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Mastering MathML Content Markup

Presentation elements describe visual two-dimensional hierarchical forms and thus give
more or less precise instructions how to render and how edit mathematical constructs. Content
Markup closely follows the semantic structure of the mathematical objects. This is quite the
challenging approach to coding mathematics for such a WYSIWYG-style mathematical editor,
as Formulator 3.7 MathML Weaver.

As an answer to this problem MathML Weaver implements a technology of internal
wrapping of Content Markup expressions in Presentation Markup nodes. The main tool for this
is an empty frame element that encodes a new hierarchical relations inside of Content Markup
expression and carries all the specific information about final names and values of tags and
attributes. This allows to edit Content Markup expressions in WYSIWYG-style, but at the same
to establish explicit connections between mathematical structures and their mathematical
meanings.

Please note that, as a rule, a user should not care about wrapping of Content Markup
expressions in Presentation Markup nodes. From the point of view of end-user, there is just a
way in MathML Weaver to insert and to edit visually a semantic kind of MathML notation . The
only reason why we raise this question in the manual is that bearing in mind of such an
peculiarity of the Content Markup editing implementation can be useful for understanding of
the behavior of MathML Weaver in some complicated cases.

General Principles of Editing and Navigation

MathML Weaver proposes two ways to create Content Markup elements. The first is
most general, since it supposes to make use of mathematical toolbars:
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A group of Content mathematical templates comprises:
* token elements

* basic content elements

* piecewise declaration templates

» arithmetic operators

* algebra operators

» logic operators

* maximum and minimum templates

* relations templates

* calculus and vector calculus templates
* theory of sets templates

* sequences and series templates

* common trigonometric functions

» common hyperbolic functions

* common exponential functions

» statistics templates
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* linear algebra templates

* semantics templates

» constant and symbol elements
» qualifier elements templates

The second way to insert Content Markup elements is connected with an option to

switch input between Content and Presentation MathML input modes (the last one is used by
default):
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Selecting Content MathML Input Mode leads to inserting of Content MathML
mathematical templates when a user presses a sign of the corresponding operation. E.g.,
pressing ‘+ in the Content MathML Input Mode inserts a mathematical template £+ for the
<apply> element with the operator element <plus/>. The next example shows how to work
with this mode in more details.

1. After switching to the Content MathML Input Mode type '+ sign (make sure that
Status Icon in the right bottom corner of MathML Weaver indicates C). We now see the
<apply> element inserted. Then we can use the “Show Nesting” command and navigation
arrows to investigate how this Content Markup element is composed.
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A grey rectangle around the £+8¢ form and tips in the status bar suggests that in the
document there is one frame node, marked as an “apply” element and internally encoded as an
additional nesting “mrow” element.

After pressing the Right arrow we consequently get to the input slots of this “apply”
form. "+’ sign cannot be edited on this stage, since it is an integral part of the expression. For the
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sake of flexibility the type of operation still can be easily changed using the “MathML Tree”
page:
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2. Now we can enter arguments of the just created “apply” element. The most important
thing about input slots of this visual form is that their kinds can be automatically detected by
MathML Weaver after a user types some text or utilizes Formulator’s mathematical toolbars.

Initially, these input slots don’t have any predefined kind (associated Content or
Presentation Markup element). It can be easily discovered if we look on the navigation
information bar; there is a record for the parent node, but the current node record is undefined

yet.
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Type character ‘a’ in the first slot, press the Right arrow and type ‘2" in the second slot:
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Note that on this stage ‘a” and ‘2’ are still marked as presentation elements (“mi”, “mn”).
They become Content elements only after they will be converted from the internal document

representation to MathML 2.0 text.

Switch to the “MathML Tree” page and make certain that the “apply” element is created

correctly.
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Now switch back to the “Expression” page and exchange ‘a” and ‘2 in their input slots.
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[4)(») (Expression ) MathtL Tree | MathmML Text J(=HTML ]

Mavigation: line - content MathML; parent node - "apply" ("plus") elerment; current nade - “mn" token element| Size: Regular | Style: Math

[Zoomizo0% [C (W[ 4
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The “MathML Tree” page shows that input slots still work as automatically detected by
their content areas, because the first slot now turns to be “cn” element and the second slot
became the “ci” element.
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3. This smart behavior of the input slots of the “apply” form lasts for all the time of
WYSIWYG-style editing, but stops when a user manually interferes in the editing by means of
the “MathML Tree” or “MathML Text” page. To see this, switch to the “MathML Tree” and
change type of the operator from <plus/> to <minus/>:
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At first glance nothing changed, but take a look to the navigation information bar (red
circled area). Now We have a rigid Content Markup structure, composed of the “apply”
element with a leaf of the “ci” element. The internal presentation of the “ci” element is formed
of the “mi” element, but it is of less importance, since in the MathML 2.0 text there will be no
internal presentation remains.
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To make sure that a new structure of the expression is fixed try to repeat our trick with
exchanging ‘a” and ‘2’ in their input slots.
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Now ‘a’ is considered as a number token element “cn” and ‘2’ is considered as an
identifier element “ci”, because in the rigid structured document input slots have already known
their kind of Content MathML elements and no automatically detection was provided.

In this example we show another typical feature of the way that MathML Weaver deals
with Content Markup. Since ‘a’ is situated in the “cn” element, it should not be rendered as
italic. But MathML Weaver doesn’t interfere into a user’s work in such a case, but proposes
instead a short way to bring the formula’s image to conformity with its semantics. Choose the
“Refresh All Through MathML” command from the View menu and see how the entire look of
the mathematical formula is changed.
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3. Input slots of the created “apply” form can be filled as well with more complicated
expressions than tokens. See, for example, how to create mathematical expression with several
arithmetical operations.

Press the ‘+" sign.
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Press the *-" sign.
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Press ‘1’, the Right arrow, “2’.
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Press the Right arrow. Now be careful with editing actions, because dashed selection
around 1 - 2 form indicates that we now on the hierarchical level of the “apply” element with
<minus/> operator inside.
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To continue editing the formula we need to place cursor to an empty input slot on the
right side of the formula, so, just press the Right arrow once more.
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Press .
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Press ‘3, the Right arrow, ‘4’.
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The needed formula is created but lacks of proper appearance, because MathML Weaver
has no chance yet to apply its precedence rules and to calculate how to draw this Content
Markup formula. Choose the “Refresh All Through MathML” command and see how the image
of the mathematical formula is changed.
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After we have created a mathematical formula we can check how it is encoded in
MathML 2.0 format using the “MathML Tree” or “MathML Text” pages.
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4. Navigation through the newly created formula is not absolutely evident until we think
about hierarchical structure of the Content Markup expression. Choose the “Show Nesting”
command (by pressing Ctrl+Shift+N or from the “View” menu); then choose a new greater
scale factor by pressing Ctrl+5 or from the “Zoom” submenu of the “View” menu.
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Now we can clearly see that the structure of the expression is not simple and we cannot
expect the navigation to be as plain as in the Presentation Markup case. The higher level
“apply” element has two child “apply” elements, and each of them in its turn has child leafs,
encoded with token elements.

11
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Press the mouse button on the right of the formula. This will place the cursor in the
outermost right position available for editing.
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Press the Left arrow. The cursor is now in a position for editing an input slot that
currently has ‘4’ in it. See the navigation information bar to make sure of this. Note that cursor
height is changed also according to the current inner level of hierarchy.

Formulator - [Formul1] o | Dlﬂ
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Press ‘0" to edit the last argument of the expression.
Formulator - [Formul1] - |EI|1|
File Edit Yiew 3tyle Size Options Window Help - |ﬁ'|1|
[
Contenk A
0 1 5 2 S o
| X :I 0 |la'|| ch| e| | pc| TE|b.r
Skatistics
(4P ) (Expression ) MathiiL Tree | MathML Text J(=HTHML )
Statistics Size: Regular [ Style: Math [zoom:s00% [CT[W [ 4

Press the Left arrow three times. We now again on the level of the <times/> “apply”
element. In this position we could delete the last argument after pressing Delete button two
times. The first pressure would select the entire input slot and mark it with black. The second
pressure would confirm deletion.

In order to get back to the higher level of the <plus/> “apply” element we need now 5
times pressing of the Left arrow. By each pressing we go through different levels of the formula
structure, where each level propose its own editing facilities. Imagine that we are navigating
through the tree of Content Markup elements and this procedure becomes evident.

See how the navigation information bar helps to understand which level of the formula
structure is currently available for editing.

12
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Formulator - [Formul1] - |EI|1|
File Edit Miew 3Style Sige Options Window Help _|ﬁ||1|
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Press the Left arrow and the Backspace button.
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Mavigation: line - content MathiL; parent node - “apply” {"plus"i element; current node - "plus" token element |Size: Regular |Style: Math |Zoom: 500 % I?ITI_ v

(1 - 2) form is marked for deletion. Press the Backspace button once more time.

Formulator - [Formul1] - |EI|1|
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Now type number 100 and by switching to the “MathML Text” see how MathML
Weaver automatically detected that while a user is situated inside of the Content Markup
expression then the Content token element is needed.

Formulator - [Formul1] - |EI|1|
File Edit Miew 3Style Sige Options Window Help _|ﬁ||1|
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Formulator - [Formul1]
File Edit Yiew Window Help

1o/ x]
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lemath display = 'block'=
<apply=
<plusi=
<cn=100=</cn>
<apply=
<times/=
<cn=3</on>
<cn=40</on>
</apply =
</apply =
</math =
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Token Elements: externally defined symbol (csymbol)

Content expression trees are built up starting from token elements. Numbers and
symbols are marked by the “cn” and “ci” elements; the “csymbol” element allows to create an
element whose semantics are externally defined.

Content Markup token elements are available via ¢_1| toolbar:

cn |C1l..

;—EE

T
e | ¢i

Ci...|csmb

As we can see from this figure,
element to account for existing options

(e.g., type of an identifier).

MathML Weaver provide several buttons for a token
of base, type, etc. A button with “..." sign on its image
leads to a dialog requesting some context dependent attributes of the newly created expression

1. The simplest case of the Content token element is presented by “csymbol”. When a

user presses |csmb

icon, the current empty slot is not altered visually, but the navigation

information on the status bar helps to understand that we have already started to build a
Content expression tree. The next tree figures shows this in details.

Formulator - [Formul1] o | Dlﬂ
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Formulator - [Formul1] o |EI|1|
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Content |
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[4)(») (Expression ) MathmL Tree [ MathiL Text J(=HTML | O Mol 1 i ) P — S
| Size: Regular | Style: Math Zoom: 200 % ,?,?,_ v

The csymbal element is used ta create an element whose semantics are external

The csymbal element is used to create an element whose semantics are externally defined |

14
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Formulator - [Formul1] - | Dlll
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Content |

(4)(P) (Expression ) MathiL Tree ) MathML Text [ %HTML |
Navigationgline - content MathMLKparent node - "csymbal” element) | Size: Regular | Style: Math [zoom:zoo% [P [W [ 2

Now all that we type in the current empty slot will be interpreted as a content of the
“csymbol” element:

Formulator - [Formul1] o | Dlﬂ
File Edit Wew Skyle Size Options ‘Window Help = | = Iil
ki Content |

(4)(p) (Expression ) MathML Tree ) MathML Text |(=HTML |

Mavigation: line - content MathML; parent node - "csymbol" element | Size: Regular | Style: Math Zoom: 200 % ’?’?’_ v
Formulator - [Formul1] =101 x|
File Edit Yiew Window Help _|=]x]
<math display = 'block'> ;I
<csymbol=k</csymbol=
< /rnath =]

-
A 14

(4P ) [Expression J(MathML Tree ) MathML Text | =HTML |

4

2. It is worth noting that this just created Content expression can be supplied with all the
need attributes on the page of “MathML Tree”. The next figure shows how to turn this
expression into the example 4.4.1.3.3 from the W3C MathML Recommendation (reference to
human readable text description of Boltzmann's constant).

Formulator - [Formul1] o | Ellil
File Edit Wiew MathML ‘Window Help _Iﬁllﬂ
[=- math
- esymbal Entity name: Icsymbol ﬂ
Property -
definitionlIRL
encoding LI

definitionURL
external definition of the semantics

(D) (Expression )(Mathit Tree )(mat

3. Another important feature of the inserted visual forms for Content Markup in
MathML Weaver is that they also can carry Presentation Markup. For example, if we use a set of
Presentation toolbars we can easily create another example from the section 4.4.1.3.3 of the W3C
MathML Recommendation (reference to OpenMath formal syntax definition of Bessel function):

<!-- reference to OpenMath formal syntax definition of Bessel function -->
<apply>
<csymbol encoding="OpenMath"
definitionURL="http://www.openmath.org/cd/hypergeo2#BesselJ">
<msub><mi>J</mi><mn>0</mn></msub>
</csymbol>
<ci>y</ci>

15
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</apply>

Press the f_1] button on the Content toolbar set to get access to the group of “apply”
elements of different form. Choose the first button.

Formulator - [k.mmi] =100 x|

File Edit Wiew Style Size Options “Window Help _|5’|1|

Content X

i [[£79 ) [+ af ) )1 %) < [ o) 6]
El !_H il I

The apply element allows a Functlon of operator bo be applied to its arguments

oiffud pThed
BEEDE
lmuma

= >

(4] (Expression ) MathML Tree || MathtL Text [ <HTML |
The apply element allows a Function or operator to be applied to its arguments Btyle: Math | Zoom: 200 Ya ’?’Tl_ v

This will insert an “apply” element with one argument in its functional form.

Formulator - [k.mml] ;Iglil

File Edit Wiew 3Style Sige Options Window Help _|ﬁ'|5|

Content | =
i+ Ol V%) < V) j
(4P ) (Expression [ MathML Tree | MathmL Text [ =HTML {'_J i"J C_JJ _J :J _C] _J _JJ

Comrmon Exponential Funckions f————
Cammaon Exponential Functions Size: Regular TICIET T |aDu| oo 200 I_ITI_ v

Now insert the “csymbol” element in the first input slot of the “apply” element.

Formulator - [k.mmi] o =] 4|
File Edit Wiew 3Style Size Options ‘Window Help _|ﬁ'|1|
Content |

() [ e e e R S e
{[en]feec) [ izl e e
4]

=
@@[ Expression || MathML Tree || MathML Text ][ﬁ

The csymbol element is used to create an element whose semantics are| The csymbal element is used ko create an element whose semantics are externally defined l’o_ ’? 1, l_ v

Formulator - [k.mmil] — | DILI
File Edit Yiew Style Size Options Window Help |5 x|
Content =

| (O o i S e |
| 3 5 1 25 B

(4)(»)(Expression [ MathmL Tree [ MathmL Text [ =HTML )
Mavigation: ling - content MathML}ﬁarent node - “csymbal” eIemenE) Sizet Regular | Strvle: Math Zoom: 200 % ’? IT l_ v
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Using the Presentation toolbars set build up contents of the “csymbol” element:
<msub><mi>]</mi><mn>0</mn></msub> (Jo).

Formulator - [k.mml] o [m] 5]
File Edit | yiew Style Size Options Window Help _Iﬁllil

Change Layout

Standard A

| (; Tabbedtoobay Presentation iJ % é] v_2J M

-- o Status Bar

Zoom ’_V o _J EJ p_CJ EJ b_‘fJ

Show Mesting Cerl+-Shift+
Show Read-Only Ctrl+Shife+R
Line Spacing. ..

QDG

Shaw or hide th

st A1) Uitraiteiin (Lt | Size: Regular | Style: Math [Zoom:zoow [P [0 [ 4

Formulal:or - [k.mml] _ 3] x|

File Edit Yiew Style Size Options Window Help =18
e Content Ll Presentation |
IO B RIEEERE & RN e B e
o Jftenf )| &) o) 2 e 7 o | el g |z 5] £ ) = me) 2 2

(41> ) Expression J{ MathtL Tree ) MathML Text |(=HTML | r

Subscripk (CErl+L) Size: Reqular 200 % ’? ITI_ v

+L)

Bl Formulator - [k.mmi] i ] B
File Edit Wiew 3Style Size Options ‘Window Help _|ﬁ||1|
ElJlfPresentation ]

Jo( ) RN R | EEERNERERmE
i |10 o | 2 e 2 5 e

(4P ) [ Expression [ MathML Tree )j MathML Text ) =HTML |
Mavigation: line - presentation MathML; parent nods - "msub” element | Size:: Subscript | Style: Math [Zoom:zoow [PO[m [ 4

Navigate to the second input slot of the “apply” element and press “y’. This will fill the
argument of the “apply” element with <ci>y</ci> content.

Formulator - [k.mmi] =1

File Edit Wiew Style Size Options  Window Help ===
| |

Jo(3) L P 0 T N S e A A E S A AN BN N2 A A
P () s O 5 e e 5 e e

(4P ) [ Expression [ MathML Tree [ MathmL Text {=HTML )
Mavigation: line - content MathiL; parent node - “apply" element Size: Regular | Skyle: Math Zoom: 200 % F’T l_ v
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Now switch to the “MathML Tree” to add two attributes to the “csymbol” element. In
order to do this click on the right side of the document (“Property-Value” dialog) and press the

Insert button. We now see that an empty attribute record is added.

Formulator - [k.mmil] ;Iﬂlll

File Edit Wiew MathML Window Help |a 1'

[=1- math =181
E| apply Entity name: Icsymbol d
E--csymbol =

. Emsub | Property Value .

; --mi |

--mn .
[ i =]

(00 Expression J(Methtt Tree ) 11a

4
. . “ . 7 “ oty ” .
Using drop-down lists create “encoding” and “definitionURL” attributes.
Formulator - [k.amiml] _ O] x|
File Edit View MathML Window Help &8 x|
[=1-math
=8 apphy Entity name: |csymbol j
EI cgn:nb;:b Property | ¥alue |
: -- i definitionlJRL http:f frmeows openmath, orgfecdihypergeoZ#Bessell
[ )
B-d encoding j|
MathML-Conbent
MathML-Presentation
encoding Tex
encoding of the annotation
(0 (Expression [ Mt Tree (12
4

Check the results on the “Expression” and “MathML Text” pages.

Formulator - [k.mml] ;Iglﬂ

File Edit Yiew Style Size Options Window Help =] x|
B |

Jo(») fGIEEEEEE e RN EN DR
P 55 3 0 2 1 3 .

(4P ) [ Expression [ MathML Tree [ MathmL Text {=HTML )

| size: Regular [ Style: Math Zoom: 200 % F’T l_ v

Formulator - [k.mmi] =1

File Edit Yiew Window Help _ = x]
<math display = 'block'= -
<apply =
<csymbol definitionURL="http: fwww.openmath.org/cd/hypergecZ#Bessell’ encoding="0penMath'=
<msub=

<mizl</mix
<mn=0</mn=
</msub=
< fesymbol=
<cizy</oix
</apply >

</math> -
| »

[4)(P)( Expression [ MathML Tres [ MathmL Text ) =HTML |

Token Elements: numbers (cn) and identifiers (ci)

18



Mastering MathML Content Markup http/fwww.mmlsoft.com

There are several attributes modifying Content Markup semantics for token elements.
Thus the “base” attribute indicates numerical base of the number; the “type” attribute indicates
type of the number or identifier. Moreover, different types of numbers will be rendered in a
different way and even appearance of identifiers can be altered by changing the “type”
attribute.

In order to visually support these requirements, Formulator 3.7 MathML Weaver
proposes several ways to input Content Markup token elements: namely, a user can choose a
button representing the needed type of a number from the toolbar or make some alterations in
the attribute values via the “MathML Tree” page or by using corresponding property dialogs

for buttons [€1l..| and | €1 .|

Token element: Number x| Token element: Identifier x|

Type: || -
Cancel | I J Canicel |

1. The next example shows how to create a simple identifier token element and how to
change its appearance by editing the “type” attribute.

Insert the “ci” element by pressing the | €1 | button.

Formulator - [k.mmi] o =] 4|
File Edit Wiew 3Style Size Options ‘Window Help _|ﬁ'|1|

Content | =

B EE 2 B

&)’} |23 |Pef| TT) by =
(4)(»)(Expression [ MathtL Tree [ MathML Text [ =HTML | L

The ci element is used to name an identifier in an expression E: Regular | Strvle: Math |Zoom: 2002 [P [ 5

GlE

. The ci element is used to name an identifier in an expression
c1

| |ostrib

As it is shown on the next figure, the “ci” element appears as an empty slot and the
navigation bar information makes sure that it is inserted.

Formulator - [k.mmil] — | Dlil
File Edit Wew 3tyle Size Options ‘Window Help _Iﬁllil
:d -
L2 A e A A SR B A L)
Y {tanj] ch}i e G 2] *e i 7 by =
(4P ) (Expression [ MathtL Tree [ MathmL Text | =HTML |
Mavigation: ling - content MathML{ parent node - "o element ) | Size: Regular | Style: Math | Zoom: 200 % ,?ITI_ v

Now type an identifier in the current input slot. Note that the context of the “ci” element
is one of three cases where presentation markup may appear in content markup properly. So,
not only plain text can be typed into the “ci” input slot, but also some kind of presentation
markup tree.
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Formulator - [k.mml] - IElllI
File Edit Wiew 3Style Size Options ‘Window Help - Iﬁllﬂ
Content :d =
l4 i) )l af i) W) 7)) <] v ][]
) [tanf] chff *flo”f1 22 |Pe)] )by =
(4P ) (Expression [ MathML Tree | MathmL Text [ =HTML
Mavigation: ling - content MathML; parent node - "o element; current node - "mi* token element | Size: Regular | Style: Math | Zoom: 200 % ,? ,T l_ v

According to the default value of the “type” attribute of the “ci” element (unspecified
type), contents of the “ci” element are represented as if it were contents of a “mi” element (italic
style).

Now change the current page of MathML Weaver and add the “type” attribute into the
“ci” node. Then choose the “matrix” value from the list of known identifier’s types.

Formulator - [k.mml] ;Iglil

File Edt WYiew MathML Window Help ==X
[=]- math

Eﬁ Entity name: Ici j

Property Yalue H

| tvpe matrix _I

-

(4P ) Expression | MathML Tree )i MathML Text ) =HTML |

Switch back to the “Expression” page and see how rendering of the “ci” element is
changed. Now A is bold according to the typographical rules of representing the “matrix” type.

Formulator - [k.mml] oy [m] 54
File Edit Yiew Style Size ©Options Window Help =] x|
Content L
A aillal| ol Vi) <]l v e
Y {tani chji e o"J 22} "< ] TSl by
[4)(P) (Expression ) MathmL Tree )| MathML Text [ %HTML )
Mavigation: line - content MathML; parent node - "¢ element; current node - "mi" token element | Size: Regular | Style: Math [Zoom:zoow [PO[m [ 4

As in the case of the “csymbol” element, Content Markup identifiers can carry
Presentation Markup. For example, if we use a set of Presentation toolbars we can create an
example from the section 4.4.1.2.2 of the W3C MathML Recommendation:

<ci>
<msub>
<mi>x</mi>
<mi>i</mi>
</msub>
</ci>

Insert the “ci” element.
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Formulal:or - [Formul1] - | m] Ill

File Edit Wiew Style Size Options ‘Window Help _Iﬂlll

Content #
(<7 I cal+ Pl v 2] <)o) )
o EEEREE

H
_'-IThe ci element is used o name an identifier in an expressmn|

(4P ) (Expression ) MathtL Tree [ MathML Text |(=HTML | . cstiib

The ci element is used to name an identifier in an expression ———————m&i Reqular | Style: Math | Zoom: 200 % ’? ITI_ v

e[ il

Use the Presentation toolbar to insert Subscript node and fill it with x; expression.

Formulator - [Formul1] _ Al x|
File Edit VYiew Style Size Options Window Help |5 x|
il presentation E

BEEEENEEE D S ENERNEDH
) tenf <) [ e[ 07) 22 ) (el 7o) 0] | e el o) ) ) = e 2]

)

[4)(» ) (Expression ) MathtL Tree ){ MathML Text J(=HTML |

Subscripk {Cerl+L) Size: Reqgular IE

0% |PL[m [ 2

Formulator - [Formul1] o | m] |5|

File Edit Wew Style 3Size Options ‘Window Help _I- _Iﬁl ﬂ
&} llPresentation B

i e | £ Ot V20 < v E | = fabfi*< I < L )] A J{ %) 8 11 Qi)
[ ten) b fl 0"} |22 [P 7] b V) 23 AR F A R e A

(4P ) Expression J{ MathtL Tree ) MathML Text |(=HTML |
Mavigation: line - content MathML;@arent niode - "ci* element; current node - "msub” elemen-t] | Size: Regular | Style: Math | Zoom: 200 % ,? ITI_ v

See results on the “MathML Text” page.

Formulator - [Formul1] ;Iglil

File Edit WYiew Window Help ==l x|
lernath display = 'block' -
<>
<msubx

< i</
=rmi=i</mi=
</msub=
< /o=
</math=

-
4 8

(4P ) Expression J[ MathML Tree )j MathML Text )i =HTML |
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2. The next example shows how to create a simple number token element and how to
control its appearance and semantics by altering “type” and “base” attributes.

Insert the “cn” element by pressing the [¢11--| button. Then the initial property dialog for
the “cn” element will be shown.

Formulator - [k.mimil] _ 8] x|
File Edit VYiew Style Size Options ‘Window Help |5 x|
Token slemen: Number— S . =2
)

Type: |<none> 'I ‘ VJ ’9/,',‘ S‘ V)‘ [”‘

o Base: x-cartesian Cancel | ‘ ng PC‘ j't‘ b‘,‘

complex-polar
@@[ Expression || MathML Tree [ MathML Text | %HTML | constant
integer
Mavigation: line - presentation MathML; parent node - "math” element latiognal | Size: Regular | Strvle: Math [Zoom: 2002 P[0 [ 2

real

Choose the “integer” value in the “type” drop-down list and 5 as a base of a number.
This feature lets creating numbers of different numerical bases.

Formulator - [k.mml] i ]
File Edt Wiew Style Size Options ‘Window Help =171 x|
| =
105 et ol W) %) <) v7) (e8]
2| [tan] {ch[|e*||G6"||22] [P | 7] | by =
(4)(»)(Expression J(MathML Tree ) Math®L Test J(wHmer ) 0 o~ - - o - o T
Mavigation: line - presentation MathML; parent nods - "math” element | Size: Regular | Style: Math [Zoom:zoow [PO[m [ 4

A user can control number’s type not only via different values proposed by the initial

7 A

property dialog (“rational”, “complex-cartesian”, “complex-polar”), but also with the help other
available buttons of the ‘3_1] toolbar.

For example, rational numbers can be created by pressing the [CIl-| button if the

“rational” type is selected afterwards from the initial property dialog or at once with the
button.

Press the |[¢I1-.| button and select the “rational” type.

Formulator - [Formuli] _|a] x|
File Edit Wiew Stwle Size Options ‘Window Help _Iﬁllil
|
Foken clment: umber— S \
P [V %) ]|V
- Tope: | ETTEN - =
|la-sl"|“lbl
Base: |1D 3: Cancel -
[4)(») (Expression ) MathiL Tree J[MathiL Text ) #HTML |
Mavigation: line - presentation MathML; parent node - "math" element |Size: Feegular |Style:Math Zoom: 200 % F’T’_ v

Fill numerator and denominator with the numerical values.
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EFormistor fFormat] 1=k
File Edit Yiew Style Size Options Window Help =l |
E E
1 cif| 1| af ol 1] ] %)) <) (7)1
9 *Jtanf | b &°| | o7} 2] e | 7 [y
=l

(4)(») [ Expression ) MathML Tree [ MathtL Text J[=HTML )
Mavigation: ling - presentation MathML; parent node - "math” element | size: Regular [ Style: Math | Zoom: 200 %% F’T l_ v

Select the created rational number (with Shift + arrow keys or with mouse) and click on

the 1:| button. The pane of Arithmetic Operators of the Content Markup is now available. After
pressing on one of the buttons representing the “apply” element with one and more arguments

the current selection will be considered as the first argument of this “apply” element.

Formulator - [Formul1] - |EI|5|
File Edit Wiew 3tyle Size Options ‘Window Help _|E||5|

o

Content |

”wmﬂ [ﬂﬂ].
L
[€)(P) [ Expression [ MathML Tree ) MathmL Text ) =HTML | Th@
The addition operator ’E ’_ ’_ ’_ 7
-~

IIIIMI
] R/ eed o] ]
o] ) o]t o e
Ll

Let’'s press on the

i button and see how the structure of the built MathML tree is

changed. The figure suggests that the <apply><plus/>...</apply> pattern is inserted and the

rational “cn” element is the first argument of this operation.

Formulator - [Formul1] - | Dlll
File Edit Wew Style 3Size Options ‘Window Help _I- _Iﬁl ﬂ
K| 2l
; BRI EEREES
1 E #°) [tan] | chf] e f{ 0" [22] |Re || TCf{by )
[
[4)(») (Expression ) MathiL Tres ) MathML Text [ #HTML |
Mavigation: line - content MathMLGarent node - "apply" ("plus") element; current node - "cn” element -) | Size: Reqgular | Skyle: Math | Zoom: 500 % ’? ’Tl_ v
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To fill the second input slot, navigate to it with the Right arrow and press the | 77

of the C_IJ toolbar. This will insert another rational number without additional dialogs.

Formulal:or - [Formul1] — | [m] Ill

File Edit Wiew Style Size Options ‘Window Help _Iﬂlll

Content |

1| EREEERREGEE

57 {[en oo ezl e o
il [

_!The cn element for a rational constant|

€| ci
(4)(») (Expression ) MathML Tree | MathML Text )| #HTHL )

The cn element For a rational constant

E: Regular [ Style: Math [Zoom:zoowe [FPO[W [ 4

button

Compare results on different pages of MathML Weaver (“Expression”, “MathML Tree”,

“MathML Test”).
Formulator - [Formul1] ;Iglll
File Edit Wiew Style Size Options Window Help =181
|

1 3 B EEER B
R e enf| o 53] ] ) o

(4P ) (Expression [ MathML Tree | MathmL Text ) =HTML
Mavigation: line - content MathiL; parent node - “apply" {"plus™) element | Size: Regular | Skyle: Math |Zoom: 200 % I?IT l_ v

Formulator - [Formul1] ;Iglﬂ

File Edit WYiew MathML ‘Window Help _Iﬁllﬂ
=) math
= Entity name: Icn j
Property ¥Yalue |
type rational
[4)(P)[ Expression |[MathML Tree )| MathmL Text [ =HTML
A

Formulator - [Formul1] ;Iglﬂ

Ele Edit Yiew Window Help =1
<math display = 'block'= d
<apply =
<plus/ >

<on type="rational'=1l<sep/=2=</cn=
<cn type="rational'>3<sep/>4=/on=
</apply=>
</mnath =

-
4 2

[4)(P)( Expression [ MathML Tres [ MathmL Text ) =HTML |

Basic Content Elements: apply

The “apply” element of the Content Markup allows a function or operator to be applied
to its arguments. It is the basic element in a sense that the overwhelming majority of
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expressions in MathML content markup is carried out by applying operators or functions to
arguments.

The toolbar of basic content elements J':l in MathML Weaver contains several groups of
buttons for creating different forms of the “apply” element and some related to this element
concepts:

T (o e |

20 |dect] [ AL [ AED ],

o || il e} | Bo.. || o I}
id | D DU |CU | ch
img| | /o [G0] L]} ]
L0

The first 4 buttons in the toolbar are responsible for the “apply” element itself: 1, 2, 3, and
many-arguments forms. Please note, that these buttons represents the most general, functional
form of the “apply” element appearance. Theoretically we can use these buttons for some other
purpose, e.g., for arithmetic operators applying, but since there is a traditional infix form of
rendering for arithmetic operators, such way of editing MathML content markup is not
recommended. The next example shows this and others features of work with the “apply”
element.

1. Insert sin(x) expression.

Press the |ii{L)| button; type “sin” in the first and “x” in the second input slot.

Formulator - [Formul1] _ Al x|
File Edit Wiew Stwle Size Options ‘Window Help _Iﬁllil
Content |

— b,.
7 ::(::)|::(:::n [ gl 1 l-' il
The apply element allows a Functlon or operator ko be applied ta its arguments

Do zias
o) bl
TEEEE

[4)(») (Expression ) MathiL Tree J[MathiL Text ) #HTML |
The apply element allows a function or operator to be applied to its arguments : —tle: Math [Zoom:zoow [PO[W [
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Formulator - [Formul1] - IElllI
File Edit Wiew 3Style Size Options ‘Window Help - Iﬁl |ﬂ
S =

| ¢ ) s el v <) v
_ ltenf{chff e flo iz %I ey -

(4P ) [ Expression [ MathML Tree [ MathmL Text {=HTML )

Mavigation: line - content MathiL; parent node - “apply" element | Size: Regular | Skyle: Math Zoom;: 200 % F’T l_ v
B Formulator - [Formul1] _ 18] x|
File Edit Yiew Style Size ©Options Window Help =] x|
S =

sin(x) sl v <) ][

2| ltan| |ch| | e*||6*| 22| P2 || 7| | b =l
(4P ) (Expression [ MathML Tree | MathmL Text ) =HTML iJ _J _J _J _J _J _J _J _JJ

Mavigation: ling - presentation MathML; parent node - "math” element | Size: Regular | Style: Math | Zoom: 200 % I?IT l_ v

The rendering of this MathML fragment is not finished; to make it correct use the
“Refresh All Through MathML” command from the “View” menu. This helps MathML Weaver
to find the meaning of the entered text and to render it according to the mathematics
representation rules.

Formulator - [Formul1] ;Iglll
File Edt Wiew Style Size Options ‘Window Help == x|
K| =l

sin ¥ s e vl <) v e J
i | 0| 1 5 S e -

| Size: Regular | Style: Math [Zoom:zoow [PO[m [ 4

(4P ) [ Expression [ MathML Tree )j MathML Text ) =HTML |

We did need such an additional action, because the most general form of the “apply”
element was used. Normally, it is quite enough for users to have just special toolbars with
common functions and operators. The previous example in that case would be more simple, as
the next figures suggest.

Press the [Sin| button of the common trigonometric functions toolbar (tan)) and type “x”
in the input slot.

Formulator - [Formul1] ;Iglil
File Edit Wiew Style Size Options Window Help =181
£ B

sin il it V) ) <] o ) J
P 53 5 Y | 3 -

[4)(P) (Expression ) MathmL Tree )| MathML Text [ %HTML )

Mavigation: line - content MathML; parent node - "apply" "sin") element | Size: Regular | Skyle: Math Zoorn: 200 % ’?’T ’_ s
Formulator - [Formul1] - |EI|5|
File Edit Wiew 3Style Sige Options Window Help - |ﬁ'|5|

| [

sin x i A e V) ) <) ) ) J
°|tan||ch||&*||c*| 32| P || T || b hd
(4P ) [ Expression [ MathML Tree )j MathML Text ) =HTML | iJ _J _J _J _J _J _J _J _JJ

Mavigation: ling - contant MathML; parent node - “apply” ("sin") elemant | Size: Reqgular | Skyle: Math |Zoom: 200 % F’T l_ v

We have the same MathML tree for sin(x) as earlier, but now it was much faster.
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Formulator - [Formuli] ;Iglﬂ

File Edt Wiew Mathtl ‘Window Help ==l
[=-math

=k -l Entity name: |a|:|nlv =l

E ::n | Property | Yalue |

[4)(P)(Expression )(MathML Tree )| MathML Text [ %HTML )

4

There is one more way to deal with this example, but it is similar to the first case and is
shown here only for the sake of completeness. The only distinction is that we can not just type

the “sin” value into the input slot, but press the corresponding |%ifl | button from the common

trigonometric functions toolbar (tan)). Then MathML Weaver will know about the special (plain,
not italic) rendering of the first argument of the “apply” element, but still we should use the
“Refresh All Through MathML” command from the “View” menu to help MathML Weaver
understand that enclosing the “x” text in brackets is not needed:

=lol x|
File Edt Wiew Style Size Options ‘Window Help ==l =]
=l
sin( x) ) ) ) v 7l <)) )

) o ] &) o 53] e ) o

(4P ) [ Expression [ MathML Tree [ MathmL Text {=HTML )

Mavigation: line - presentation MathML; parent node - "math” element Size: Regular | Skyle: Math Zoom;: 200 % F’T l_ v

2. Insert a function of four arguments.

Press the [

L

.| button; fill the needed number of arguments in the shown dialog and see

the newly created visual representation of the “apply” element.

Formulator - [Formuli] _|a] x|
File Edit Wiew Stwle Size Options ‘Window Help _Iﬁllil

SIS s EEEERRBIGEE

1
Argurents of a funckion or operator bo be applied | <% | | ==
Arguments: IE] gz = poled] Y I ‘5"‘] e )| T {by
Cancel |

@@ Expression || Mathm|
Mavigation: line - presentation MathML; parent node - “math” element | Size: Regular | Style: Math [Zoom:zoowe [PO[W [ 4
Formulator - [Formuli] oy [m] 54
File Edit Yiew Style Size Options Window Help =] x|
E E 1 E E E E 1 i g HN i 2l < 1k
(5 550D sifl el w2l <l e

oo e &[0 53] e ] o

[4)(P) (Expression ) MathmL Tree )| MathML Text [ %HTML )

Mavigation: line - content MathML; parent node - “apply" element | Size: Reqgular | Skyle: Math |Zoom: 200 % F’T l_ v

Now this form can be filled with other elements of the MathML content markup.
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Formulator - [Formul1]

File Edit Wiew 3Style Size Options ‘Window Help

~=1ol =]
=181x]

k|

f(10+i5, a, x;, 10000y ) lell£) Gl E V) %) <) v 1)
)t ch | &) | o°J (2] 2| 7] o)

[4)(P) (Expression ) MathmL Tree )| MathML Text [ %HTML )

Mavigation: line - content MathML; parent node - "cn' element | Size: Regular | Skyle: Math

[Zoom:zoow [PO[m [ 4

Formulator - [Formuli] =1
File Edt Wiew MathML Window Help =151 x|
[=]-math

El-apply Entity name: |cn |
S
Tk Property ¥alue |
base 2
..... a
Bl
[l msub
E-mi
o «
= i
El"ﬁ base
10000 nurnetical base of the number

[4)(P)(Expression )(MathML Tree )| MathML Text [ %HTML )

Formulator - [Formul1]

File Edit Wiew Window Help

~=1ol x|
=181x]

<math display = 'block'>
<apply=
<cixfo/oiz
<cn type='complex-cartesian'=10<«sep/=5S</on>
<ciza=</oi>
<o
<msub=
EANTEF ST
<rixi</mi=
</msub=
<foi=
<cn base='2'>10000</cn=
</apply >
</math >

Kl

[4)(P)( Expression [ MathML Tres [ MathmL Text ) =HTML |
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3. Create an arithmetic expression.

The easy way is to use the corresponding toolbar and special buttons:

Formulator - [Formul1] - | Dlil
File Edit Wiew 3Style Size Options ‘Window Help _|ﬁ'|1|
Content ]

i) £ calfe g [l W) 2| <) v ]|t
Al ) ] E.E
(4P ) (Expression J( MathML Tree ) MathmL Text [ =HTML |

The addition operator - Zoom: 200% [P [T [ 4
; he addition operator

Formulator - [Formul1] _I- _|E| ll
File Edit Wiew 3Style Sige Options Window Help - |ﬁ'|5|
Content F
3+4 ci J {7 G+ o e W %0 < v e
) {tanj chji "} c"J 22} Pefi 7 f by
(4P ) (Expression [ MathML Tree | MathmL Text ) =HTML
Mavigation: line - content MathiL; parent node - “apply" {"plus™) element | Size: Regular | Skyle: Math |Zoom: 200 % I?IT l_ v
Formulator - [Formul1] - |EI|5|
File Edit Yiew MathML ‘Window Help _I- _|5' ll
Entity name: Icn j
I T =
display

defines rendering in a display style or an in-line style

[4)(P)[ Expression J[MathML Tree ) MathmL Text [ =HTML |

A

There is also a more long way to create this form by means of the “Basic Content
Elements” toolbar.

Formulator - [Formul1] - | Dlil
File Edit Wiew 3Style Size Options ‘Window Help - | 5 |1|
Content ]
cif{[ £ b oIt W %) | < v (6
)
(4P ) (Expression J( MathML Tree ) MathmL Text [ =HTML | _
R N . The apply element allows a Functlon ar operator to he applled to its arguments l—
The apply element allows a Function or operator to be applied to its arguments decl A.I T A_“ T EI CTET T e ) v
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Formulator - [Formul1] - IElllI
File Edit Wiew Style Size Options ‘Window Help - Iﬂlﬂ

Jitanfichji el flzZ]{ % ]I T flby)

cifl# P+ sl VT %f < v JEH)

]

[4)(P) (Expression ) MathmL Tree )| MathML Text [ %HTML )

Mavigation: line - content MathML; parent node - "apply" element | Size: Regular | Skyle: Math

Zoom: 200% [P [T | 4

Type the operator ‘+" and values into input slots as if they represent the functional (in

contrast to infix) notation.

Formulator - [Formul1]
File Edit Yiew Style Size ©Options Window Help

= [=]
=181 x|

+(3, 4)
| oo o] &[0 53] e ] o

ci I+ ol W %0 <1 V)

]

[4)(P) (Expression ) MathmL Tree )| MathML Text [ %HTML )

Mavigation: line - presentation MathML; parent node - "math" element | Size: Regular | Skyle: Math

[Zoom:zoow [PO[m [ 4

The structure of the MathML tree is already built up, but the rendering will become
correct after refreshing the text by means of the “Refresh All Through MathML” command.

Formulator - [Formul1] ;Iglil
File Edt WYiew MathML Window Help ==X
Entity name: Icn j
[ T =
display
defines rendering in a display style or an in-line style
[4)(P)[ Expression J[MathML Tree ) MathmL Text [ =HTML |
A
Formulator - [Formuli] ;Iﬂlil
File Edt | view Stvle Size Options Window Help =12 x|

Change Layout

Toolbars

+ (3 Tabbed toolbar:

v Status Bar

o e onf [ o 33] e ] o

K|

ci I+ ol V%0 <) v e

Z0ar 3
Show Mesting Chrl-+Shift+M
Show Read-Only Crl+Shift-+R

Line Spacing. ..

ODG=

Export the entir | Size: Regular | Style: Math

[Zoom: 200 [P [0 [ 4

BFormustor Formaiy RI=E
File Edit Wiew Style Size Options  Window Help ===
S =
3+4 aifl ol w7l <)l ]Ea)
°Jtanf|chfi &*J{ 0" 22| e i 70 )1 b =

(4P ) [ Expression [ MathML Tree )j MathML Text ) =HTML |

Mavigation: line - presentation MathML; parent node - "math” element | Size: Reqgular | Skyle: Math

[Zoom:zoow [PO[m [ 4

Basic Content Elements: functions and operators

1. Create the image of a given function, which is the set of values taken by the function

(4.4.2.14.2 example from the W3C MathML Recommendation):
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<apply>

<eq/>

<apply><image/>
<sin/>

</apply>

<interval>
<cn>-1</cn>
<cn> 1</cn>

</interval>

</apply>

Formulator - [Formul1] o |EI|1|

File Edit W¥iew 3tyle Size Options “Window Help -|ﬁ'|5|
Content
L3 | T s T | I e
#°f|tanj chff e"f| 0" J{ 22 ] ") E | ==

(4[> ) [Expression [ MathML Tree | MathML Text [ =HTML ) R

The eq element is the relational operator 'equals’ Size: Reg . EIE) c2 ol Poome 200 % l?'TI_ v

|The eq element is the relational operator 'equals’ I—
—

Formulator - [Formul1] ;Iglll

File Edit ‘iew Stwle 3Size Options ‘Window Help _|ﬁ'|1|
=]
Content =]

= sl[Alal-El ) <) v ]

""" ) =

()P ) Expression J{ MathtL Tree ){ MathML Text J(=HTML |
The apply element allows a function or operator to be applied to its argument | A« il 1 | [Stvle:Math | Foom: 200 % ’? ITI_ v

'}|The apply element allows a Function or operator to be applied to its arguments

pE =B
[a]lorloaflorfcd]

Formulator - [Formul1] ;Iﬂlil

File Edit View 3tyle Size Options ‘Window Help o | 5 |5|
o o Content F 4
[ S _1 P P P 1
(: = C]‘ _J il B 9,4 7 J
7 =l
@@ Expression || MathtL Tree | MathML Text | xHTMe—
The image element denotes the image of a given Function, which is £ Reqular | Style: Math | Zoom: 200 Y ’? IT l_ v

|The image elernent denotes the image of a given Function, which is the set of values taken by the Functi0n|
]
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Formulator - [Formuli] _ 8] x|
File Edit VYiew Style Size Options Window Help |5 x|
R Content | ;I
mmage( )= | leifl#) i) k| v) %) <) vl J
| chll e o221 e)] by =l
@@[ Expression ][ MathML Tree ][ MathML
The standard trigonometric Funckion: sin [ @in c05| M a Size: Reqgular [ Style: Math [Zoom:zoo= [PO[mW [ 4
o The standard trigonometric function: sin gtl
Formulator - [Formul1] — IEIIlI
File Edit Wiew Style Size Options ‘Window Help — Iﬂlﬂ
Content = d
1mage(sin) = | @] J
- =l
@@ Expression ][ MathML Tree ][ MathML .
| Size: Regular [ Style: Math [Zoom:zoow [P[m [ 4

|The interval element is used ko represent simple mathematical intervals of the real number ling]

Formulator - [Formul1]
File Edit Yiew Style Size ©Options Window Help

= [=]
=181 x|

I |
image(sin) = 1 <i [l 1] v %) < v en)
- ) tan) | ch | {07} (23] e 7] by
(4P ) (Expression [ MathML Tree | MathmL Text [ =HTML
Mavigation: line - content MathrL; parent node - “interval” element | Size: Regular | Skyle: Math

[Zoomizo0% [C W[ | 4

There comes a time when we should recall the difference between Presentation and
Content markups. If we just type any text into the first and the second slot, MathML Weaver
consider this as if we want to create some presentation for arguments of the “interval” element.
But it is not true, since we are going to create content markup number elements there. So, now
be careful, MathML Weaver will correctly detect the element of the content markup only if we

type into these slots valid numeric constants.

Formulator - [Formul1]

File Edit Wiew 3Style Sige Options Window Help

~=1ol =]
=181x]

=l
image(sin) = [— 1] 1] 5 i 2 5 2 3 |
#°| |tan] |ch || e* || 0"} | 2] {Pe) | TT) | by

[4)(P) (Expression ) MathmL Tree )| MathML Text [ %HTML )

| Size: Regular | Style: Math

[Zoom:zoow [PO[m [ 4
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Formulator - [Formul1] ;Iglﬂ

File Edt Wiew Mathtl ‘Window Help ==l
Entity name: |a|:|nlv =
Property | Yalue |
E| interval
B
e minus; 1
E"CI‘I
]
[4)(P)[ Expression J[MathML Tree ) MathmL Text [ =HTML |
S

Formulator - [Formuli] ;Iglﬂ
Ele Edit Yiew Window Help =1
<math display = 'block'=
<apply>
<gqi=
<apply=
<image/ >

<sind=
</apply>
<interval closure="closed'>
<cn=&minus;l</cn>
<on=le/on>
</finterval=
</apply > =

<fmath=
< _'lJ

[4)(P)( Expression [ MathML Tres [ MathmL Text ) =HTML |

A

2. Create the inverse element in order to construct a generic expression for the functional
inverse of that function (4.4.2.5.2 example from the W3C MathML Recommendation):

<apply>
<inverse/>
<ci> f </ci>
</apply>
Formulator - [Formul1] - | Dlll
File Edit Wiew 3tyle Size Options ‘Window Help _|ﬁl|1|
[ |
_1
cUjlf Il g _J _J )| =) | v (6]
|5
Do
[ﬁ ﬁ)
(4P ) Expression [ MathML Tree ) MathML Text ) =HTML | L
The functional inverse [STEE T HEgEr T=tyle! Math [Zoam:zoo= [P [m [ 4
Formulator - [Formul1] _I- _|E| ll
File Edit Wiew 3Style Size Options ‘Window Help _|ﬁ||1|
[ A
B ] 5 5 2 2 9 e
) {tanj chji e "} 2} e ] T by
[4)(P) (Expression ) MathmL Tree )| MathML Text [ %HTML )
Mavigation: line - content MathML; parent node - "apply" {"inverse") element | Size: Regular | Skyle: Math Zoorn: 200 % ’?’T ’_ s
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Type “f” into the input slot and see the structure of the MathML tree using nesting
feature (Ctrl+Shift+N) and larger zoom (Ctrl+5).

Formulator - [Formul1] _ 18] x|
File Edit Yiew Style Size Options Window Help =1

Lz
|

5° Hs®
Al

h

g (™
Edl =
ANE

[5 [ [<C

(e
HE

=

(4P ) (Expression [ MathML Tree | MathmL Text ) =HTML
Mavigation: ling - presentation MathML; parent node - "math” element | Size: Regular | Style: Math | Zoom: 500 % I?IT l_ v

See results on the “MathML Tree” page.

Formulator - [Formul1] ;Iglll

File Edt WYiew MathML Window Help ==X
[=1- math
=8 mrove Entity name: Iapplv ﬂ
=] appl
?p_v Property Yalue Iil
einverse ;I
B =
display

defines rendering in a display style or an in-line style

[4)(»)[ Expression J[MathML Tree ) MathmL Text J(=HTML )

<apply>
<apply><inverse/>
<ci type="matrix"> a </ci>
</apply>
<ci> A </ci>
</apply>

Formulator - [Formul1] ;Iglil

File Edit Wiew Style Size Options ‘Window Help _|ﬁ'|5|

[ |

gFJJJJ@JJJ
/]

of operator to be applied to ks arguments

(4P ) (Expression [ MathML Tree | MathmL Text ) =HTML

The apply element allows a Function or operator to be applied to ks arguments

le: Math [Zoom:zoow [P [0 [ 4
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Formulator - [Formul1]
File Edit Wiew Style Size Options ‘Window Help

=0l x|
=11 x|

| (D

EIIII

[4)(P) (Expression ) MathmL Tree )| MathML Text [ %HTML )

|

ﬂFJﬂJJJJJJ

o] orllofoslfed]

The functional inverse le: Math

Zoom: 200% [P [T | 4

Formulator - [Formul1] - | Dlll
File Edit Wiew 3Style Size Options ‘Window Help - | 5 |1|
Content K|
| 1) mJJJJJﬂJJJ
2] ") 70 b
[4)(P) (Expression ) MathmL Tree )| MathML Text [ %HTML )
i i element is used b name an identifier in an expression]

The ci element is used ko name an identifier in an expression [Size: Hegalar [=Eyle: Math TZoom: 200% | P |17 [
Formulator - [Formul1] - | Dlll
File Edit Wiew 3tyle Size Options ‘Window Help - | 5 |1|
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| 1)
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]

cifl# Pl +aflit| W %f < JIv e

[4)(P) (Expression ) MathmL Tree )| MathML Text [ %HTML )

Mavigation: line - content MathMLI parent node - " element|

| Size: Regular [ Style: Math

[Zoom:zoo= [P [m [ 4

Formulator - [Formul1]

File Edit Wiew 3tyle Size Options ‘Window Help

=10l x|
=l=1x]
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) tnf b)) ]3] ) o

]

cifl# Pl +aflit| W %f < JIv e

[4)(») (Expression ) MathmL Tree )| MathML Text [ %HTML )

Mavigation: line - content MathMLA parent node - "apply" {"inverse") element; current node - "ci" element-]| Size: Regular | Style: Math

[Zoom:zoo= [P [m [ 4

Formulator - [Formuli]

File Edit Yiew MathML Window Help

=10l |
=18

=8 m_ath

& apply Entity name: |ci

=

E| apply

inverse Property

Yalue

class
definitionlRL
encoding

id

=Nk nrel

[4)(P)(Expression ) MathmL Tree )| MathML Text [ %HTML ) e
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Formulator - [Formul1] ;Iglll

File Edit WView MathML ‘Window Help ==l x|
[=1-math
E1-apply Entity name: Ici j
= ap?l_y Property | Yalue j
i tvpe |matrix
El
[4)(P)(Expression ) MathML Tree )| MathML Text [ %HTML )
VA

Formulator - [Formul1] ;Iglil

File Edit WView MathML ‘Window Help ==l x|
[=1-math
E1-apply Entity name: Ici ﬂ
= ap?l_y Property | Yalue j
tvpe |matrix
=
[4)(P)(Expression )(MathML Tree )| MathML Text [ %HTML )
VA

3. Create the lambda element that is used to construct a user-defined function from an
expression, bound variables, and qualifiers (4.4.2.9.2 examples from the W3C MathML
Recommendation):

<lambda>
<bvar><ci> x </ci></bvar>
<apply><sin/>
<apply>
<plus/>
<ci> x </ci>
<cn> 1 </cn>
</apply>
</apply>
</lambda>

Formulator - [Formul1] ;Iﬂlll

File Edt Wiew Style Size Options ‘Window Help =& x|
Content |
ci [ i7y ol ol i) W) %)) < v ) )

@@[ Expression || MathrL Tree | Mathrl

The lambda element is used ko construct & use

Ind variables, an | Size: Regular | Strvle: Math [Zoom:zo0=e [PO[1W [ 2

“ I/

The first input slot is for the “bvar” element; type “x” text into it and it will be detected

as a “ci” element when converting to MathML.
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Formulator - [Formul1] — | Dlil
File Edit Wew 3tyle Size Options ‘Window Help _Iﬁllil

|

)1 P [ B 7 2 [

o Jtanfl ch | € flo" 22} e TC )1 b
(4P ) (Expression [ MathtL Tree [ MathmL Text | =HTML |
Mavigation: ling - content MathML}IEarent node - "brar” element) | Size: Regular | Strvle: Math | zoom: 200 % ’?ITI_ v

Now navigate to the second input slot (press the Right arrow) and insert a new visual
form for editing sin(...) expression.

Formulator - [Formul1] - | Dlil
File Edit Wiew Style Size Options ‘Window Help _|ﬁ||£|
Content |

°)|tanf| ch )| & fl 0" 22| R | 7T | by

[4)(») [ Expression [ MathML Tree Jj MathML Text ) =HTML | @ @ M a M M

Mavigation: line - content MathtL{parent node - "lambds” element) | [Style: Math [Zoom:zoow [P (W [ 4
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=lof x|
File Edt Wiew Style Size Options ‘Window Help =& =]
Content E|
A (x, sin| ) il )lalfiz v 7) <) (v e
) [tanf | chj| e”f{6”| |22} |Pe] | TC |{by ]

[4)(P) (Expression ) MathmL Tree )| MathML Text [ %HTML )
Mavigation: line - conkent MathML [ parent node - "apply" {"sin'"} element)

| Size: Regular [ Style: Math [Zoom:zoo= [P [m [ 2

Now insert the “apply” element for the <plus/> operator. Please note that we cannot just

type ‘+’ sign, because the current input mode is Presentation MathML (icon F in the right side
of the Status Bar).

Formulator - [Formul1] - | Dlll
File Edit Wiew 3tyle Size Options ‘Window Help _|ﬁl|1|
Content #

A(x, sin| ) o)l Yl ) <) v e
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] e ]

] ) e

|| [
37

(4)(»)(Expression [ MathtL Tree [ MathML Text [ =HTML |

The addition operator




Mastering MathML Content Markup http/fwww.mmlsoft.com
Formulator - [Formuli] oy [m] 54
File Edit Yiew Style Size Options Window Help =] x|
A(x,sin| + ) 53] 5 5 2 2 S
) [tanf] ch 1 €*fl0”f| 22| e} e by
(4P ) (Expression [ MathML Tree | MathmL Text ) =HTML
Mavigation: line - content MathiL; parent node - “apply" {"plus™) element | Size: Regular | Skyle: Math |Zoom: 200 % I?IT l_ v

Type “x” and “1” into input slots. The results are shown on the next two figures.

Formulator - [Formul1]

i ] B
File Edit Wiew 3Style Sige Options Window Help - |ﬁ' |5|
|
X (x, sinx + 1) ci 1)) e lefliaf| ) %) <JIv) )
77 {tanf| ch i "1 6 22| Pe | TCf{ b
(4P ) (Expression [ MathML Tree | MathmL Text [ =HTML
| Size: Regular | Style: Math Zoom: 200 % F’T l_ v
Formulator - [Formuli] oy [m] 54
File Edit Yiew MathML Window Help =] x|
=]~ math
B Entity name: |Iamhda j
El-bar
i Property | ¥Yalue |
B- apply
Lesin
=~ apply
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[4)(P)[ Expression J[MathML Tree ) MathmL Text [ =HTML |
A
Formulator - [Formul1] - |El|l|
File Edit WYiew Window Help ==l x|
lernath display = 'block' Al
<lambda=
<bvars
<gizx</oiz
</bvars>
< apply =
<sind>
<apply =
<plusf=
=oi=xe o>
<cn=le/on>
</apply=
</apply>
</lambda= —
</math> -
4] _>I_I
[4)(P)(Expression ) MathmL Tree )| MathML Text ) <HTML )
4

Basic Content Elements: invisible and transparent elements

This section describes how to work with invisible and transparent MathML nodes:

“declare” and “condition” elements of the content markup.

Working with the “declare” element asks for additional actions, because according to the
W3C MathML Recommendation it should not be directly rendered. Thus the “declare” element

is considered as invisible and is rendered in two cases only:
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a) just after insertion of this element from the mathematical toolbar of MathML Weaver
EN)

b) if the option “show invisible elements” is turned on (the green icon T in the right
corner of the Status Bar).

Additionally there is a limitation while using the “declare” element: MathML Weaver
cannot hold a document that has no other elements except of the “declare”. This means that
when a user tries to save the following example without any additional MathML elements, then
an empty document will be created. This known limitation of MathML Weaver relates to the
specific rendering requirements of the “declare” element and the point that the presence of this
element makes a sense only when other elements of the document refers to this declaration.

1. In order to demonstrate how to work with the “declare” element let’s create a MathML
tree for the following example from the W3C MathML Recommendation (4.4.2.8.1)

<declare type="vector">
<ci> V </ci>
<vector>
<cn> 1 </cn><cn> 2 </cn><cn> 3 </cn>
</vector>
</declare>

Formulal:or - [Formuli] -8 x|
File Edit VYiew Style Size ©ptions Window Help & x|

Content F

__| b_»*_l

L
morlasa
ue Declare a specific tlcal object|
()P ) [ Expression J{ MathtL Tree ) MathML Text ) =HTML |
— —— th | D : T
Declare a specific mathematical object i) Llar [ Style: Math | Zoom: 200 % ’?l_ v

||'
IE'
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G

Please note that currently rendering of invisible elements is turned off ().

EEEE
File Edit Yiew Style Size Options ‘Window Help =181l
- x| 4
'_' Tupe: I j |LI m'
Arguments: m Cancel |

Occurence: |<n0ne> vl

[V Insert a slot for a constructor initializing the variable

(4P ) (Expression [ MathtL Tree [ MathmL Text | =HTML |
Mavigation: line - presentation MathML; parent node - “math” element | Size: Regular | Style: Math | Zoom: 200 % ,?ITI_ v

A dialog is shown to initially tune attributes of the “declare” element. Select the “vector”
in the “Type” drop-down list. The next two attributes (“nargs”, “occurrence”) can be leave as
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they are, without editing. The check-box to the bottom of the dialog asks whether the “declare”
element contains a constructor initializing the variable.

Attributes of the “declare™ construck x|
| Ok, |
Argurnents: |I:I j Cancel |

Ocounence; |<n|:|r'|E> j

Type:

V¥ Inzert a ot for a constuctor initializing the variable

Formulator - [Formul1] N [m] 53]
File Edit Yiew Style Size Options Window Help =1
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Mavigation: line - content MathML; parent node - "declare” element | Size: Regular | Style: Math [Zoom:zones [PO[m [ 4

Type “V” into the first input slot; place the cursor into the second input slot and press the
button for the “vector” element insertion.
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Type values of the vector into three input slots.
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Mavigation: ling - cantent MathML{parent node - "declare” element; current nods - "vector” element) | Size: Regular | Style: Math | Zoom: 200 % ,?ITI_ v

See the results.

Formulator - [Formul1]

File Edit Yiew Window Help

=0l |
=181 |

}=math display = 'block'=
<declare type="vector'>
<=V o>
<vector=
<on=le/on>
<ecn=Z</on>
<con=3</on>
< /vector>
«/declare >
</mnath =

4]

[4)(P)(Expression ) MathmL Tree )| MathML Text ) <HTML )

o

4

Now do a inessential editing of the MathML text (for example, just press a space
somewhere between tags) and get back to the “Expression” page. We see an empty body of the
document, because the “declare” element is not rendered normally and the option “show
invisible elements” is turned off currently. About presence of the just created “declare” element
indicates only the navigation information bar and absence of the dashed line around an empty
input slot (it is shown only when the line of a document contains no elements).

Formulator - [Formul1]

File Edit Wiew 3tyle Size Options ‘Window Help

=10l x|
=l=1x]

@ |

(4P ) (Expression ) MathtL Tree [ MathrL Text [ =HTML )

Mavigation: line - presentation MathML}Garent node - "math” element; current node - "declare” element j| Size: Regular | Style: Math

[zoom:z00% [P {0}

Check the option “show invisible elements” from the “Display Content MathML
Elements” submenu of the “Option” menu. We still can’t see the “declare” element, but the icon
T suggests that the action was successful and the icon = prompts to the need of refreshing the
document through MathML (the “Refresh All Through MathML” command from the “View”

menu).
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Formulator - [Formul1] — | Dlil
File Edit Wew 3tyle Size Options ‘Window Help _Iﬁllil
|
{7 )+ a1 W %0 < v e
7Y {tanj ch}i e} c"J 22} Pef T f by
[4)(») (Expression ) MathmL Tree )| MathML Text ) %HTML )
Mavigation: line - presentation MathML; parent node - "math" element; current node - "declare” element |Size: Regular |Style: Math Zoom: 200 % ’T' ] 2
Formulator - [Formul1] - | Dlll
File Edit | View Style Size Options ‘Window Help =@ x|
e rTE— x
Toolbars 3 E
s 8 5 5 2 9
v Status Bar
a x k3 ula p
— e ten chl e o Jzz) Pe I Ty
Show Mesting CErl-+Shift+M
Show Read-Onky Ckrl+Shift+R
Line Spacing...
Export the entire document ko MathML and impart it back Sizet Reqgular | Strvle: Math | zoom: 200 % ’?ITI\.T v

After refreshing the document rendering we see the “declare” element again, because the

mode of invisible elements rendering is now turned on.

Formulator - [Formul1] - |El|l|
File Edit Wiew 3Style Size Options ‘Window Help - |ﬁl|l|
] o
1 sif Gl {2 <] v o)
o = 2| |o-m
P | 3 3 | e
declare: V' — | 2

[

(4P ) [ Expression [ MathML Tree [ MathmL Text {=HTML )
Mavigation: ling - presentation MathML; parent node - "math” element | size: Regular [ Style: Math | Zoom: 200 %% F’T l_ v

2. Create the “condition” element (4.4.2.7.2 examples from the W3C MathML

Recommendation) to see how initially invisible (transparent) elements behave.

<condition>
<apply><in/><ci> x </ci><ci type="set"> A </ci></apply>
</condition>
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Formulal:or - [Formul1] - IDIﬂ
File Edit Wiew Style Size Options ‘Window Help - Iﬁllll
Content |

ﬂFJJUJJJJJ
. J b)

Llar [ Style: Math [Zoom:zoow [P [m [ 4

()P ) [ Expression J{ MathtL Tree ) MathML Text ) =HTML |
The condition element is used o assert that a Boolean valued expression . |

[The condltlen element is used to assert that a Boolean valued expression should be trus |

IMMMd

Formulator - [Formul1] ;Iﬂlll
File Edit Wiew Style Size Options Window Help =181
Contenk |

ci [ e+ aflifl W %)) < fl Ve
| tan| | ch || &*| |a™ 52| [Pz || TT||b
(4)(»)(Expression [ MathmL Tree [ MathmL Text [ =HTML ) iJ _J _J _J _J —J —J —J —"J

Mavigation: ling - content MathML{parent node - "condition” element) | Size: Regular | Strvle: Math | zoom: 200 % ’? IT l_ v

At the first glance, the rendering of the document is not changed, but the navigation
information suggests that the “condition” element is successfully inserted and it is not rendered
just because there is no presentation for it; the presentation of the “condition” element coincides
with its contents rendering.

The changed structure of the document can be viewed using the “nesting view” feature.
Compare view of the document before insertion of the “condition” element (dashed line around
the empty input slot):

Formulator - [Formul1] - IElllI
File Edit Wiew Style Size Options ‘Window Help _Iﬂlﬂ

Content E

B
~
=
=

z <

HE

5% [
1A f{ia

(4P ) [ Expression [ MathML Tree )j MathML Text ) =HTML |
Mavigation: line - presentation MathML; parent nods - "math” element | Size: Regular | Style: Math [Zoom: S0 [PO[m [ 4
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and after it (solid line over the dashed line around the empty input slot):

Formulator - [Formul1] _ 18] x|
File Edit Yiew Style Size ©Options Window Help =] x|
Content ]

B s E e
i) ) | i e A

|C0mm0n Exponential Functions|

[4)(P) (Expression ) MathmL Tree )| MathML Text [ %HTML )
Common Exponential Functions | Size: Regular | Style: Math [Zoom:s00% [P[1 [ 4

This solid line suggests to the thought that there is an internal frame element to hold a
newly created element of the content markup.

Now let’s back to our example and create the “apply” element inside of the “condition”
element.

Formulator - [Formul1] - | Dlil
File Edit Wiew 3Style Size Options ‘Window Help _|ﬁ||1|
K|

) il s A 2 R S e 21

P || B3 G o s |
(€)(>) (Expression | - x .

The in element is the relational operator used For a set-thearetic inclusion

Math Zoom:200% | P [T [

Formulator - [Formuli] oy [m] 54
File Edit Yiew Style Size Options Window Help =] x|

R Contenk E|
€ 53 ]
)t ) ) 2] e e 5
(4P ) (Expression [ MathML Tree | MathmL Text [ =HTML

Mavigation: ling - content MathrL; parent node - “apply” {"in") element | Size: Regular | Skyle: Math Zoom: 200 % F’T l_ v
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Formulal:or - [Formul1] - IDIﬂ
File Edit Wiew Style Size Options ‘Window Help - Iﬁllll
- =
] Content Token element: Identifier |
XE | BEIE
L)
“ﬂ—:J taj ﬂj Toee - ﬂ Cancel | ;I
(4P ) (Expression ) MathtL Tree [ MathML Test J(mHTmL ) mz‘;n =
Mavigation: line - contenk MathrML; parent node - "apply" ("in") element ———————interval Zoom: 200 % F’T l_ v
list
tatriz
rational
weckor )

Formulator - [Formuli] ;Iﬂlil

File Edit Wiew Stvle Size Options  Window Help =181
= -l
X € i JUA P+ e %) < v ) J

| ltenfl <h 1 &) 0”22 "] 7)) =l

(4P ) (Expression [ MathmL Tree [ MathmL Text | =HTML |

Mavigation: line - content MathML;{ﬁarent node - "o element) | Size: Regular | Style: Math | Zoom: 200 % ,? IT l_ v
Formulator - [Formuli] - II:Ilﬂ
File Edit Yiew Style Size Options Window Help =] x|
-
A

xeA i | ) ) )17 <) v )
%) {tenf b [{ €[l o°f |22 e 7| b | =
(4P ) (Expression [ MathML Tree [ MathmL Text [ =HTML

Mavigation: ling - content MathML; parent node - “o* element | Size: Regular | Style: Math | Zoom: 200 % I?IT l_ v

See the results

Formulator - [Formul1] ;Iglll

File Edit WView MathML ‘Window Help ==l x|
[=1-math
=8 ondiion Entity name: |condiion =]
B applv

Property | Yalue |

[4)(P)(Expression )(MathML Tree )| MathML Text [ %HTML )

Formulator - [Formuli] ;Iglﬂ

File Edt View MWindow Help ==Xl
<math display = 'block'= -
< condition=
<apply =
=ind=

<izxa/ o
<ol type="set'=A</ci=
</apply=>
< feondition =

</math = -
<] _>I_I

(4P ) Expression J[ MathML Tree )j MathML Text )i =HTML |

Arithmetic, Algebra, Logic and Relations

1. Example 4.4.3.9.2 from the W3C MathML Recommendation).

<apply>
<times/>
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<ci> a </ci>
<ci> b </ci>
</apply>

Press the button on the mathematical toolbar for arithmetic operators or switch the input
mode to the Content Markup and just press the **’ character.

Formulator - [Formuli] — | I:IILI
File Edit Wiew Stwle Size Options ‘Window Help _Iﬁllil
Content |

a
e el ][]
[4)(») (Expression ) MathiL Tree ) MathML Text [ <HTML | E
The multiplication operator — Zoom:200% | P [T [ 4
[— e oo o

Type ‘a’, press the Right arrow, type ‘b’.

Formulator - [Formul1] ;Iﬂlll
File Edit Wiew Style Sge Options Window Help =181
£
a x b|

(4P ) Expression [ MathML Tree ) MathML Text ) =HTML |
Mavigation: line - content MathML;@arent node - "apply" {"times") elemen_t] | Size! Reqular | Style: Math | Zoom: 200 Y ’? IT l_ v

See the results

Formulator - [Formul1] ;Iglﬂ
Ele Edit Yiew Window Help =1
<math display = 'block'= -

<apply=
<times/>

<ciza</oix
<cizbe/oix
</apply=>

</math > v|
4 15

[4)(P)( Expression [ MathML Tres [ MathmL Text ) =HTML |

Now get back to the “Expression” page and see how to change the appearance of the
<times/> element.

The next figures shows which item of menu controls the rendering option of the
<times/> element.
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Formulator - [Formuli] — | I:IILI
File Edit “iew Style Size | Options “Window Help |5 x|

Use Content MathML Input Mode

|
Display Conkent MathML Elernants  #J w <times)> mes; i A
o X b Translate ko MathML 2.0 ¥ <times/> uses fsdat; v2 EE
. <times/ > uses &lnvisibleTimes;
v Show Mavigation Info b
v Show ‘Refresh MathML' Warning v show invisible elements 4
()] (Expression ) mathi Tree
Display <times)> element as "&times DauEn: I 5o [ |Size: Regular |Style: Math

[Zoom:zon s [P [0 [ 4

If we select another option (“&InvisibleTimes;”) the appearance of the formula is not
changed, but the icon = prompts to the need of refreshing the document through MathML (the

“Refresh All Through MathML” command from the “View” menu).

Formulator - [Formul1]

File Edit Wiew 3Style Sige Options Window Help

~=1ol =]
=1=1x]

i
LA ol W% f] < )

f{tanfich il e Jlo T 2201 el Ty
(4> (Expression [ MathtL Tree | MathML Text [ RHTML )

axb|

Mavigation: line - content MathiL; parent node - “apply" {"times") element | Size: Regular | Skyle: Math

[Zoomizone [P [0 [2 4

After refreshing the formula is rendered as if instead of the <times/> element is used the

presentation element <mo>&InvisibleTimes</mo>.

Formulator - [Formul1]

File Edit Wiew 3Style Sige Options Window Help

~=1ol =]
=1=1x]

Content k|
ab 3 T 2 s )
Fi | ) B3 G 5 R |
(4)(») [ Expression ) MathML Tree [ MathtL Text J[=HTML )

Mavigation: line - presentation MathML; parent node - "math” element | Size: Regular | Skyle: Math

[Zoomizone [P [0 | 4

2. Example 4.434.2 from the W3C MathML Recommendation): Maximum and

minimum.

<apply>
<max/>
<ci> a </ci>
<ci> b </ci>

</apply>
o)
File Edit Yiew Style Size Options Window Help =&
Content . #
ci 1)) @) el | Y {7)] <) v )
SEEEER S
[4)(») (Expression ) MathiL Tree ) MathML Text [ <HTML | e
Ty T.he maxi;'num opérator in i) [ TR 2
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Formulator - [Formul1] - IElllI
File Edit Wiew 3Style Size Options ‘Window Help - Iﬁllﬂ
ree Content k|

maxi ,: i i |G 7 e | )
At o)) o) z2) 2] ) o

[4)(P) (Expression ) MathmL Tree )| MathML Text [ %HTML )

Mavigation: line - content MathML; parent node - "apply" {"max") element | Size: Regular | Skyle: Math Zoorn: 200 % ’?’T ’_ s

Formulator - [Formul1] - |EI|5|

File Edit Wiew 3Style Sige Options Window Help - |ﬁ'|5|
Content |

max{a, H} i) 79| @)+l 1] ) ), <[ )
) ) e[| ) 23] e )

(4)(») [ Expression ) MathML Tree [ MathtL Text J[=HTML )

Mavigation: ling - content MathrL; parent node - “apply” {"max") element | Size: Regular | Skyle: Math Zoom;: 200 % F’T l_ v
Formulator - [Formul1] - IElllI
File Edit Yiew Window Help _ = x]
<math display = 'block'= -
<apply=
< maxd=

<ciza</oix
<cizb</ix
</apply=>

-
4 2

[4)(P)( Expression [ MathML Tres [ MathmL Text ) =HTML |

<apply>
<min/>
<bvar><ci>x</ci></bvar>
<condition>
<apply><notin/><ci> x </ci><ci type="set"> B </ci></apply>
</condition>
<apply>
<power/>
<ci> x </ci>
<cn> 2 </cn>
</apply>
</apply>

Formulator - [Formul1] - | m] |1|

File Edit iew Style Size Options Window Help =181 x|

Content |

JJJﬂJJHJJJ
(4)(»)(Expression ) MathtL Tree [ MathML Text J(RHTML |

. M
Mavigation: line - presentation MathML; parent node - "math" element [Size: Reqular

{The minimum operator; the elements to be compared are described using bound wariables with a condition element and an expression
ta be minimized

=lojx|
File Edit ‘iew Style Size Options ‘Window Help =181l
Content E|
min{| | il )l ) v 2%)) <) ) )

éﬁbb 3 | 5 5 3 5 2 3

(4P ) Expression J{ MathtL Tree ) MathML Text |(=HTML |
Mavigation: line - content MakhfL; parent node - "apply" {"min") element |Size: Regular | Skyle: Math |Zoom: 200 % ,? ITI_ v
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Here (1) is an expression to be minimized; (2) is an input slot for one bound variable (the
“bvar” element); (3) a condition element. There is also a button for many bounded variables

(0l that shows the following dialog:

Number of bound variables inE |

|r'-.IumI:|er of bound variables in the ‘minimum’ u:uperatu:ur|
|
Argurnents:

II Cancel |

This approach is common for all the cases when qualifier elements of the MathML
content markup are needed.

Please note that according to the W3C MathML Recommendation the “bvar” element
should not be rendered in such a content markup element, so we consider it as an invisible (see
the section “Basic Content Elements: invisible and transparent elements” for detailed
discussion). This means that the corresponding input slot is available only after insertion of the
“min” element, because currently rendering of invisible elements is turned off ().

.Formulator [Formul1l] ;Iﬂlll

- File Edit Wiew Style 3Size Options ‘Window Help -|ﬁ'|5|

onten £
mm{@ I } c1| o ID It21) W 1 %) il V] MI
EIIIH”

[4)(») (Expression ) MathiL Tres ) MathML Text [ #HTML |

The power element is a generic exponentiation operator

Zoom:200% [P [T [ 2

Eo@mga generic exponentiation operator
] fnd e o
(L[ e

Insert the “apply” element with the <power/> operation.

Formulator - [Formul1] _I- _|E| ll
File Edit Wiew 3Style Size Options ‘Window Help - |ﬁl|l|
min{ | SREEENRB 5
I
o ftanfl chff |0 J| 221 e TCJ{ by
(4P ) (Expression [ MathML Tree | MathmL Text ) =HTML
Mavigation: line - content MathiL; parent node - “apply" {"power") element | Size: Regular | Skyle: Math |Zoom: 200 % I?IT l_ v
Type ”X”, 112” .
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Formulator - [Formul1] - IElllI
File Edit Wiew Style Size Options ‘Window Help - Iﬂlﬂ
x§ =

min{ x* |- } BGEEE R B

oo ] &) o 53] e ] o 4

(4P ) [ Expression [ MathML Tree )j MathML Text ) =HTML |
Mavigation: line - content MathiML; parent node - “apply" ("power") element | Size: Subscript | Skyle: Math |Zoom: 200 % F’T l_ v

Navigate to the “bar” input slot and type a name of the bounded variable (“x”).

Formulator - [Formul1] _ 18] x|
File Edit Yiew Style Size Options Window Help =1

min{x® |, } o o o e 3
o 2 f[tenf| cbf{ e flo" [z 72 [ 7 b

[4)(P) (Expression ) MathmL Tree )| MathML Text [ %HTML )

Mavigation: line - content MathML; parent node - "bvar” element | Size: Subscript | Style: Math Zoom: 200% [P [T | 4

Create an expression for the “condition” element.

Formulator - [Formul1] - | Dlll
File Edit ‘iew Style 3Size Options ‘wWindow Help _|ﬁ'|1|
|

70 | 3 5 o e
[4)(») (Expression ) MathiL Tree J[MathiL Text [ %HTML |

Mavigation: line - content MakhML; parent node - "condition" element

min{ x * | ﬂﬁ@ﬂ@m@g%@
TC| by

200% | PO[m[ z
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Formulator - [Formul1] 3] x|
File Edit VYiew Style Size Options Window Help =

Content

+] %

min{ x? | x[]}
JﬂﬂJJﬂjJJﬁ
(4[> ) Expression J{ MathtL Tree ) MathML Text |(=HTML |
Mavigation: line - content MakhML; parent node - "condition” element Size: Reqular

“ /I

Type “x
the “ci” element of the “set” type as the second argument of the “apply”.

Formulal:or - [Formul1] — | Dlll
File Edit Wiew Style Size Options ‘Window Help _Iﬂlll
Content |

min{x” | xe| } [ T o 9
o] (e el
(4[> ) Expression J{ MathtL Tree ) MathML Text |(=HTML | ] F
The ci element is used to name an identifier in an expression m @‘ tyle: Math [Zoom:zoow [FPO[W [ 4

|The ci element is used to name an identifier in an expression|

Formulator - [Formul1] - | Dlll
File Edit ‘Wiew Style Size Options window Help _|ﬁ'|1|

ok element; dentifier 1? =
e | = N R

min{ x 2 L x& 3
et o[z 7] (7] by

[4)(») (Expression ) MathtL Tres ) MathL Text [ #HTML |
Mavigation: line - content MathML; parent node - "apply" ("notin") element | Size: Reqgular | Skyle: Math | Zoom: 200 % ’? ’Tl_ v

See results on different pages of Formulator 3.7 MathML Weaver.

Formulator - [Formul1] - IElllI
File Edit Wiew Style Size Options ‘Window Help - Iﬂlﬂ
Contenk |

. 2 e ut il 15 e ek
min{ x* | _x & B} i [ i W) ) <} '] )
= "o wli
(4P ) [ Expression [ MathML Tree )j MathML Text ) =HTML |

Mavigation: line - content MathML; parent node - “o* element | Size: Regular | Style: Math [Zoom:zoow [PO[W [ 4
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Formulator - [Formul1] _I_I- | ﬂ
File Edt View MWindow Help ==Xl
<math display = 'block'= -

<apply =
<mind=
<bwvar=
<izxa/ o
</bvar=
< condition=
<apply =
<noting>
<roizxa/oiE
<ol type='set'=B</oi=
</apply=
< fcondition =
<apply =
“power/=
«oizxe/oiz
<ecn=Z</on>
</apply>
<fapply >
</math=

Kl

[4)(» ) Expression ) MathML Tree [ MathmL Text | =HTML )

A
Formulator - [Formuli] ;lglﬂ
Eile Edit Wiew MathML Window Help =l
=]~ math
- Entity name: IaDth =l
i i
E| bvar Property | ¥Yalue |
: & ci
[l condition
. Eapaly
- notin
[4)(P)(Expression ) MathML Tree )| MathML Text [ %HTML )
A

Now get back to the “Expression” page and refresh the document contents through

MathML.
Formulator - [Formul1] ;Iglll
File Edt | view Stvle Siee Options Window Help =& x|
Choroe Loyt onien——m e
Toolbars 4
. . =] -3 = T
min{ oo <L)+ Ofl W %6 < ]9
v Stabus Bar
o ® I 8.2 p
S— , ) tanf| ch | *J{ o 23] | e TC 1 b
Shovy Mesting Chrl+Shift+1
G]@@ Show Read-Only Chrl+-Shift+R
Export the entir | Size: Regular | Style: Math [Zoomizon s [P [0 [ 4
- Line Spacing...
Refresh &ll Through MathrML
Formulator - [Formul1] ;Iglﬂ
File Edit Yiew Style Size Options Window Help =l |
S

mm{xQ\xEBﬂ
o} [tanf| ch}]| &”fl " | 22) | e | 0] by

ciIf |+ ol V%) < 1 v 6H)

(4P ) (Expression [ MathML Tree | MathmL Text [ =HTML

Mavigation: line - presentation MathML; parent node - "math” element | Size: Regular | Skyle: Math

[Zoomizoow [PO[m [ 4

Note that the bounded variable is hided according to the proper rendering of the “min”
element with condition qualifier. We can edit the bounded variable at any time if we turn on
rendering of invisible elements and refresh the document through MathML once more.
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Formulator - [Formul1] 3] x|
File Edit ‘iew Style Size | Options ‘Window Help |5 x|

Use Content MathML Input Made |
Display Content MathML Elements 1 [P SRR o =t

mln{ X 2 ‘ X Translate ko MathrL 2.0 P <himes/> uses Bsdot; EJ EJ EJ V_:J mj
v Show Navigation Info <times| > uses &InvisibleTimes;
e | p b
v Show ‘Refresh MathML' Warning risible elements 2J —CJ EJ —JJ

@@ MathiML Tree Docurment Indents..

Force rendering invisible Conkent MathML elements | Size: Regular | Style: Math [Zoomizooee [FPO[0 [ 4

Formulator - [Formul1] 101 x|

File Edit Wiew Skyle Size Options ‘window Help - | 5 |1|
Content B

min{ x % | x ¢ B} i £ ) e I %) <) )
2l on) ooz el 7o)

(4P ) Expression J{ MathtL Tree ) MathML Text |(=HTML |

Mavigation: line - presentation MathML; parent node - "math” element |Size: Regular | Skyle: Math |Zoom: 200 % l?iﬂ )
Formulal:or - [Formul1] 0] x|
File Edit | Wiew Style Size Options Window Help - | = Ill

Change Layout

Content |
Toolbars 3
min{ Tabbed boolkar c_]J f_‘] tJ ﬂ uJ EJ % éJ v_ﬁJ MJ

v Status Bar

o . 27l b} 7 () 53] e e o

Show Nesting Chrl+Shift+n
@@ Expres .
Show Read-Only Chrl+shift+R
Export the entir | Size: Regular [ Style: Math [Zoom:200% [P/[m [27 4
———————  Line Spacing...

Formulal:or - [Formul1] — | Dlll
File Edit Wew Style Size Options ‘Window Help _Iﬂlll
Content B

mmxﬂﬁwB} 3| 3
7 o) en) )| 2] 7o) )

[4)(») (Expression ) MathiL Tres ) MathML Text [ #HTML |
Mavigation: line - content MathMLG:uarent node - "bvar” element; current node - "o element-] | Size: Subscript [ Style: Math [Zoom:zoon % [P {0 |

2. Example 4.4.3.17.2 from the W3C MathML Recommendation): universal quantifier
(forall):

Vp. . p€QAqgeQap<q:p<q’

<apply>
<forall/>
<bvar><ci> p </ci></bvar>
<bvar><ci> g </ci></bvar>
<condition>
<apply><and/>
<apply><in/><ci> p </ci><rationals/></apply>
<apply><in/><ci> g </ci><rationals/></apply>
<apply><lt/><ci> p </ci><ci> g </ci></apply>
</apply>
</condition>
<apply><1lt/>
<ci> p </ci>
<apply>
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<power/>
<ci> g </ci>
<cn> 2 </cn>
</apply>
</apply>
</apply>

The forall element is usually used in conjunction with one or more bound variables, an
optional condition element, and an assertion. There is lot of available combination of different
constructs of this element (this is true also for other similar statements, like the “exists” element,
sums and products, integrals and so on). So MathML Weaver propose several buttons on
mathematical toolbars, trying to make it faster creating common MathML trees.

In the case of our example there is the button for the “forall” element with several

bounded variables and a conditional element: [7ii-

L

Formulal:or - [Formul1] - | Dlll
File Edit Wiew Style Size Options ‘Window Help _Iﬂlll

Content

[4)(») (Expression ) MathiL Tres ) MathML Text [ #HTML |

Mavigation: line - presentation MathML; parent node - "math" element Size: Reqular n

Formulator - [Formul1] _ 2] x|
File Edit Yiew Style Size Options ‘Window Help |5 x|
x .
L k] [v)|%)| =) v e
----- Arguments: IE = = &= B
Cancel | zg‘ ch T[‘ b‘,‘
(4)(»)(Expression [ MathtL Tree [ MathML Text J(XHTML |
Mavigation: line - presentation MathML; parent node - "math” element | Size: Regular | Style: Math [Zoomizone [PO[0 [ 4
Formulator - [Formul1] - | Dlll
File Edit Wiew Skyle Size Options ‘window Help _|ﬁ'|1|
e e Content 2
<i [ ol V%) < )
O/ \ o Jtanfi ch i el 0”22} e 7C )] b
(4P ) (Expression ) MathiL Tree ] MathML Text |(=HTML |
Mavigation: ling - content MathML; parent node - "bvar” element | Size: Regular | Style: Math | Zoom: 200 % ’?’Tl_ v

Here (1) and (2) are input slots for two bounded variables; (3) is a condition element; (4)

is an assertion.
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Formulator - [Formul1] - IElllI
File Edit Wiew 3Style Size Options ‘Window Help - Iﬁllﬂ
S

(4P ) (Expression [ MathML Tree | MathmL Text [ =HTML
Mavigation: ling - content MathML; parent node - "bvar” element | Size: Regular | Style: Math | Zoom: 200 % F’T l_ v

Now we should insert the “apply” element with the <and/> operation and three
arguments.

Formulator - [Formul1] - | Dlll
File Edit ‘Wiew Stwle 3Size Options ‘Window Help _|ﬁ||1|

o Content |
v%q{}u wuuwwfl%iw

[4)(» ) (Expression ) MathtL Tree ){ MathML Text J(=HTML |

The and element is the Boolean 'and’ operator

perator | ’_ ’_ 4

Formulator - [Formul1] - | Dlil
File Edit Wiew 3Style Size Options ‘Window Help _|ﬁ'|1|

vg%[%fﬁﬁf?ﬂuuuwm_

[4)(P) (Expression ) MathmL Tree )| MathML Text [ %HTML )

Mavigation: line - contant MathML; parent node - "apply" ("and") element

In order to insert the <rationals/> element use the EI button:
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Formulator - [Formul1] - | Dlil
File Edit Wiew 3Style Size Options ‘Window Help _|ﬁ||1|
Content

Vop g, pe HMﬂgJJJJJJJJJ
""""" ) anf| ch) | |07 z2) 72 [ 7] o)

[€)(») [ Expression J{ MathL Tree ) MathML Text ) =HTML | ["@'
The set of all rational numbers ’K T W l_ I_ l_ 4

[l
The set of all rational numbers|

Formulator - [Formul1] - | Dlll
File Edit Wiew 3Style Size Options ‘Window Help _|ﬁ||1|
[ F

VP, d.peQAgeQAa| 1 0 Y g
""" _J_"JC_J_J_J_J_JE...
[ = =

[4)(») (Expression ) MathmL Tree )| MathML Text ) %HTML )

The It element is the 'less than' relational operatar [ Size: [ Strvle:

B

Formulator - [Formul1] ;Iglil

File Edit Wiew 3Style Sige Options Window Help _|ﬁ'|5|

Conktenkt ﬁ
Vp, g,peQnrqeQnrp<gqg: ci 1)) ol o) W 2] <Jv ) el
JJten] <) &) o) 2272 7 by

[4)(P) (Expression ) MathmL Tree )| MathML Text [ %HTML )
Mavigation: line - content MathML; parent node - "apph" {"Forall"y element | Size: | Skyle: | Zaarm: ’_’_ ’_ s

Formulal:or - [Formul1] — | [m] Ill

File Edit Wiew Style Size Options ‘Window Help _Iﬁllll

Content |

Ell _“J °_J _J _J _J _J
(4)(»)(Expression [ MathtL Tree [ MathML Text J(=HTML | IE‘ . . .

The It element is the ‘less than' relational operator [Size: [Style:
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L=
File Edit Yiew Style Size Options Window Help =lE
2 e e 2 e 3 i el A |
Vp, . peQAqgeQnrp<qg:p< j
[
[4)(P) (Expression ) MathmL Tree )| MathML Text [ %HTML )
Mavigation: ling - content MathML; parent node - “apply” ("IE") elemant |Size: |Style: |Zoom: l_l_l_ v
[ Formulator - [Formul1] =101l
File Edit ‘Yiew Style Size Options ‘Window Help =1E1x]
i) £ ) Gl ) W 2] | <9 ) 683t b | o 2 e o
v p, UL, o, ) I
E | I K| E
@@ Expression ' il
The power element is _ 2 [Size: [ Skyle: | Zaom: [ 2
MMIMII
See results on different pages of MathML Weaver.
Formulator - [Formul1] o ] 3
File Edit Wiew Style Size Options  Window Help ===
T 8 o S e | S A N
) 2
V0. 4. peQAqgeQAp<q:p<q j
[
[4)(P) (Expression ) MathmL Tree )| MathML Text [ %HTML )
Mavigation: line - content MathML; parent node - “apply" ("Forall") element; current node - "apply" (K" elu| Size: Reqgular |Style: |Zoom: l_l_l_ v
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Formulator - [Formul1] ;Iglﬂ

File Edt Wiew Mathtl ‘Window Help ==l
E|--m_ath
- apply

Entity name: IFDraII j

Property | ¥Yalue |

- bvar
- i
B bvar
i
- condition

[H-ci
=8 cs_ymhol
- rationals

[=- csyrbal
- rationals

[4)(P)(Expression ) MathML Tree )| MathML Text [ %HTML )

Sequences and Series
1. Example 4.4.7.1.2 from the W3C MathML Recommendation): the sum element:

<apply>
<sum/>
<domainofapplication>
<ci type="set"> B </ci>
</domainofapplication>
<ci type="function"> f </ci>

</apply>
Formulator - [Formul1] - |EI|5|
File Edit ‘iew Skyle 3Size Options window Help - |ﬁ'|5|

Content 5|
B | T T 2 S e
(e bl ]| o° 22 2] e

- | Size: Regular | Style: Math [Zoom:zoow [FO[W [ 4
{The sum element denotes the summation operator |

Now it is inserted a visual form for editing the “sum” element with the
“domainofapplication” qualifier.
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Il
File Edit Wiew 3Style Size Options ‘Window Help _Iﬁllﬂ

[

- content 5
Z GBS ENC R TANT
| I o Jltanjl chjf "l =2 i 7 f{ by

(4P ) [ Expression [ MathML Tree [ MathmL Text {=HTML )

Mavigation: line - content MathiL; parent node - “apply" {"sum™) element | Size: Subscript | Skyle: Math

Zoom: 200% (P [m | 4

Input slots below the sum sign are rendered as

L]
! 1
! 1
! 1
! '

in order to allow to a user editing both the bounded variable (the first input slot) and the
“domainofapplication” element. Leave the first input slot empty and create a “ci” element of
type “set” for the second input slot. Then create another “ci” element for the argument of the

“sum” element.

Formulal:or - [Formuli] - II:Ilﬂ
File Edit Wiew Style Size Options ‘Window Help - |5|5|
[

zl §
e ] [Jiv]) )
Cancel | J b_“'J

(4)(»)(Expression )(MathmL Tree [ MathtL Text J(RATML )

Mavigation: line - cantent MathML; parent node - "apply" ("sum") element: | Size: Regular | Style: Math

Zoom: 200 % | P (M| 4

Formulator - [Formul1] _ 18] x|
File Edit Yiew Style Size ©Options Window Help =] x|

ETTE—
2 il el ) <)
18 Jltanf{ bl 0|z 2] b

(4P ) (Expression [ MathML Tree | MathmL Text [ =HTML

| Size: Regular | Style: Math

[Zoomizooe [P [0 [ 4

Switch to the “MathML Tree” page and delete the node for the bounded variable, since
the example don’t need the “bvar” presence. In order to do this, select the “bvar” node and

press Delete.

Formulator - [Formul1] - |EI|5|
File Edit ‘Yiew MathML ‘Window Help _I- _|5' ﬂ
[=1-math
- apply Entity name: |bvar =l
e SUm
Property | Yalue |
e csymbal
= _omainofapplication
LRk
[ i
(4P ) Expression | MathML Tree )i MathML Text ) =HTML |
A
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Formulator - [Formul1] - |EI|5|
File Edit WView MathML ‘Window Help ==l x|
[=]-math
m|£_|a.. apply Entity name: Ici j
- sum , =
E| pmainofapplication Gaonerty v H
(R type function
(4P ) Expression | MathML Tree )i MathML Text ) =HTML |
4
Then get to the “Expression” and “MathML Text” pages to see results.
Formulator - [Formul1] - IElllI
File Edit Wiew 3Style Size Options ‘Window Help - Iﬁllﬂ
Content £
2. f ] i 5 5 2 2 9 e
B 7°ftanf] ch}| *f " J| 221 e ¢ f1{ by
(4P ) (Expression [ MathML Tree | MathmL Text ) =HTML
| Size: Regular | Style: Math [Zoom:zoow [P [0 [ 4
Formulator - [Formuli] - II:Ilﬂ
File Edt View MWindow Help ==Xl
<math display = 'block'= -
<apply =
<surf =
<domainofapplication =
<l type="set'=B</ci=
</domainofapplication =
<ci type="function'=f</ci=
<fapply >
</math> -
<] _>I_I
[4)(P)(Expression ) MathmL Tree )| MathML Text ) <HTML )
4

2. Examples 4.4.7.3.2 from the W3C MathML Recommendation): the limit element:

<apply>
<limit/>
<bvar><ci> x </ci></bvar>
<lowlimit><cn> 0 </cn></lowlimit>
<apply><sin/><ci> x </ci></apply>
</apply>

Formulator - [Formul1]

File Edit View 3tyle Size Options ‘Window Help

jm] 3
=181

(4P ) (Expression ) MathmL Tree ) MathiL Text J(RHTML |

The limit element represents the operation of taking a limit of a sequenc

| [Style: Math [Zoomizoo s [P (W [ 4

element represents the operation of taking a limit of a sequence
= T T

e
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RI=E
File Edit Yiew Style Size Options Window Help =lE
d

=

lim i) | ) e ] ) 2 <) v )

- | J{ten) ch)f e o*Jlz:2f[ P 7e by

-
[4)(P) (Expression ) MathmL Tree )| MathML Text [ %HTML )

Mavigation: line - contant MathiML; parent node - “apply" {"limit") element | Size: Subscript | Skyle: Math |Zoom: 200 % F’T l_ v
Formulator - [Formul1] - |EI|5|
File Edit View 3tyle 3Size Options ‘Window Help - |ﬁ'|1|

Content E|
lim _J_J;J;J_J_JEJ_J_J_J
x—=0

(4)(»)(Expression ) MathML Tree [ MathML Text J(RHTML )

The standard trigonometric Funckion: sin

byle: Math Zoom: 200 % | P (M [ 4

Formulator - [Formul1] ;Iglil
File Edit Wiew Style Size Options Window Help =181
Content |

lim sin x i ]| e o) V%) | <) 6
x =0 ) |tan] | ch|{ e[| o) | 23] [P | U by

(4P ) (Expression [ MathML Tree | MathmL Text ) =HTML
Mavigation: ling - presentation MathML; parent node - "math” element | Size: Regular | Style: Math | Zoom: 200 % I?IT l_ v
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Constructor elements: theory of sets and linear algebra

1. The next example shows how to create elements of the theory of sets.

Formulator - [Formul1] - |EI|5|

File Edit View 3tyle Size Options ‘Window Help -|ﬁ'|5|
Content |

o) 19 ) e ) ) 7o) <) (v )
7 °ftanf | ch | )| 6" 22| e TC ) | b |
(€)1 (Expression J{ MathML Tree ) MathML Text ](=HTML |

Mavwigation: line - presentation MathML; parent node - "math" element |—c

o [P [ 4

Formulator - [Formul1] _ 8] x|
File Edit VYiew Style Size Options ‘Window Help |5 x|

Number of elements of a sek |
23/ BN o]

D,_JJ h_nJ | Arguments: |E| = el

(4P ) (Expression [ MathmL Tree [ MathmL Text | zHTML
Mavigation: ling - presentation MathML; parent node - “math” element | Size: Regular | Style: Math | Zoom: 200 % ,?ITI_ v

Formulator - [Formul1] =181

File Edit Yiew Style Size ©Options Window Help =] x|
Content |

i £ s W %l <) v 1)
Jtanfichl el 0" f| 1217 70 iy )
(4P ) (Expression [ MathML Tree | MathmL Text [ =HTML

Mavigation: ling - content MathML; parent node - “set” element | Size: Regular | Style: Math | Zoom: 200 % I?IT l_ v

Formulator - [Formul1] ;Iglll

File Edit Wiew 3Style Size Options ‘Window Help _|ﬁ||1|
Content |
ei [ 7o)+ ] 2.0 < v |EE
{1,2,3, 4,5} [l el vzl <)iv]m
o) [tanf] chff *fl0”f| 22| e )by
[4)(P) (Expression ) MathmL Tree )| MathML Text [ %HTML )
Mavigation: line - content: MathML; parent node - “set” element | Size: Regular | Style: Math [Zoom:zoow [PO[m [ 4
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Birormntor-Trormuti] Il
File Edt View MWindow Help ==Xl

}=math display = 'block'=
<setx
<cnxl</fons
<cnx2«/on=
<cn=3</on>
<cnwd<fon >
<cn=5</on=
< foetx
</math =

4]

[4)(P)(Expression ) MathML Tree ) MathML Text ) <HTML )

-

il

4

Now create a list using a bounded variable and a condition element (example 4.4.6.2.2

from the W3C MathML Recommendation):

<list order="numeric">
<bvar><ci> x </ci></bvar>
<condition>
<apply><1lt/>
<ci> x </ci>
<cn> 5 </cn>

</apply>
</condition>
<ci> x </ci>
</list>
Formulator - [Formul1] - |E||5|
File Edit Wiew Style Size Options ‘Window Help _|E||5|
|
i+ aff i W %0 < 1V f[ER)
") [tanfi chjf ef o 22| %<
(4P ) (Expression ) MathML Tree ) MathiL Text ) RHTML |
Mavigation: line - presentation MathrML; parent node - "math” element Size: Reg ,?,TI_ b
Formulator - [Formul1] - |El|l|
File Edit Wiew 3Style Size Options ‘Window Help _|ﬁ||1|
o 3 - re il 15 ER ST
[ 1] ci || £ el el ) (%) < ] ) 6l
[EESE x )
- ) tanf| ch i *J| 6"} |23 | e f| TUJ1 by
[4)(P) (Expression ) MathmL Tree )| MathML Text [ %HTML )
Mavigation: line - content MathML; parent node - "list" element | Size: Regular | Style: Math [Zoom:zoow [PO[m [ 4

If we recall the case of the minimum operator from the “Arithmetic, Algebra, Logic and
Relations” section, it will be obvious that the structure of the just created “list” element is quite
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similar to that case. Namely, the starting input slot is for a rule of constructing list’s items; after
the vertical line there is a smaller input slot for a bounded variable; the last input slot is for a

condition.
Formulator [Formul1] -3 x|
- Flle Edit Yiew Style Size ©Options ‘Window Help _Iﬁllﬂ

Content

< 14 |

(4> ) Expression ) MathML Tree ) MathL Text ) 2HTHL |

The It element is the 'less than' relational operator

_JﬂJ_J_J_JEJ_JE...

th  [foomzoow [FO[W [ 4

Formulator - [Formul1] _ 18] x|
File Edit Yiew Style Size ©Options Window Help =] x|

b element is the ‘less than' relational operator

il a1 %0 < I 6
o [tanfi chfi oz [P f| 7l o)

[x [yx<35]

|

(4P ) (Expression [ MathML Tree | MathmL Text [ =HTML

Mavigation: line - presentation MathML; parent node - "math” element

| Size: Regular | Style: Math

[Zoomizoow [P [0 [ 4

In order to get proper rendering of the list we should turn off the invisible elements
rendering and refresh the document through MathML, as it is shown on the next figures.

[l Formulator - [Formul1] =1alxi
File Edit View Style Size | Options Window Help =111
Use Contenk MathML Input Mode _ =
Display Conkent MathtML Elements PR = AN 1 =oH
[ X | X < 5 ] Translate to MathrL 2.0 3 <times|> uses &sdat; I]J
X . <times > uses &lnvisibleTimes;
v Show Mavigation Info
v Show ‘Refresh MathML' Warning show invisible elements
@@[:MathML I Document Indents.. .
Force rendering invisible Content Matrmeeremen | Size: Regular | Style: Math [Zoomizon % [P7 [0 [&7
[l Formulator - [Formul1] =1alxl
File Edit | View Style Size Options Window Help =18
Change Lavouk ]
Toolbars E - - .
[ X | Tabbed toolbar: KJ g +il I_] _J EJ EJ V_J m]
v Status Bar allch E‘_J G_?] _2] p_cJ EJ b_.rJ
Zoam 3
@@ Expres  Show Mesting Crrl+-Shift+m
Export the entir Shew Read-Only Ctrh+Shift+R | Size: Reqular | Style: Math Zoom: 200 Y ’? I?I\T v

Line Spacing. ..
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Formulator - [Formul1]

File Edit Wiew 3Style Size Options ‘Window Help

=0l |
=181

Content =
i1 O V%) < V)
i 20123 | 3 | |

@@[Expression ][ MathML Tree ][ IMakhML Text ][ XWM

[x ] x < 5]

Sequences and Series | Size: Regular | Skyle: Math

[Zoom:zoow [P [0 [ 4

Switch to the “MathML Tree” page to see results.

Formulator - [Formul1] _I- _|E| ll
File Edit WView MathML ‘Window Help ==l x|
Entity name: Ilist j
i ci Property Yalue |
E| ondition arder TimEric
B applv
H 4
H"c
H " n order
i ordering on the lisk
(4P ) Expression | MathML Tree )i MathML Text ) =HTML |
A
2. The next examples shows how to create elements of the linear algebra.
<vector>
<cn> 1 </cn>
<cn> 2 </cn>
<cn> 3 </cn>
<ci> x </ci>
</vector>
Formulator - [Formul1] o IEllil
Fil= Edit Wiew Style Size Options ‘Window Help - |ﬁ'|5|

Content x
cifl )bl el %) <]l flen)
) tonf | ] ' 23]| )| 7 by

(€)1 (Expression ) MathiL Tree )| MathmL Text J(ZHTML ) EI . . ’—‘ ’T‘
8 ||l math
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Formulator - [Formul1] ;Iglﬂ

File Edit Wiew 3Style Size Options ‘Window Help _Iﬁllﬂ
[Content £ =

cif| £l 1% < L e
0 fltanj chl e*fl o S 1%l T by

=

[4)(P) (Expression ) MathmL Tree )| MathML Text [ %HTML )
Mavigation: line - content MathML; parent node - "vector” element: | Size: Regular | Style: Math [Zoom:zoow [PO[W [ 4

Press ‘1’, the Down arrow, ‘2’, the Down arrow, ‘3’, the Down arrow, ‘x’.

Formulator - [Formuli] ;Iglﬂ

File Edit Yiew Style Size Options Window Help =] x|
Content £ =

il a1 %0 < I 6
0 fltanj chl e*flo" i Sl T by

1
2
3
X

=l

[4)(P) (Expression ) MathmL Tree )| MathML Text [ %HTML )
Mavigation: line - content MathML; parent node - "vector" element Size: Regular | Skyle: Math Zoorn: 200 % ’?’T ’_ s

See results:

Formulator - [Formul1] ;Iglll

File Edit WView MathML ‘Window Help ==l x|
[=]- math
E‘m Entity name: Ivector j
El-cn
o 1 Property | Yalue |
é--cn
Een
I
..... ¢

[4)(P)(Expression )(MathML Tree )| MathML Text [ %HTML )

4

The next example show how to construct a matrix and use the “selector” element.

<apply>
<selector/>
<matrix>
<matrixrow>
<cn> 1 </cn> <cn> 2 </cn>
</matrixrow>
<matrixrow>
<cn> 3 </cn> <cn> 4 </cn>
</matrixrow>
</matrix>
<cn> 1 </cn>
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</apply>
Formulator - [Formul1] 8] x|
File Edit VYiew Style Size Options Window Help |5 x|

Content |

sl L+ O 1% <)) 6
) [Pe) | T

B B i i B
HHHH
-

2 row 2 2 column matrix '— Zoom: 200 % FIT’— v

(4P ) (Expression [ MathmL Tree [ MathmL Text [ =HTML |

2 rowe 2 columnn matrix

Press ‘1’, the Right arrow, ‘2’, the Right arrow, ‘3, the Right arrow, ‘4’, the Right arrow.

Formulator - [Formul1] ;Iglil
File Edit Wiew Style Size Options Window Help =181
Content |

1 2 i 7 ol ) ] )] <) (7 )
- P 1 3 e R Y

[4)(P) (Expression ) MathmL Tree )| MathML Text [ %HTML )
Mavigation: line - presentation MathML; parent node - "math” element | Size: Regular | Style: Math [Zoom:zoow [PO[W [ 4

Select the whole matrix.

rmulator - [Formuli] - II:Ilﬂ
ile Edit Yiew Stvle Size Options ‘Window Help _Iﬁllﬂ
£

cif|# a1 %0 < L6
0 fltanj chl e*flo" i Sl T by

(4P ) (Expression [ MathML Tree | MathmL Text ) =HTML
Mavigation: line - presentation MathML; parent node - "math” element; current node - "matriz" element | Size: Regular | Skyle: Math |Zoom: 200 % I?IT l_ v

Insert the “separator” element.
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Formulal:or - [Formul1] - | Dlll
File Edit Wiew Style Size Options ‘Window Help _|ﬁl|1|

Content |

-]
-]
=
=

(41> ) Expression J{ MathtL Tree ) MathML Text |(=HTML |

Indexing into vectors, matrices and lists

oono
ooo
ooo

: Math [Zoom:zoowe [FPO[W [ 4

1 1

—1
o[indexing into vectars, matrices and lists|
L TT __TT T

Press the Right arrow, “1".

=k
File Edit Yiew Style Size Options Window Help =l |
Al
1 2 i 1) e el W 7)< v

34 ]y -

(4P ) (Expression [ MathML Tree | MathmL Text [ =HTML
Mavigation: ling - content MathrL; parent node - “apply” {"selector™) element | Size: Subscript | Skyle: Math Zoom: 200 % F’T l_ v

See the resulting MathML tree:

Formulator - [Formul1] ;Iglil
File Edt WYiew MathML Window Help ==X
[=1- math
B- mrow Entity name: |applv ﬂ
B | |
eelectar Property Yalue
] matrix

i E-matrixrow

(4P ) Expression | MathML Tree )i MathML Text ) =HTML |

Calculus and Vector Calculus: Integral and Differentiation

1. Example 4.4.5.1.2 from the W3C MathML Recommendation): the int element:

<apply>
<int/>
<bvar><ci> x </ci></bvar>
<lowlimit><cn> 0 </cn></lowlimit>
<uplimit><ci> a </ci></uplimit>
<apply>
<ci> f </ci>
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<ci> x </ci>
</apply>
</apply>
Use the mathematical toolbar |V |.
i
File Edit ‘iew Stwle 3Size Options ‘Window Help _|ﬁ'|1|

Content |

o[£ e af ) W) 2| <[] el
£\ | O

[4)(» ) (Expression ) MathtL Tree ){ MathML Text J(=HTML |
Mavigation: line - presentation MathiL; parent node - "math” element Size: Requ

e [P 4

Press ‘0, the Up arrow, ‘a’ (a low and upper limits of the integral).

Formulator - [Formul1]

_ ol x|
File Edit Wiew 3Style Size Options ‘Window Help - |ﬁl|l|
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(4P ) [ Expression [ MathML Tree [ MathmL Text {=HTML )
Mavigation: line - content MathiL; parent node - “uplimit” element | Size: Subscript | Skyle: Math Zoom: 200 % F’T l_ v
Formulator - [Formul1] - | Dlll
File Edit ‘iew Style 3Size Options ‘wWindow Help _|ﬁ'|1|
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5 =
a — 1
i i ) ol )| v %) <) v ) e
J E/BE S
0 ar operator to be applied to its arguments
(4[> ) (Expression J{ MathtL Tree ) MathML Text |(=HTML |
The apply element allows a function or operator to be applied to its argu qular | Skyle: Math | Zoom: 200 % ’? ITI_ v

Type ‘f’, the Right arrow, ‘x’.
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Formulator - [Formul1] ;Iglﬂ

File Edit Wiew 3Style Size Options ‘Window Help _Iﬁllﬂ
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[4)(P) (Expression ) MathmL Tree )| MathML Text [ %HTML )
Mavigation: line - content MathML; parent node - "apply" element | Size: Regular | Skyle: Math | Zoorn: 200 % ’?’T ’_ s

Press the Right arrow two times, type ‘x” (a bounded variable).

Formulator - [Formul1] ;Iglll
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(4P ) (Expression [ MathML Tree | MathmL Text [ =HTML
Mavigation: line - content MathiL; parent node - “apply" {"int"™) element Size: Regular | Skyle: Math Zoom: 200 % F’T l_ v

See results:

Formulator - [Formul1] ;Iglil
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Formulator - [Formul1] ;Iglll
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E| bar Property ¥alue |
L Eed display block,
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. e
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display
defines rendering in a display style or anin-line style

[4)(P)(Expression )(MathML Tree )| MathML Text [ %HTML )

A

2. Example 4.4.5.2.2 from the W3C MathML Recommendation): the diff element:
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<apply>
<diff/>
<bvar><ci> x </ci></bvar>
<apply><ci type="function"> f </ci>
<ci> x </ci>
</apply>
</apply>

Formulator - [Formul1]
File Edit VYiew Style Size Options Window Help

=10l |
=181 x|

Content

ﬂggﬂwﬂ@ﬂT

(41> ) Expression ) MathiL Tree ){ MathML Text J(=HTML |
Mavigation: line - presentation MathML; parent node - "math” element Size: Re

b |FO(W[ 4

Type ‘x” (a name of the bounded variable), press the Right arrow.

Formulator - [Formul1] - | Dlll
File Edit ‘Wiew Stwle 3Size Options ‘Window Help - | 5 |1|
d Content ]
_| : |-
—| o]y i
dx )
A Ar—ro
‘? ]The apply element allows a Functlon ot operator ko be applied to its arguments
| Sy E—
a E o[ [:]
(4)(»)(Expression ) MathtL Tree [ MathML Text I(=HTML | . D7) D( cif
The apply element allows a function or operator to be applied to its ar - egular | Style: Math Zoom: 200 % ’? ’T ’_ 5
1 [am
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Insert the “ci” element of type “function”; name it “f”.

Formulator - [Formul1] _ 8] x|
File Edit VYiew Style Size Options ‘Window Help |5 x|

Type: i
Complex ] Cancel |
conplex-cartesian
@@[ Expression ][ MathML Tree ][ MathML Text ] BHTre— complex-polar
Mavigation: line - content MathML; parent node - "apply" element 1 |Size: Regular |Stvle: Math | Zoom: 200 Ya ,?ITI_ v
[li=2n(=1 =
irterval

list

matriz hd |

Type ‘t’, press the Right arrow two times (the first in order to get out of the “ci” node, the
second to get to the second input slot of the “apply” element). Type “x’.

Formulator - [Formul1] ;Iglﬂ

File Edit Yiew Style Size Options Window Help =l |
Al
d £0x) < )l el v ) < e
dx | 5 e

(4P ) [ Expression [ MathML Tree )j MathML Text ) =HTML |

| Size: Regular | Style: Math [Zoom:zoow [PO[m [ 4

See results:
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<rmath display = "block'= bt
<apply=
< diff/=
<hbvars
= ciwx</oie
</bvar=
<apply>
<ol type="function'=f</ci>
“oiExsfois
</apply=
</apply b

</math> -
<] _>I_I

[4)(P)(Expression ) MathML Tree ) MathML Text ) <HTML )

Formulator - [Formuli] =1

File Edit Yiew MathML Window Help =] x|
=) math
- apply Entity name: |a|:|nlv El
o diff Propert val =
£l bar roperty alue
+-ci display block
2 =
display
defines rendering in a display style or an in-line style
[4)(P)(Expression )(MathML Tree )| MathML Text [ %HTML )
A

Partial Differentiation
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1. The “partialdiff” element can automatically calculate a total degree of differentiation
by use of child degree elements. The next example demonstrates this feature.

Formulal:or - [Formuli] - II:Ilﬂ
File Edit Wiew Style Size Options ‘Window Help - |5|5|
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Cancel
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Formulator - [Formul1] ;Iglﬂ

File Edit Wiew Style Size Options ‘Window Help _Iﬂlﬂ
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(4)(» ) Expression J[ MathML Tree [ MathmL Text J(=HTML )
Mavigation: line - content MathiL; parent node - “apply" {"partialdiff") element | Size: Regular | Skyle: Math |Zoom: 200 % F’T l_ v

Input names of bounded variables and choose a numeric and symbolic values of their
degree.

Formulator - [Formul1] ;Iglil

File Edt Wiew Style Size Options Window Help =2
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[4)(P) (Expression ) MathmL Tree )| MathML Text [ %HTML )
Mavigation: line - contant MathiML; parent node - “apply” ("partialdiff") element | Size: Reqgular | Skyle: Math |Zoom: 200 % F’T l_ v

Now a total degree of differentiation can be calculated if we refresh the text through
MathML.
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@@@ Line Spacing. ..
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See results:
Formulator - [Formul1] - |EI|5|
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[4)(P) (Expression ) MathmL Tree )| MathML Text [ %HTML )
Mavigation: line - presentation MathML; parent nods - "math” element | Size: Regular | Style: Math [Zoom:zoow [PO[m [ 4

Turn on the “Show Read-Only” option from the “View” menu to see which areas can’t be
edited in the created formula. The next figure suggests that automatically detected total degree

of the “partialdiff” element can’t be edited (dashed red line around elements).

Formulator - [Formul1] - |EI|5|
File Edit Wiew 3Style Sige Options Window Help - |ﬁ'|5|
e Content E
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(4)(») [ Expression ) MathML Tree [ MathtL Text J[=HTML )
Mavigation: ling - presentation MathML; parent node - "math” element | size: Regular [ Style: Math | Zoom: 200 %% F’T l_ v

See the same results on the “XHTML” page of MathML Weaver, using the ‘Zoom’

feature from the context menu.
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Formulator - [Formul1] ;Iglil
File Edt View Window Help =18 x|

raYoeleelrlbd e

<math display = 'block' xmlns="http:/fwww . w3.0rg/1998/Math/MathML'=
<apply >
< partialdiff/ =
<bwvars
< oizxa /ol
<degree >
<cn=2</on=

Lo

L

</degree=
</bvars>
<bvar=>

& aa+7

1510

2 5 aF .
Ox <0y~ 0z o

@@[ Expression ][ MathML Tree ][ MathML Text ]@

R

2. Example 4.4.5.3.2 from the W3C MathML Recommendation): the partialdiff element:

<apply><partialdiff/>

<bvar><ci> x </ci><degree><ci> m </ci></degree></bvar>
<bvar><ci> y </ci><degree><ci> n </ci></degree></bvar>
<degree><ci> k </ci></degree>

<apply><ci type="function"> f </ci>

<ci> x </ci>

<ci> y </ci>

</apply>
</apply>
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Mavigation: line - contant MathiML; parent node - “degree” element | Size: Subscript | Skyle: Math
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Input a total degree of differentiation by typing ‘k’. Press the Right arrow to start

inputting bounded variables.
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Press ‘x’, the Right arrow, “m’, the Right arrow, ‘y’, the Right arrow, ‘n’, the Right arrow.
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Formulator - [Formul1] ;Iglil

File Edit Wew Style Size Options ‘Window Help _Iﬂlil
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[4)(P) (Expression ) MathmL Tree )| MathML Text [ %HTML )
Mavigation: line - content MathML; parent node - "apply" element |Size: Reqular |Stvle: Math | Zoom: 200 Y ’?ITI_ v

Press ‘f’, the Right arrow, x’, the Right arrow, ‘y’.
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Switch to the “MathML Tree” and add the “type” attribute to the function ‘f’.
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Formulator - [Formul1] ;Iglil

File Edt WYiew MathML Window Help ==X
[=1-math
- apply Entity name: |ci ﬂ
partialdiff B 2 | val
E| deree roperty alue
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[4)(P)[ Expression J[MathML Tree )| MathmL Text [ =HTML

Statistics

Lets’ consider an example 4.4.9.6.2 from the W3C MathML Recommendation): the
partialdiff element:

<apply>
<moment/>
<degree><cn> 3 </cn></degree>
<momentabout>
<ci> p </ci>
</momentabout>
<ci> X </ci>
</apply>
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Mavigation: line - content MathML; parent node - “momentabout” element | Size: Regular | Style: Math [Zoom:zoow [PO[m [ 4

78



Mastering MathML Content Markup http/fwww.mmlsoft.com

Elromuoror fromui] il
[8] File Edt Wiew Style Size Options ‘Window Help i =
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Jtanfi ch} e*Ji o"fi 21 %] 70 J1bv) =

| Size: Subscript | Style: Math [Zoom:zoow [P [0 [ 4

[P )(Expression ) MathML Tree | MathML Text J[RHTML |

Get rid of the input slot for the “momentabout” element (that should not be finally
rendered).
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()

Read-only elements

Create the “variance” element with 5 arguments and see which elements are read-only in
the visual editing form.

Turn on the “Show Read-Only” option from the “View” menu.

Formulator - [Formul1] ;Iﬂlil
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Refresh All Thraugh MathML
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Formulator - [Formul1] - | Dlil
File Edit ‘iew Stwle 3Size Options ‘Window Help _|ﬁ'|1|
Content |

2 tanf{ b} e} | 2l fl 7]
[4)(») (Expression ) MathiL Tree J[MathL Text [ <HTML | N
watiance is the operator element representing the statistical variance operator Size: Ren < )

o]l

0% [P

Formulator - [Formul1] oy [m] 53]
File Edit Wew Style Size Options ‘Window Help — | ﬂ
orouments ofthe varance Y el
x
ok | > .
Argurnents: |E| ﬁ ‘ i‘ E‘ E‘ E‘ m‘
""" Cancel e
e ) e o
[4)(») (Expression ) MathML Tree [ MathiL Text | #HTML |

Mavigation: line - presentation MathML; parent node - "math" element | Size: Regular [ Style: Math [Zoom:zoowe [PO[W [ 4

See how MathML Weaver make it easy to navigate through the formula by marking
some MathML nodes as read-only.

Formulator - [Formuli] - II:Ilﬂ
File Edit Wiew 3Style Size Options ‘Window Help _Iﬁllﬂ
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(4P ) [ Expression [ MathML Tree )j MathML Text ) =HTML |
Mavigation: line - content MathML; parent node - “apply” ("vatiance") element |Size: Reqgular |Style: Math |Zoom: 500 % ’?’Tl_ v

Red dashed line around an element means that this element can’t be edited, because it is
an essential part of a visual editing form for some element of the content markup. When a user
presses navigation buttons (e.g., arrows), MathML Weaver omits visiting every element of the
form, but rather chooses only not read-only elements. Due to this smart behavior a user can
navigate through the MathML tree much faster, without positioning on every tree hierarchy
level and every existing node.

Finish editing the “variance” element and see results.
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Combining Presentation and Content Markup

MathML Weaver is able to combine Presentation and Content Markup of MathML in
three ways:

1. Presentation elements can be inserted into the input slots of editing form of the content
markup. When the presence of such combining seems inappropriate by W3C Recommendation,
presentation elements are wrapped into the “csymbol” an element, because MathML Weaver
consider such cases as definition on-the-fly of an element in MathML whose semantics are
externally defined.

2. The simplest way how content markup can be contained in presentation markup is just
simultaneously using the Presentation and Content mathematical toolbars, thus embedding
content markup nodes into the existing presentation hierarchy of elements. Note that the
resulting expression should still have an unambiguous rendering.

An example from the 5.2.1 section of the W3C Recommendation.

<mrow>
<apply>
<power/>
<ci>x</ci>
<cn>2</cn>
</apply>
<mo>+</mo>
<msup>
<mi>v</mi>
<mn>2</mn>
</msup>
</mrow>

Switch to the Content MathML input mode.
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Formulator - [Formul1] - |EI|5|
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Type " to insert the “apply” element with the <power/> operation.
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Press ‘x’, the Right arrow, “2".
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Switch to the Presentation MathML input mode; type ‘+'.
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Press the Right arrow to get out of the “apply” element; using presentation toolbar insert

the superscript MathML node.
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Press ‘v’, the Right arrow, “2".
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See the resulting MathML tree and text.
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3. By using Semantic Mapping Elements from the F'_cJ toolbar content markup can be
contained in presentation markup as a Parallel Markup, thus making use of both presentation
and content information for the same element.

Insert the “semantics” element.
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The semanitics element associates additional representations with & given MathML coRSEFO{ The semantics element assaciakes additional representations with a given MathML construct 2

Its rendering can’t be correct right away, since a user should input needed values of child
“annotation” elements.
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Create “sin(x) + 5” expression using different markups.
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Refresh appearance of the document.
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See results on different pages of MathML Weaver.
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