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Reading and following the lessons of this book provides one of the best ways
for a casual Maya user to elevate their skills to a professional level. The fun-
damental techniques developed in MEL Scripting for Maya Animators are
critical for visual effects artists to learn.

—Scott Stokdyk, Visual Effects Supervisor, Sony Pictures
Imageworks

While the first edition opened the doors to MEL scripting for interested Maya
users, this expanded and updated second edition delves deeper into important
programming concepts, and new features in Maya released since the original
edition. No longer just for the first steps in MEL programming, this edition
takes the reader into the depths of advanced topics such as user interface lay-
out and web panels that are sure to make this book a frequently used and a
welcome addition to any technical director’s bookshelf.

—Doug Cooper, Visual Effects Supervisor, DreamWorks Animation

MEL Scripting for Maya Animators is the set of keys you need to get under
the hood of Maya. The book is well written for both technical and non-tech-
nical animators. It is an essential tool in making sophisticated animation
not only possible but also practical.

—Henry LaBounta, Senior Art Director, Electronic Arts
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Maya Under
the Hood

In this chapter you will learn

That, to Maya, your scene is nothing more than a collection of nodes
and connections, which together compose the dependency graph.

What a dependency graph node is and how it relates to what you see in the
3D viewer.

That the Channel Box and Attribute Editor windows are the Maya inter-
face’s most commonly used tools to manipulate the attributes of
dependency graph nodes.

That certain nodes, but not all, are part of the transform hierarchy, which
establishes spatial relationships among objects.

How to use the Outliner, the Hypergraph, and the Connection Editor to
examine how nodes fit into the dependency graph and the transform
hierarchy.

How common tasks, such as creating objects, setting animation
keyframes, and modeling NURBS surfaces, change the dependency graph.
That Maya’s graphic user interface, including menus, toolbars, the time-
line, and so on, are built and can be modified with MEL.

Why Look Under the Hood?

One reason some animators find MEL scripting tricky to learn is that
it requires an understanding of many details of how the pieces of a
scene work together, details that the Maya user interface works hard
to hide. This chapter opens up many of those details and relates them to
what a Maya animator sees in the interface when working without
scripting.



Chapter 1 « Maya Under the Hood

Knowing how a Maya scene fits together is important, even when you
work entirely without MEL scripting. Thus, if you're an experienced Maya
animator, you will already know much of what this chapter describes.
However, keeping track of your Maya scene’s components and how they fit
together becomes critical when developing MEL scripts because, unlike the
user interface, MEL forces you to work frequently with your Maya scene at
this lower level, doing much less to hide its complexity from you.

The Dependency Graph, Attributes, and Connections

Internally, every part of a scene, whether it is 3D geometry, animation, an
expression relationship, a light, a texture, or the arguments that were used
to create an object with history, is represented as one or more nodes, or,
more completely, dependency graph or DG nodes. Each node has a set of
attributes, each of which stores a characteristic of the thing the node repre-
sents. All of these nodes together with all of their connections are called
the dependency graph or the scene graph (Figure 1.1).

Y

N\

|:| Node

— Connection
Figure 1.1 The dependency graph.



The Dependency Graph, Attributes, and Connections

One useful source of information about DG nodes is Maya’s Node and
Attribute Reference, which is available from the Help menu. This document
describes most, if not all, of the nodes that are built into Maya, along with
their attributes and what function they serve in a scene.

Attributes themselves have characteristics that control how you can
manipulate them. Attributes may be locked, which prevents them from
being changed. They can be marked keyable, which permits you to animate
them by setting keyframes, or nonkeyable, in which case you can't.

Also, each attribute has a data type, which specifies what kind of infor-
mation the attribute can store. In Maya, attributes can store

Integer numbers (with no fractional part).

Floating-point numbers (with a fractional part).

Strings, which can be a combination of text and numbers.

Boolean values, which are on/off or true/false values.

Enumerated values, which store a value selected from a list of choices
defined when the attribute is created.

Also, some attributes store collections of data of the above types, includ-
ing arrays, vectors, and matrices.

One important use of MEL is to create and connect DG nodes that cre-
ate a particular result when your scene is played back. At first, a good way
to learn how nodes and connections work to create animation is to animate
by hand, then to examine the nodes and connections that Maya has created
while you have done so. Later, as we get further into the MEL language, you
will learn how to build networks of nodes and attribute connections with
scripts. Seeing what Maya does when you animate without scripting can
serve as an important source for ideas about how to script complex tasks.

The Channel Box, part of the standard Maya layout, displays the one or
more nodes (in this instance directionallightl and directionallLight
Shapel) that make up the selected object (Figure 1.2).

The Channel Box displays only those attributes that are keyable,
because those are the attributes that are most frequently edited while you
work. Editing other attributes is usually done through the Attribute Editor
(Figure 1.3). Even the Attribute Editor, though, does not display every
attribute. Certain attributes can be manipulated only through MEL scripts
and expressions.

The Attribute Editor displays the selected node’s attributes as a series of
groups that can be expanded by clicking on the arrow button to their left.
In the example shown in Figure 1.3, Directional Light Attributes is one
such group. Also, connected nodes appear as tabs at the top of the Attribute
Editor to allow you easy access to other nodes related to the one you
are editing.

The Attribute Editor allows you to add your own attributes as well, using
the choices on the Attributes menu. How custom attributes can be useful
in expressions and MEL is discussed in later chapters.
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Channels Object
directionalLight1 -
Translate X |0
Translate Y |0
Translate Z |0
Rotate X [0
0
0
1
1
1

Rotate Y
Rotate Z
Scale X
Scale Y
Scale Z
Visibility | on

SHAPES

directionalLightShape1

Color R |1

Color G |1

Color B |1

Intensity |1

Use Ray Trace S |off

Shad Color R |0

Shad Color G |0 o

Shad Color B |0
Use Depth Map S |off

Dmap Bias |0.001

NUTPITS LI

Figure 1.2 The Channel Box.

Xl Attribute Editor: directionalLight1 N =] 4|

List Selected Focus Attributes Help

directionalLight! ~directionallightShapel defaultLightSell

o —— "]
directionalLight: |d|rect|onaIL|ghtShape1 Focus I

o

Intensity Sample

;] Directional Light Attributes
Type I Directional Light vl

Color T | il
Intensity [1.000 ———————— &

IV llluminates by Default
[V Emit Diffuse [V Emit Specular

(> | Shadows

[ I Fur Shadinn/Shadowina

Select Load Attributes Copy Tab Close

Figure 1.3 Attribute Editor.




The Dependency Graph, Attributes, and Connections

A final important characteristic of attributes is that they can be
connected to each other. Connecting two attributes forces the value of
one attribute to remain the same as the value of another attribute.
These connections are directional, meaning, for example, that if you con-
nect one attribute to another you can change the first attribute all you
like and the second will follow, but the second attribute cannot be
changed because its value is being driven by the connection with the first.
You can set up connections between nodes with the Connection Editor
(Figure 1.4).

This characteristic of connection is what gives the dependency graph its
name. It’s a “graph” because that’s a term for a network of connected
nodes, and “dependency” refers to the way that each connected node
depends on the values of the nodes that connect to it. Nodes whose attrib-
utes’ values connect to the current node are upstream nodes, and nodes that
depend on the current node are downstream nodes. The idea of a scene
graph like Maya’s dependency graph is common in computer animation
systems; 3D Studio Max and Softimage, for example, each use scene graph
structures.

The most useful tool for seeing interconnections between multiple nodes
is the Hypergraph window (Figure 1.5), which you can reach by choosing
Window > Hypergraph . . . from the main menu. With the Hypergraph you

il Connection Editor E ;lglél

Options Left Side Filters  Right Side Filters Help
' Fieload Lot | Reload Right |

Outputs from -> to I Inputs

4 locatorl 3‘ A4 locator2 i‘
Caching Caching
Node State Node State
b Bounding Box Visibility
> Center Intermediate Object
Matrix Template
Inverse Matrix Ghosting
World Matrix P Inst Obj Groups
World Inverse Matrix Use Object Color
Parent Matrix ﬂ Object Color ;l
locatorl J j locator2
Clear All Remove I Break I Make Close I

Figure 1.4 Connection Editor.
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i Hypergraph g

Edit View Bookmarks Graph Rendering Options Show Help

£z EEEEREs Y

Figure 1.5 Viewing connections with the Hypergraph.

can see the connections that have been made to the selected node by
selecting the node and choosing Graph > Up and Downstream
Connections from the window’s menus.

Note that it is not possible to view the entire scene in Up and
Downstream Connections mode. Because there can be so many nodes and
connections in even a relatively simple scene, this view in the Hypergraph
displays only the connections that lead to the selected object so that work-
ing in the Hypergraph remains manageable. While viewing nodes in this
mode, you can move the pointer over the arrows that represent connec-
tions to see what attributes are connected.

To see how a simple Maya scene is represented as a dependency
graph, let’s examine what happens when you animate a bouncing ball.
For the sake of simplicity, let’s assume the ball is only moving along one
axis.

As a first pass at animating this ball (Figure 1.6), you might set three
keyframes on the ball’s vertical motion at, say, O frames, 10 frames, and 20
frames into the animation.

As you work, each action you perform creates nodes and connections
behind-the-scenes. First, as seen in Figure 1.7, creating the sphere makes
three connected nodes.

Then, setting the animation keyframes creates and connects another
node (Figure 1.8), this time an animation curve that drives the translateY
attribute of nurbsSpherel. When you play back the scene, Maya’s timel
node, the scene’s clock, tells the animation curve which frame num-
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Time=0 Time=10 Time = 20
Figure 1.6 Bouncing ball keyframes.

nurbs
SphereShape1

/
/

makeNurbSphere1 > nurbsSpherel

Figure 1.7 Nodes that make up a new sphere.

ber’s value to look up. Then, the animation curve sets the translateY
attribute to the right value. Finally, Maya draws the sphere where you've
placed it.

As you can tell, simple operations in Maya, such as making a primitive
or animating an attribute, have complex implications under the surface.
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timel > nurbsSpherel_translateY
(animation curve)

nurbs

makeNurbSphere1 > SphereShape1 >  nurbsSpherel

Figure 1.8 Nodes that make up the animated sphere.

One of the strengths of the MEL language is that it can make it easier to set
up large networks of nodes to perform a task.

Maya’s concept of an expression is more complex than that of a simple
connection between attributes, in that an expression can calculate one
attribute from another using mathematical operations or almost any other
method that you can script in MEL. A connection simply sets one
attribute’s value to be the same as another’s.

How this works is that creating an expression with the Expression Editor
or by typing in the Channel Box makes a new node, an expression node.
This node contains the expression script and can calculate the expression’s
output value from its inputs. If you create an expression that calculates an
attribute value for node2 from an attribute value in nodel, you get the
result shown in Figure 1.9. Expressions are discussed much more thor-
oughly in Chapter 3.

Example 1: Using the Hypergraph to Explore
the Dependency Graph

This example demonstrates how to use the Hypergraph to examine
how nodes are connected in a scene. First, we’ll look at the example, an
animated bouncing ball.

expression1 > node2

Y

nodel

Figure 1.9 An expression node and its connections.



The Dependency Graph, Attributes, and Connections

1. Make a new scene by choosing File > New Scene from the main menu.

2. Create a sphere by clicking on the Sphere tool or choosing Create >
NURBS Primitives > Sphere.

3. Move the sphere up ten units by typing 10 into the Translate Y field in
the Channel Box.

4. Click on the 10 in the Translate Y field of the Channel Box. Then,
right-click on the field and choose Key Selected from the menu that
appears. The Translate Y field should change color.

5. Click on Frame 10 in the timeline to advance the time. The current
time marker should move ahead to Frame 10, leaving behind a red
mark indicating a keyframe on Frame O.

6. Type O into the Translate Y field; press Enter to commit the change,
and set another keyframe using Key Selected.

7. Click on frame 20 to advance the time, and set a Translate Y keyframe
with a value of 10.

8. Rewind and play back the animation.

9. Make sure the sphere is selected, and then choose Window >
Hypergraph. . . . When the Hypergraph window appears, use Alt +
MMB to drag the view so that the selected sphere object is in the cen-
ter. Note the trapezoidal shape, which indicates that the sphere has
been animated.

10. Choose Graph > Up and Downstream Connections from the
Hypergraph menu. Now you should be able to see the nodes that
make up the sphere as well as several connected nodes, as shown in
Figure 1.10.

i Hypergraph §
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Figure 1.10 Up- and downstream connections for an animated sphere.



