


















































































































http://www.dyalog.com/


http://www.dyalog.com/










































































































































































































































































































































































































































































































































http://msdn.microsoft.com/


































































































































































































































































































































































































































































































































































































































































































































































































http://msdn.microsoft.com/en-us/library/bb979621.aspx



































































































































































































































	Contents
	Introduction - Will You Play APL With Me?
	Will You Follow Us?
	Beware: Dyalog APL is Addictive!
	Installation and Keyboard
	Utilities and Data

	Our First Steps into APL's Magic World
	Simple Operations
	Variables

	Array Processing
	More Symbols
	Most Symbols Have a Double Meaning
	Conventions

	Reduction Unifies Traditional Notations
	Let's Write Our First Programs
	Indexing
	Calculating Without Writing Programs
	Friendly Binary Data
	Counting
	Selection
	Discovery

	A Touch of Modern Math
	A Powerful Search Function
	An Example
	Generalisation

	After Values, Let Us Process Shapes
	Take and Drop
	Mirrors and Transposition

	Back to Primary School
	A Useful Application

	There Is a Lot to Discover Yet
	Attractively Simple Syntax Rules
	Use Many Other Calculating Tools
	Create User-friendly Applications with the GUI
	Access Your Data
	Build an Efficient Partnership With Microsoft Excel
	ï¿½ï¿½�A�n�d� �A�l�s�o &

	FAQ
	Is Dyalog APL A Professional Tool?


	Getting Started
	1 - Installing the Software
	1.1 Installation
	1.2 First Contact
	1.2.1 - The Dyalog Working Environment
	1.2.2 - Check Your Installation
	1.2.4 - Key Combinations

	1.3 Demonstration Files
	1.3.1 - The Workspace Concept
	1.3.2 - Associated Files
	1.3.3 - Print What You Have Done
	1.3.4 - The Session Log
	1.3.5 - The Input Buffer
	1.3.6 - Auto-Complete


	2 - Working with This Tutorial

	Data and Variables
	1 - Simple Numeric Values
	1.1 Our First Operations
	1.2 Variables
	1.3 Operations on Variables

	2 - Arrays of Items
	2.1 Create a List or a Matrix
	2.2 Special Cases with Reshape
	2.3 Multi-dimensional Arrays

	3 - Shape, Rank, and Vocabulary
	3.1 Shape and Rank
	3.2 Scaling Down the Ranks
	3.3 Vocabulary
	3.4 Beware!
	3.4.1 - The Shape is Always a Vector
	3.4.2 - Do Not Rely on the Visual Aspect of a Variable
	3.4.3 - Displaying Long Vectors


	4 - Simple Character Values
	4.1 Character Vectors and Scalars
	4.2 Character Arrays

	5 - Indexing
	5.1 Traditional Vector Indexing
	5.2 The Shape of the Result
	5.3 Array Indexing
	5.4 Convention
	5.5 Warnings
	5.5.1 - Shape Compatibility
	5.5.2 - Replace or Obtain All the Values
	5.5.3 - "Pass-Through" Value

	5.6 The Index Function

	6 - Mixed and Nested Arrays
	6.1 Mixed Arrays
	6.2 Four Important Remarks
	6.3 Nested Arrays
	6.4 DISPLAY
	6.4.1 - Conventions
	6.4.2 - Examples

	6.5 Be Simple!
	6.6 That's Not All, Folks!

	7 - Empty Arrays
	8 - Workspaces and Commands
	8.1 The Active Workspace
	Remark 1

	8.2 The Libraries
	8.3 Load a WS
	8.4 File Extensions
	8.5 Merge Workspaces
	8.5.1 - Protected Copy
	8.5.2 - Intentionally Destructive Copy
	8.5.3 - Evolution of Your Code
	8.5.4 - Active WS Identification

	8.6 Exiting APL
	8.7 Contents of a WS
	8.8 Our First System Commands
	Exercises
	Spe-1 Variable Names
	Spe-2 Representation of Numbers
	Spe-3 The Shape of the Result of Indexing
	Spe-3.1 - Rule
	Spe-3.2 - Using Ravel to Preserve a Dimension

	Spe-4 Multiple Usage of an Index
	ï¿½ï¿½�S�p�e�-�5� �A� �P�r�o�b�l�e�m� �W�i�t�h� �U�s�i�n�g� �R�e�s�h�a�p�e� �(� #t� �)
	ï¿½ï¿½�S�p�e�-�6� �M�o�n�a�d�i�c� �I�n�d�e�x� �(� #7� �)


	Some Primitive Functions
	1 - Definitions
	2 - Some Scalar Dyadic Functions
	2.1 Definition and Examples
	2.2 Division By Zero
	2.3 Power
	2.4 Maximum & Minimum
	2.5 Relationship
	2.6 Residue

	3 - Order of Evaluation
	4 - Monadic Scalar Functions
	4.1 The Four Basic Symbols
	4.1.1 - Identity
	4.1.2 - Negative
	4.1.3 - Signum
	4.1.4 - Reciprocal

	4.2 Other Scalar Monadic Functions
	ï¿½ï¿½�4�.�2�.�1�  �� �E�x�p�o�n�e�n�t�i�a�l
	4.2.2 - Floor and Ceiling
	4.2.3 - Magnitude (Absolute Value)
	4.2.4 - Comparison Symbols


	5 - Processing Binary Data
	5.1 Membership
	5.2 Binary Algebra
	5.3 Without

	6 - Processing Nested Arrays
	6.1 Scalar vs. Non-scalar Functions
	6.2 Be Careful With Shape/Type Compatibility

	7 - Reduction
	7.1 Presentation
	7.2 Definition
	7.3 Reduction of Binary Data
	7.4 Reduction of Nested Arrays
	7.5 Application 1
	7.6 Application 2

	8 - Axis Specification
	8.1 Totals in an Array
	8.1.1 - Processing Arrays
	8.1.2 - Axis Is Like an Operator
	8.1.3 - Processing Arrays

	8.2 The Shape of the Result
	8.3 Special Notations

	9 - Our First Program
	10 - Concatenation
	10.1 Concatenating Vectors
	10.2 Concatenating Other Arrays
	10.3 Concatenating Scalars
	10.4 Special Notations

	11 - Replication
	11.1 Basic Approach: Compression
	11.2 Replication
	11.3 Scalar Left Argument
	11.4 Special Notations

	12 - Position (Index Of)
	12.1 Discovery
	12.2 Application 3

	13 - Index Generator
	13.1 Basic Usage
	13.2 Application 4
	13.3 Comparison of Membership and Index Of
	13.3.1 - Example
	13.3.2 - First Question
	13.3.3 - Second Question
	13.3.4 - Comparison

	13.4 Idioms
	13.5 Application 5
	13.6 Application 6

	14 - Ravel
	15 - Empty Vectors and Black Holes
	Exercises
	ï¿½ï¿½�S�p�e� �-� �1� �D�i�v�i�s�i�o�n� �C�o�n�t�r�o�l� �-� #ï¿½�D�I�V
	Spe - 2 Derived Functions
	Spe - 3 Nor & Nand
	Spe - 4 Index Generator of Arrays
	Spe - 5 Ravel With Axis
	Spe-5.1 - Empty Axis
	Spe-5.2 - Fractional Axis
	Spe-5.3 - A List of Dimensions
	Spe-5.4 - Border Cases

	Spe - 6 Residue


	User Defined Functions
	1 - Landmarks
	1.1 Some Definitions
	1.2 Configure Your Environment
	1.2.2 - A Text Editor; What For?


	2 - Single-Line Direct Functions
	2.1 Definition
	2.2 Unnamed D-Fns
	2.3 Modifying The Code

	3 - Procedural Functions
	3.1 A First Example
	3.2 Local Names
	3.3 Miscellaneous
	3.3.1 - List of Functions
	3.3.2 - Use of the Result
	3.3.3 - Visual Representation
	3.3.4 - Invoking the Text Editor

	3.4 Second Example
	Exercises
	3.5 Calls to Sub-Functions

	4 - Flow Control
	4.1 Overview
	4.2 Conditional Execution
	4.2.1 - Simple Conditions (:If / :EndIf)
	4.2.2 - Alternative Processing (:If / :Else / :EndIf)
	4.2.3 - Composite Conditions  (:OrIf / :AndIf)
	4.2.4 - Cascading Conditions  (:ElseIf / :Else)

	4.3 Disparate Conditions
	4.3.1 - Clauses  (:Select / :Case / :CaseList)
	4.3.2 - Remark
	4.3.3 - Attention

	4.4 Predefined Loops
	4.4.1 - Basic Use (:For / :In / :EndFor)
	4.4.2 - Control of Iterations

	4.5 Conditional Loops
	4.5.1 - Bottom-Controlled Loop  (:Repeat / :Until)
	4.5.2 - Top-Controlled Loop  (:While / :EndWhile)

	4.6 Exception Control
	4.6.1 - Skip to the Next Iteration  (:Continue)
	4.6.2 - Leave the Loop  (:Leave)
	4.6.3 - Jump to Another Statement  (:GoTo)
	4.6.4 - Quit This Function  (:Return)

	4.7 Endless Loops
	4.7.1 - A Time Consuming Function
	4.7.2 - Weak and Strong Interrupts
	4.7.3 - How Can You Generate an Interrupt?
	4.7.4 - First a Weak Interrupt
	4.7.5 - And Now a Strong Interrupt


	5 - Traditional Flow Control
	5.1 Conditional Execution
	ï¿½ï¿½�5�.�1�.�1� �-� �E�q�u�i�v�a�l�e�n�t� �o�f� � �:�I�f�  &� �:�E�n�d�I�f� �C�o�n�t�r�o�l�s
	ï¿½ï¿½�5�.�1�.�2� �-� �E�q�u�i�v�a�l�e�n�t� �o�f� �:�I�f�  &� �:�E�l�s�e�  &� �:�E�n�d�I�f� �C�o�n�t�r�o�l�s
	5.1.3 - Loops
	5.1.4 - Other Conditional Expressions

	5.2 Multiple Conditions
	5.2.1 - Transform a Value into a Destination
	5.2.2 - Multiple Conditions and Destinations

	5.3 Modern and Traditional Controls Cooperate

	6 - Input, Output, and Format
	6.1 Some Input and Output Methods
	6.2 Format
	6.2.1 - Monadic Format
	6.2.2 - Dyadic Format

	6.3 Displaying Intermediate Results
	6.4 Using Global Variables
	6.5 Exchanging Data With an Excel Worksheet
	6.5.1 - Importing Data
	6.5.2 - Exporting Data

	6.6 Reading or Writing a Text File
	6.7 Printing Results on a Printer
	6.8 Using a Graphical User Interface
	6.9 Requesting Values From the Keyboard
	6.9.1 - Quad Evaluated Input
	6.9.2 - Quote-Quad Character Input


	7 - Syntax Considerations
	7.1 Comments & Statement Separators
	7.1.1 - Comments
	7.1.2 - Statement Separators

	7.2 Why Should a Function Return a Result?
	7.3 Different Types of Functions
	7.3.1 - What Is an Explicit Result?
	7.3.2 - Six Major Types of Functions (Valence)
	7.3.3 - Ambivalent Functions
	7.3.4 - Example
	7.3.5 - Shy Result
	7.3.6 - An Argument Used as a Result

	7.4 Nested Argument and Result
	7.4.1 - Nested Right Argument
	7.4.2 - Choice of Syntax
	7.4.3 - Nested Result

	7.5 Choice of Names

	8 - Multi-Line Direct Functions
	8.1 Characteristics
	8.2 Guards
	8.3 Syntax Considerations
	8.3.1 - Default Left Argument
	8.3.2 - Shy Result
	8.3.3 - Local Sub-Functions


	9 - Recursion
	10 - Synonyms
	11 - About the Text Editor
	11.1 What Can You Edit?
	11.2 What Can You Do?
	11.2.1 - Cut / Copy / Paste
	11.2.2 - Drag/Drop Restrictions
	11.2.3 - Open a New Line or Statement
	11.2.4 - Delete a Line or Statement
	11.2.5 - Exit the Editor

	11.3 Undo, Redo, Replay
	11.3.1 - Undo
	11.3.2 - Redo
	11.3.3 - Replay Input Lines
	11.3.4 - Advice

	11.4 Miscellaneous
	11.4.1 - Reformat
	11.4.2 - Show/Hide Line Numbers
	11.4.3 - Localise Names
	11.4.4 - Comment / Uncomment Lines


	12 - SALT
	Exercises
	Spe-1 Shadowed Names
	Spe-2 Loop Control
	Spe-3 Labels and the Branch Arrow
	Spe-3.1 - Niladic Arrow
	Spe-3.2 - Branch to a Wrong Label

	Spe-4 Other Conditional Execution
	Spe-4.1 - Conditional Execution Using Execute
	Spe-4.2 - Conditional Execution Using the Power Operator

	Spe-5 Name Category of Synonyms
	Spe-6 Bare Output
	Spe-7 :InEach


	First Aid Kit
	1 - When an Error Occurs
	1.1 Our First Error
	1.1.1 - Your Environment and Indicators
	1.1.2 - The Diagnostic Message
	1.1.3 - State Indicator and Line Counter
	1.1.4 - The Trace Window
	1.1.5 - You Can See the Local Variables
	1.1.6 - What Can We Do?

	1.2 Cascade of Errors
	1.2.1 - Preparation
	1.2.2 - Let Us Create More Errors
	1.2.3 - Switch to Edit Mode
	1.2.4 - Continue Execution

	1.3 Information and Actions
	1.3.1 - Indicators
	1.3.2 - Some Possible Actions

	1.4 Why Should You Reset Your State Indicator?

	2 - Most Frequent Error Messages
	2.1 Execution Errors
	ï¿½ï¿½�2�.�1�.�2� �-� �L�E�N�G�T�H� �E�R�R�O�R� �(#ï¿½�E�N�=�5�)
	ï¿½ï¿½�2�.�1�.�3� �-� �R�A�N�K� �E�R�R�O�R� �(#ï¿½�E�N�=�4�)
	ï¿½ï¿½�2�.�1�.�4� �-� �I�N�D�E�X� �E�R�R�O�R� �(#ï¿½�E�N�=�3�)
	ï¿½ï¿½�2�.�1�.�5� �-� �D�O�M�A�I�N� �E�R�R�O�R� �(#ï¿½�E�N�=�1�1�)
	ï¿½ï¿½�2�.�1�.�6� �-� �S�Y�N�T�A�X� �E�R�R�O�R� �(#ï¿½�E�N�=�2�)
	ï¿½ï¿½�2�.�1�.�7� �-� �W�S� �F�U�L�L� �(#ï¿½�E�N�=�1�)

	2.2 Some Other Errors
	2.2.1 - Can't Fix
	ï¿½ï¿½�2�.�2�.�2� �-� �N�o�t� �S�a�v�e�d�,� �T�h�i�s� �W�s� �I�s &


	3 - Trace Tools
	3.1 Invoke and Use the Tracer
	3.1.1 - Invoke the Tracer
	3.1.2 - Trace Actions
	3.1.3 - Trace Strategies

	3.2 Choose Your Configuration
	3.3 Break-points and Trace-controls
	3.3.1 - Set Break-points
	3.3.2 - Remove Break-points
	3.3.3 - Trace-controls
	3.3.4 - Intentional Interruption

	3.4 System Functions
	Exercises
	Spe-1 Value Errors
	Spe-1.1 - Namespaces
	Spe-1.2 - Nightmare

	Spe-2 )SINL
	Spe-3 Namespaces and Indicators
	Spe-3.1 - Extended State Indicator
	Spe-3.2 - Namespace Indicator



	Execute & Format Control
	1 - Execute
	1.1 Definition
	1.2 Some Typical Uses
	1.2.1 - Convert Text into Numbers
	1.2.2 - A Safer and Faster Solution
	1.2.3 - Other Uses

	1.3 Make Things Simple

	2 - The Format Primitive
	2.1 Monadic Format
	2.2 Dyadic Format
	2.2.1 - Definition
	2.2.2 - Overflow
	2.2.3 - Multiple Specifications
	2.2.4 - Scalar Descriptor


	ï¿½ï¿½�3� �-� �T�h�e� #ï¿½�F�M�T� �S�y�s�t�e�m� �F�u�n�c�t�i�o�n
	3.1 Monadic Use
	3.2 Dyadic Use
	3.2.1 - Overview
	3.2.2 - Specifications I and F
	3.2.3 - Specification A
	3.2.4 - Specification X
	3.2.5 - Text Inclusion Specification
	ï¿½ï¿½�3�.�2�.�6� �-� �S�p�e�c�i�f�i�c�a�t�i�o�n� �G�  �� �T�h�e� �P�i�c�t�u�r�e� �C�o�d�e
	3.2.7- Specification T
	3.2.8- Specification K

	3.3 Qualifiers and Affixtures
	3.3.2 - Examples of Qualifiers
	3.3.3 - Affixtures
	3.3.4 - Examples of Affixtures

	Spe-1 Execute
	Spe 1.1 - Name Conflict
	Spe 1.2 - Conditional Execution
	Spe 1.3 - Case Selection
	Spe 1.4 - Dynamic Variable Creation
	Spe 1.5 - Dyadic Execute

	Spe-2 Formatting data
	Spe 2.1 - Lack of Precision
	Spe 2.2 - Scientific Representation
	Spe 2.3 - Specification E
	Spe 2.4 - Formatting Using the Microsoft.Net Framework



	Working on Data Shape
	1 - Take and Drop
	1.1 Take and Drop Applied to Vectors
	1.1.1 - Starter
	1.1.2 - Remark
	1.1.3 - Be Careful
	1.1.4 - Produce Empty Vectors
	1.1.5 - Take More Cash Than You Have

	1.2 Three Basic Applications
	1.2.1 - Determine the Type of a Variable
	1.2.2 - Change a Vector into a Matrix
	1.2.3 - Calculate Growth Rates

	1.3 Take and Drop Applied to Arrays
	1.3.1 - Use Without Axis
	1.3.2 - Take and Drop With Axis


	2 - Laminate
	2.1 Application to Vectors and Scalars
	2.1.1 - Laminate Applied to Vectors
	2.1.2 - Laminate Scalars with Vectors

	2.2 Applications
	2.2.1 - Interlace Matrices
	2.2.2 - Show Vectors


	3 - Expand
	3.1 Basic Use
	3.2 Extended Definition
	3.3 Expand Along First Axis

	4 - Reverse and Transpose
	5 - Rotate
	5.1 Rotate Vectors
	5.2 Rotate Higher-Rank Arrays
	5.2.1 - Uniform Rotation
	5.2.2 - Multiple Rotations
	5.2.3 - Application


	6 - Dyadic Transpose
	Exercises
	Spe - 1 More About Laminate
	Spe - 2 Dyadic Transpose
	Spe-2.1 - Conditions
	Spe-2.2 - Diagonal Sections of an Array
	Spe-2.3 - Diagonal Section of a Matrix



	Special Syntax
	1 - Modified Assignment
	2 - Multiple Assignment
	3 - Selective Assignment
	3.1 Quick Overview
	3.2 Available Primitives


	Nested Arrays (Continued)
	1 - First Contact
	1.1 Definitions
	1.2 Enclose & Disclose
	1.2.1 - Enclose
	1.2.2 - Disclose
	1.2.3 - Mnemonics
	1.2.4 - Simple and Other Scalars

	1.3 More About DISPLAY
	1.3.1 - Conventions
	1.3.2 - Change the Default Presentation
	1.3.3 - Distinguish Between Items
	1.3.4 - Empty Arrays


	2 - Depth & Match
	2.1 Enclosing Scalars
	2.2 Depth
	2.3 Match & Natch

	3 - Each
	3.1 Definition and Examples
	3.2 Three Compressions!

	4 - Processing Nested Arrays
	4.1 Scalar Dyadic Functions
	4.2 Juxtaposition vs. Catenation
	4.3 Characters and Numbers
	4.3.1 - Solution 1
	4.3.2 - Solution 2
	4.3.3 - Solution 3

	4.4 Some More Operations
	4.4.1 - Reduction
	4.4.2 - Index Of and Membership
	4.4.3 - Indexing
	4.4.4 - Always Keep In Mind the Following Rules

	Exercises

	5 - Split and Mix
	5.1 Basic Use
	5.2 Axis Specification
	5.2.2 - Mix


	6 - First & Type
	7 - Prototype, Fill Item
	8 - Pick
	8.1 - Definition
	8.2 - Beware!
	8.3 - Important
	8.4 - Selective Assignment
	8.5 - An Idiom

	ï¿½ï¿½�9�  �� �P�a�r�t�i�t�i�o�n� �&� �P�a�r�t�i�t�i�o�n�e�d� �E�n�c�l�o�s�e
	9.1 The Dyalog Definition
	9.2 The IBM Definition
	9.2.1 - Working on Vectors
	9.2.2 - Working on Higher-Rank Arrays


	10 - Union & Intersection
	11 - Enlist
	Exercises
	Spe-1 Compatibility and Migration Level
	Spe-1.1 - Migration Level
	Spe-1.2 - A List of Differences

	Spe-2 The IBM Partition on Matrices
	Spe-3 Ambiguous Representation
	Spe-4 Pick Inside a Scalar


	Operators
	1 - Definitions
	1.1 Operators & Derived Functions
	1.2 Sequences of Operators
	1.3 List of Built-in Operators

	2 - More About Some Operators You Already Know
	2.1 Reduce
	2.2 n-Wise Reduce
	2.2.1 - Elementary Definition
	2.2.2 - Full Definition

	2.3 Axis

	3 - Scan
	3.1 Definition
	3.2 Scan with Binary Values
	3.3 Applications
	3.3.2 - Remove Leading/Trailing Blanks


	4 - Outer Product
	4.1 Definition
	4.2 Extensions
	4.2.2 - Other shapes and types of data

	4.3 Applications
	4.3.1 - Dispatching Items into Categories
	4.3.2 - Draw a Bar Chart
	4.3.3 - Decreasing Refunding

	Exercise

	5 - Inner Product
	5.1 A Concrete Situation
	5.2 Definitions
	5.3 Typical Uses of Inner Products
	5.3.1 - Two Simple Problems
	5.3.2 - A Useful Family
	5.3.3 - A Special Case
	5.3.4 - Similar Applications
	5.3.5 - Shortest Routes in a Graph
	5.3.6 - Is a Graph Contiguous?

	5.4 Other Uses of Inner Product
	5.5 Application
	Exercises

	6 - Compose
	6.1 Form 1
	6.2 Form 2
	6.3 Form 3
	6.4 Form 4

	7 - Commute
	8 - Power Operator
	8.1 - Elementary Use (Form 1)
	8.2 - Conditional Execution (Form 1)
	8.3 - Left Argument (All Forms)
	8.4 - Inverse Function
	8.5 - Fixpoint, and Use with Defined Operators

	9 - Spawn
	9.1 Main Features
	9.2 Special Syntax

	10 - User-Defined Operators
	10.1 Definition Modes
	10.1.1 - Direct Operators
	10.1.2 - Using the Function Editor

	10.2 Some Basic Examples
	Spe-1 Reduction Applied to Empty Vectors
	Spe-1.1 - Identities
	Spe-1.2 - Rule
	Spe-1.3 - Examples
	Spe-1.4 - Non-commutative Functions
	Spe-1.5 - Application to n-Wise Reduction

	Spe-2 Index Origin and Axis operator
	Spe-3 The Power Operator
	Spe-3.1 - Form 2 of Power, and Fixpoint
	Spe-3.2 - Using User-Defined Operators

	Spe-4 Defined Operators
	Spe-5 The Result of an Inverse Function


	Mathematical Functions
	1 - Sorting and Searching Data
	1.1 Sorting Numeric Data
	1.1.1 - Sorting Numeric Vectors
	1.1.2 - Sorting Numeric Matrices

	1.2 Sorting Characters
	1.2.1 - Using the Default Alphabet
	1.2.2 - Using an Explicit Alphabet

	1.3 Finding Values

	2 - Encode and Decode
	2.1 Some Words of Theory
	2.1.1 - Familiar, But Not Decimal
	2.1.2 - Three Important Remarks
	2.1.3 - Base and Weights

	2.2 Using Decode & Encode
	2.2.1 - Decode
	2.2.2 - Shape Compatibility
	2.2.3 - Encode
	2.2.4 - Limited Encoding
	2.2.5 - Using Several Simultaneous Bases

	2.3 Applications
	2.3.1 - Condense or Expand Values
	2.3.2 - Calculating Polynomials
	2.3.3 - Calculating Positions in a Matrix
	2.3.4 - Right-aligning Text


	3 - Randomised Values
	3.1 Deal: Dyadic Usage
	3.2 Roll: Monadic Use
	3.3 Derived Uses
	3.3.1 - Decimal Random Values
	3.3.2 - Sets of Random Characters


	4 - Some More Maths
	4.1 Logarithms
	4.2 Factorial & Binomial
	4.3 Trigonometry
	ï¿½ï¿½�4�.�3�.�1� �-� �M�u�l�t�i�p�l�e�s� �o�f� �ï¿½
	4.3.2 - Circular and Hyperbolic Trigonometry
	4.3.3 - Some Examples

	4.4 GCD and LCM
	4.4.1 - Greatest Common Divisor (GCD)
	4.4.2 - Lowest Common Multiple (LCM)

	4.5 Set Union and Intersection

	5 - Domino
	5.1 Some Definitions
	5.1.1 - Identity Matrix
	5.1.2 - Inverse Matrices

	5.2 Matrix Inverse
	5.2.1 - Monadic Domino
	5.2.2 - Singular Matrices
	5.2.3 - Solving a Set of Equations

	5.3 Matrix Division
	5.4 Two or Three Steps in Geometry
	5.4.1 - A Complex Solution to a Simple Problem
	5.4.2 - Calculating Additional Y-coordinates

	5.5 Least Squares Fitting
	5.5.1 - Linear Regression
	5.5.2 - Extension
	5.5.3 - Non-linear Adjustment

	Exercises
	Spe - 1 Encode and Decode
	Spe 1.1 - Special decoding
	Spe 1.2 - Processing Negative Values
	Spe 1.3 - Multiple Encoding/Decoding

	Spe - 2 Random Link
	Spe 2.1 - Making Random Numbers Predictable or Unpredictable
	Spe 2.2 - Algorithm

	Spe - 3 Gamma and Beta Functions
	Spe - 4 Domino and Rectangular Matrices
	Spe 4.1 - Left Inverse of a Matrix
	Spe 4.2 - Pseudo Right Inverse
	Spe 4.3 - Summary
	Spe 4.4 - Scalars and Vectors



	System Interfaces
	1 - Overview
	1.1 Commands, System Variables, and System Functions
	1.2 Common Properties
	1.3 Organisation

	2 - Workspace Management
	ï¿½ï¿½�2�.�1� �)�W�S�I�D� �&� #ï¿½�W�S�I�D� �W�o�r�k�s�p�a�c�e� �I�d�e�n�t�i�f�i�c�a�t�i�o�n
	2.1.1 - Conventions
	2.1.2 - Get Identification
	2.1.3 - Change Identity

	ï¿½ï¿½�2�.�2� #ï¿½�L�X� �S�t�a�r�t�u�p� �E�x�p�r�e�s�s�i�o�n
	ï¿½ï¿½�2�.�3� �)�L�O�A�D�,� �)�X�L�O�A�D� �&� #ï¿½�L�O�A�D� �L�o�a�d� �a� �W�o�r�k�s�p�a�c�e
	2.3.1 - Normal Loading
	ï¿½ï¿½�2�.�3�.�2� �-� �L�o�a�d�i�n�g� �W�i�t�h�o�u�t� �t�h�e� �E�x�e�c�u�t�i�o�n� �o�f� #ï¿½�L�X

	ï¿½ï¿½�2�.�4� �)�C�O�P�Y�,� �)�P�C�O�P�Y� �&� #ï¿½�C�Y� �I�m�p�o�r�t� �O�b�j�e�c�t�s
	2.4.1 - Normal Copy
	2.4.2 - Exceptions
	2.4.3 - Protected Copy

	2.5 )LIB Explore a Workspace Library
	ï¿½ï¿½�2�.�6� �)�C�L�E�A�R� �&� #ï¿½�C�L�E�A�R� �C�l�e�a�r� �t�h�e� �A�c�t�i�v�e� �W�o�r�k�s�p�a�c�e
	ï¿½ï¿½�2�.�7� �)�S�A�V�E� �&� #ï¿½�S�A�V�E� �S�a�v�e� �a� �W�o�r�k�s�p�a�c�e
	ï¿½ï¿½�2�.�8� #ï¿½�W�A� �M�e�m�o�r�y� �S�p�a�c�e� �A�v�a�i�l�a�b�l�e

	3 - Object Management
	ï¿½ï¿½�3�.�1� �)�V�A�R�S�,� �)�F�N�S�,� �)�O�P�S�,� �)�O�B�S� �&� #ï¿½�N�L� �O�b�j�e�c�t� �L�i�s�t�s
	3.1.1 - System Commands
	3.1.2 - Name List

	ï¿½ï¿½�3�.�2� #ï¿½�N�C� �N�a�m�e� �C�a�t�e�g�o�r�y
	ï¿½ï¿½�3�.�3� �)�E�R�A�S�E� �&� #ï¿½�E�X� �D�e�l�e�t�e� �O�b�j�e�c�t�s
	ï¿½ï¿½�3�.�4� #ï¿½�S�I�Z�E� �O�b�j�e�c�t� �S�i�z�e

	4 - Environment Control & Information
	ï¿½ï¿½�4�.�1� #ï¿½�T�S� �C�u�r�r�e�n�t� �D�a�t�e� �&� �T�i�m�e
	ï¿½ï¿½�4�.�2� #ï¿½�P�P� �P�r�i�n�t� �P�r�e�c�i�s�i�o�n
	ï¿½ï¿½�4�.�3� #ï¿½�I�O� �I�n�d�e�x� �O�r�i�g�i�n
	ï¿½ï¿½�4�.�4� #ï¿½�A�I� �A�c�c�o�u�n�t� �I�n�f�o�r�m�a�t�i�o�n
	ï¿½ï¿½�4�.�5� #ï¿½�P�F�K�E�Y� �P�r�o�g�r�a�m�m�a�b�l�e� �F�u�n�c�t�i�o�n� �K�e�y�s

	5 - Function Definition and Processing
	ï¿½ï¿½�5�.�1� �)�E�D� �&� #ï¿½�E�D� �E�d�i�t� �O�b�j�e�c�t�s
	ï¿½ï¿½�5�.�2� #ï¿½�C�R�,� #ï¿½�N�R�,� #ï¿½�V�R� �&� #ï¿½�O�R� �F�u�n�c�t�i�o�n� �R�e�p�r�e�s�e�n�t�a�t�i�o�n�s
	5.2.1 - Canonical Representation
	5.2.2 - Nested Representation
	5.2.3 - Vector Representation
	5.2.4 - Object Representation

	ï¿½ï¿½�5�.�3� #ï¿½�F�X� �F�u�n�c�t�i�o�n� �C�r�e�a�t�i�o�n
	ï¿½ï¿½�5�.�4� #ï¿½�S�H�A�D�O�W� �N�a�m�e� �S�h�a�d�o�w�i�n�g
	ï¿½ï¿½�5�.�5� #ï¿½�L�O�C�K� �L�o�c�k�i�n�g� �a� �F�u�n�c�t�i�o�n
	ï¿½ï¿½�5�.�6� #ï¿½�R�E�F�S� �I�n�t�e�r�n�a�l� �R�e�f�e�r�e�n�c�e�s
	ï¿½ï¿½�5�.�7� #ï¿½�A�T� �F�u�n�c�t�i�o�n� �A�t�t�r�i�b�u�t�e�s

	6 - Debugging and Event Trapping
	7 - Calculation Control
	7.1 Already Studied
	ï¿½ï¿½�7�.�2� #ï¿½�C�T� �C�o�m�p�a�r�i�s�o�n� �T�o�l�e�r�a�n�c�e
	ï¿½ï¿½�7�.�3� #ï¿½�D�L� �D�e�l�a�y

	8 - Character Processing, Input/Output
	ï¿½ï¿½�8�.�1� #ï¿½�A�V� �&� #ï¿½�A�V�U� �A�t�o�m�i�c� �V�e�c�t�o�r�s
	ï¿½ï¿½�8�.�2� #ï¿½�U�C�S� �U�n�i�c�o�d�e� �C�o�n�v�e�r�s�i�o�n�s
	ï¿½ï¿½�8�.�3� #ï¿½�T�C� �T�e�r�m�i�n�a�l� �C�o�n�t�r�o�l
	ï¿½ï¿½�8�.�4� #ï¿½�A� �&� #ï¿½�D� �A�l�p�h�a�b�e�t� �&� �D�i�g�i�t�s
	ï¿½ï¿½�8�.�5� #ï¿½�N�U�L�L� �N�u�l�l� �I�t�e�m

	9 - Miscellaneous
	ï¿½ï¿½�9�.�1� #ï¿½�O�F�F� �&� �)�O�F�F� �Q�u�i�t� �A�P�L
	ï¿½ï¿½�9�.�2� #ï¿½�S�H�,� #ï¿½�C�M�D�,� �)�S�H� �&� �)�C�M�D� �H�o�s�t� �S�y�s�t�e�m� �C�o�m�m�a�n�d�s
	ï¿½ï¿½�9�.�3� #ï¿½�P�W� �P�a�g�e� �W�i�d�t�h
	Spe-1 Commands vs. System Functions
	ï¿½ï¿½�S�p�e�-�2� #ï¿½�S�A�V�E
	Spe-3 )CONTINUE Save & Continue
	ï¿½ï¿½�S�p�e�-�4� #ï¿½�O�R
	ï¿½ï¿½�S�p�e�-�5� #ï¿½�V�F�I� �V�e�r�i�f�y� �a�n�d� �F�i�x� �I�n�p�u�t
	Spe-5.1 - Monadic Usage
	Spe-5.2 - Dyadic Usage

	ï¿½ï¿½�S�p�e�-�6� #ï¿½�R�T�L� �R�e�s�p�o�n�s�e� �T�i�m�e� �L�i�m�i�t
	ï¿½ï¿½�S�p�e�-�7� #ï¿½�M�O�N�I�T�O�R� �E�x�e�c�u�t�i�o�n� �M�o�n�i�t�o�r�i�n�g
	Spe-8 System Variables vs. System Functions


	Event Handling
	1 - Diagnostic Tools
	2 - Event Trapping
	2.1 Event Numbers / Event Messages
	2.2 :Trap / :Else / :EndTrap
	ï¿½ï¿½�2�.�3� #ï¿½�T�R�A�P
	2.3.1 - Definition
	2.3.2 - Event Processing
	2.3.3 - Syntax Considerations
	2.3.4 - More about Action Code "N"
	2.3.5 - Get Context
	2.3.6 - First Example
	2.3.7 - Example of a Derived Error
	2.3.8 - Third Example

	2.4 Beware of These Errors
	2.4.1 - Endless Trap Loops
	2.4.2 - Incorrect Branching

	2.5 Neutralise the Traps

	3 - Event Simulation
	ï¿½ï¿½�3�.�1� #ï¿½�S�I�G�N�A�L� �E�x�a�m�p�l�e


	File Processing
	1 - Component Files
	1.1 First Steps
	1.1.1 - General Ideas
	1.1.2 - Create, Fill, Read, and Close
	1.1.3 - Tie, Fill, Replace, and Close

	1.2 Utility Functions
	1.2.1 - Component Information
	1.2.2 - Drop Components
	1.2.3 - File Compaction
	1.2.4 - Component Files Library
	1.2.5 - Rename a Component File
	1.2.6 - Delete a Component File
	1.2.7 - File System Status

	1.3 Shared Files
	1.3.1 - The User Identity
	1.3.2 - Shared Tie
	1.3.3 - Access Control Definition
	1.3.4 - Access Control Activation
	1.3.5 - Example of Simultaneous Access
	1.3.6 - Access Conflict

	1.4 How to Queue File Operations
	1.4.1 - Use the Hold Queue
	1.4.2 - Hold Termination
	1.4.3 - A Hold is Not a Lock
	1.4.4 - Recommendations


	2 - Data Representation
	2.1 Representation of Values
	2.1.1 - Representation of Numbers
	2.1.2 - Query Data Representation
	2.1.3 - Change Data Representation

	2.2 Representation of Variables
	2.2.1 - Internal Structure
	2.2.2 - Component Files
	2.2.3 - Native Files


	3 - Native Files
	3.1 Similarities and Differences
	3.2 Basic Operations
	3.2.1 - Tie an Existing File
	3.2.3 - Append and Replace
	3.2.4 - Remove Separators
	3.2.5 - Create a File, Fill It with Numbers, and Close It
	3.2.6 - Miscellaneous
	3.2.7 - Reading From or Writing To Text Files


	4 - External Variables
	Spe-1 Component Files
	Spe-1.1 - Loading a Workspace with Files Tied
	Spe-1.2 - Universal Rights
	Spe-1.3 - Dangerous Rights
	Spe-1.4 - Rights By Default
	Spe-1.5 - Pass Numbers
	Spe-1.6 - Buffering Considerations
	ï¿½ï¿½�S�p�e�-�1�.�7�  �� �F�i�l�e� �P�r�o�p�e�r�t�i�e�s

	Spe-2 Native Files
	Spe-2.1 - Internal Representation
	Spe-2.2 - Character Conversions
	Spe-2.3 - Access Control on a Native File
	Spe-2.4 - Lock Access to a File



	Namespaces
	1 - Simple Namespaces
	1.1 Introduction
	1.1.1 - Definitions
	1.1.2 - Create an Empty Namespace
	1.1.3 - Namespaces without a Name?
	1.1.4 - Copying Objects to a Namespace
	1.1.5 - Change Space
	1.1.6 - Return To the Root

	1.2 Use the Contents of a Namespace
	1.2.1 - Using Full Names
	1.2.2 - Performing Operations inside a Namespace
	1.2.3 - Change Space
	1.2.4 - Using a Search Path


	2 - More about References
	2.1 Namespace References
	2.1.1 - Introduction
	2.1.2 - Distributed Prefix or Suffix
	2.1.3 - Control Structure :With

	2.2 Display Form

	3 - Arrays of Refs
	3.1 Create an Array
	3.2 Indexing Arrays of Refs

	4 - The Session Namespace
	Spe - 1 The Dot as a Syntactic Element
	Spe - 2 State Indicators
	Spe - 3 Evaluation of Statements
	Spe-3.2 - Distribution Rules

	Spe - 4 The Dyalog Workspace Explorer
	Spe - 5 Control of Exported Functions
	Spe - 6 Retrieving a Namespace Source


	Graphical User Interface
	1 - Guidelines
	1.1 Terminology and Options
	1.1.1 - GUI Objects
	1.1.2 - Properties
	1.1.3 - Four Basic Functions
	1.1.4 - Coordinate Systems

	1.2 Create a Simple Dialog Box
	1.2.1 - Create and Modify an Object
	1.2.2 - A Simplified Notation
	1.2.3 - When Keywords are Mandatory
	1.2.4 - Buttons and Groups
	1.2.5 - Let Us Simplify Further

	1.3 Get Information
	1.4 Changing Properties
	1.5 Make It Work
	1.5.1 - Some Experiments
	1.5.2 - The Windows Event Queue


	2 - Call-Back Functions
	2.1 Discovery
	2.1.1 - Theory
	2.1.2 - Specific Actions
	2.1.3 - Example
	2.1.4 - Some Improvements
	ï¿½ï¿½�2�.�1�.�5� �-� �T�h�e� �R�e�s�u�l�t� �o�f� #ï¿½�D�Q

	2.2 The Arguments of a Call-Back Function
	2.2.1 - The Right Argument
	2.2.2 - The Left Argument
	2.2.3 - Some Experiments

	2.3 The Result of a Call-Back Function
	2.3.2 - Processing the Result
	2.3.3 - Example

	2.4 Improve It
	2.4.1 - Improve the Field Management
	2.4.2 - More about Edit Fields
	2.4.3 - Passwords

	2.5 Tracing Call-Back Functions

	3 - Selection Tools
	3.1 List
	3.2 Combo

	4 - Colours, Fonts, and Root
	4.1 Colours
	4.2 Fonts
	4.2.1 - Font Characteristics
	4.2.2 - Using the Font Object

	4.3 Properties of the Root Object
	4.3.1 - The Coordinate System
	4.3.2 - Screen Characteristics
	4.3.3 - Available Printers
	4.3.4 - Available Fonts
	4.3.5 - Cursor Shape
	4.3.6 - APL Version


	5 - Improve Your User Interface
	5.1 Default Keys
	5.2 Enqueuing Events and Using Methods
	5.2.1 - Event Simulation
	5.2.2 - Dyadic Use
	5.2.3 - Methods

	5.3 Activating Objects
	5.4 Form Appearance

	6 - Menus
	7 - The Grid Object
	7.1 Geometry & Titles
	7.1.1 - Controlling the Geometry
	7.1.2 - Defining Titles

	7.2 Cell Types
	7.2.1 - Cell Appearance
	7.2.2 - Input Fields
	7.2.3 - Combo and Check Fields
	7.2.4 - Show Input; The Final Version

	7.3 Interaction with a Grid
	7.3.1 - Events
	7.3.2 - Actions

	7.4 Example
	7.4.1 - The Main Program
	7.4.2 - The Selection Call-Back Function
	7.4.3 - The Result Display
	7.4.4 - The Functions

	7.5 Multi-Level Titles
	7.5.1 - Hierarchy of Titles
	7.5.2 - A Tree of Row Titles

	7.6 Some Additional Properties

	8 - Using Printers
	8.1 The Printer Object
	8.1.1 - Creation, Orientation, and Coordinate System
	8.1.2 - Unnamed Child Objects
	8.1.3 - Simple Graphic Shapes
	8.1.4 - Write Some Text
	8.1.5 - Character Size

	8.2 Printer Management
	8.2.1 - Using Methods
	8.2.2 - Method NewPage
	8.2.3 - Method Print
	8.2.4 - Method RTFPrintSetup
	8.2.5 - Method Abort
	8.2.6 - Method Setup
	8.2.7 - Method GetTextSize
	8.2.8 - Selecting a Printer


	ï¿½ï¿½�9� �-� �A�n�d� �A�l�s�o�  &
	Spe-1 Lists of Properties, Methods, Events
	Spe-1.1 - Properties
	Spe-1.2 - Methods
	Spe-1.3 - Events

	Spe-2 Different Syntaxes
	Spe-2.2 - Events

	Spe-3 Using Classes


	Interfaces
	1 - Introduction
	2 - OLE Interface with Excel
	2.1 Introduction
	2.2 Create, Fill, and Save a Workbook
	2.2.1 - Initiate the Communication
	2.2.2 - Create a Workbook
	2.2.3 - Collection of Objects
	2.2.4 - Fill a Sheet, Save, and Quit

	2.3 Open and Process a Workbook
	2.3.1 - Initiate the Communication
	2.3.2 - Read the Workbook Contents
	2.3.3 - Modify the Presentation

	2.4 A Simple Example

	3 - Name Association
	3.1 Introduction
	3.1.2 - Commented Example:

	3.2 Detailed Syntax
	3.2.1 - DLL Description
	3.2.2 - Function Syntax

	3.3 See How It Works
	3.3.1 - Example 1
	3.3.2 - Example 2



	SALT
	1 - Introduction
	1.1 Why a Source Code Management System?
	1.1.1 - Maintenance of Vital Big Applications
	1.1.2 - Main Characteristics
	1.1.3 - Script Files

	1.2 Using Script Files
	1.2.1 - Loading a Script into the Session
	1.2.2 - Generic Names
	1.2.3 - Source Directory
	1.2.4 - "Target" and "Disperse"
	1.2.5 - Source Code

	1.3 Updating a Script From the APL Session

	2 - Version Management
	2.1 Creating and Using Versions
	2.1.1 - Starting the Process
	2.1.2 - Automatic Version Recognition
	2.1.3 - Reloading an Old Version

	2.2 File Management
	2.2.2 - Modifiers; Full Lists
	2.2.3 - Exploring Directories and Files
	2.2.4 - Removing Old Versions

	2.3 Comparing Scripts

	3 - Settings

	Publishing Tools
	1 - NewLeaf
	1.1 Getting Started
	1.1.1 - What You Need
	1.1.2 - A Quick Introduction

	1.2 Frames and Text
	1.2.1 - Main Concepts
	1.2.2 - Filling Frames with Text
	1.2.3 - Some Experiments

	1.3 Fonts
	1.3.1 - Font Definitions
	1.3.2 - Using Fonts
	1.3.3 - Add New Fonts

	1.4 Tables
	1.4.1 - Default Presentation
	1.4.2 - Controlled Presentation
	1.4.3 - Define Styles and Formats

	1.5 The Page Designer
	1.5.1 - The Contents of a Page
	1.5.2 - Page Description
	1.5.3 - Exploring the Designer
	1.5.4 - Create a Page
	1.5.5 - Using The Page
	1.5.6 - Add a Logo
	1.5.7 - Using Multiple Pages

	1.6 More Tools, Better Quality
	1.6.1 - HTML Tags
	1.6.2 - Insert a RainPro Chart
	1.6.3 - Widow / Orphan Control
	1.6.4 - Page Break
	1.6.5 - Placeholders
	1.6.6 - Produce PDF Output


	2 - RainPro
	2.1 Getting started
	2.1.1 - What You Need
	2.1.2 - The Same Family
	2.1.3 - Important Remark

	2.2 Multiple Bar Chart
	2.2.1 - Basic Approach
	2.2.2 - Some General Improvements
	2.2.3 - The Final Touch

	2.3 Scattered Points
	2.3.1 - Basic Approach
	2.3.2 - Advanced Features

	2.4 Min-Max Vertical Lines
	2.4.1 - First Draft
	2.4.2 - Moving Averages

	2.5 Polar Representations
	2.6 Multiple Charts
	2.7 There is Much More To Explore!


	Chapter X: Solutions
	Chapter B
	Chapter C
	Chapter D
	Chapter G
	Chapter I
	Chapter J
	Chapter K

	Appendices
	Appendix 1 : Scalar Functions
	Appendix 2 : Invoking the Editor
	Appendix 3 : Selective Assignment
	Appendix 4 : Dyalog APL Operators
	Appendix 5 : Identity Items
	Appendix 6 : Event Numbers
	Appendix 7 : System Variables and Functions
	Appendix 8 : System Commands
	Appendix 9 : Symbolic Index

	INDEX

