUTATING-TABLE 35646610>

(setf (gethash ’wader bird-table) ’flamingo) => FLAMINGO
(setf (gethash ’‘raptor bird-table) ’bald-eagle) => BALD-EAGLE
(hash-table-count bird-table) => 2

(describe bird-table)
=> #<EQL-ALIST-PROCESS-LOCKING-DUMMY-GC-LOCKING-
ASSOCIATION-MUTATING-TABLE 348856026> is a table with 2
entries.
Do you want to see the contents of the hash table? (Y or N) Yes.
Do you want it sorted? (Y or N) Yes.
Test function for comparing keys = EQL, hash function =
CLI::XEQLHASH
RAPTOR — BALD-EAGLE
WADER — FLAMINGO
#<EQL-ALIST-PROCESS-LOCKING-DUMMY-GC~-LOCKING-ASSOCIATION-
MUTATING-TABLE 340058026>

In this e:iample, the keys are wader and raptor, and the associated values are
flamingo and bald-eagle. Each entry in the table associates a bird type to a bird
name.

The table management facility is based on Flavors, and defines a large family of
table flavors and generic functions for accessing them. This allows for easy use,
as well as flexibility and extensibility.
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4. Programs and Their Management: Evaluation,
Scoping, Flow of Control, Packages, Conditions

4.1 Overview of Evaluation

Evaluation is the process of recursively executing Lisp forms and returning their
values. Simply put, evaluation is the computation performed by a program. A
form is passed to the evaluator. If the form is a symbol, the evaluator returns the
binding (value) of the symbol. If the symbol has no binding, the evaluator signals
an error. If the form is a list, the evaluator looks first at the car of the list. If
the car is a symbol, it retrieves the functional value of that symbol. If that
functional value is a function definition, the remaining forms in the list are
evaluated in turn and then the function is applied to the result to produce the
final value of the list. If the car of the list is another list, the car of that list is
evaluated, and so on.

For example, if the evaluator is given (+ 4 5), it determines first that the form is
a list. Then it looks at the + It retrieves the functional value of this symbol,
which is the addition function. It next looks at the 4, which has as its value 4;
then it looks at 5, which is 5; and finally it applies the addition function to 4 and
5 which produces 9. It then returns 9 as the value of (+ 4 5). This is indicated
in the documentation like this:

(+ 4 5) => 9

4.2 Overview of Dynamic and Lexical Scoping

Scoping refers to the range of the environment in which a variable exists and can
be used in computation. There are two kinds of scoping, dynamic scoping and
lexical scoping. If a variable has dynamic scope (that is, has been declared special)
it can be used in computation anywhere for as long as it exists, that is, from the
time it is bound until it is explicitly unbound. (See the section "Special Forms for
Defining Special Variables", page 502.) If a variable has lexical scope, it can only
be used in computation within the textual confines of the Lisp form that defines
it.

For example:

(defun mapc (funct 1list)
(loop for x in 1ist do  ;x is bound here
(funcall funct x)))
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(defun print-long-strings (strings x) ;X is bound here
(mapc #’ (lambda (str)
(if (> (length str) x) ;which x is this?
(print str)))
strings))

In the definition of mape, x is defined. Another x is defined as one of the
arguments to print-long-strings. In the computation performed by the lambda
there is a reference to x.

If x has dynamic scope, the reference to x in the function print-long-strings refers
to the x in mapec because the loop in mape is executing when the reference to x
is made and the x in that loop is thus the most recently bound x. (This is
probably not what the programmer intended.)

If x is lexically scoped, the x in mapc only exists as x inside the textual definition
of mape. Inside the textual definition of print-long-strings, the x refers to the
argument to print-long-strings.

User defined variables in Symbolics Common Lisp are lexically scoped unless you
explicitly declare them special.

4.3 Overview of Flow of Control

Symbolics Common Lisp provides a variety of structures for controlling program
flow. A conditional construct is one that allows a program to make a decision,
and do one thing or another based on some logical condition. Local and nonlocal
exits allow the transfer of control from one section of a program to another.
Iteration permits a programmer to execute a command multiple times.

The simplest conditional form is the if-then form, which can be extended to the
if-then-else form. An example of this two-way conditional would be as follows :

(if (=1 2) "equal” "not equal”) => "not equal”

The logical forms and, or, and not let you build multi-way conditional constructs.
A multi-way conditional is often equivalent to an if-then-else-else... form, but it can
be clearer, more compact, and easier to read than a long line of else statements.

The most basic multi-way conditional is cond, consisting of the symbol cond
followed by several clauses. Each clause represents a case that is selected if its
antecedent is satisfied and the antecedents of all preceding clauses were not
satisfied.

For example:
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(cond ((and (equal "day” “day") (= 1 2)) "star light")
((> 1 2) "prefix or postfix")
(t "drop out“)) => "drop out"

Note the use of t in the last clause as a "use if all else fails" provision.

Premature exit from a piece of code is another mechanism for controlling program
flow. Depending on their scope (the spatial or textual region or the program
within which references can occur), exits can be local or nonlocal.

block and return-from are the primitive special forms for local exit from a piece
of code. block defines a program portion that can be safely exited at any point,
and return-from does an immediate transfer of control to exit from block. Local
exits have lexical scope, that is, block and return-from can only operate within
the portion of code textually contained in the construct that establishes them.

catch and throw are the special forms used for nonlocal exits. catch evaluates
forms; if a throw is executed during the evaluation, the evaluation is immediately
aborted at that point and catch immediately returns a value specified by throw.
Nonlocal exits have dynamic scope, that is, the catch/throw mechanism works even
if the throw form is not textually within the body of the catch form.

The repetition of an action (usually with some changes between repetitions) is
called iteration, and is provided as a basic control structure in most languages.
Recursion is one alternative to iteration. This programming method has the
function call itself, thus causing an iteration. Recursion is analogous to
mathematical induction.

Here is a very simple example of recursion:

;; Two things are defined as EQUALX if they are either EQ, or if
;; they are lists containing EQUALX elements.
;3 Therefore EQUALX calls EQUALX recursively.

(defun equalx (a b)
(cond ((eq a b) t)
(t
(and (listp a)
(1istp b)
(equalx (car a) (car b))
(equalx (cdr a) (cdr b))))))

This example uses recursion to traverse a tree:

(defun max-fringe (tree)
(if (atom tree)
tree
(max (max-fringe (car tree))
(max-fringe (cdr tree)))))
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Recursion has some important advantages and disadvantages with respect to
iteration.

Symbolics Common Lisp provides three styles of iteration: mapping, do and loop.

Mapping is a type of iteration in which a function is successively applied to pieces
of a list. The result of the iteration is a list containing the respective results of
the function application.

Mapping is used when a problem is easily expressed by a function followed by any
number of lists. ‘

For example:
(map ’list #'+ (123 4) '(2314)) => (35 4 8)
The use of mapping results in clear and concise code.

For more general iteration than mapping, you can use the simplest form of
iteration, the do form. do provides a generalized iteration facility, with an
arbitrary number of "index variables" whose values are saved when the do is
entered and restored when it is left, that is, they are bound by the do. do is
simple to use; however, it is often quite hard to read later.

For example:

(do ((i 8 (+11)) ; searches 1list for Dan.
(names ’(Fiona Tiffany Jen Kristen Wendy Sandy Dan Tom)
(cdr names)))
((nu11 names))
(if (equal ’Dan (car names))
(princ "Hi Jen"))) => Hi Jen
NIL

Even more simple and flexible than do is the loop macro which provides a
programmable iteration facility. The basic structure of a loop is as follows:

(loop iteration clauses
do
body) ; loop alone returns nil

The iteration clauses control the number of times the body will be executed. When
any iteration clause finishes, the body stops being executed. The word do is the
keyword which introduces the body of loop.

The general approach is that a form introduced by the word loop generates a
single program loop, into which a large variety of features can be incorporated.
These features work by means of keywords, of which there is a large number.
Note that loop keywords are not prefixed with a colon (:) character. Keywords
like repeat or (for x from ...) for instance let you control the number of times
through an iteration. Other keywords such as (collect x into num) let you
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accumulate a return value for the iteration. Most of the keywords for loop are
Symbolics Common Lisp extensions to the language specification in Guy L. Steele’s
Common Lisp: the Language.

The use of some loop keywords might be as follows :

(Toop repeat 5
do
(princ "hi ")) => hi hi hi hi hi
NIL

(Toop for x from 1 to 5 by 1

withy =9
initially (princ y)
do

(princ x)) => 912345

NIL

(Toop for x in (a d c e)
do
(princ x)) => ADCE
NIL

The order of loop keywords is mostly a matter of taste and style. Many of them
are accepted in several synonymous forms (for example, collect and collecting), to
let you write code that looks like stylized English. Use of the appropriate
keywords helps to write code that is easier to read.

Not so clear:

(loop as x to 4 by 1 from 1
collect x into num
finally (return num)) => (12 3 4)

Better;

(loop for x from 1 to 4 by 1
collect x into num
finally (return num)) => (1 2 3 4)

In more advanced uses of iteration it is possible to define your own iteration
paths, that is, to build your own iteration-driving clauses.
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4.4 Overview of Packages

Lisp programs are made up of function definitions. Each function has a name to
identify it. Names are symbols. (See the section "Overview of Symbols”, page 14.)
Each symbol can have only one function definition associated with it, so names of
functions must be unique or else the behavior of a program would be completely
unpredictable.

For example, if the compiler has a function named pull, and you load a program
that has its own function named pull, the function definition of the symbol pull
gets redefined to be that of the program just loaded, probably breaking the
compiler. (Of course, Genera displays a warning message when such a
redefinition happens.)

Now, if two programs are to coexist in the Lisp world, each with its own function
pull, then each program must have its own symbol named "pull". The same
reasoning applies to any other use of symbols to name things. Not only functions
but variables, flavors, and many other things are named with symbols, and hence
require that a program have its own collection of these symbols.

Since programs are written by many different people who do not get together to
insure that the names they choose for functions are all unique, programs are
isolated from each other by packages.

A package is a mapping from names to symbols. Two programs can use separate
packages to enable each program to have a different mapping from names to
symbols. In the example above, the compiler can use a package that maps the
name pull onto a symbol whose function definition is the compiler’s pull function.
Your program can use a different package that maps the name pull onto a
different symbol whose function definition is your function. When your program is
loaded, the compiler’s pull function is not redefined, because it is attached to a
symbol that is not affected by your program. The compiler does not break.

For example, continuing with pull, the compiler has its symbols in the compiler
package, so its pull function would be compiler:pull. If you have defined a
package mypackage for your program, your pull function is mypackage:pull.
Functions within each package can just refer to pull and get the right function,
since the other pull would need its package prefix.

Two programs that are closely related might need to share some common
functions. For example, a robot control program might have a function called arm
that moves the robot arm to a specified location. A second program, a blocks
world program, might want to call arm as part of its clear function that removes
blocks from the top of a block to be picked up. If the robot control program is in
the robot package, and the blocks world program is in the blocks package, the
blocks world program can refer to the arm function by calling it as robot:arm.
However, the blocks world is likely to need arm frequently, and calling it as
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robot:arm is tedious for a programmer. The blocks world program really needs to
have the function arm in its own package. In fact, the robot package probably
contains many functions the blocks world program needs, so the blocks world
program wants to have the robot package available in its own blocks package.

The package a symbol is defined in is called its home package. The symbols in a
package can be designated as internal (belonging only to that package) or external
(available to other packages, as in the robot:arm example). External symbols are
said to be exported. Symbols that are exported can be imported by another
package. If a program needs to share most or all of the external symbols in
another package, it can import all the external symbols of that package. This is
called using the package.

Sharing does have some disadvantages, however. To continue with the robot:arm
example, if the blocks world program were to decide to define its own arm
function while it was using the robot package, this would redefine arm in the
robot package as well. This is because sharing symbols means that now the
robot package and the blocks have the same pool of symbols. For more details on
sharing and its consequences: See the section "Qualified Package Names", page
648.

Genera sets up a package for you called cl-user. This is the default package of
your Lisp Listener. cl-user uses common-lisp-global so all the functions of
Common Lisp are available to your program. When you define your own package
for your program, you can designate, using the use-package function or the
import function, those symbols from other packages that your program needs. For
information about packages defined in Genera: See the section "System
Packages”, page 663. You can also declare which symbols in your package are
external (can be imported or used by other packages) and which are internal (for
your program alone). For information about defining your own package: See the
function make-package in Symbolics Common Lisp: Language Dictionary.

Since using another package might possibly result in a name conflict (the package
you are using might have a symbol of the same name as one in your package), the
system checks and warns you of any conflicts. You can select which symbol your
program uses. This process is called shadowing. The shadow or
shadowing-import functions control whether the symbol in your package or the
imported symbol is the one to be used. Shadowing is a complex process. For
more information about it: See the section "Shadowing Symbols”, page 642.

4.5 Overview of Conditions

Conditions is an advanced topic geared to programmers who want to customize the
error handling mechanism.

The documentation describes the following major topics:
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e Mechanisms for handling conditions that have been signalled by system or

application code.

¢ Mechanisms for defining new conditions.

¢ Mechanisms that are appropriate for application programs to use to signal

conditions.

e All of the conditions that are defined by and used in the system software.

Symbolics Common Lisp condition handling is based on flavors, which are an
extension of the Common Lisp language. Here are some basic topics and the
terminology associated with them.

Event

Condition

Simple conditions

error conditions

Debugger conditions

Signalling

An event is "something that happens" during the
execution of a program. It is some circumstance that the
system can detect, such as the effect of dividing by zero.
Some events are errors — which means something
happened that was not part of the contract of a given
function — and some are not. In either case, a program
can report that the event has occurred, and it can find
and execute user-supplied code as a result.

Each standard class of events has a corresponding flavor
called a condition. For example, occurrences of the event
"dividing by zero" correspond to the condition
sys:divide-by-zero. Sets of conditions are defined by the
flavor inheritance mechanism. The symbol condition
refers to all conditions, including simple, error, and
debugger conditions.

These are built on the basic flavor condition.

A base flavor for many conditions. Refers to the set of all
error conditions.

Conditions built on the flavor dbg:debugger-condition.
They are used for entering the Debugger without
necessarily classifying the event as an error. This is
intended primarily for system use.

The mechanism for reporting the occurrence of an event.
The signalling mechanism creates a condition object of
the flavor appropriate for the event. The condition object
is an instance of that flavor, which contains information
about the event, such as a textual message to report, and
various parameters of the condition. For example, when
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Handling
Handler

Proceeding

Restart

Overview of Symbolics Common Lisp

a program divides a number by zero, the signalling
mechanism creates an instance of the flavor
sys:divide-by-zero. You can signal a condition by calling
either signal or error.

The processing that occurs after an event is signalled.

A piece of user-supplied code that is bound with a
program for a particular condition or set of conditions.
When an event occurs, the signalling mechanism searches
all of the currently bound handlers to find the one that
corresponds to the condition. The handler can then access
the instance variables of the condition object to learn
more about the condition and hence about the event.
Genera includes default mechanisms to handle a standard
set of events automatically.

After a handler runs, the program might be able to
continue execution past the point at which the condition
was signalled, possibly after correcting the error.

Any program can designate restart points. After a handler
runs, the restart facility allows a user to retry an
operation from some earlier point in the program.
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5. Data Types and Type Specifiers

Symbolics Common Lisp provides a variety of data object types, as well as facilities
for extending the type hierarchy. It is important to note that in Lisp it is data
objects that are typed, not variables: any variable can have any Lisp object as its
value.

5.1 Hierarchy of Data Types

In Symbolics Common Lisp, a data type is a (possibly infinite) set of Lisp objects.
The data types defined in Symbolics Common Lisp are arranged into a hierarchy
(actually a partial order) defined by the subset relationship.

A type called common encompasses all the data objects required by the Common
Lisp language. The set of all objects in Symbolics Common Lisp is specified by
the symbol t. The empty data type, which contains no objects, is denoted by nil.

The following terminology expresses the defined relationships between data types.

If x is a supertype of y, then any object of type y is also of type x, and y is said to
be a subtype of x. For example, the type integer is a subtype of rational. The
type t is a supertype of every type whatsoever: every object belongs to type t.
The type nil is a subtype of every type whatsoever: no object belongs to type nil

If type x and y are disjoint, then no object can be both of type x and of type y.
For instance, the types integer and ratio are disjoint subtypes of rational.

Types a, through @, are an exhaustive union of type x if each a; is a subtype of x,
and any object of type x is necessarily of at least one of the types a; a, through
a, are furthermore an exhaustive partition if they are also pairwise “disjoint. The
types cons and null form an exhaustive partition of the type list.

Figure 1 shows the data type hierarchy for Symbolics Common Lisp as a tree
whose root is the type t. Data types linked by connecting lines are related in a
supertype-subtype relationship. Data types with no explicit connecting lines are
not necessarily disjoint.

Certain objects such as the set of numbers or the set of strings are identified by
associated symbolic names or lists, called Zype specifiers. See the section "Type
Specifiers", page 73.

Since many Lisp objects belong to more than one such set, it doesn’t always make
sense to ask what the fype of an object is; instead, one usually asks only whether
an object belongs to a given type. The predicate typep tests a Lisp object against
one of the standard type specifiers to determine if it belongs to that type.
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Figure 1. Symbolics Common Lisp Data Types
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5.2 Some Major Data Types

Here are brief descriptions of the top level and a few lower-level Symbolics
Common Lisp data types. The remainder of this manual covers the complete set
of data types and their operations in detail.

e Numbers are provided in several forms and representations. Symbolics
Common Lisp provides a true integer data type: any integer, positive, or
negative, has in principle a representation as a Symbolics Common Lisp data
object, subject only to total memory limitations, rather than to machine word
width. A true rational data type is provided: the quotient of two integers, if
not an integer, is a ratio. Floating-point numbers of single and double
precision are also provided, as well as Cartesian complex numbers.

e Characters represent printed glyphs such as letters or text formatting
operations. Strings are one dimensional arrays of characters. Symbolics
Common Lisp provides for a rich character set, including ways to represent
characters of various type styles.

e Symbols are named data objects. Lisp provides machinery for locating a
symbol object, given its name (in form of a string). Symbols have property
lists, which in effect allow symbols to be treated as record structures with
an extensible set of named components, each of which may be any Lisp
object. Symbols also serve to name functions and variables within programs.

e Cons is a primitive Lisp data type that consists of a car and a cdr. Linked
conses are used to represent a non-empty list.

e Sequences are instances of the sequence type. A sequence is a supertype of
the list and vector (one-dimensional array) types. These types have the
common property that they are ordered sets of elements. Sequence functions
can be used on either lists or vectors.

o Lists are represented in the form of linked cells called conses. The car of the
list is its first element; the edr is the remainder of the list. There is a
special object (the symbol nil) that is the empty list. Lists are built up by
recursive application of their definition.

e Arrays are dimensioned collections of objects. An array can have a non-
negative number of dimensions, up to eight, and is indexed by a sequence of
integers. A general array can have any Lisp object as a component; other
types of arrays are specialized for efficiency and can hold only certain types
of Lisp objects. It is possible for two arrays, possibly with differing
dimension information, to share the same set of elements (such that
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modifying one array modifies the other also) by causing one to be displaced
to the other. One-dimensional arrays of any kind are called vectors. One-
dimensional arrays of characters are called strings. One-dimensional array
of bits (that is, of integers whose values are 0 or 1) are called bit-vectors.

e Tables provide an efficient way of associating Lisp objects. This is done by
associating a key with a value. Some tables are hashed, which is a method
for storing the association between the key and the value; this permits faster
association in exchange for some storage overhead.

¢ Readtables are data structures used to control the parsing of expressions.
This structure maps characters into syntax types. This is extensively used
by macro characters to read their definitions. You can reprogram the parser
to a limited extent by modifying the readtable.

e Packages are collections of symbols that serve as name spaces. The parser
recognizes symbols by looking up character sequences in the current
package.

e Pathnames represent names of files in a fairly implementation-independent
manner. They are used to interface to the external file system. For a
discussion of pathnames: See the document Reference Guide to Streams, Files,
and I/0.

e Streams represent sources or sinks of data, typically characters or bytes.
They are used to perform 1/0, as well as for internal purposes such as
parsing strings. For a discussion of streams: See the document Reference
Guide to Streams, Files, and 1/0.

» Random-states are data structures used to encapsulate the state of the built-
in random-number generator.

e Flavors are user-defined data structures. defflavor is used to define new
flavors. The name of the flavors becomes a valid type symbol; it is a subtype
of instance. When flavors are built from components, the more specific
flavors are subtypes of their component flavors.

e Structures are user-defined record structures, objects that have named
components. The defstruct facility is used to define new structure types. The
name of the new structure type becomes a valid type symbol.

e Functions are objects that can be invoked as procedures; these may take
arguments and return values. (All Lisp procedures return values and
therefore every procedure is a function.) Such objects include compiled-
functions (compiled code objects). Some functions are represented as a list
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whose car is a particular symbol such as lambda. Symbols can also be used
as functions.

e Compiled-functions The usual form of compiled, executable code is a Lisp
object called a "compiled function." A compiled function contains the code
for one function. Compiled functions are produced by the Lisp Compiler and
are usually found as the definitions of symbols. The printed representation
of a compiled function includes its name, so that it can be identified. About
the only useful thing to do with compiled functions is to apply them to
arguments. However, some functions are provided for examining such
objects, for user convenience.

¢ Generic functions are functions that operate on flavor instances. They can
be defined explicitly with defgeneric, or implicitly with defmethod.

e Lexical Closure is a functional object that contains a lexical evaluation
environment, for example, an internal lambda in an environment containing
lexical variables. These variables can be accessed by the environment of the
internal lambda; the closure is said to be a closure of the free lexical
variables. Invocation of a lexical closure provides the necessary data linkage
for a function to run in the environment in which the closure was made.

o Dynamic Closure is a functional object that contains a dynamic evaluation
environment. Dynamic Closures are created by the closure function and the
let-closed special form. Dynamic Closures are closures over special
variables. Invocation of a dynamic closure causes special variables to be
bound around the closed-over function.

e Locative is a Lisp object used as a pointer to a single memory cell in the
system. Locatives are a low-level construct, and as such, most programmers
never use them.

These categories are not always mutually exclusive.

5.3 Type Specifiers

A type specifier is a symbol or a list naming Lisp objects. Symbols represent
predefined classes of objects, whereas lists usually indicate combinations or
specializations of simpler types. Symbols or lists can also be abbreviations for
types that could be specified in other ways. The various type-checking functions
can be applied to type specifiers regardless of whether they are symbols or lists.
See the section "Determining the Type of an Object”, page 79.
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Note that although type specifiers and functions sometimes share the same name,
they work differently and should not be confused with each other.

5.3.1 Type Specifier Symbols

The predefined Symbolics Common Lisp type symbols include those shown in the
table below. In addition, when a structure type is defined using defstruct, or a
flavor is defined using defflavor, the name of the structure type and the flavor
name respectively become valid type symbols. For more on individual symbols: See
the section "Dictionary of Data Type Specifiers and Functions".

array instance short-float
atom _ integer simple-array
bignum keyword simple-bit-vector
bit list simple-string
bit-vector lexical-closure simple-vector
character locative single-float
common long-float signed-byte
compiled-function nil standard-char
complex null stream

cons number string
double-float package string-char
dynamic-closure pathname structure
fixnum random-state symbol

float ratio t

function rational unsigned-byte
generic-function read-table vector
hash-table sequence

5.3.2 Type Specifier Lists

Type specifier lists allow further combinations or specializations of existing data
types, for example: denoting a list of objects that satisfy a type-checking predicate,
declaring and/or defining specialized forms of data types, or constructing
abbreviated forms of type specifiers.

The valid type specifier list formats are listed in the tables that follow the syntax
section. For more on individual items: See the document Symbolics Common Lisp:
Language Dictionary.
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5.3.2.1 Type Specifier List Syntax

If a type specifier is a list, the first element of the list is a symbol, and the rest
of the list is subsidiary type information. The symbol can be one of the standard
type specifier symbols previously listed, but other symbols can also be used:
symbols like mod, or member for example, work as type specifiers when used in
type specifier lists, even though the symbols themselves are not type specifiers.

In many cases a subsidiary item can be unspecified. The unspecified subsidiary
item is indicated by writing the symbol *. For example, to completely specify a
vector type, one must mention the type of the elements and the length of the
vector, as in:

(vector double-float 188)
To leave the length unspecified, one would write:

(vector double-float x)
To leave the element type unspecified, one would write:

(vector x 100)

Suppose that two type specifiers are the same, except that the first has an asterisk
(*) where the second has a more explicit specification. Then the second denotes a
subtype of the type denoted by the first.

As a convenience, if a list has one or more unspecified items at the end, such
items can simply be dropped, rather than writing an explicit * for each one. If
dropping all occurrences of * results in a singleton list, the parentheses can be
dropped as well (the list can be replaced by the symbol in its car). For example,
(vector double-float x) can be abbreviated to (vector double-float), and (vector
x x) can be abbreviated to (vector) and then simply to vector.

5.3.2.2 Predicating Type Specifiers
A type specifier list of the form
(satisfies predicate-name)

lets you define the set of all objects that satisfy the predicate named by
predicate-name. predicate-name can be a symbol whose global function definition is
a one-argument predicate, or a lambda-expression. (Note: allowing a lambda-
expression for predicate-name is a Symbolics Common Lisp extension to Common
Lisp.)

For example, the type
(satisfies numberp)

is the same as the type number. The call (typep x ’(satisfies p)) results in
applying p to x and returning t if the result is true and nil if the result is false.
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As an example, the type string-char could be defined as follows:

(deftype string-char ()
’(and character (satisfies string-char-p)))

5.3.2.3 Type Specifier Lists That Combine

It is possible to define a data type in terms of other data types or objects. The
following functions make up the appropriate type specifier list for this purpose:

(member &rest list) An object is of this type if it is eql to one of
the specified objects in list.

(not type) Denotes the set of objects that are not of the
specified type.

(and &rest types) Denotes the intersection of the specified types.

(or &rest types) Denotes the union of the specified types.

5.3.2.4 Type Specifier Lists That Specialize

You can construct type specifier lists that let you declare specialized forms of data
types named by symbols. Such declarations allow optimization by the system. If
the system actually creates that specialized form, the type specifier declaration
results in further discrimination among existing data types.

Here is an example where the type specifier list serves for both declaration and
discrimination. The list-format:

(array single-float)

permits the creation of a type of array whose elements are of type single-float. In
other words, it declares to the array-creating function, make-array that elements
will always be of the type single-float. Since Symbolics Common Lisp does create
such specialized arrays, a test (using the predicate typep) of whether the array is
actually of type (array single-float) returns t.

The valid list-format names for data types are listed below. Unless annotated to
the contrary, each of the list-format names denotes specialized data types that can
be created by Symbolics Common Lisp.

(array element-type dimensions) Denotes the set of specialized arrays whose
elements are all members of the type element-type,
and whose dimensions match dimensions, a list of
integers.

(sequence Zype) Denotes the set of sequences whose elements are
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all members of the type type. This is a Symbolics
Common Lisp extension to Common Lisp.

(simple-array element-type dimensions)
Similar to (array...), additionally specifying that
objects of the type are simple arrays.

(vector element-type size) Denotes the set of specialized one-dimensional
arrays whose elements are all of type element-type,
and whose lengths match size.

(simple-vector size) The same as (vector ...), additionally specifying
that objects of the type are simple vectors.
.Declarative use only.

(complex type) Every element of this type is a complex number
whose real part and imaginary part are each of
type type.

(function (argl-type arg2-type ...) value-type)
Use this syntax for declaration. Every element of
this type is a function that accepts arguments at
least of the types specified by the argj-type forms,
and returns a value that is a member of the types
specified by the value-type form.

(values valuel-type value2-type ...)
Use only as the value-type in a function type
specifier or in a the special form. Specifies
individual types when multiple values are involved.

5.3.2.5 Type Specilfier Lists That Abbreviate

You can use type specifier list format to construct type specifiers that are
abbreviations for other type specifiers. This is useful when the resulting type
specifiers would be far too verbose to write out explicitly.

For those formats that specify a range such as low and high, each of these limits
can be represented as an integer, a list of integers, or as the symbol *, meaning
unspecified. The exact interpretation of the lower and upper limits depends on
their representation: an integer is an inclusive limit; a list of an integer is an
exclusive limit; the symbol * means that a limit does not exist and so effectively
denotes minus or plus infinity, respectively.

Here are the valid formats:
(number low-limit high-limit) Denotes the numbers between low-limit and

high-limit. This is a Symbolics Common Lisp
extension to Common Lisp.
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(integer low high) Denotes the integers between high and low.

(mod n) Denotes the set of non-negative integers less than
n.

(ratio low high) Denotes the set of ratios between low and high.

This is a Symbolics Common Lisp extension to
Common Lisp.

(signed-byte s) Denotes the set of integers that can be
represented in two’s-complement form in a byte of
s bits. This is equivalent to (integer -28-1 ps-1
- 1). (signed-byte x) is the same as integer.

(unsigned-byte s) Denotes the set of non-negative integers that can
be represented in a byte of s bits. This is
equivalent to (integer @ 2%-1). (unsigned-byte %)
is the same as (integer 8 x), the set of non-
negative integers.

(rational low high) Denotes the rational numbers between low and
high exclusive.

(float low high) Denotes the set of floating-point numbers between
low and high exclusive.

(string size) Denotes the set of strings of the indicated size.

(simple-string size) Denotes the set of simple strings of the indicated
size.

(bit-vector size) Denotes the set of bit-vectors of the indicated size.

(simple-bit-vector size) Denotes the set of simple-bit-vectors of the

indicated size.

5.3.3 Defining New Type Specifiers

New type specifiers can come into existence in three ways. First, defining a new
structure type with defstruct automatically causes the name of the structure to be
a new type specifier symbol. Second, defining a new flavor type with defflavor
automatically causes the name of the flavor to be a new type specifier symbol.
Third, the deftype special form can be used to define new type-specifier
abbreviations.
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5.4 Type Conversion Function

The function coerce can be used to convert an object to an equivalent object of
another type.

It is not generally possible to convert any object to be of any type whatsoever; only
certain conversions are permitted, as summarized below. The dictionary entry for
this function illustrates its operation more fully.

¢ Any sequence type can be converted to any other sequence type, provided the
new sequence can contain all actual elements of the old sequence.

¢ Some strings, symbols, and integers, can be converted to characters.

¢ Any noncomplex number can be converted to a single- or double-floating-
point number.

e Any number can be converted to a complex number.

e Any object can be coerced to type t.

5.5 Determining the Type of an Object

These general type-checking functions make it possible to test relationships
between objects in the type hierarchy, determine if an object belongs to a given
data type, get the type specifier list for standard data types, and identify
equivalent data type descriptions.

Type-checking functions are useful, among others, in controlling program flow, and
in error-checking.

There are also numerous specialized predicates for type-checking. See the section
"Predicates”, page 271. That section contains summary tables for all type-
checking predicates. The individual chapters for each data type further discuss
these predicates.

type-of object , Returns the most specific type specifier
describing a type of which object is a member.

sys:type-arglist type Returns a lambda-list of specifiers for type, if
type is a defined Common Lisp type; returns a
second boolean value, t, if Zype is a defined
Common Lisp type, nil otherwise.

commonp object Returns t if object is a Common Lisp data type.
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typep object type Returns t if object is of type type.

subtypep typel type2 Returns t if typel is a subtype of type2.
equal-typep typel type2 Returns t if typel and type2 are equivalent type

specifiers denoting the same data type.

typecase object &body body Selects a clause for evaluation by determining
if the type of an object matches a given data
type. See the section "Conditionals", page 528.

ctypecase object &body body "Continuable exhaustive type case." Like
typecase, but signals a proceedable error if no
clause is satisfied. See the section
"Conditionals", page 528.

etypecase object &body body "Exhaustive case.”" Like typecase, but signals
a non-proceedable error if no clause is
satisfied. See the section "Conditionals”, page
528.

check-type place type &optional type-string
Signals an error if the contents of place are
not of the specified type. See the section
"Conditions", page 565.

5.5.1 Type-checking Differences Between Symbolics Common Lisp and Zetalisp

Type-checking in Zetalisp and Symbolics Common Lisp does not completely overlap
for typep and zl:typep, since these two functions differ in their syntax and in the
number of types each recognizes. (typep recognizes a much larger set of data
types than zl:typep.)

typep accepts a type specifier in symbol or list form as its second argument, while
zl:typep (the two-argument version) accepts a keyword symbol denoting a type
specifier as its second argument. Since correspondences between the keyword
symbols and the type specifiers are not always obvious, the list below shows the
valid keywords accepted by zl:typep and their equivalent type specifiers accepted
by typep. Note in particular the equivalences for :closure, :fix, :list, :list-or-nil,
and :rational.
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Zetalisp keyword
(2-argument version

of zl:typep)

:array
:atom

:bignum

:closure
:compiled-function
:complex
:double-float

«fix

fixnum

:float

:instance

:list

:list-or-nil

slocative

snon-complex-number

:null

:number
:rational
:select-method
:single-float
:stack-group
:string
:symbol

Data Types

Corresponds to
type specifier for

typep

array
atom

bignum
dynamic-closure
compiled-function
complex
double-float
integer

fixnum

float

instance

cons

list

locative

(and number (not complex))
null

number

ratio

single-float
sys:stack-group
string

symbol

5.6 Declaring the Type of an Object

It is frequently useful to declare that objects should take on values of a specified
type. The declaration specifiers type and ftype allow this for variable bindings
and for functions. This feature is currently ignored, but is useful for
programmers developing portable programs. See the section "Declarations”, page

260.
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6. Numbers

This chapter covers three main topics:
¢ types of numbers
¢ representation of numbers for printing and reading
¢ numeric functions

Zetalisp-only features, if any, are pointed out within the discussion’ of each topic.

Throughout this chapter, digit strings without qualifiers in running text are
decimal.

6.1 Types of Numbers

Symbolics Common Lisp includes three main types of numbers: rational, floating-
point, and complex. Their characteristics are described below.

6.1.1 Rational Numbers

Rational numbers are used for exact mathematical calculations. These are
numbers like 0, 1, 2, -27, 15/16, -26/3, and 13/100000000000000000000. Rational
numbers with no fractional part are called integers and those with a non-zero
fractional part are called ratios. There is no restriction on the size of rational
numbers, other than the memory available to represent them, so computations
cannot "overflow" in the way they do on conventional computers.

Operations with rational numbers follow the normal rules of arithmetic and are
always exact. Hence, when your program uses rational numbers, you do not have
to be concerned with loss of accuracy or precision as would be the case if you used
floating-point numbers.

The system automatically reduces ratios into the lowest terms. If the denominator
evenly divides the numerator, Symbolics Common Lisp converts the result to an
integer. This automatic reduction and conversion of ratios is called rational
canonicalization.

(+11) =>2

(+ 5/6 19/3) => 43/6

(/13) =>1/3

(/ 148 -120) => -7/6

(x 12/5 18/3) => 8

(x 1000000000000 1000000000800800000) => 1008060006000000000000008000000
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Programmers who are familiar with conventional computer systems and languages
will notice that integer division in Symbolics Common Lisp is true mathematical
division. The truncate function performs Fortran-style integer division. Other
functions perform related kinds of division. See the section "Functions That Divide
and Convert Quotient to Integer", page 113.

6.1.1.1 Integers

The integer data type represents mathematical integers. Symbolics Common Lisp
imposes no limit on the magnitude of an integer; storage is automatically allocated
as necessary to represent large integers.

Division in Zetalisp is not like mathematical division. See the section "Integer
Division in Zetalisp", page 106.

Efficiency of Implementation Note

In general you need not be concerned with the details of integer representation.
You simply compute in integers. Symbolics Common Lisp does, however, have two
primitive types of integers, fixnums and bignums. Fixnums are a range of integers
that the system can represent more efficiently; bignums are integers outside the
range of fixnums.

When you compute with integers, the system represents some as fixnums and the
rest (less efficiently) as bignums. The system automatically converts back and
forth between fixnums and bignums based solely on the size of the integer. This
automatic conversion is referred to as integer canonicalization.

You can ignore distinctions between fixnums and bignums in reading and printing
integers. The reader uses the same syntax for fixnums and bignums, and both
these types have the same printed representations.

There are a few "low level" functions that only work on fixnums, as well as some
built-in system functions that require fixnums; we note this requirement in the
dictionary entries for these functions.

The constants most-negative-fixnum and most-positive-fixnum give the range of
fixnums on the machine. Currently in Symbolics-3600 the range is from
-2147483648 to 2147483647 (-2%' to 231-1).

6.1.1.2 Ratios

Rational numbers that are not integers are represented as the mathematical ratio
of two integers, the numerator and the denominator. The ratio is always "in lowest
terms", meaning that the denominator is as small as possible. If the denominator
evenly divides the numerator the system applies the rule of rational
canonicalization converting the result to an integer.

The denominator is always positive; the sign of the number is carried by the
numerator.
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6/7 => 6/7 ;in canonical form

6/8 => 3/4 ;converted to canonical form

-3/9 => -1/3 ;converted to canonical form

(/ 4 -16) => -1/4 ;denominator is always positive

6/2 => 3 ;converted to canonical form

6.1.2 Floating-point Numbers

Floating-point numbers are used for approximate mathematical calculations.
Floating-point numbers use a restricted form of representing numbers, so that
they are more efficient in some cases than rational numbers. Floating-point
numbers are internally represented using a mathematical sign s ¢ {+1, -1}, a
fraction (significand) f, and a signed exponent e. The mathematical value of the
number represented is s * £ x 2°. The values of f and e are restricted to a
certain number of (binary) digits. Symbolics Common Lisp supports two forms of
floating-point numbers, corresponding to particular sizes of f and e, namely:

1. Single-float. Single-precision floating-point numbers have a precision of 24
bits, or about 7 decimal digits. They use 8 bits to represent the exponent.
Their range is from 1.0e-45, the smallest positive denormalized single-
precision number, to 3.4028235e38, the largest positive normalized single-
precision number.

2. Double-float. Double-precision floating-point numbers have a precision of 53
bits, or about 16 decimal digits. They use 11 bits to represent the exponent.
Their range is from 5.0d-324, the smallest positive denormalized double-
precision floating-point number, to 1.7976931348623157d308, the largest
positive normalized double-precision floating-point number.

These two forms subsume the four floating-point forms supported by Common
Lisp: Single-float serves also as short-float and the system treats 1.0s0 and 1.0f0
as identical single-precision formats. Similarly, double-float serves also as
long-float, with 1.010 and 1.0d0 treated as identical double-precision formats.

Because of the restricted representation mentioned earlier, floating-point
operations don’t always follow normal mathematical laws. For example,

(1.0e10 + -1.8e18) + 1.0 # 1.0e10 + (-1.0e10 + 1.8)

Floating-point is appropriate for situations where there is no exact rational answer
to a problem (for instance pi, (sqrt 2)), or where exact answers are not required.
Because of the approximate nature of floating-point numbers and calculations,
seemingly anomalous behavior can occur. (This observation holds in general,
regardless of any particular implementation.)
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Examples:

(- 6 5.9) => B.899999995

(- 2 1.9) => B.100080024

(- 2 1.9d8) => B.10008000000080009d0

(- 1600000.1d0 1000808) => ©.89999999997671694d0
(- 160008.1de 100000) => 0.10000000000582077d8
(x .081 18) => 0.810080801

(x .0083de 18) => B.8829999999999999996d0

(/ 1.8 3) => 9.33333334

(/ 1.8d@ 3) => 8.3333333333333333d0

(/ 1.8 6) => B.16666667

(/ 1.8d@ 6) => B.16666666666666666d8

This is all "correct” and is due to interactions between the restricted
representation of floating-point numbers and the problems of changing bases from
binary (internal representation) to decimal (printed representation).

Floating-point computations can get exponent overflow or underflow, if the result
is too large or small to be represented. Exponent overflow always signals an
error. Exponent underflow normally signals an error, unless the computation is
inside the body of a without-floating-underflow-traps. Any time a floating-point
error occurs, you are offered a way to proceed from it, by substituting the IEEE
floating-point result for the mathematical result.

Example:
(x 4s-20 4s-20) ;evaluating this signals an error

(without-floating-underflow-traps (x 4s-28 4s-28)) => 1.6e-39

The constants below indicate the range for single- and double-floating-point
numbers. Constants for short- and long-floating point formats appear in the
Dictionary of Numeric Functions and Variables; these constants have the same
values as single- and double-floating point formats respectively.

Floating-point Efficiency Note

Single-precision floating-point is significantly more efficient than double-precision
floating-point. In particular, double-precision numbers take up more memory than
single-precision numbers.

6.1.2.1 Constants Indicating the Range of Floating-point Numbers
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Constant Value

most-positive-single-float 3.4028235e38

least-positive-single-float 1.1754944e-38
least-negative-single-float -1.1754944e-38

most-negative-single-float -3.4828235e38
most-positive-double-float 1.7976931348623157d308
least-positive-double-float 2.2250738585072014d-308
least-negative-double-float -2.22587385850872014d-388
most-negative-double-float -1.7976931348623157d308

6.1.2.2 IEEE Floating-point Representation

The Symbolics Lisp Machine uses IEEE-standard formats for single-precision and
double-precision floating-point numbers. Number objects exist that are outside the
upper and lower limits of the ranges for single and double precision. Larger than
the largest number is +lec (or +lde for doubles). Smaller than the smallest
number is -lee (or -1de for doubles). Smaller than the smallest normalized
positive number but larger than zero are the "denormalized” numbers. Some
floating-point objects are Not-a-Number (NaN); they are the result of (/ 0.0 0.0)
(with trapping disabled) and like operations.

IEEE numbers are symmetric about zero, so the negative of every representable
number is also a representable number. Zeros are signed in IEEE format, but
+0.0 and -0.0 act the same arithmetically as 0.0. However, they are
distinguishable to non-numeric functions. For example:

(= +46.0 -B.8) => t
(minusp -8.8) => NIL
(plusp 8.8) => nil
(plusp -0.8) => nil
(zerop -9.8) =>t
(eql 6.8 -8.9) => nil

See, "IEEE Standard for Binary Floating-Point Arithmetic,” ANSI/IEEE Standard
754-1985, An American National Standard, August 12, 1985.

See the section "Numeric Type Conversions", page 112

6.1.3 Complex Numbers

A complex number is a pair of noncomplex numbers, representing the real and
imaginary parts of the number. The real and imaginary parts can be rational,
single-float, or double-float, but both parts always have the same type. Hence we
distinguish between complex rational and complex floating-point numbers.
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In Symbolics Common Lisp a complex rational number can never have a zero
imaginary part. The system matches up the real and imaginary parts of a
complex number operand or result; if the real part is rational and the imaginary
part is a zero integer, the system converts the complex number to a noncomplex
rational number. This matching of types and conversion is called the rule of
complex canonicalization.

Conversion does not occur if the result is a complex floating-point number with a
zero imaginary part. For example #C(5.0 0.0) is not automatically converted to
5.0. In this case if you want to convert to a noncomplex number you must call
the appropriate conversion function. See the section "Numeric Type Conversions",
page 112,

Complex numbers are used when mathematically appropriate.

(sqrt -1) => #C(8 1)

(log -1) => #C(8.8 3.1415927)

(+ #C(4 10@) #C(5 -18)) => 9

(+ #C(4.9 18) #C(5.8 -10)) => #C(9.8 0.0)

Note: In Zetalisp, the functions sqrt and log would signal an error if given a
negative argument, instead of returning a complex number as they do in the
previous examples.

6.1.4 Type Specifiers and Type Hierarchy for Numbers

The type specifiers relating to numeric data types are as follows:

number integer short-float
rational ratio long-float
float single-float fixnum
complex double-float signed-byte
bignum unsigned-byte bit

Details about each type specifier appear in its dictionary entry.

Figure 2 shows the relationships between numeric data types. For more on data
‘types, type specifiers, and type checking in Symbolics Common Lisp: See the
section "Data Types and Type Specifiers”, page 69.
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Symbolics Common Lisp Numeric Data Types
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6.2 How the Printer Deals with Numbers

Numbers can be printed in a variety of ways as determined by the value of control
variables.

"Escape’ characters such as the backslash (or slash in Zetalisp) do not affect the
printing of numbers.

6.2.1 Printed Representation of Rational Numbers

Rational numbers can print in any radix between 2 and 36 (inclusive), depending
on the value you assign to the control variable *print-base*. The default value is
10. (Zetalisp uses the value of zl:base to control printing.)

When *print-base* has a value over 10, digits greater than 9 are represented by
means of alphabetical characters.

If an integer is negative, a minus sign is printed, followed by the absolute value of
the integer. The integer zero is represented by the single digit 0 and never has a
sign. Integers in base ten print with or without a trailing decimal point,
depending on the value of *print-radix*. See the section "Radix Specifiers for
Rational Numbers", page 90.

To allow printing of integers in other than Arabic notation, *print-base* can be
set to a symbol that has a si:princ-function property (such as :english or
:roman). The value of the property is applied to two arguments:

e - of the number to be printed

e The stream to which to print it

The printer prints ratios as follows:
¢ a minus sign if the ratio is negative
¢ the absolute value of the numerator
e a slash (/) character (Zetalisp uses a backslash, \)
¢ the denominator

Ratios print in canonical form.

6.2.1.1 Radix Specifiers for Rational Numbers

You can specify that a radix specifier be used to show in what radix a number is
being printed. To do so, set the control variable *print-radix* to t (default value
is nil). The radix specifier is always printed with a lowercase letter.

Radix Speclifier Format

The general format of a radix specifier is a sequence of the following characters:
o #
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¢ a non-empty sequence of decimal digits representing an unsigned decimal
integer n (must be in the range 2 - 36 inclusive)
eT

immediately followed by:

e an optional sign
e a sequence of digits in radix n

There are special abbreviations for commonly used radices such as binary, octal,
and hexadecimal.

Radix Normal Abbreviated Uppercase Form
Form Form (Reader only)
Binary #2r #b #2R or #B
Octal #8r #o #8R or #0
Hexadecimal  #16r #x #16R or #X

For integers in base ten the radix specifier uses a trailing decimal point instead of
a leading radix specifier. When *print-radix* is set to nil, integers in base ten
are printed without a trailing decimal point.

To print a ratio with a radix specifier, the printer uses the same notation as for
integers, except in the case of decimals. Ratios in decimal are printed using the
#10r notation.
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Examples (integers):
(+23) =>5
(setq *print-basex 2) => 10
(+ 2 3) => 101
(setq xprint-radixx t)
(+ 2 3) => #b101
(setq xprint-basex 16) => #x10
(x 6 2) => #xC
(setq *print-basex 18) => 18.

> T

(x 5 8) => 40.
(setq xprint-radixx nil) => NIL
(x 5 8) => 4@

(setq xprint-basex ’:roman) => :ROMAN
(x 58) =>XL

Examples (ratios):

4/5 => 4/5

(setq xprint-radixx t) => T
4/5 => #10r4/5

(setq xprint-basex 8) => #o010
4/12 => #01/3

5/9 => #05/11

(setq xprint-basex 5) => #5r10
7/38 => #5r12/118

6.2.2 Printed Representation of Floating-point Numbers

Floating-point numbers are always printed in decimal. For a single-precision
floating-point number, the printer first decides whether to use ordinary notation or
exponential notation. If the magnitude of the number is so large or small that the
ordinary notation would require an unreasonable number of leading or trailing
zeroes, exponential notation is used. A floating-point number is printed as follows:

e An optional leading minus sign

e One or more digits

e A decimal point

¢ One or more digits

e Optionally an exponent marker, described below, an optional minus sign, and
the power of ten

The exponent marker (also referred to as the exponent character or letter)
indicates the number’s floating-point format. The printer uses one of the following
characters: s, f, 1, d, or e. These indicate short, single, long, and double
floating point numbers respectively. e indicates a number format which
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corresponds to the current value of variable *read-default-float-format*. This
variable takes a value denoting one of the valid floating-point formats, namely
short-float, single-float, long-float, and double-float.

To decide whether to print an exponent marker and if so of which type, the
printer checks the value of *read-default-float-format* and applies the rules
summarized below.

Notation Boes number’s format Exponent
used match current value of marker
*read-default-float-format*?

Ordinary Yes Don’t print
marker
No Print marker
and zero
Exponential Yes Print e
No Print marker
Exambples:

(setq xread-default-float-formatx ’single-float) => SINGLE-FLOAT
1.8s6 => 1.0

1.8s7 => 1.0e7

1.8d8 => 1.8d@

1.8d7 => 1.6d7 .

(setq xread-default-float-formatx ’double-float) => DOUBLE-FLOAT
1.0s8 => 1.08f8

1.8s7 => 1.0f7

1.6d8 => 1.0

1.8d7 => 1.0e7

The number of digits printed is the "correct” number; no information present in
the number is lost, and no extra trailing digits are printed that do not represent
information in the number. Feeding the printed representation of a floating-point
number back to the reader is always supposed to produce an equal floating-point
number.
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The printed representation for floating-point "infinity" is as follows:
¢ A plus or minus sign
e The digit "1"
e The appropriate exponent mark character
¢ An infinity sign: o
Examples:
(setq xread-default-float-formatx ’double-float) => DOUBLE-FLOAT
+1500 => 41fo0
+1doo => +1eoo
(setq xread-default-float-formatx ’single-float) => SINGLE-FLOAT
1500 => -1goo
=1700 => -1doo

6.2.2.1 Control Varlables for Printing Numbers

*print-base* Specifies radix for printing numbers (range 2-36,
default 10)
*print-radix* Determines the printing or suppression of radix

specifier (value t or nil)

*read-default-float-format* Guides the printer in choice of exponent marker for
floating-point number

zl:base Another name for *print-base*

6.2.3 Printed Representation of Complex Numbers

The printed representation for complex numbers is:
#C (realpart imagpart)

The real and imaginary parts of the complex number are printed in the manner
appropriate to their type.

Examples:

(+ #C(3.4 5) 6) => #C(9.4 5.8)
(x 4 #C(2.8d@ 5)) => #C(8.0d8 28.8d8)

(setq *print-radixx t)
(setq xprint-basex 16)
(+ #C(3 4) #C(8 9)) => #C(#xB #xD)
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6.3 How the Reader Recognizes Numbers

The Symbolics Common Lisp reader accepts characters, accumulates them into a
token, and then interprets the token as a number or a symbol. In general, the
token is interpreted as a number if it satisfies the syntax for numbers. Often, the
interpretation is determined by the value of control variables, as explained below.

6.3.1 How the Reader Recognizes Ratlonal Numbers

The reader determines the radix in which integers and ratios are to be read in the
following manner:

¢ If the number is preceded by a radix specifier, the reader interprets the
rational number using the specified radix.

e If the number is an integer with a trailing decimal point, the reader uses a
radix of ten.

o In the absence of a radix specifier, or a trailing decimal point for integers,
the reader determines the radix by checking the current value of the control
variable *read-base* (Zetalisp uses the value of zl:ibase.)

e The reader accepts radix specifier syntax in both upper and lowercase
characters. See the section "Radix Specifier Format", page 90.

Examples:

(+ #2r1081 #2r11) => 8

(+ #3r11 #5r181) => 30

(x #b188 #xC) => 48

(x #015 #8r5) => 65

(x #b11/10 48) => 68 ;xread-basex is 10
(setq xread-basex 2) => 2

(+ 108 1181) => 17

(x #x18/a 191) => 8

6.3.1.1 How the Reader Recognizes Integers
The syntax for a simple integer is:

¢ An optional plus or minus sign

e A string of digits

¢ An optional decimal point

If the trailing decimal point is present, the digits are interpreted in decimal radix;
otherwise, they are considered as a number whose radix is the value of the
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variable *read-base* (or zl:ibase in Zetalisp). Valid values are between 2 and 36,
inclusive, default value is 10.

read understands simple integers as well as a simple integer followed by an
underscore () or a circumflex (*), followed by another simple integer. The two
simple integers are interpreted in the usual way and the character between them
indicates an operation to be performed on the two integers.

e The underscore indicates a binary "left shift"; that is, the integer to its left
is doubled the number of times indicated by the integer to its right. For
example, 645_6 means 64500 (in octal).

¢ The circumflex multiplies the integer to its left by *read-base* the number
of times indicated by the integer to its right. (The second integer is not
allowed to have a leading minus sign.) For example, 6458 means 645000.

Here are some examples of valid representations of integers to be given to read:

4 =>4

23456. => 23456
-546 => -546
+45~+6 => 45000000
2_11 => 4096

Compatibility Note

In Symbolics Common Lisp, setting the value of *read-base* at greater than ten
does not cause the reader to interpret tokens as numbers rather than symbols.
Tokens with names such as a, b, and face are still interpreted as symbols rather
than numbers, unless the value of control variables
si:*read-extended-ibase-signed-number* and
si:*read-extended-ibase-unsigned-number* is set to t.

See the section "Reading Integers in Bases Greater Than 10", page 96.

This is an incompatible difference from the language specification presented in
Guy L. Steele’s Common Lisp, the Language.

Reading Integers in Bases Greater Than 10

The reader uses letters to represent digits greater than 10. Thus, when
*read-base* is greater than 10, some tokens could be read as either integers,
floating-point numbers, or symbols. The reader’s action on such ambiguous tokens
is determined by the value of si:*read-extended-ibase-unsigned-number* and

- si:*read-extended-ibase-signed-number*. Setting these variables to t causes the
tokens to be always interpreted as numbers. A nil setting causes the tokens to be
interpreted as symbols or floating-point numbers. The above variables can have
two other intermediate settings as explained in the Dictionary entry.
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Examples:

(setq xread-basex 16) => 16

(+ 18 5) => 21 ;this works as expected

(+ c 2) => signals an error because c is an unbound symbol
(setq si:xread-extended-ibase-signed-numberx t) => T
(+c2) => 14 ;now ¢ is read as a number
(+ #xc 2) => 14 ;always safe

6.3.1.2 How the Reader Recognizes Ratlos
The syntax of a ratio is
e An optional sign
¢ A string of digits
e A / (slash character)
e A string of digits
The Zetalisp syntax is identical, except that a backslash character (\), is used
instead of a slash.

A ratio can also be prefixed by a radix specifier. See the section "Radix Specifiers
for Rational Numbers", page 90.

Ratios written with a radix specifier are read in the radix specified. Ratios
written without a radix specifier are always read in the current *read-base* (or
zl:ibase in Zetalisp).

Examples:

-14/32 => -7/16
22/7 => 22/17
#024/17 => 4/3 ;20/15 => 4/3
#x4f/18 => 79/16
(setq xread-basex 2) => 2
181718 => 5/2
#10r101/18 => 181/10

6.3.2 How the Reader Recognizes Floating-point Numbers

Floating-point numbers are always read in decimal radix.
The syntax for floating-point numbers has two possible formats:
¢ An optional plus or minus sign
¢ (Optionally) some digits
¢ A decimal point
¢ One or more digits
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e An optional exponent marker, consisting of an exponent letter, an optional
minus sign, and digits representing the power of ten

or

e An optional sign

e A string of digits

e Optionally a decimal point followed by optional digits

¢ An exponent marker
Note that in the first format a decimal point is mandatory, but the exponent
marker is optional. In the second representation the decimal point can be omitted,

but the exponent marker is always present. Moreover, the optional sign is always
followed by at least one digit.

Here are some examples of floating-point numbers in both formats:

Format 1 Format 2
20.2e-4 20.2e-4
.202e-2 202.e-5
.068202 2082e-5

If no exponent is present, the number is a single-float. If an exponent is present,
the exponent letter determines the type of the number.

6.3.2.1 Floating-point Exponent Characters

Following is a summary of floating-point exponent characters and the way
numbers containing them are read.

Character Floating-point precision
Dord double-precision
Eore depends on value of

*read-default-float-format*

Forf single-precision
Lorl double-precision
Sors single-precision

The variable *read-default-float-format* controls how floating-point numbers with
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no exponent or an exponent preceded by "E" or "e" are read. Here is a summary
of the way possible values cause these numbers to be read.

Value Floating-point precision
single-float single-precision
short-float single-precision
double-float double-precision
long-float double-precision

The default value is single-float.

As a special case, the reader recognizes IEEE floating-point "infinity". The syntax
for infinity is as follows:

e A required plus or minus sign

o The digit "1"

e Any of the exponent mark characters

e And the exponent character, which must be an infinity sign: o

Here are some examples of printed representations that read as single-floats:

0.8 =>0.9

1.5 =>1.5

14.86 => 14.0

8.81 => 08.01

.707 => 0.707

-.3 =>-8.3

+3.14159 => 3.14159

6.83e23 => 6.83e23 ;only when xread-default-float-formatx
1E-9 => 1.0e-9 ; is ’single-float

1.e3 => 1000.0

+1goo  => tleoco

(setq xread-default-float-formatx ’double-float) => DOUBLE-FLOAT
3.14158s8 => 3.14159

1.6s-19 => 1.6e-19

Here are some examples of printed representations that read as double-floats
(current value of *read-default-float-format® is single-float).
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0de => 8.08de

1.5d9 => 1.5d9

-42D3 => -42000.0d0

1.d5 => 100000.0d6

-1dee  => -1doo

(setq xread-default-float-formatx ’‘double-float) => DOUBLE-FLOAT
8.9 => 0.0

6.03e23 => 6.083e23

~1gee => -leco

6.3.2.2 Control Variables for Reading Numbers

*read-base* Holds radix for reading of rational numbers (2-36,
default 10)

*read-default-float-format* Controls reading of floating-point number with no
exponent or exponent e (or E)

zl:ibase Another name for *read-base*

si:*read-extended-ibase-unsigned-number*
Controls reading of unsigned integers in bases greater
than ten

si:*read-extended-ibase-signed-number*
Controls reading of signed integers in bases greater
than ten

6.3.3 How the Reader Recognizes Complex Numbers

The reader recognizes #C(numberl number2) as a complex number. numberl and
number2 can be of any noncomplex type (coercion is applied if necessary).
numberl is used as the real part and number2 is used as the imaginary part. The
resulting Lisp object is represented in complex canonical form.

Examples:
#C(3.9 4.8) ==> #C(3.8 4.0)
#(19) ==>1
#C(1/72 3) ==> #C(1/2 3)
#C(1/2 3.8) ==> #C(8.5 3.0)
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6.4 Numeric Functions

As stated earlier, most numeric functions in Symbolics Common Lisp are generic,
rather than applicable to a specific number type. Generic functions include
predicates which check numeric type and properties, functions which perform
numeric comparison and arithmetic, functions allowing numeric data conversions,
transcendental functions, and a pseudo-random number generator facility. There is
also a group of functions which do machine-dependent arithmetic.

Two groups of functions work for integers only. One group performs logical
operations on integers, the other is a group of byte-manipulation functions. For
purposes of logical and byte manipulation operations an integer is treated as a
sequence of bits, with the low bit in the rightmost position. The byte-
manipulation functions let you operate on any number of contiguous bits within
the integer.

6.4.1 Coercion Rules for Numbers

When arithmetic and numeric comparison functions of more than one argument
receive arguments of different numeric types, these must be converted to a
common type. Symbolics Common Lisp does the conversion by following uniform
coercion rules. For functions returning a number, the coerced argument type is
also the type of the result. Note: The functions max and min are two notable
exceptions where no conversion is performed.

Here are the coercion rules for the different argument types.

Argument Types Converted to Result Type
Single-float Rational Single-float Single-float
Double-float Rational Double-float Double-float
Single-float Double-float Double-float Double-float
Complex Non-complex Complex Complex

Since rational computations are always exact, you need not be concerned with
coercions among rational number types.

Since floating-point computations with different precisions can lead to inefficiency,
inaccuracy, or unexpected results, Symbolics Common Lisp does not automatically
convert between double-floats and single-floats if all the arguments are of the
same floating-point type.
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Thus, if the constants in a numerical algorithm are written as single-floats
(assuming this provides adequate precision), and if the input is a single-float, the
computation is done in single-float mode and the result is a single-float. If the
input is a double-float the computations are done in double precision and the
result is a double-float, although the constants still have only single precision.
For most algorithms, it is desirable to have two separate sets of constants to
maintain accuracy for double precision and speed for single precision.

This means that a single-float computation can get an exponent overflow error
even when the result could have been represented as a double-float. For example,
1.0e18 * 1.0e22 would create an exponent overflow error, even though the result
could be represented by the valid double-float number 1.0d40. You can prevent
this type of error by converting one, or both of the arguments to a larger data
type. '

In general then, floating-point number computations yield a floating-point result of
the type corresponding to the largest floating-point type in the argument list.
Computations with rational numbers yield a rational number result.

Examples:

(+13.8) =>4.0

(+ 2 4d@) => 6.6d0

(+ 3s@ 4d8) => 7.8d0

(+ #C(6 8) 2) => #C(8 8)

(+ #C(4 9) 7.8d1) => #C(74.98d0 9.0d9)

(+ #C(3.4s5 9.2s3) #C(6.2d4 8.8d4)) => #C(402000.8d0 17éaa.ada)
(+ #C(4 -3) #C(6 3)) => 18

(+ #C(3.0 8.8) #C(4.5 -8.9)) => #C(7.5 0.9)

6.4.2 Numeric Function Categories

The following groups of numeric functions are available
e Numeric Predicates
e Numeric Comparisons
¢ Arithmetic Functions
¢ Transcendental Functions
¢ Numeric Type Conversions
¢ Logical Operations on Numbers
¢ Byte Manipulation Functions
e Random Number Generation
¢ Machine-dependent Arithmetic Functions
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The discussion for each function group is followed by a summary table of the
functions in that category. The alphabetized Dictionary provides complete
coverage of each individual function. See the document Symbolics Common Lisp:

Language Dictionary.

6.4.3 Numerlc Predicates

Numeric predicates test the data types of numbers, as well as some numeric
properties such as whether the number is odd or even. The summary tables below
group numeric predicates by function.

6.4.3.1 Numerlc Type-checking Predicates

These predicates test a number to see if it belongs to a given type. General type-
checking functions such as typep and subtypep can also be used to determine
relationships within the hierarchy of numeric types and for similar purposes. For
more on these functions: See the section "Determining the Type of an Object”,

page 79.

complexp object
floatp object

integerp object
numberp object
rationalp object

sys:double-float-p object

sys:single-float-p object

zl:bigp object
zl:fixnump object
zl:fixp object

zl:flonump object

zl:rationalp object

Tests for complex number.

Tests for floating-point number of any
precision.

Tests for integer.
Tests for number of any type.
Tests for rational number.

Tests for double-precision floating-point
number.

Tests for single-precision floating-point
number.

Tests for bignum.
Tests for fixnum.
Tests for integer (same as integerp).

Tests for single-precision floating-point number
(same as sys:single-float-p).

Tests for ratio.
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6.4.3.2 Numeric Property-checking Predicates

evenp integer tests for even integers

oddp integer tests for odd integers

minusp number tests if number is less than zero
plusp number tests if number is greater than zero
zerop number tests if a number is zero

zl:signp test number tests if the sign of number is test

6.4.4 Numeric Comparisons

Symbolics Common Lisp supports eight numeric comparison functions in which the
values of two or more arguments are compared with respect to equality, inequality,
less-than, greater-than, and so on.

All of these functions require that their arguments be numbers, and signal an
error if given a nonnumber. They work on all types of numbers, automatically
performing any required coercions. Note that no coercion takes place for functions
max and min.

= and # work for complex number comparisons. All other comparison functions
require non-complex numbers as arguments.

6.4.4.1 Types of Equality
In general we can distinguish two types of equality:

e Equality of two Lisp objects, tested by predicates eq, eql, equal, and equalp.
See the section "Comparison-performing Predicates", page 282.

e Numeric equality, tested by =.

Although predicates eq, eql, equal, and equalp can take numbers as arguments,
they cannot be used interchangeably with =, because they don’t work the same
way:

¢ eq produces unreliable results on numbers.

¢ eql, equal and equalp are true for numeric arguments of the same numeric
value and type. (No coercion is performed.) In addition, floating-point zeros
of differing signs do not satisfy any of these predicates.
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e = takes only numbers as arguments; it is true if its arguments are of the
same numeric value, regardless of type. Floating-point zeros are = to any
other zero values, regardless of sign.

For comparing numeric values, = is therefore the preferred function.

Examples:

(eql 3 3.8) => NIL
(=33.8) =>1T

(eq 19.08d@ (x 5.8d@ 2)) => NIL
(= 18.8d0 (x 5.8d8 2)) =>T

(equal #C(5.8 8) 5.8) => NIL
(= #0(5.8 8) 5.8) => T

(eql 8.0 -8.8) => NIL
(=0.8 -8.0) =T

(= 3 nil) ;generates an error
(eql 3 nil) => NIL

The following function can return either t or nil.

(defun foo ()
(let ((x (float 5)))
(eq x (car (cons x nil1)))))
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Function Synonyms Comparison/Returned Value
# number &rest numbers I= Not equal

< number &rest more-numbers zl:lessp Less-than

< number &rest more-numbers <= Less-than-or-equal

= number &rest more-numbers

> number &rest more-numbers zl:greaterp
2 number &rest more-numbers >=

max number &rest more-numbers

min number &rest more-numbers

Equal

Greater-than
Greater-than-or-equal
Greatest of its arguments

Least of its arguments

6.4.5 Arithmetic

All of these functions require that their arguments be numbers, and signal an
error if given a nonnumber. With a few exceptions that require integer arguments,
arithmetic functions work on all types of numbers, automatically performing any
required coercions. See the section "Coercion Rules for Numbers", page 101.

6.4.5.1 Integer Division in Zetallsp

Integer division in Zetalisp returns an integer rather than the exact rational-
number result. The quotient is truncated toward zero rather than rounded. The
exact rule is that if A is divided by B, yielding a quotient of C and a remainder of
D, then A = B * C + D exactly. D is either zero or the same sign as A. Thus the
absolute value of C is less than or equal to the true quotient of the absolute
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values of A and B. This is compatible with Maclisp and conventional computer
hardware. However, it has the serious problem that it does not obey the rule that
if A divided by B yields a quotient of C and a remainder of D, then dividing A + %
* B by B yields a quotient of C + k& and a remainder of D for all integer k. The
lack of this property sometimes makes Zetalisp integer division hard to use. For a
more detailed discussion of truncation and rounding off operations: See the
section "Numeric Type Conversions", page 112,
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Zetalisp functions appear immediately under their Common Lisp synonyms.

Function

Action

+ &rest numbers
z1:+$
zl:plus

- number &rest more-numbers

zI:-$

abs number

conjugate number

* &rest numbers
z1:*$
zl:times

! number &rest more-numbers

1+ number
zI:14+$
zl:addl

1- number
z1:1-$
zl:subl

Returns the sum of its arguments.

First argument minus the sum of the rest
of the arguments, or negative of single
argument.

Returns the absolute value of number.

Returns the complex conjugate of number.

Returns the product of its arguments.

Returns the first argument divided by the
product of the rest of the arguments, or
reciprocal of single argument. Returns
integer or ratio, as appropriate, when
arguments are rational.

Adds 1 to number.

Subtracts 1 from number
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ged &rest integers

lecm &rest integers

rem number divisor
z1:\\
zl:remainder

mod number divisor

expt base-number power-number

sqrt number

isqrt integer

signum number

Data Types

Greatest common divisor of all its arguments.

Least common multiple

Returns remainder of number divided by
divisor.

Performs floor on its arguments (divides
number by divisor, truncating result
toward negative infinity), but only returns
the second result of floor, the remainder.

Returns base-number raised to the power
power-number.

Returns the square root of number.

Returns the greatest integer less than or
equal to the square root of its argument.

If number is rational, returns -1, 0, or 1,

to indicate that the argument is negative,
zero or positive. Floating-point and complex
arguments produce different results.

zl:difference number &rest more-numbers

zl:minus number

zl:/ number &rest more-numbers

zl:/$

Returns the first argument minus the
sum of the rest of the arguments.

Returns the negative of number.

Returns the first argument divided by the
product of the rest of the arguments, or
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reciprocal of single argument. Truncates
results for integer arguments.

zl:quotient number &rest more-numbers
With more than one argument, same as zl:/;
with single argument, returns the reciprocal
of number; truncates result for integer
arguments.

zl:ged integerl integer2 &rest more-integers

zI:\\ Greatest common divisor of all its arguments.
zl:expt num expt Returns num raised to

zl:" the exptth power.

zl:"$

zl:sqrt n Returns the square root of n.

6.4.6 Transcendental Functions

This group includes four subsets of transcendental functions: powers of e (where e
is the base of natural logarithms), logarithmic functions, trigonometric and related
functions, and hyperbolic functions.

These functions are only for floating-point arguments; if given an integer they
convert it to a single-float and return a single-float. If given a double-float, they
return a double-float.

6.4.6.1 Powers Of e and Log Functions
exp number Returns e raised to power number

log number &optional base Returns the natural logarithm of number, or
optionally, the logarithm of number in the base base

zl:log x Returns the natural logarithm of x
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6.4.6.2 Trigonometric and Related Functions

sin radians
cos radians
tan radians
tand degrees
sind degrees
cosd degrees
cis radians
asin number

acos number

atan y &optional x

phase number

zl:atan y x

zl:atan2 y x

Returns the sine of its argument.

Returns the cosine of its argument.

Returns the tangent of its argument.
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