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[bookmark: _Toc439173201][bookmark: _Toc439173241]Part 1: Essentials	
[bookmark: _Toc428283627][bookmark: _Toc435521515][bookmark: _Toc439173202][bookmark: _Toc439173242][bookmark: _Toc381340028]Introduction
This document is intended for individuals who need to author math expressions for use with the synthetic speech system ClearSpeak and for those interested in implementing the speech rules documented here in other environments. It contains a description of the ways in which ClearSpeak speaks various math structures (e.g., fractions, exponents, and roots). For each structure, a set of rules and preferences is listed. The speech rules are the standard or default way in which ClearSpeak will speak the structure, and the preferences are other ways in which ClearSpeak can be made to automatically speak the structure. 
When documents are authored using the ClearSpeak speech system, .eqp files are attached to each math expression to make it speak according to the desired rules and preferences. For each rule and preference listed in this document, the name of the associated .eqp file is given. For more information about how to author documents using the ClearSpeak speech style, see the ClearSpeak Authoring Tutorial available at http://www.ClearSpeak.org.
To illustrate what the rules and preferences sound like, each rule and preference in this document is followed by a small number of sample expressions that speak according to that rule or preference. More examples can be found in examples documents posted on http://www.ClearSpeak.org. 
Readers who have MathType and MathPlayer installed can listen to the speech for the math expressions in this document. To hear the speech for a particular expression, click on the expression and then use the Speak button on the MathPlayer toolbar. Users of the NVDA screen reader can listen to the speech without using the toolbar (but still need MathType and MathPlayer installed). Keep in mind that since the number of sample expressions given is small, the examples for any particular rule or preference may not cover all possible cases. In particular, a preference for a particular structure may differ from the rules for that structure only in prescribed cases. For these preferences, the sample expressions focus on illustrating how these prescribed cases will speak; they will not include samples of expressions that will continue to speak according to the associated rule. 
To listen to an expression, select the MathPlayer menu on the Word menu bar, as shown below, and then click the Speak button. 
[image: ]
[bookmark: _Definition:_Simple_Expression][bookmark: _Definition:_Simple][bookmark: _Ref435547268][bookmark: _Ref435552797][bookmark: _Ref435553535][bookmark: _Toc428283628][bookmark: _Ref412803295][bookmark: _Ref412803351][bookmark: _Ref412803433][bookmark: _Ref412803436][bookmark: _Toc439173243][bookmark: _Toc435554190][bookmark: _Toc428283629]Definition: Simple Expression
In the rules and preferences, an expression is called simple if it is one of the following.
· A number that is an integer, a decimal, or a fraction that is spoken as an ordinal* 
· 




A letter, two juxtaposed letters (e.g., x, y, z, xy, yz, etc.), the negative of a letter, or the negative of two juxtaposed letters (e.g., , , , , , etc.)
· 



An integer, decimal, letter, or the negative of a letter that is followed by the degree sign (e.g., , ,  , )
· 

A number that is an integer, a decimal, or a fraction that is spoken as an ordinal* and is followed by a letter or pair of juxtaposed letters (e.g., 2x, , 4.1z, 2xy, ) 
· 



A function (including trigonometric and logarithmic functions) with an argument that is a simple expression (e.g., , , )
  
 *  either by the Fraction_Ordinal preference or by the default fraction rules



Note: The fraction  spoken as an ordinal is “one-third”, and the fraction  spoken as an ordinal is “three-fourths”.
 
[bookmark: _Toc428283630][bookmark: _Toc435521516][bookmark: _Toc439173203][bookmark: _Toc439173244]Capital Letters

[bookmark: _Toc428283631][bookmark: _Toc439173245]Rule: (Caps_Auto.eqp) 
· All of the letters in an expression are caps, or all of the letters in an expression are lowercase.
Speech: The speech for capital and lowercase letters is the same; that is, just the letter is spoken (e.g., “B” and “b” are both spoken as “b”). In order to make a distinction between uppercase and lowercase letters, capital letters are spoken in a pitch that is 30 percent higher than the pitch at which lowercase letters are spoken. 


Sample expressions:  and 
 
  
[bookmark: _Toc428283632][bookmark: _Toc439173246]Preferences:
[bookmark: _Toc428283633][bookmark: _Toc439173247]SayCaps (Caps_SayCaps.eqp)

Speech: Capital letters speak as Cap [letter], while lowercase letters just speak the letter (e.g., “B” speaks as “Cap b”; “b” speaks as “b”; “bc” speaks as “b c”; and “BC” speaks as “Cap b Cap c”).


Sample expressions:  and
[bookmark: _Toc381340031][bookmark: _Toc428283634][bookmark: _Toc435521517][bookmark: _Toc439173204][bookmark: _Toc439173248]Absolute Value (Including Determinants) 
[bookmark: _Toc332197388][bookmark: _Toc381340032][bookmark: _Toc428283635][bookmark: _Toc439173249]Rule: (AbsoluteValue_Auto.eqp) 
· All expressions in absolute value signs, except matrices
Speech: The absolute value of [expression]


Sample expressions:  and 
· Matrices in absolute value signs (determinants)
Speech: The determinant of [matrix]*

Sample expression:
Note: Speech for matrices is covered under Matrices, Vectors, and Combinatorics (see p. 33).
[bookmark: _Toc381340033][bookmark: _Toc428283636][bookmark: _Toc439173250]Preferences:
[bookmark: _Toc428283637][bookmark: _Toc439173251]AbsEnd (AbsoluteValue_AbsEnd.eqp)
· All expressions in absolute value signs, except matrices 
Speech: The absolute value of [expression] end absolute value 


Sample expressions:  and 
· Matrices in absolute value signs (determinants)
Speech: The determinant of [matrix]

Sample expression: 

Note: If the preference Matrix_EndMatrix.eqp is set, determinants speak as “The determinant of [matrix spoken according to the matrix rules] end determinant.” 

Sample expression: 
[bookmark: _Toc428283638][bookmark: _Toc439173252]Cardinality (AbsoluteValue_Cardinality.eqp)
Speech: The cardinality of [expression]

Sample expression: 
[bookmark: _Toc428283639][bookmark: _Toc439173253]Determinant (AbsoluteValue_Determinant.eqp)
Speech: The determinant of [expression]

Sample expression: 
[bookmark: _Toc381340034][bookmark: _Toc428283640][bookmark: _Toc435521518][bookmark: _Toc439173205][bookmark: _Toc439173254]Fractions (including Mixed Numbers)
[bookmark: _Toc381340035][bookmark: _Toc411941621][bookmark: _Toc428283641][bookmark: _Toc439173255]Rule: (Fraction_Auto.eqp)
· Common Fractions
Fractions with integer numerators from 1 to 19 and integer denominators from 1 to 10 speak as common fractions (e.g., -halves, -thirds, -fourths). 


Sample expressions:  and  
· Simple Fractions
Simple fractions are fractions that have a simple expression (see p. 11), a common fraction, or the negative of a common fraction in the numerator and in the denominator but do not meet the Common Fractions criteria. 
Speech: [numerator] over [denominator]




Sample expressions: , , , and   
· Fractions where the numerator and/or the denominator is an expression that is not a simple expression (see p. 11)
Speech: the fraction with numerator [numerator] and denominator [denominator] 


Sample expressions:   and  
· Mixed Numbers 
Speech: [whole number portion] and [fractional portion]

Sample expression:  
· Fractions with text (or a number followed by text) in the numerator and text (or a number followed by text) in the denominator
Speech: [numerator] over [denominator]


Sample expressions:  and  


· Nested Fractions
· Both the numerator and the denominator of a fraction are simple expressions 
(see p. 11), one or both of which is either 
· a fraction spoken as an ordinal* or
· a fraction spoken as an ordinal* and followed by an indicator or a pair of juxtaposed indicators.
 
* either by ordinal preference or by the default rules


Note: The fraction  spoken as an ordinal is “one-third” and the fraction  spoken as an ordinal is “three-fourths”.
Speech: the fraction [numerator] over [denominator] 


Sample expressions: and  
· All other nested fractions
Speech: the fraction with numerator [numerator] and denominator [denominator] 


Sample expressions:  and  
[bookmark: _Toc428283642][bookmark: _Toc439173256][bookmark: _Toc381340036][bookmark: _Toc411941622]Preferences: 
[bookmark: _Toc411941623][bookmark: _Toc428283643][bookmark: _Toc439173257]Ordinal (Fraction_Ordinal.eqp)
· Fractions with a positive integer in the numerator and a positive integer in the denominator speak the denominator as an ordinal (e.g., one-half, three-fourths, five-sixths, etc.).


Sample expressions:  and 
· All other fractions speak according to the rules.



Sample expressions:, , and 
[bookmark: _Toc411941624][bookmark: _Toc428283644][bookmark: _Toc439173258]Over (Fraction_Over.eqp)
Speech: [numerator] over [denominator]


Sample expressions:  and 
[bookmark: _Toc411941625][bookmark: _Toc428283645][bookmark: _Toc439173259]FracOver (Fraction_FracOver.eqp)
Speech: the fraction [numerator] over [denominator] 


Sample expressions:  and 
[bookmark: _Toc411941626][bookmark: _Toc428283646][bookmark: _Toc439173260]General (Fraction_General.eqp)
Speech: The fraction with numerator [numerator] and denominator [denominator] 


Sample expressions:  and 
[bookmark: _Toc411941627][bookmark: _Toc428283647][bookmark: _Toc439173261]EndFrac (FractionEndFrac.eqp)
Speech is the same as the default rules but with “end fraction” added in the following cases.
· Simple Fractions



Sample expressions: , , and 
· Fractions where the numerator and/or the denominator is an expression that is not a simple expression (see p. 11)

Sample expression: 
· Fractions containing functions 


Sample expressions: and 
· Nested fractions that the rules speak as “the fraction with numerator [numerator] and denominator [denominator]” (“end fraction” added, but only at the very end of the nested fraction)

Sample expression: 

Note: Nested fractions with a numerator and denominator that speak as ordinals (such as the nested fraction ) do not have “end fraction” added.

Sample expression: 
[bookmark: _Toc411941628][bookmark: _Toc428283648][bookmark: _Toc439173262]GeneralEndFrac (Fraction_GeneralEndFrac.eqp)
Speech: The fraction with numerator [numerator] and denominator [denominator] end fraction


Sample expressions:  and 

[bookmark: _Toc411941629][bookmark: _Toc428283649][bookmark: _Toc439173263]OverEndFrac (Fraction_OverEndFrac.eqp)
Speech: [numerator] over [denominator] end fraction


Sample expressions:  and 
[bookmark: _Toc411941630][bookmark: _Toc428283650][bookmark: _Toc439173264]Per (Fraction_Per.eqp)
Speech: [numerator] per [denominator]


Sample expressions:   and  
[bookmark: _Toc381340037][bookmark: _Toc428283651][bookmark: _Toc435521519][bookmark: _Toc439173206][bookmark: _Toc439173265]Exponents
[bookmark: _Toc381340038][bookmark: _Toc428283652][bookmark: _Toc439173266]Rule: (Exponent_Auto.eqp)
· Exponent 2
Speech: [base] squared

Sample expression: 
· Exponent 3
Speech: [base] cubed

Sample expression: 
· All other positive integer exponents and exponents that are single letters
 Speech: [base] to the [exponent–ordinal] power 




Sample expressions: , , , and 
· Exponent 0 and all negative integer exponents
Speech: [base] to the [exponent] power 


Sample expressions:  and  
· All other exponents (including integers with a decimal point, such as 2.0)
Speech: [base] raised to the [exponent] power 


Sample expressions:  and  
· Nested exponents (expressions containing exponents that contain exponents)

· 



Exponent is of the form , ,  , or , where the entry is one of the following:
· A number (integer or decimal)
· A fraction spoken as ordinal* 
· A variable

Speech: [base] raised to the [exponent] power


Sample expressions: and 
· 



Exponent is of the form , , , or , where the entry is one of the following:
· A number (integer or decimal)
· A fraction spoken as ordinal* 

	*either by fraction_ordinal preference or by the default rules

Speech: [base] raised to the [exponent] power


Sample expressions:  and 
· Exponent is of any other form
Speech: [base] raised to the exponent [exponent] power, end exponent


Sample expressions: and  



Note: The fraction  spoken as an ordinal is “one-third”, and the fraction  spoken as an ordinal is “three-fourths”.
Note: If the exponent in the exponent is a 2, the 2 speaks as “squared”. If the exponent in the exponent is a 3, the 3 speaks as “cubed”.
[bookmark: _Toc428283653][bookmark: _Toc439173267][bookmark: _Toc381340039]Preferences: 
[bookmark: _Toc428283654][bookmark: _Toc439173268]Ordinal (Exponent_ Ordinal.eqp)
· All positive integer exponents and exponents that are single letters
Speech: [base] to the [exponent-ordinal] 



Sample expressions: , , and  
· Exponent 0 and all negative integer exponents
Speech: [base] to the [exponent] 


Sample expressions:  and  
· All other exponents speak according to the rules. 
[bookmark: _Toc428283655][bookmark: _Toc439173269]OrdinalPower (Exponent_ OrdinalPower.eqp)
· All positive integer exponents and exponents that are single letters
Speech: [base] to the [exponent-ordinal] power



Sample expressions: , , and 

· Exponent 0 and all negative integer exponents
Speech: [base] to the [exponent] power 


Sample expressions:  and  
· All other exponents speak according to the rules.


Sample expressions:  and  

[bookmark: _Toc428283656][bookmark: _Toc439173270]AfterPower (Exponent_AfterPower.eqp)
· Exponents that are not nested
Speech: [base] raised to the power [exponent] 


Sample expressions:  and  
· Nested exponents
Speech: [base] raised to the exponent [exponent] power, end exponent



[bookmark: _Toc381340040]Sample expressions: and  
[bookmark: _Toc428283657][bookmark: _Toc435521520][bookmark: _Toc439173207][bookmark: _Toc439173271]Roots
[bookmark: _Toc332197395][bookmark: _Toc381340041][bookmark: _Toc428283658][bookmark: _Toc439173272]Rule: (Roots_Auto.eqp)
· Square roots 
Speech: the square root of [expression under square root sign] 


Sample expressions:  and  
· Cube roots
Speech: the cube root of [expression under square root sign]


Sample expressions:  and  
· Higher roots with numeric index
Speech: the [index ordinal] root of [expression under root sign]


Sample expressions:  and  
· Higher roots with letter index
Speech: the [index ordinal] root of [expression under root sign]


Sample expressions:  and  


[bookmark: _Toc332197396][bookmark: _Toc428283659][bookmark: _Toc439173273][bookmark: _Toc381340042]Preferences: 
[bookmark: _Toc428283660][bookmark: _Toc439173274]PosNegSqRoot (Roots_PosNegSqRoot.eqp)
· 

Speech: The positive square root of [expression under root sign]


Sample expressions:  and 
· 

Speech: The negative square root of [expression under root sign]


Sample expressions:  and 
· The speech for higher-order roots follows the rules. 
[bookmark: _Toc428283661][bookmark: _Toc439173275]RootEnd (Roots_RootEnd.eqp)
Speech: As indicated in the rules, but “end root” is spoken after the expression under the root sign.


Sample expressions:  and 
[bookmark: _Toc428283662][bookmark: _Toc439173276]PosNegSqRootEnd (Roots_PosNegSqRootEnd.eqp)
Speech: As indicated in the PosNegSqRoot preference, but “end root” is spoken after the expression under the square root sign.


Sample expressions:  and 
[bookmark: _Functions][bookmark: _Ref417642908][bookmark: _Toc428283663][bookmark: _Toc435521521][bookmark: _Toc439173208][bookmark: _Toc439173277][bookmark: _Toc381340044]Functions 
Some Preliminary Remarks




Functions have the form name(argument) or name[argument]. For example, in the function , the function name is f and the argument of the function is x. Likewise, in the function , the function name is g and the argument of the function is x, y. The name of a function can be a simple identifier (e.g., h or ), or it can be a simple identifier that is adorned in some way (e.g., ). Speech for some of the possible adornments is covered in Part 3: Adornments (see p. 57).

However, expressions of the form name(argument) or name[argument] are not necessarily functions. For example,  could represent the function “a of 0” or the expression “a times 0”. This meant that if the Function rule (Functions_Auto.eqp) is set and ClearSpeak encounters an expression of the form name(argument) or name[argument], the first thing ClearSpeak has to do is decide whether to recognize the expression as a function. Therefore, the rule begins with the criteria that ClearSpeak uses to make that decision. The rule then covers speech for the function name. Speech for the parentheses (or brackets) that enclose the argument follows the Parentheses and Brackets rule or preference that is set. Speech for parentheses and brackets is covered in Parentheses and Brackets (see p. 31). 
Note: Speech for trigonometric functions is covered under Trigonometry (see p. 24), and speech for logarithms is covered under Logarithms (see p. 27). 

[bookmark: _Rule:_(Functions_Auto.eqp)][bookmark: _Toc381340045][bookmark: _Ref434567022][bookmark: _Ref434567397][bookmark: _Ref435550365][bookmark: _Toc428283664]

[bookmark: _Toc439173278]Rule: (Functions_Auto.eqp)
[bookmark: _Toc428283665][bookmark: _Toc435521522]Criteria under which expressions of the form name(argument) or name[argument] are recognized as functions
· 


The name is f, g, h, F, G, H, or any of these letters with adornments. There are no restrictions on the arguments in the expression. For example, , , and  are recognized as functions.  
· 

The name is an identifier (<mi>) or an identifier with adornments, and the argument is a number or identifier. For example,  and  are recognized as functions.
· 

The name is an identifier (<mi>) or an identifier with adornments, and the argument is a comma-separated list. For example,  and  are recognized as functions.
· If two names are recognized as functions, then so are some basic functions built from those names. Here is an illustrative list of those types of functions using f and g as the two function names.
· 

· 

· 

· 

· 

· 

· 


, , and 

[bookmark: _Toc428283666][bookmark: _Toc435521523]Speech for functions
Speech for various function types is presented using one or more instances of the function type to illustrate the speech pattern for functions of that type. In the examples below, the speech for each of the function arguments is set to follow the Parentheses and Brackets rule (Paren_Auto.eqp). 
The speech for parentheses and brackets is covered in Parentheses and Brackets (see p. 31).
·  Functions (including multi-variable functions)

                 Speech:  f of x

             Speech:  f of, open paren, x comma y, close paren

          Speech:  f of, open paren, x comma y comma z, close paren
· Inverse functions

             Speech:  f inverse of x
· Powers of functions

             Speech: f squared of x

             Speech:  f cubed of x

            Speech:  the fourth power of f of x

            Speech:  the nth power of f of x
· Composition of Functions

          Speech: f of, g of x

    Speech: f of, g of, h of x 
[bookmark: _Toc428283667][bookmark: _Toc439173279]None (Functions_None.eqp)
If this preference is set, the criteria by which ClearSpeak recognizes functions (covered in Part 1 of the Functions rule) are turned off. For example, if this preference is set and implied times is spoken, then a(0) will speak as “a times 0”.


Sample expressions:  and  
Note: If this preference is set, speech for trigonometric functions and logarithms will still follow the rule or preference set for those functions. Speech for trigonometric functions is covered under Trigonometry (see p. 24), and speech for logarithms is covered under Logarithms (see p. 27). 


[bookmark: _Trigonometry_(includes_basic][bookmark: _Toc381340051][bookmark: _Ref417640857][bookmark: _Ref435553290][bookmark: _Toc428283668][bookmark: _Toc435521524][bookmark: _Toc439173209][bookmark: _Toc439173280]Trigonometry (includes basic trig functions, inverse trig functions, and hyperbolic trig functions) 
The trigonometry rules apply to any argument, whether the argument is enclosed by parentheses or not.
The rule presents speech for various trigonometric functions, using one or more instances of the function type to illustrate the speech pattern for functions of that type. If the argument of a trigonometric function is enclosed by parentheses or brackets, speech for the parentheses or brackets enclosing the argument follows the Parentheses and Brackets rule or preference that is set. Speech for parentheses and brackets is covered in Parentheses and Brackets (see p. 31).

[bookmark: _Toc381340052][bookmark: _Toc428283669][bookmark: _Toc439173281]Rule: (Trig_Auto.eqp)

· Six basic trigonometric functions
· Argument is simple (see p. 11)

	Speech: sine x 

	Speech: cosine x

	Speech: tangent x

	Speech: secant x

   	Speech: cosecant x

     	Speech: cotangent x

· All other arguments

	Speech: the sine of, open paren, x plus y, close paren

	Speech: the cosine of open paren, x plus y, close paren

	Speech: the tangent of, open paren, x plus y, close paren 

	Speech: the secant of open paren, x plus y, close paren

    	Speech:  the cosecant of open paren, x plus y, close paren

	Speech:  the cotangent of open paren, x plus y, close paren

· Powers of the trigonometric functions
· The power 2 

       	Speech: sine squared x. 

	Speech: sine squared of, open paren, 2x plus 1, close paren

· The power 3 

     	Speech: sine cubed x 

	Speech: sine cubed of, open paren, 2x plus 1, close paren

· Powers 4 and greater 

    	Speech: the fourth power of sine x.

	Speech: the fourth power of, sine of, open paren, 2x plus 1, close paren
· Inverse trigonometric functions

		Speech: the inverse sine of x

		Speech: the inverse cosine of x

		Speech: the inverse tangent of x

		Speech: the inverse cosecant of x

		Speech: the inverse secant of x

		Speech: the inverse cotangent of x



· [bookmark: _Toc381340054]Hyperbolic trigonometric functions

	Speech: the hyperbolic sine of x 

	Speech: the hyperbolic cosine of x

	Speech: the hyperbolic tangent of x

 	Speech: the hyperbolic secant of x

  	Speech: the hyperbolic cosecant of x

  	Speech: the hyperbolic cotangent of x
 



	Speech: the inverse hyperbolic sine of x

	Speech: the inverse hyperbolic cosine of x

  	Speech: the inverse hyperbolic tangent of x

		Speech: the inverse hyperbolic cosecant of x

 		Speech: the inverse hyperbolic secant of x

  	Speech: the inverse hyperbolic cotangent of x

[bookmark: _Toc428283670][bookmark: _Toc439173282][bookmark: _Toc381340055]Preferences: 
Note: Trigonometry preferences are only defined for the inverse trigonometric functions. The speech for all other trigonometric functions continues to follow the trigonometry speech rules.
[bookmark: _Toc428283671][bookmark: _Toc439173283]TrigInverse (Trig_TrigInverse.eqp)

       	Speech: sine inverse of x

	Speech: cosine inverse of x

            	Speech: tangent inverse of x

            	Speech: cosecant inverse of x

            	Speech: secant inverse of x

            	Speech: cotangent inverse of x
[bookmark: _Toc428283672][bookmark: _Toc439173284]ArcTrig (Trig_ArcTrig.eqp)

              	Speech: arcsine x

     	Speech: arcsine of, open paren, x plus y, close paren

              	Speech: arccosine x

   	Speech: arccosine of, open paren, x plus y, close paren

             	Speech: arctangent x

   	Speech: arctangent of, open paren, x plus y, close paren

            	Speech: arccosecant x

   	Speech: arccosecant of, open paren, x plus y, close paren

             	Speech: arcsecant x

    	Speech: arcsecant of, open paren, x plus y, close paren

              	Speech: arccotangent x

   	Speech: arccotangent of, open paren, x plus y, close paren

[bookmark: _Logarithms][bookmark: _Toc381340057][bookmark: _Ref417640884][bookmark: _Ref435553302][bookmark: _Toc428283673][bookmark: _Toc435521525][bookmark: _Toc439173210][bookmark: _Toc439173285]Logarithms
[bookmark: _Toc381340058][bookmark: _Toc428283674]The rule presents speech for various logarithmic functions, using one or more instances of the function type to illustrate the speech pattern for functions of that type. If the argument of a logarithmic function is enclosed by parentheses or brackets, speech for the parentheses or brackets enclosing the argument follows the Parentheses and Brackets rule or preference that is set. Speech for parentheses and brackets is covered in Parentheses and Brackets (see p. 31).
[bookmark: _Toc439173286]Rule: (Log_Auto.eqp)
· The log function
· Argument is Simple (see p. 11)

		Speech: log x
· All other arguments

	Speech: the log of, open paren, x plus y, close paren
· 
The  function

        	Speech: the log, base b, of  x

	Speech: the log, base b, of, open paren, x plus y, close paren
· The ln function

		Speech: l n x

  	Speech: l n of, open paren, x plus y, close paren
[bookmark: _Toc381340059][bookmark: _Toc428283675][bookmark: _Toc439173287]Preference: 
[bookmark: _Toc428283676][bookmark: _Toc439173288]LnAsNaturalLog (Log_LnAsNaturalLog.eqp)
· [bookmark: _Toc381340060]The log function (speech is the same as for the rules)
· Argument is Simple (see p. 11)

 		Speech: log x
· All other arguments

 	Speech: the log of, open paren, x plus y, close paren
· 
The  function (speech is the same as for the rules)

		Speech: the log, base b, of x

	Speech: the log, base b, of, open paren, x plus y, close paren
· The ln function

  		Speech: natural log x

 	Speech: the natural log of, open paren, x plus y, close paren
[bookmark: _Toc428283677][bookmark: _Toc435521526][bookmark: _Toc439173211][bookmark: _Toc439173289]Implied Times
[bookmark: _Toc381340061][bookmark: _Toc428283678]Some Preliminary Remarks
Sometimes expressions of the form entry1(entry2) or entry1[entry1] represent products, and sometimes they represent functions. Therefore, both the ImpliedTimes and Functions rules and preferences could apply to such expressions. 
The speech for such expressions is determined as follows.
· If the Functions rule (Functions_Auto.eqp) has been set, ClearSpeak will first determine whether to recognize the expression as a function by the criteria listed under the Functions rule (see p. 22). If ClearSpeak recognizes the expression as a function, the speech for the expression will follow the Functions rule. Otherwise, the speech for the expression will follow the ImpliedTimes rule or preference that has been set. 
· If the Functions preference “None” (Functions_None.eqp) has been set, the speech for the expression will follow the ImpliedTimes rule or preference that has been set.    


[bookmark: _Toc439173290]Rule: (ImpliedTimes_Auto.eqp)

· Implied times indicated via parentheses or brackets speaks as “times”. 
Speech for the parentheses or brackets in the expression follows the Parentheses and Brackets rule or preference that is set. Speech for parentheses and brackets is covered in Parentheses and Brackets (see p. 31).


Sample expressions:  and 

Note: If the Functions rule (Functions_Auto.eqp) has been set, expressions of the form entry1(entry2) or entry1[entry2] will speak as functions. For example, will speak as “f of x”. 

If the Functions preference “None” (Functions_None.eqp) has been set, expressions of the form entry1(entry2) or entry1[entry2] will speak as products. For example,  will speak as “f times x”.   
· Implied times indicated by absolute value speaks as “times”. 


Sample expressions:  and  
· Implied times indicated via juxtaposition does not speak as “times”.

Sample expression:  
Note: Implied times in matrix and determinant multiplication also speaks as “times”. The speech for matrices is covered in Matrices, Vectors, and Combinatorics (see p. 33).

Sample expression: 
[bookmark: _Toc381340062][bookmark: _Toc428283679][bookmark: _Toc439173291]Preferences:
[bookmark: _Toc428283680][bookmark: _Toc439173292]MoreImpliedTimes (ImpliedTimes_MoreImpliedTimes.eqp)
· Implied times indicated via parentheses or brackets speaks as “times”.


Sample expressions:  and  

Note: If the Functions rule (Functions_Auto.eqp) has been set, expressions of the form entry1(entry2) or entry1[entry1] will speak as functions. For example, will speak as “f of x”. 

If the Functions preference “None” (Functions_None.eqp) has been set, expressions of the form entry1(entry2) or entry1[entry1] will speak as products. For example,  will speak as “f times x”.   

· Implied times indicated by absolute value speaks as “times”. 


Sample expressions:  and  

· Implied times indicated via juxtaposition speaks as “times”.

Sample expression:  

[bookmark: _NoImpliedTimes][bookmark: _Toc428283681][bookmark: _Toc439173293]None (ImpliedTimes_None.eqp)
· Implied times does not speak.  
· All parentheses and brackets speak. 

Note: If the Functions rule (Functions_Auto.eqp) has been set, expressions of the form entry1(entry2) or entry1[entry1] will speak as functions. For example, will speak as “f of x.” 


Otherwise, all parentheses and brackets will be spoken. For example, will speak as “2, open paren, 3, close paren” and  will speak as “f, open paren, x, close paren”. 


Sample expressions:  and 
[bookmark: _Parentheses_(and_Brackets)][bookmark: _Parentheses_and_Brackets][bookmark: _Toc381340063][bookmark: _Toc417631701][bookmark: _Ref417641264][bookmark: _Ref435553191][bookmark: _Ref435553371][bookmark: _Toc428283682][bookmark: _Toc435521527][bookmark: _Toc439173212][bookmark: _Toc439173294]Parentheses and Brackets

[bookmark: _Toc381340064][bookmark: _Toc428283683][bookmark: _Toc439173295]Rule: (Paren_Auto.eqp)
Note: This rule and all associated preferences apply to all parentheses and brackets, including those surrounding the argument of a function. 
If this rule and the Implied Times preference “None” are set, then all parentheses and brackets will speak.
[bookmark: _GoBack]If this rule and either the Implied Times rule (ImpliedTimes_Auto.eqp) or the Implied Times preference “MoreImpliedTimes” (ImpliedTimes_MoreImpliedTimes.eqp) are set, then
· Parentheses and brackets enclosing an expression are not spoken in the following cases. 
· The expression enclosed in parentheses or brackets is simple (see p. 11) and there is no exponent following the expression.


Sample expressions:  and 
· The expression enclosed in parentheses or brackets is either
· a positive number (integer or decimal),
· an indicator (e.g., x, y, z, etc.), or 
· a positive fraction that is spoken as an ordinal (either by the Ordinal preference or by the default rules) 
and
· there is an exponent following the expression.


Sample expressions: and  

· Otherwise, parentheses and brackets enclosing an expression are spoken.



Sample expressions:,  and 

[bookmark: _Toc428283684][bookmark: _Toc439173296]Speak (Paren_Speak.eqp)
Speaks all parentheses and brackets. 


Sample expressions:  and  
[bookmark: _Toc428283685][bookmark: _Toc439173297]SpeakNestingLevel (Paren_SpeakNestingLevel.eqp)
Parentheses surrounding the argument of a function speak according to the default rules (i.e., when these parentheses speak, they speak without indicating a nesting level).

The following apply to any other pair of parentheses.
· If, according to the default rules, the pair of parentheses does not speak, it does not speak when this preference is set. 
· If, according to the default rules, the pair of parentheses speaks, then when this preference is set, the pair of parentheses speaks according to its nesting level.
· A pair of parentheses that is not nested within another pair of parentheses speaks as “open paren . . . close paren”.
· A pair of parentheses that is nested within one other pair of parentheses speaks as “open second paren, . . . close second paren”; a pair of parentheses that is nested within two pairs of parentheses speaks as “open third paren, . . . , close third paren”, and so on. 


Sample expressions:  and  
Note: Brackets speak as “open bracket…close bracket”, whether they are nested within another pair of brackets or not.
[bookmark: _Toc428283686][bookmark: _Toc439173298]Silent (Paren_Silent.eqp)
· No parentheses or brackets speak.


Sample expressions:  and 
· If implied times is not speaking (i.e., the preference ImpliedTimes_None is set), then this preference will speak all parentheses and brackets except parentheses and brackets around matrices.

Sample expression:  

[bookmark: _Toc428283687][bookmark: _Toc439173299]CoordPoint (Paren_CoordPoint.eqp)
 Speech: The point with coordinates, [first coordinate] comma . . . [last coordinate]


Sample expressions:  and 
[bookmark: _Toc428283688][bookmark: _Toc439173300]Interval (Paren_Interval.eqp)
In the following speech, c and d are used as examples of the speech patterns.

 		Speech:     The interval from c to d, not including c or d

		Speech:     The interval from c to d, including c, but not including d

		Speech:     The interval from c to d, not including c, but including d

		Speech:     The interval from c to d, including c and d

	Speech:     The interval from negative infinity to d, not including d

	Speech:     The interval from negative infinity to d, including d

		Speech:     The interval from c to infinity, not including d

		Speech:     The interval from c to infinity, including d

	Speech:     The interval from negative infinity to infinity

	Speech:     The interval from negative infinity to positive infinity
[bookmark: _Matrices,_Vectors,_and][bookmark: _Toc381340068][bookmark: _Ref412801155][bookmark: _Ref412801157][bookmark: _Ref412801193][bookmark: _Ref412801196][bookmark: _Ref412801480][bookmark: _Ref412801544][bookmark: _Ref435552705][bookmark: _Ref435553627][bookmark: _Toc428283689][bookmark: _Toc435521528][bookmark: _Toc439173213][bookmark: _Toc439173301]Matrices, Vectors, and Combinatorics
[bookmark: _Toc381340069][bookmark: _Toc428283690][bookmark: _Toc439173302]Rule: (Matrix_Auto.eqp)
· 
 matrices, where n is less than or equal to 3 and all of whose entries are simple (see p.11)
Speech: The 1 by [number of columns] row matrix, 
[entries in row 1]. 

For example,  matrices, all of whose entries are simple expressions, speak as follows.
Speech:  The 1 by 3 row matrix.
[entry], [entry], [entry].


Sample expression: 
· 
All other  matrices
Speech: The 1 by [number of columns] row matrix, 
Column 1: [entry], Column 2 [entry], etc.


Sample expressions:  and  
· 
 matrices, where n is less than or equal to 3 and all of whose entries are simple expressions
Speech: The [number of rows] by 1 matrix, 
Column 1: [entries in column 1], etc. 

For example,  matrices, all of whose entries are simple expressions speak as follows.
Speech:  The 3 by 1 column matrix,
[entry], [entry], [entry].


Sample expression:
· 
All other  matrices
Speech: The [number of rows] by 1 column matrix, 
Row 1: [entry], Row 2 [entry], etc. 



Sample expressions:  and  

· 
 matrices, where m is equal to 2 or 3 and n is equal to 2 or 3 and all of the entries are simple expressions
Speech: The [number of rows] by [number of columns] matrix, 
Row 1: [entries in row 1], etc. 

For example,  matrices, where all of the entries are simple expressions, speak as follows.
Speech:  The 3 by 3 matrix,
Row 1: [entry], [entry], [entry].
Row 2: [entry], [entry], [entry].
Row 3: [entry] [entry], [entry].


Sample expressions:   and  

· All other matrices 
Speech: The [number of rows] by [number of columns] matrix, 
Row 1: column 1, [entry], column 2, [entry], . . .
Row 2: column 1, [entry], column 2, [entry], . . .
Row [last row number]: column 1, [entry] column 2, [entry], . . .


Sample expressions:  and
Note: Matrices containing ellipses will not be spoken with the correct dimensions because ClearSpeak has no way of determining the correct dimensions. The presence of ellipses will also cause some row and/or columns to be numbered incorrectly.
[bookmark: _Toc428283691][bookmark: _Toc439173303][bookmark: _Toc381340070]Preferences: 
[bookmark: _Toc428283692]
[bookmark: _Toc439173304]SpeakColNum (Matrix_SpeakColNum.eqp)

· 
 matrices
Speech: The 1 by [number of columns] row matrix, 
Column 1: [entry]. Column 2 [entry], etc.


Sample expressions: and  
· 
 matrices
Speech: The [number of rows] by 1 column matrix, 
Row 1: [entry], Row 2 [entry], etc. 


Sample expressions: and  
· All other matrices 
Speech: The [number of rows] by [number of columns] matrix, 
Row 1: column 1, [entry], column 2, [entry], . . .
Row 2: column 1, [entry], column 2, [entry], . . .
Row [last row number]: column 1, [entry] column 2, [entry], . . .


Sample expressions:  and 

[bookmark: _Toc428283693][bookmark: _Toc439173305]SilentColNum (Matrix_SilentColNum.eqp)
All matrices speak without column number of entries.
· 
 matrices
Speech: The 1 by [number of columns] row matrix, 
[entry]. [entry], etc.



Sample expressions: and  and  
· 
 matrices
Speech: The [number of rows] by 1 column matrix, 
[entry], [entry], etc. 



Sample expressions:  and  
· All other matrices 
Speech: The [number of rows] by [number of columns] matrix, 
Row 1: [entry], [entry], . . .
Row 2: [entry], [entry], . . . 
Row [last row number]: [entry], [entry], . . . 


Sample expressions:  and 
[bookmark: _Toc428283694][bookmark: _Toc439173306]EndMatrix (Matrix_EndMatrix.eqp)
This preference is the rules with “end matrix” added at the end. 



Sample expressions: and  
[bookmark: _Toc428283695][bookmark: _Toc439173307]Vector (Matrix_Vector.eqp)
· 
 matrices, all of whose entries are simple (see p. 11)
Speech: The 1 by [number of columns] row vector, 
[entry], [entry], [entry], etc. 

Sample expression: 
· 
All other  matrices
Speech: The 1 by [number of columns]  row vector, 
Column 1: [entry], Column 2 [entry], etc.


Sample expressions:  and  
· 
 matrices, all of whose entries are simple expressions
Speech: The [number of rows] by 1 column vector, 
[entry], [entry], etc. 

Sample expression: 
· 
All other  matrices
Speech: The [number of rows] by 1 column vector, 
Row 1: [entry], Row 2 [entry], etc. 



Sample expressions:  and  
· All other matrices 
Speech: According to the rules


Sample expressions:  and 

[bookmark: _Toc428283696][bookmark: _Toc439173308]EndVector (Matrix_EndVector.eqp)
This preference is the same as the Vector preference, with “end vector” at the end of vectors (matrices with one row or one column), and the same as the EndMatrix preference for all other matrices.


Sample expressions:  and 

[bookmark: _Toc428283697][bookmark: _Toc439173309]Combinatorics (Matrix_Combinatoric.eqp)
· Matrices with 1 column and 2 rows

  Speech:  n choose r


Sample expressions:  and  

· All other matrices 
Speech: Same as the Matrix rules 

[bookmark: _Toc381340075][bookmark: _Toc428283698][bookmark: _Toc435521529][bookmark: _Toc439173214][bookmark: _Toc439173310]Multiline Entries
[bookmark: _Toc381340076]Some Preliminary Remarks
The ClearSpeak rules and preferences for multiline entries can vary the way the multi-line expression is spoken in two ways. 
(1) [bookmark: _Ref435449015]Whether and/or how each line in the entry is labeled 
(2) Whether an overview of the multiline entry is given before the multi-line entry itself is spoken
If an overview is given, the speech will depend on whether and/or how each line in the entry is labeled.
In addition, if the multiline entry has more than one column, the length of the pauses between columns can be adjusted. 
[bookmark: _Toc439173311][bookmark: _Toc428283699]Multiline Overview Rule: (MultiLineOverview_Auto.eqp) 
An overview of the multiline expression is given before the multiline entry is spoken.
(Refer to Multiline Label Rule and Preferences, which begins just a few lines down in this document, for how the overview is spoken depending on whether and/or how each line of the entry is labeled.)
[bookmark: _Toc439173312]Preference:
[bookmark: _Toc439173313]None (MultiLineOverview_None.eqp)
An overview of the multiline expression is not given. 

[bookmark: _Toc439173314]Multiline Label Rule: (MultiLineLabel_Auto.eqp)

· Piecewise defined functions
The word “case” and the line number are inserted before each line to the right of the left brace. The left brace does not speak. In addition, a long pause is inserted between lines.
Speech for each line:  Case [line number]: [entry in line]
Corresponding Overview Speech: [number of lines] cases

Sample expression (with overview):  


Sample expression (without overview):  

· All other multiline expressions
Speech for each line:  Line [line number]:  [entry in line]
Corresponding Overview Speech: [number of lines] lines

Note: The overview speech will speak if the Overview rule (MultiLineOverview_Auto.eqp) is set. The overview speech will not speak if the Overview preference (MultiLineOverview.None) is set. (This applies to all of the Multiline Label preferences.)
	

Sample expressions (with overview):  


Sample expressions (without overview):  
[bookmark: _Toc381340077]
[bookmark: _Toc428283700][bookmark: _Toc439173315]Preferences: 
[bookmark: _Toc428283701][bookmark: _Toc439173316]Case (MultiLineLabel_Case.eqp)
When this preference is used, the word “case” and the line number are inserted before each line. In addition, a long pause is inserted between lines. 
Speech for each line: Case [line number]: [entry in line]
Corresponding Overview Speech: [number of lines] cases

Sample expression (with overview): 


Sample expression (without overview): 
Note: If this preference is set, speech for piecewise-defined functions presented using a left brace follows the MultiLineLabel rule (MultiLineLabel_Auto.eqp).

Sample expression (with overview):  


Sample expression (without overview):  
[bookmark: _Toc428283702][bookmark: _Toc439173317]Equation (MultiLineLabel_Equation.eqp)
When this preference is used, the word “equation” and the line number are inserted before each line. In addition, a long pause is inserted between lines.
Speech for each line: Equation [line number]: [entry in line]
Corresponding Overview Speech: [number of lines] equations


Sample expression (with overview):  


Sample expression (without overview):  

[bookmark: _Toc428283703][bookmark: _Toc439173318]Line (MultiLineLabel_Line.eqp)
When this preference is used, the word “line” and the line number are inserted before each line. In addition, a long pause is inserted between lines.
Speech for each line: Line [line number]: [entry in line]
Corresponding Overview Speech: [number of lines] lines


Sample expression (with overview):   


Sample expression (without overview):   

[bookmark: _Toc428283704][bookmark: _Toc439173319]Row (MultiLineLabel_Row.eqp)
When this preference is used, the word “row” and the line number are inserted before each line. In addition, a long pause is inserted between lines.
Speech for each line: Row [line number]: [entry in line]
Corresponding Overview Speech: [number of lines] rows


Sample expression (with overview):   


Sample expression (without overview):   

[bookmark: _Toc428283705][bookmark: _Toc439173320]Step (MultiLineLabel_Step.eqp)
When this preference is used, the word “step” and the line number are inserted before each line. In addition, a long pause is inserted between lines.
Speech for each line: Step [line number]: [entry in line]
Corresponding Overview Speech: [number of lines] steps


Sample expression (with overview): 


Sample expression (without overview): 

[bookmark: _Toc428283706][bookmark: _Toc439173321]Constraint (MultiLineLabel_Constraint.eqp)
When this preference is used, the word “constraint” and the line number are inserted before each line. In addition, a long pause is inserted between lines.
[bookmark: _Toc381340078]Speech for each line: Constraint [line number]: [entry in line]
Corresponding Overview Speech: [number of lines] constraints


Sample expression (with overview):  


Sample expression (without overview):  

[bookmark: _Toc439173322]None (MultiLineLabel_None.eqp)
When this preference is used, a long pause is inserted between lines to clearly distinguish one line from the next. No line labels are spoken.
Corresponding Overview Speech: [number of lines] lines

Sample expression (with overview):  


Sample expression (without overview):  

[bookmark: _Toc439173323]Multi-Line Pauses Between Columns Rule: (MultiLinePausesBetweenColumns_Auto.eqp)
If the multiline entry is entered as a multicolumn, there will be uniform pauses between columns.  


Sample expression (3 columns): 
[bookmark: _Toc439173324]Preferences: 
[bookmark: _Toc439173325]Long (MultiLinePausesBetweenColumns_Long.eqp)
When this preference is used, there will be long, uniform pauses between the columns. (The pauses will be longer than when the rule is set.)

Sample expression (3 columns): 

[bookmark: _Toc439173326]Short (MultiLineEntryMultiColumn_Short.eqp)
When this preference is used, there will be short uniform pauses between the columns. (The pauses will be shorter than when the rule is set.)

Sample expression (3 columns): 

[bookmark: _Toc428283714][bookmark: _Toc435521530][bookmark: _Toc439173215][bookmark: _Toc439173327]Sets enclosed in set brackets {  }
[bookmark: _Toc381340079][bookmark: _Toc428283715][bookmark: _Toc439173328]Rule: (Sets_Auto.eqp)
· There is either a single vertical bar or a colon in the set. 
Speech: The set of all [entry between left set bracket and vertical bar] such that [entry between vertical bar and right set bracket]


Sample expressions:  and 
· There is no vertical bar in the set.
Speech: The set [entry 1] comma [entry 2] comma . . .

Sample expression: 
· There is nothing in between the set brackets.
Speech: The empty set

Sample expression: 
[bookmark: _Toc381340080][bookmark: _Toc428283716][bookmark: _Toc439173329]Preferences: 
[bookmark: _Toc428283717][bookmark: _Toc439173330]woAll (Sets_woAll.eqp)
· There is either a single vertical bar or a colon in the set. 
Speech: The set of [entry between left set bracket and vertical bar] such that [entry between vertical bar and right set bracket]. 


Sample expressions:  and 
· There is no vertical bar in the set. (Speech follows the rule)
Speech: The set [entry 1] comma [entry 2] comma . . .

Sample expression: 
· There is nothing in between the set brackets. (Speech follows the rule)
Speech: The empty set

Sample expression: 
[bookmark: _Toc428283718][bookmark: _Toc439173331]SilentBracket (Sets_SilentBracket.eqp)
· There is either a single vertical bar or a colon in the set. (Speech follows the rule)
Speech: The set of all [entry between left set bracket and vertical bar] such that [entry between vertical bar and right set bracket]. 


Sample expressions:  and 
· There is no vertical bar in the set.
Speech: [entry1] comma [entry 2] comma . . .  

Sample expression: 
· There is nothing in between the set brackets. (Speech follows the rule)
Speech: The empty set 

Sample expression: 



[bookmark: _Toc381340084][bookmark: _Toc435521531][bookmark: _Toc439173216][bookmark: _Toc439173332]Named Sets (Number Systems)
[bookmark: _Toc381340085][bookmark: _Toc428283720][bookmark: _Toc439173333]Rule:
Note: There are no speech preferences for these named sets. Therefore, there is no preference file for the rule (i.e., there is no .eqp file for named sets).
· Number systems

Speech:        the real numbers

      the complex numbers

      the integers 

     the rational numbers 

      the natural numbers

    the positive integers
· An exponent is attached to one of the number systems.
Speech: [letter representing number system] [number]  

Examples:  		speaks as “r–two”.

		speaks as “z–three”.

		speaks as “c–n”.

		speaks as “r–infinity”.
[bookmark: _Toc428283721][bookmark: _Toc439173334]Preferences:
None
[bookmark: _Toc428283723][bookmark: _Toc435521533][bookmark: _Toc439173217][bookmark: _Toc439173335]
Part 2: Symbols

[bookmark: _Toc428283724][bookmark: _Toc435521534][bookmark: _Toc439173218][bookmark: _Toc439173336][bookmark: _Toc381340089]Multiplication Symbol 
[bookmark: _Toc428283725][bookmark: _Toc439173337]Rule: (MultSymbolX_Auto.eqp)
Speech: times

Sample expression:  
[bookmark: _Toc439173338][bookmark: _Toc428283726]Preference: 
[bookmark: _Toc428283727][bookmark: _Toc439173339]By (MultSymbolX_By.eqp)
Speech: by

Sample expression: 
[bookmark: _Toc428283728][bookmark: _Toc439173340]By (MultSymbolX_Cross.eqp)
Speech: cross

Sample expression: 


[bookmark: _Toc428283729][bookmark: _Toc435521535][bookmark: _Toc439173219][bookmark: _Toc439173341]Multiplication Symbol 
[bookmark: _Toc428283730][bookmark: _Toc439173342]Rule: (MultSymbolDot_Auto.eqp)
Speech: times

Sample expression: 
[bookmark: _Toc428283731][bookmark: _Toc439173343]Preference: 
[bookmark: _Toc428283732][bookmark: _Toc439173344]By (MultSymbolDot_Dot.eqp)
Speech: dot

Sample expression: 

[bookmark: _Toc428283733][bookmark: _Toc435521536][bookmark: _Toc439173220][bookmark: _Toc439173345]Triangle Symbol: 
[bookmark: _Toc381340090][bookmark: _Toc428283734][bookmark: _Toc439173346]Rule: (TriangleSymbol.Auto.eqp)
Speech: triangle 

Sample expression: 
[bookmark: _Toc381340091][bookmark: _Toc428283735][bookmark: _Toc439173347]Preference: 
[bookmark: _Toc428283736][bookmark: _Toc439173348]Delta (TriangleSymbol_Delta.eqp):
Speech: delta

Sample expression: 

[bookmark: _Ellipses:][bookmark: _Ellipses][bookmark: _Toc428283737][bookmark: _Toc435521537][bookmark: _Toc439173221][bookmark: _Toc439173349][bookmark: _Ref417640386][bookmark: _Toc381340092]Ellipses  
[bookmark: _Toc428283738][bookmark: _Toc439173350]Rule: (Ellipses_Auto.eqp) 
Ellipses speak as “dot dot dot”


Sample expressions: and 

[bookmark: _Toc428283739][bookmark: _Toc439173351]Preference: 
[bookmark: _Toc428283740][bookmark: _Toc439173352]AndSoOn (Ellipses_AndSoOn.eqp)
· Ellipses only at end of list
Speech: and so on

Sample expression: 
· Ellipses only in the middle of the list
Speech: and so on up to

Sample expression: 
· All other cases
Speech: dot dot dot

Sample expression: 

[bookmark: _Toc381340094][bookmark: _Toc381340096][bookmark: _Toc428283741][bookmark: _Toc435521538][bookmark: _Toc439173222][bookmark: _Toc439173353]Vertical Line 
[bookmark: _Toc381340097]Note: When entering expressions in MathType, use the vertical bar on the keyboard for a single vertical line. For absolute value, use the MathType template.
[bookmark: _Toc381340098][bookmark: _Toc428283742][bookmark: _Toc439173354]Rule: (VerticalLine_Auto.eqp)
· There is a subscript attached to the vertical line.
Speech: [expression] evaluated at [expression]

Sample expression:  
· There is a superscript and a subscript attached to the vertical line.
Speech: [expression] evaluated at [superscript] minus the same expression evaluated at [subscript]

Sample expression: 
· The vertical line is not within set brackets and does not have a subscript or a superscript attached.
Speech: divides

Sample expression: 
· The vertical line is within set brackets. 
Speech: such that

Sample expression: 
[bookmark: _Toc428283743][bookmark: _Toc439173355]Preference: 
Note: VerticalLine preferences are only defined for vertical lines that do not have subscripts or superscripts attached. The speech for vertical lines with subscripts or superscripts attached will always follow the VerticalLine rule.
[bookmark: _Toc428283744][bookmark: _Toc439173356]SuchThat (SingleVerticalLine_SuchThat.eqp)
Speech: such that 

Sample expression: 

[bookmark: _Toc428283745][bookmark: _Toc439173357]Divides (SingleVerticalLine_Divides.eqp)
Speech: divides

Sample expression: 

[bookmark: _Toc428283746][bookmark: _Toc439173358]Given (SingleVerticalLine_Given.eqp)
Speech: given 

Sample expression:  




[bookmark: _Toc428283748][bookmark: _Toc435521539][bookmark: _Toc439173223][bookmark: _Toc439173359]Set Membership Symbols:  and 

[bookmark: _Toc428283749][bookmark: _Toc439173360]Rule: (SetMemberSymbol_Auto.eqp)
· The set membership symbol is inside set brackets. 

Speech:     		in 

   		not in


Sample expressions: and 
· 
The set membership symbol is in an expression below one of the following symbols.  

Speech:  	over b is a member of S

  	over b is not a member of S

Sample expression: 

Note: The speech for the symbolsis given in the next section of this document (Sums, Products, Unions, Intersections, and Integrals; see p. 54). 

· The set membership symbol is not inside set brackets.

Speech:    		is a member of 

   		is not a member of


Sample expressions: and  
[bookmark: _Toc428283750][bookmark: _Toc439173361]Preferences: 
[bookmark: _Toc428283751][bookmark: _Toc439173362]Member (SetMemberSymbol_Member.eqp)
· The set membership symbol is inside set brackets. 

Speech:    		member of 

   		not a member of


Sample expressions:and 
· 
The set membership symbol is in an expression below one of the following symbols. 

Speech:  	over b is a member of  S

    	over b is not a member of S

Sample expression: 
· The set membership symbol is not inside set brackets.

Speech:      		is a member of 

  		is not a member of


Sample expressions: and  
[bookmark: _Toc428283752][bookmark: _Toc439173363]Element (SetMemberSymbol_Element.eqp)
· The set membership symbol is inside set brackets. 

Speech:   		element of 

   		not an element of


Sample expressions:and  
· 
The set membership symbol is in an expression below one of the following symbols.  

Speech: 	over b is an element of S

      	over b is not an element of S

Sample expression: 

· The set membership symbol is not inside set brackets.

Speech:    		is an element of 

  		is not an element of


Sample expressions: and  
[bookmark: _Toc428283753][bookmark: _Toc439173364]In (SetMemberSymbol_In.eqp)
· The set membership symbol is inside set brackets. 

Speech:    		in 

   		not in


Sample expressions:and 
· 
The set membership symbol is in an expression below one of the following symbols.  

Speech:  	over b is in S

   	over b is not S

Sample expression:  
· The set membership symbol is not inside set brackets.

Speech:    		is in

  		is not in


Sample expressions: and  
[bookmark: _Toc428283754][bookmark: _Toc439173365]Belongs (SetMemberSymbol_Belongs.eqp)

· The set membership symbol is inside set brackets. 

Speech:    		belonging to 

   		not belonging to


Sample expressions: and 
· 
The set membership symbol is in an expression below one of the following symbols.  

Speech:  	b belongs to S

	b does not belong to S

Sample expression:  

· The set membership symbol is not inside set brackets.

Speech:     		belongs to

  		does not belong to


Sample expressions: and  


[bookmark: _Toc428283755][bookmark: _Ref435446600][bookmark: _Toc435521540][bookmark: _Toc439173224][bookmark: _Toc439173366][bookmark: _Ref436137530]Sums, Products, Unions, Intersections, and Integrals 
[bookmark: _Toc428283756][bookmark: _Toc439173367]Rule:
· Symbols alone

  	Speech: the sum of

Sample expression: 

 	Speech: the product of 

Sample expression: 

  	Speech: the integral

Sample expression: 


 	Speech: union

Sample expression:  

 	Speech: union

Sample expression:  


 	Speech: intersection 

Sample expression: 

 	Speech: intersection

Sample expression: 

  	Speech: the integral

Sample expression: 
 

· There is an entry above and below the symbol.
   
Speech: the sum from [entry below symbol] to [entry above symbol] of [term]

Sample expression:  
Speech: the product from [entry below symbol] to [entry above symbol] of [term]

Sample expression:


 
Speech: the union from [entry below symbol] to [entry above symbol] of [term]

Sample expression:

 
Speech: the intersection from [entry below symbol] to [entry above symbol] of [term]

Sample expression: 

 
Speech: the integral from [entry] to [entry] of [expression]

Sample expression:  


· There is an entry below the symbol.

   
Speech: the sum over [entry below symbol] of [term]

Sample expression:

 
Speech: the product over [entry below symbol] of [term]

Sample expression:


 
Speech: the union over [entry below symbol] of [term]

Sample expression: 

 -
Speech: the intersection over [entry below symbol] of [term]

Sample expression: 

 
Speech: the integral over [expression under integral]

Sample expression:   

[bookmark: _Part_3:_Adornments][bookmark: _Ref417651674][bookmark: _Toc428283758][bookmark: _Toc435521541][bookmark: _Toc439173225][bookmark: _Toc439173368]Part 3: Adornments
[bookmark: _Toc381340043][bookmark: _Toc428283759][bookmark: _Toc435521542][bookmark: _Toc439173226][bookmark: _Toc439173369]Prime, Double Prime, and Triple Prime
The prime rules and preferences are for the prime, double prime, and triple prime symbols.
Note: In this rule and all associated preferences, the word “number” includes integers, decimals, fractions, mixed numbers, and negative numbers. 
[bookmark: _Toc428283760][bookmark: _Toc439173370]Rule: (Prime_Auto.eqp)
· 





The expression begins with a number or letter adorned with a degree symbol (e.g., or ), followed by a number or letter adorned by a prime (e.g., or  )  and/or a number or letter adorned by a double prime (e.g.,  or  ).

Prime      	Speech:	minutes
Double prime        	Speech:	seconds 


Sample expressions:  and 
· 


The expression is a number adorned with a prime (e.g., ), a number adorned with a double prime (e.g., ), or a number adorned with a prime followed by a number adorned with a double prime (e.g., ).
Prime                	Speech: 	feet
Double prime   	Speech: 	inches


Sample expressions:  and 


· Any other expression with a prime, double prime, or triple prime symbol 

       Speech:       f prime

      Speech:       f double prime

     Speech:       f triple prime


Sample expressions:  and
[bookmark: _Toc428283761][bookmark: _Toc439173371]Preferences:
[bookmark: _Toc428283762][bookmark: _Toc439173372]Length (Prime_Length.eqp)
· 





The expression begins with a number or letter adorned with a degree symbol (e.g., or ), followed by a number or letter adorned by a prime (e.g., or ) and/or a number or letter adorned by a double prime (e.g.,  or ).


Sample expressions:  and 
· 


Expressions of the form , , or 

Prime              		Speech:       feet
Double prime  	Speech:       inches


Sample expressions:  and 

[bookmark: _Toc428283763][bookmark: _Toc439173373]Angle (Prime_Angle.eqp)
· 





The expression begins with a number or letter adorned with a degree symbol (e.g., or ), followed by a number or letter adorned by a prime (e.g., or )  and/or a number or letter adorned by a double prime (e.g.,  or ).


Sample expressions:  and 
· 


Expressions of the form , , or  

Prime              	Speech:       minutes
Double prime  	Speech:       seconds


Sample expressions:  and 


[bookmark: _Toc428283764][bookmark: _Toc435521543][bookmark: _Toc439173227][bookmark: _Toc439173374]Combinations and Permutations:  and 
[bookmark: _Toc428283765][bookmark: _Toc439173375]Rule: (CombinationPermutation_Auto.eqp)
A “C” with a subscript to the left and a subscript to the right, and a “P” with a subscript to the left and a subscript to the right follow the speech pattern described below. 

	Speech:	n C r

		 Speech:	 n P r
[bookmark: _Toc428283766][bookmark: _Toc439173376]Preference: (CombinationPermutation_ChoosePermute.eqp)

	 		Speech: 	n choose r

	 		Speech: 	n permute r
[bookmark: _Toc428283767][bookmark: _Toc435521544][bookmark: _Toc439173228][bookmark: _Toc439173377] Bar
[bookmark: _Toc428283768][bookmark: _Toc439173378]Rule: (Bar_Auto.eqp)
· Bar is over two juxtaposed capital letters or over two juxtaposed capital letters with other adornments (e.g., prime, subscript).

Speech:     the line segment . . .


Sample expressions:  and 
· Bar is over digits at the end of a decimal number.
Speech if the bar is over one digit: the repeating decimal [number] with repeating digit [digit under bar]

Speech if the bar is over more than one digit: the repeating decimal [number] with repeating digits [digits under bar]


Sample expressions: and   

· Bar is over a (possibly adorned) character.
Speech: bar

Note: If a letter is a recognized function name (see p. 21), then so is the letter with a bar over it.


Sample expressions:  and 

Otherwise
Speech: the complex conjugate of [expression]  


Sample expressions:  and  
[bookmark: _Toc428283769][bookmark: _Toc439173379]Preference: 
[bookmark: _Toc428283770][bookmark: _Toc439173380]Bar (Bar_Bar.eqp)
· Bar is over digits at the end of a decimal number.
Speech: same as the rules


Sample expressions: and  
· Otherwise
Speech:  bar


Sample expressions:  and 


[bookmark: _Toc428283771][bookmark: _Toc439173381]Conjugate (Bar_Conjugate.eqp)
· Bar is over digits at the end of a decimal number.
Speech:  same as the rules


Sample expressions: and  
· Otherwise
Speech:  the complex conjugate of [expression under bar]


Sample expressions:  and  
[bookmark: _Toc428283772][bookmark: _Toc439173382]Mean (Bar_Mean.eqp)


· Bar is over digits at the end of a decimal number.
Speech:  same as the rules


Sample expressions: and  
· Otherwise
Speech:  the mean of [expression under bar]


Sample expression: 

[bookmark: _Toc428283773][bookmark: _Toc435521545][bookmark: _Toc439173229][bookmark: _Toc439173383]Equals Sign with Adornments 
[bookmark: _Toc428283774][bookmark: _Toc439173384]Rule:
· 

Speech:  is defined to be

Sample expression: 
· 

Speech:  equals sign with question mark over it  

Sample expression: 
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