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PRE-CHILDREN IN A USER INTERFACE TREE 

CROSS-REFERENCE TO RELATED APPLICATION 

[0001] The present application claims priority to U. S. Non-provisional patent 

application serial number 14/843,798 filed September 2, 2015 and U.S. 

provisional patent application serial number 62/046,134, filed September 4, 2014, 

the entireties of each are incorporated herein by reference 

BACKGROUND 

[0002] A user interface (UI) of an application program often has hundreds or 

thousands of elements that when rendered are combined in complex ways to 

provide a (hopefully) visually appealing user experience that is also 

straightforward and consistent to use. During program running, it is common to 

organize UI into a tree structure, in which each element of such a tree has at 

most one parent element and zero or more child elements. 

[0003] To draw the UI tree, it is common to perform a pre-order traversal, where 

an element draws, and then each of its children elements draw in order, 

recursively. This type of traversal establishes a z-order such that when drawn 

using a painter's algorithm, a UI element's children are visually on top of the 

parent UI element's own drawing. 

[0004] For example, a UI designer may want to have a rectangular blue button 

that contains some black text (e.g., "Click Me"). The designer arranges the 

elements such that the parent element draws a blue rectangle and then a child 

text element draws the black text string over (positioned within) that blue 
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rectangle. Structuring the UI tree with the child text element decoupled in this 

way from the parent button element provides a useful property in that the tree is 

composable. For example, because the text is decoupled from the button, the 

designer may instead have the button contain an image (by having an Image 

UlElement as the child) instead of the text, or may have both an image (one child) 

and text (another child) drawn in the same button. If the elements are objects 

containing logic / code, (that is, at least the button element), the logic / behavior 

configured in the button element's code is unchanged. 

[0005] However, consider that the button element is given focus (e.g., via a 

keyboard, game controller, mouse or the like), and the designer wants to change 

the way that the button element is presented to the user to reflect this focused 

state, such as by drawing an orange oval behind the button to highlight the 

button's appearance when focused. In this situation, the highlighted oval does 

not share the property of being composable, because the button (rendered as 

the blue rectangle) needs to know the appearance of its highlight (the orange 

oval) so that the orange oval can be drawn prior to drawing the button's own blue 

rectangle appearance. 

SUMMARY 

[0006] This Summary is provided to introduce a selection of representative 

concepts in a simplified form that are further described below in the Detailed 

Description. This Summary is not intended to identify key features or essential 
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features of the claimed subject matter, nor is it intended to be used in any way 

that would limit the scope of the claimed subject matter. 

[0007] Briefly, the technology described herein is directed towards having one 

or more pre-children user interface elements in the user interface tree that may 

draw before their parent user interface element draws. A parent user interface 

element invokes any pre-child user interface element. Each pre-child may 

include pre-child logic for drawing a representation of the pre-child user interface 

element at a first time, which is before a second time in which a representation of 

a parent user interface element is drawn. The pre-child logic may determine 

whether to draw the pre-child representation based upon current state data, e.g., 

as a highlight when the current state data indicates that the parent user interface 

element has focus. 

[0008] Other advantages may become apparent from the following detailed 

description when taken in conjunction with the drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] The present technology is illustrated by way of example and not limited 

in the accompanying figures in which like reference numerals indicate similar 

elements and in which: 
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[0010] FIG. 1 is a block diagram showing an example configuration of 

components that may be used to provide pre-children in a user interface (UI) tree 

of an application program, according to one or more example implementations. 

[0011] FIGS. 2A — 2C are representations of an example portion of a user 

interface tree having a parent, pre-child and child (FIG. 2A), and showing how 

the tree's elements draw without focus (FIG. 2B) and with focus (FIG. 2C), 

according to one or more example implementations. 

[0012] FIGS. 3 and 4 comprise a flow diagram showing example steps that may 

be taken by a UI element when invoked, including to invoke pre-children and 

children, according to one or more example implementations. 

[0013] FIGS. 5 and 6 comprise a flow diagram showing example alternative 

steps that may be taken by a UI element when invoked to selectively invoke pre-

children and children based upon state data, according to one or more example 

implementations. 

[0014] FIG. 7 is a representation of a portion of an example user interface tree 

in which pre-children draw or do not draw based upon current state data, 

according to one or more example implementations. 

[0015] FIGS. 8A, 8B, 9A, 9B and 10 are example representations of how the 

example tree portion of FIG. 7 may be drawn by pre-children UI elements, the 

parent UI element and children UI elements, including based upon current state 

data, according to one or more example implementations. 
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[0016] FIG. 11 is a block diagram representing an example computing 

environment into which aspects of the subject matter described herein may be 

incorporated. 

DETAILED DESCRIPTION 

[0017] The technology described herein is directed towards having a parent 

element with one or more children elements, referred to as a "pre-child" element 

or pre-children elements, that draw before the parent element draws, unlike 

conventional children that are drawn after the parent draws. As will be 

understood, pre-child technology provides decoupled user interface elements in 

the user interface tree that represent different visual properties, such as a focus 

highlight or the like, that draw before the parent draws, and thus provide the 

composable property. Note that as used herein, a "highlight" as "drawn" may be 

any visible, audible and/or tactile rendering of output, such as a two-dimensional 

shape (e.g., any polygon) that conveys a certain state of a user interface 

element to a user, e.g., focused, non-focused, hovered, selected and so on; 

(various example states are described herein). 

[0018] In general, as described herein a parent user interface element may 

maintain two sets of children, namely one set (containing one or more pre-

children) that draws before the parent user interface element draws, and another 

set (containing one or more children) that draw after the parent user interface 

element draws. As a result, a parent user interface element can render itself 

after (upon) a pre-child. For example, while in focus the parent user interface 
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element (blue rectangle) may render itself over a pre-child element (orange ova)! 

to highlight the focused state; however because the pre-child is composable, the 

orange oval element may be replaced with another element, e.g., a red circle, by 

changing the pre-child in the user interface tree. While not in focus, the "focus 

state" pre-child is not drawn (or draws as invisible). 

[0019] Further, a different pre-child may be used in another state. For example, 

a different "hovered state" pre-child may be drawn before the parent button 

draws when the parent button is in the hovered state (e.g., a mouse pointer is 

hovering above it). Alternatively, the same pre-child may draw itself differently in 

different states, e.g., not at all or invisibly when not focused or hovered, as a 

green triangle when hovered but not focused, as an orange oval when focused, 

and as a green triangle beneath an orange oval when focused and hovered. 

Note that a pre-child may have its own pre-children and/or children. 

[0020] It should be understood that any of the examples herein are non-limiting. 

For instance, although JavaScript® is used in some of the examples, any 

suitable programming language may be used. As another example, exemplified 

herein are different states of a user interface element such as focused and 

hovered, however other states such as selected, pressed, listening for audio or 

gesture input and so forth may exist with respect to a user interface element, and 

thus may benefit from pre-child technology. As such, the technology described 

herein is not limited to any particular embodiments, aspects, concepts, structures, 

functionalities or examples described herein. Rather, any of the embodiments, 
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aspects, concepts, structures, functionalities or examples described herein are 

non-limiting, and the present technology may be used in various ways that 

provide benefits and advantages in computing and user interface technology in 

general. 

[0021] FIG. 1 is a block diagram showing example components that may use 

pre-child technology. In FIG. 1, an application program 102 includes a user 

interface tree 104. As is known with a conventional user interface tree, the user 

interface tree is traversed in a top-down order as appropriate for rendering user 

interface elements in rendering frames. However, as will be understood, a 

parent container may have pre-children draw before the parent container draws, 

and thus traversal is top-down, but the drawing (z-order) is not strictly top-down 

as a parent may invoke its pre-children (lower) to draw before the parent draws. 

[0022] As shown in FIG. 1, the user interface tree 104 includes a higher parent 

106 and a parent element 108 with its own children, as described below. Each 

of the children may be a parent to its own child or children, (not explicitly shown 

in FIG. 1). 

[0023] The higher parent 106 may be a topmost parent, or may be one (of 

possibly many) intervening parents (not explicitly shown in FIG. 1) between the 

topmost parent and the parent element 108 that is represented in FIG. 1. The 

topmost parent element in one or more implementations is a view host that hosts 

at least one other "view" comprising a user interface element in the form of an 

object. The higher parent 106, whether the topmost parent or an intervening 
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parent below the topmost parent, may render itself as a user interface element, 

e.g., a container of the parent user interface element 108. 

[0024] In one or more implementations, the parent user interface element 

comprises a view object having code 110, general data 112 (e.g., current state 

data) and style data 114 comprising property values, such as element position, 

background color, font, font size, font color, animation data and so forth. Among 

other operations, the code 110 allows the parent to draw itself, to communicate 

with its higher parent 106, and to communicate with its children. 

[0025] The exemplified parent user interface element 108 in FIG. 1 includes 

pre-children comprising pre-child user interface elements 116(1) — 116 (m), and 

child user interface elements 118(1) — 118(n). As described herein, the parent is 

in control of drawing its pre-children and children, however because the pre-

children and children are decoupled so as to be composable, the parent does 

not necessarily know anything about what its pre-children or children will do 

when invoked. 

[0026] In general, and as is understood, an input system 120 or the like 

provides input to the application program 102. Non-limiting examples of input 

may include key input (e.g., computer keyboard input, game controller input, 

device remote control input), pointing device (e.g., mouse input, touch input), 

gesture input, eye gaze input, head tracking input, speech input and so forth. As 

is also known, some of the input (e.g., speech input or gesture input) may be 

converted (e.g., by the input system 120 including any recognition engines 
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coupled thereto) into commands or the like before being sent to the application 

program 102. In general, the input impacts the tree of nodes and possibly each 

node's state, e.g., to allow a user to navigate among elements in the tree, e.g., to 

change focus / direct input to a particular item, select an item, hover over an item, 

scroll to see new items and so forth. 

[0027] As used herein, the node that represents the user interface element in 

the tree, the user interface element itself (e.g., an object), and the drawn / 

rendered representation of that user interface element are generally 

interchangeable. If not specified, the context of such a term's usage may be 

used to distinguish between them. 

[0028] As is also understood, the application program 102 traverses at least 

part of the tree via an application rendering system or the like, e.g., to build 

rendering frames for output. The output may be to a suitable output device or 

devices 122, e.g., an internal device display, an external coupled display such as 

a PC monitor, a remote monitor, a speaker, a vibration mechanism and/or the 

like. 

[0029] To organize user interface into a tree structure, a parent with 

conventional "post-drawn" children (zero or more) may be specified as: 

class UlElement { 

UlElement parent; 

List<UlElement> children; 

} 
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The list may be empty or not specified if there are no children for a given parent 

element. 

[0030] As described herein, a parent with pre-children (zero or more) and 

conventional children (zero or more) may be specified as: 

class UlElement { 

UlElement parent; 

List<UlElement> preChildren; 

List<UlElement> children; 

} 

As with the children list, the preChildren list may be empty (or not specified) for a 

given parent element if there are no pre-children. 

[0031] To draw the tree from the root node, a recursive function such as 

exemplified below may be used: 

function drawTree(UlElement root) { 

foreach (prechild in root.preChildren) { 

drawTree(prechild); 

} 

root.draw(); 

foreach (child in root.children) { 

drawTree(child); 

} 

} 

[0032] As can be seen, instead of having each element draw, then each of its 

children elements draw in order, recursively, the recursion is the same, however 
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for any given parent that is to draw, each of the pre-children draw before the 

parent and each of the children draw after the parent. 

[0033] An example is shown in the partial tree of FIG. 2A, with the drawn 

elements represented in FIGS. 2B and 2C. FIG. 2A shows a parent element 220 

representing a rectangle with rounded corners and a border, having a pre-child 

element 222 and a child element 224. The parent typically is associated with 

much more styling (appearance or other) information, such as background color, 

border data (e.g., white border, four pixels), font, font size, text position data and 

so on, however this is not shown in FIG. 2A for purposes of simplicity. Similarly, 

the pre-child 222 and child 224 may have additional styling data, e.g., the pre-

child is configured to draw an oval of a certain size, shaded with a diagonal line 

fill pattern, but may have many other appearance or other property values in its 

style set. 

[0034] In the example of FIGS. 2A — 2C, the pre-child 222 is only applicable 

when the parent element has focus. As described herein, applicability or not 

may be accomplished in various ways. One way is for the parent 220 to inform 

its pre-child 222 of the parent's current state, whereby the pre-child 222 operates 

according to the current state, e.g., draws an oval if focused, or draws nothing 

(or draws invisibly) if not focused. Another way to determine applicability is to 

have a parent arranged with categories of pre-children that correspond to the 

parent's current state or states, e.g., the parent may have a subset of one or 

more "focus" pre-children that are only called if the parent has focus, a subset of 
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one or more "hovered" pre-children that are only called if the parent is currently 

hovered over, a subset of one or more "selected" pre-children that are only 

called if the parent is selected, and so on. 

[0035] The child element 224 shown in FIG. 2A is a text element having the text 

"Click Me" although as is understood, this child is composable and thus may be 

changed in the tree at any time to a different element. Further, the child may be 

arranged to retrieve its text from another source such as the network, so that, for 

example, the text may change any time the element 224 is redrawn if the 

source's data behind the text changes. 

[0036] In the simplified example of FIGS. 2A — 2C, FIG. 2B represents the 

button when drawn in the unfocused state, namely as the rendered button 226 

alone, without the pre-child's oval being drawn. FIG. 2C represents the button 

when drawn in the focused state, namely as the rendered focus-highlighted 

button 228, with the highlight coming from the pre-child's oval being drawn 

before the button element and text child element. As with children, this pre-child 

is composable and thus may be changed in the tree at any time to a different 

element, e.g., to draw a hexagon highlight below the parent instead of an oval 

highlight. Further, the pre-child may be arranged to retrieve data from another 

source such as the network to obtain as at least part of what is drawn, (although 

likely this will not be done when used solely for highlighting purposes) 

[0037] As can be seen from the above example in which the pre-child only drew 

as a highlight when the parent was focused, any element including a pre-child 

-12- 



WO 2016/036992 	 PCT/US2015/048413 

element may be state dependent. Note that as this part of the tree is rendered, a 

higher-level parent user interface element (not shown) erases the highlight when 

it draws, so that the highlight does not continue to appear if focus changes. 

[0038] The pre-child user interface element may be an object (a view object) 

coded with logic that obtains state data from the parent, and then may base its 

drawing decision on the current state data. How a user interface element 

(including any pre-child) appears or otherwise behaves (e.g., animates) to the 

user depends on a set of property values referred to as the element's style. 

[0039] In one or more implementations, a style thus comprises a set of property 

values such as color, font size, font, child position and size data, animation data 

and so forth. A style may be associated with each view at loading time, and may 

specify state-based behaviors, so as to not re-compute the user interface tree for 

frequent events such as focus changes, for example. 

[0040] A style may be associated with a user interface element in any way, 

such as hardcoded into the element, or applied as needed. For example, in one 

or more implementations, a flexible styling system allows for rendering the same 

user interface element differently in different circumstances (e.g., on different 

platforms, or even if on the same platform, for a tablet size display versus a ten-

foot display). Such a styling system provides flexibility, as one set of visual and 

other property values may be associated with a view object in one situation 

(such as when run on a smartphone platform), and a different set of visual and 
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other property values associated with the same view object in another situation 

(such as when run on a gaming and entertainment system). 

[0041] Regardless of how a user interface element is styled, its style properties 

may be state dependent. To this end, in addition to properties such as color and 

size, styles are able to specify transitions, such that, for example, a font may be 

one size when focused and another size when not focused. Such styleable 

transitions also allow for animations, e.g., a user interface element may animate 

to move and/or fade into a menu when the user first enters that menu (e.g., 

using entering style properties that change the element's position and/or opacity 

over multiple rendering frames), and then animate to move and/or fade out of the 

menu (using similar exiting style properties) when the user takes an action that 

causes the element to exit that menu. 

[0042] In one or more implementations, a view object user interface element 

maintains states, including an "entering" state when moving into (and once 

moved into) a visible region, and an "exiting" state when moving out of the visible 

region. A style may specify different data for use in each state, including style 

animation data; for example, in the entering state, a view may fade into a visible 

region by transitioning (over a plurality of rendering frames) its opacity value to 

become less transparent until fully solid, and later fade out of a visible region in 

the exiting state by reversing this opacity transition. The view's style properties 

may include values for the entering state, including for the animation data (e.g., 
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the starting and ending opacity values and the number of rendering frames or 

other corresponding time value), as may style properties for the exiting state. 

[0043] A view also may maintain style-related data (e.g., based upon a set of 

Boolean flags) comprising additional information regarding the current interactive 

state of the view. For example, flag values may indicate when a view is 1) 

focused within its input scope, 2) hovered over (the view has pointer input over 

it), 3) listening (the view is listening for command input such as voice input 

and/or possibly gesture input), 4) selected (the view is active / invoked / toggled 

on), and/or 5) pressed (the view has either a pointer captured, or has the invoke 

button pressed). Each of these view states may have a style property value 

subset associated therewith, e.g., so that as in the above example, a view's font 

may be one size when focused and another size when not focused, and so on. 

Thus, even though a style on a view may be static in that the property values to 

be used for an associated view may be fixed for a runtime session, the style 

property set is dynamic with respect to which subset of the property values may 

be applied to the view at any time, based upon a current state within the variable 

states of a view. 

[0044] It is thus understood that a pre-child user interface element may use 

state data that establishes how the pre-child will draw. Indeed, a straightforward 

decision is whether to draw at all, e.g., in FIG. 2B, the state was non-focused, 

so the pre-child 222 (FIG. 2A) did not draw at all (or drew invisibly). In FIG. 2C, 

the pre-child 222 (FIG. 2A) did draw. Although not shown, it is understood that a 
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pre-child may have a more complex set of property values, e.g., draw a white 

oval when not focused, or draw an orange oval when focused. Indeed, a pre-

child may be a view object and thus do anything a view object may do, possibly 

including to output relatively elaborate animations, audio, tactile feedback and so 

on; (although it should be noted that a parent may override its children to an 

extent, such as to have all of its children transition into and out of a container in 

the same way regardless of what the child property value set specifies). 

[0045] FIGS. 3 and 4 comprise a flow diagram showing example steps that may 

be taken with respect to drawing any pre-child user interface elements, the 

parent user interface element, and then any child user interface elements. It is 

understood that FIGS. 3 and 4 may apply to any given parent user interface 

element, and that each pre-child user interface element and child element (which 

also may be a parent) also may contain similar logic to that of FIGS. 3 and 4; 

that is, the logic may operate recursively. 

[0046] Step 302 represents receiving any state information from a higher level 

parent container. Note that the highest level container, e.g., a view host, may 

obtain any state information from the application program, and thereby provide 

such information to the next lower level, if appropriate. Further, the view host 

may run logic similar to that of FIGS. 3 and 4. 

[0047] Step 304 evaluates whether the parent that has been invoked to draw 

(during tree traversal) has any pre-children. If so, steps 306, 308, 310 and 312 

give each pre-child the opportunity to draw. Note that based upon the state 
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information passed at step 308, a pre-child may not draw, e.g., a pre-child may 

draw if the state data indicates the parent has focus, but not draw otherwise. 

[0048] When any pre-children have been given the opportunity to draw, step 

314 evaluates whether the parent itself draws. For example, consider that the 

parent is itself a pre-child (or a child) that draws or not depending on the current 

state data. If the parent is to draw, step 316 is executed. Otherwise this step is 

bypassed, and the process continues to FIG. 4. 

[0049] Step 402 of FIG. 4 evaluates whether there are any children that may 

draw. Steps 404, 406, 408 and 410 represent giving each child an opportunity to 

draw. As can be seen, FIGS. 3 and 4 thus have any pre-children draw as 

appropriate, then the parent user interface element draw if appropriate, then any 

children draw as appropriate. 

[0050] It should be noted that FIGS. 3 and 4 provide significant flexibility to a 

designer, however there are alternatives to the example logic set forth therein. 

For example, a rule may be in place such that unless a parent itself applies to 

the current state data, then no pre-children or children apply. In such a situation, 

it is understood that a step similar to step 314 may be used (e.g., directly 

following step 302) to skip over the rest of the logic and end if the parent does 

not apply based upon the current state data. Similarly, a rule may be in place 

such that unless a parent itself applies to the current state data, then no pre-

children apply (but regular children may apply), whereby a step similar to step 

314 may be used following step 302 to skip to FIG. 4. As another alternative, a 
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rule may be in place such that unless a parent itself applies to the current state 

data, then pre-children may apply (but regular children may not), whereby 

something akin to the "no" branch of step 314 may end the logic instead of 

continuing to FIG. 4. 

[0051] As another consideration, it should be noted that a parent may choose to 

draw only a subset of its children. For example, consider that a container has 

hundreds of items, and thus only a subset (e.g., twenty) may be presented at a 

time, with scrolling used for the user to view others. In such an event, children 

(and possibly pre-children) may be selectively drawn, e.g., based upon the 

technique of virtualization only those items that are visible need be instantiated 

and drawn, to conserve resources. 

[0052] FIGS. 5 and 6 are alternative flow diagrams that are similar to FIGS. 3 

and 4, however in FIGS. 5 and 6 the parent knows which of its pre-children and 

children apply to a given state. As described above, a feasible alternative is for 

a parent to have a subset of one or more "focus" pre-children that are only 

invoked if the parent has focus, a subset of one or more "selected" pre-children 

that are only called if the parent is selected, and so on. For example: 

class UlElement { 

UlElement parent; 

List<UlElement> preChildren; 

List<U !Element> FocuspreChildren; 

List<UlElement> Selected preChildren; 
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List<UlElement> children; 

List<U !Element> FocusChildren; 

List<UlElement> SelectedChildren; 

} 

[0053] In this alternative, a parent may have zero or more "general" pre-children 

that draw regardless of state, zero or more focus pre-children that the parent 

only invokes to draw if in the focused state, and/or zero or more selected pre-

children that the parent only invokes to draw if in the selected state. Regular 

children may have a similar state-based division. Note that there may be other 

states, some of which are exemplified herein, e.g., hovered, listening, pressed, 

and so on. 

[0054] Thus, if step 502 of FIG. 5 determines that there is at least one pre-child, 

steps 504, 506 and 508 selectively invoke only those pre-children that match the 

current state or states, or are listed as "general" (not state-dependent) pre-

children. Note that if invoked at step 508, a pre-child also may use state data to 

make drawing-related decisions. Steps 510 and 512 repeat the process for any 

other pre-children. 

[0055] Step 514 represents the parent drawing itself. Note that in this 

alternative, the parent (which is also a child to a higher container) is only invoked 

to draw if it matches the current state, or is listed as a "general" item that draws 

regardless of state, and thus typically draws. However, as set forth above, once 
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invoked any element also may use state information to make drawing-related 

decision(s), including whether to draw at all. 

[0056] FIG. 6 is similar to FIG. 5 with respect to post-drawing children. Step 

602 of FIG. 6 determines that there is at least one child, and if so, steps 604, 606 

and 608 selectively draw only those children that match the current state or 

states or are specified as "general" (not state-dependent) children to be invoked 

to draw. As with pre-children, if a child is invoked at step 608, the child may use 

state data to make drawing-related decision(s). Steps 610 and 612 repeat the 

process for any other children. 

[0057] Note that in the alternative of FIGS. 5 and 6, because of selective 

invoking, a pre-child or child element may be invoked only its parent was invoked. 

As can be readily appreciated, this is less flexible than in FIGS. 3 and 4 in which 

pre-children and children may be invoked even if the parent itself does not apply 

to the current state. 

[0058] Turning to an example tree and state-based rendered representations 

that may result, by way of an example, consider that a designer wants the 

following to be drawn for a button based upon certain states, as appropriate; (in 

this example, a button can only be in the selected state if also in the focused 

state, and cannot be both in the hovered over state and the selected state at the 

same time): 

Neither hovered, selected nor focused = draw button 

Hovered = draw button over triangle 
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Focused (not hovered) = draw button over oval 

Hovered and Focused = draw button over oval over triangle 

Selected and focused = draw button over oval; both button and oval 

animate to an offset position (of X+10, Y+10). 

[0059] FIG. 7 is a portion of an example user interface tree 770 that meets the 

above designer specifications. The example user interface tree (portion) 770 

includes a parent button element 771 that has two pre-children 772 and 773, and 

two children 774 and 775. As will be understood, the pre-children 772 and 773 

provide the desired state-based properties, e.g., drawing (or not) based upon a 

focused state, hovered state and/or selected state (or none of these states). 

[0060] In this example, the "if focused" pre-child 773 itself has one lower-level 

pre-child 777 and one child 778. Note that the represented nodes of FIG. 7 are 

not intended to show a full set of styling data, and are not intended to show 

actual code / logic that may be present, but rather contains simple language 

such as "if focused" or "if hovered, not focused" to convey any child or pre-child 

dependence on the current state or states. 

[0061] Consider that the button represented by the parent button element 771 

is not currently focused (and thus also not selected), and is not currently hovered 

over. When the tree is processed, no pre-children apply in this state, and thus 

the button node draws, but the button element does not have any applicable pre-

children that drew before the parent. Thus, the button element 771 is drawn with 

its property set, and then its children 774 and 775 draw, resulting in the 

representation of FIG. 8A, for example, rendered within some higher-level parent 
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container 880. As is seen the parent button element 771 draws a rectangle 881 

with a border and rounded corners, the child element 774 draws text "XYZ" 884 

and an image 885 is drawn, e.g., retrieved via a URL specified by the child 

element 775. 

[0062] Consider that at some other time, the button is being hovered over (but 

is not focused). In this example, pre-child element 772 applies to this state, and 

thus the pre-child element 772, based upon its property set, draws the specified 

triangle 882 (with border) as represented in FIG. 8B, after which the button 881 

is drawn with its property set (via the parent button element 771), after which the 

button's children 774 and 775 are drawn with their respective property sets, 

resulting in the text 884 and image 885 respectively. 

[0063] At some later time, the button has focus, but is not currently hovered 

over. Thus, pre-child 773 applies, which in general draws an oval 883 (with 

border, as shown in FIGS. 9A and 9B). Note that before the oval 883 is drawn, 

the lower-level pre-child 777 of the pre-child 773 does not draw, because at this 

time the button is not hovered over in this example. Further, after the oval 883 is 

drawn, the lower-level child 778 of the pre-child 773 does not draw, because the 

button is also not selected. The parent button element 771 then draws its 

rectangle, then its children 774 and 775 draw their text and image, respectively. 

The result thus may appear as in the representation of FIG. 9A, for example. 

[0064] In another situation, the button has focus and is also currently hovered 

over. Thus, pre-child 772 does not apply (because of the focus), but pre-child 
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773 applies, which in general draws an oval 883. However, before the oval is 

drawn, the lower-level pre-child 777 of the pre-child 773 does draws an inverted 

(180 degree) triangle 889 (FIG. 9B), because the button is hovered over in this 

example state. Further, after the oval is drawn, the lower-level child 778 of the 

pre-child 773 does not draw, because the button is not selected. The parent 

button element 771 then draws, over the oval 883 which was drawn over the 

inverted triangle 889, then its children 774 and 775 draw their text 884 and 

image 885, respectively. The result thus may appear as in the representation of 

FIG. 9B, for example. 

[0065] In another example, consider that the button is in the selected state 

(which in this example means also focused, but not hovered). Thus, pre-child 

773 applies, and its lower-level child 778 applies (because selected) but lower-

level pre-child 777 does not apply (because not hovered over). In this example, 

the parent and its children are drawn after an oval 883(a), FIG. 10, is drawn by 

the lower-level pre-child 778 of the pre-child 773. The pre-child 778 specifies an 

animation to move the oval to an offset of X+10, Y+10 over one-half a second, 

shown as the oval 883(b). Similarly, the button parent element has the same 

animation parameters when selected, and thus the button and its children "move" 

with the oval. Note that in a typical implementation, the pre-child sets up the 

animation parameters, but does not complete the animation before returning, so 

that the parent button animation and pre-child animation are synchronized 

(substantially or exactly) interpolated "movements" over a half-second's number 

of rendering frames in this example. The result thus may appear as in the 
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representation of FIG. 10, for example, where the dashed lines represent the 

various elements' initial position (only 881(a) and 883(a) are visible in the 

example of FIG. 10), and the solid lines represent a later animated, position, e.g., 

at the end of the animation showing the later positions of rendered elements 

881(b), 883(b), 884(b) and 885(b). 

[0066] As can be seen, the technology described herein uses pre-children in a 

user interface tree in a way that allows decoupling user interface elements from 

user interface elements that represent children, thereby enabling expressing 

composable user interfaces elegantly. The pre-children may be used to 

represent a highlight (e.g., a focus highlight) that draws before a parent element 

draws, yet the tree property remains composable. 

[0067] One or more aspects are directed towards invoking a pre-child user 

interface element of a user interface tree, in which the pre-child includes pre-

child logic for drawing a representation of a pre-child user interface element at a 

first time. The one or more aspects include drawing a parent user interface 

element at a second time that is later than the first time. A child user interface 

element may be invoked to draw a representation of the child user interface 

element at a third time that is later than the second time 

[0068] The pre-child logic may determine whether to draw the representation of 

the pre-child user interface element, including by obtaining state data at the pre-

child user interface element, and by determining whether to draw the 

representation of the user interface element based upon the state data. The pre- 
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child user interface element representation may be drawn as a highlight at the 

first time in a position that appears beneath the parent element once the parent 

element representation is drawn at the second time. 

[0069] Invoking the pre-child user interface element may be based upon the 

parent user interface element determining that the pre-child user interface 

element is to be invoked based upon state data. 

[0070] Drawing the representation of the child user interface element pre-child 

user interface element ma include animating the representation of the child user 

interface element over a plurality of rendering frames. 

[0071] The pre-child user interface element may have a lower-level pre-child 

user interface element in the user interface tree. If so, the lower-level pre-child 

user interface element may be invoked. The pre-child user interface element 

may have a lower-level child user interface element in the user interface tree, 

and if so, the lower-level child user interface element may be invoked. 

[0072] One or more aspects are directed towards an application program that 

traverses at least part of user interface tree to render representations of user 

interface elements corresponding to nodes of the user interface tree. This 

includes traversing at least part of the tree based upon input from an input 

system coupled to the application program having node representations of at 

least part of the tree rendered on an output device. A parent node in the user 

interface tree corresponds to a parent user interface element that when rendered 

appears as a representation of the parent node on the output device. A pre-child 
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node is associated with the parent node, and corresponds to a pre-child user 

interface element that when rendered appears as a representation of the pre-

child node on the output device. When the pre-child node draws, the pre-child 

node draws before the parent node draws. 

[0073] The pre-child node may correspond to an invoked object containing pre-

child logic that determines whether to draw based upon state data associated 

with the parent node. The state data may correspond to a focused state, a 

hovered state, a listening state, a selected state and/or a pressed state. 

[0074] The pre-child node may be associated with a set of style property values 

that are used to determine whether to draw the representation of the pre-child 

node when invoked, and if so, how to draw the representation of the pre-child 

node. The representation of the pre-child node may be a shape that appears as 

a highlight relative to the representation of the parent node. 

[0075] The pre-child node may have a lower-level pre-child node in the user 

interface tree that if invoked, draws before the pre-child node. The pre-child 

node may have a lower-level child node in the user interface tree that if invoked, 

draws after the pre-child node and before the parent node. 

[0076] One or more aspects are directed towards invoking a pre-child user 

interface element, including providing state data to the pre-child user interface 

element. Described herein is determining whether to draw a representation of 

the pre-child user interface element based upon the state data, and if so, 

drawing a representation of the pre-child user interface element. Also described 
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herein is drawing a representation of the parent user interface element after 

drawing the representation of the pre-child user interface element, invoking a 

child user interface element, and drawing a representation of the child user 

interface element after drawing the representation of the parent user interface 

element. 

[0077] The pre-child user interface element may have a lower level pre-child 

user interface element; a determination may be made as to whether to draw a 

representation of the lower-level pre-child user interface element based upon the 

state data, and if so, to draw a representation of the lower-level pre-child user 

interface element before drawing the representation of the pre-child user 

interface element. 

[0078] There may be at least one other pre-child user interface element of the 

parent element. If so, described herein is invoking each other pre-child user 

interface element, including providing state data thereto. 

[0079] Drawing the representation of the pre-child user interface element may 

comprise drawing a highlight that is relative to the representation of the parent 

user interface element. Drawing the representation of the pre-child user 

interface element may comprise animating the representation of the pre-child 

user interface element in conjunction with animating the representation of the 

parent user interface element. 
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EXAMPLE COMPUTING DEVICE 

[0080] The techniques described herein can be applied to any device or set of 

devices (machines) capable of running programs and processes. It can be 

understood, therefore, that personal computers, laptops, handheld, portable and 

other computing devices and computing objects of all kinds including cell phones, 

tablet / slate computers, gaming / entertainment consoles and the like are 

contemplated for use in connection with various implementations including those 

exemplified herein. Accordingly, the general purpose computing mechanism 

described below in FIG. 11 is but one example of a computing device. 

[0081] Implementations can partly be implemented via an operating system, for 

use by a developer of services for a device or object, and/or included within 

application software that operates to perform one or more functional aspects of 

the various implementations described herein. Software may be described in the 

general context of computer executable instructions, such as program modules, 

being executed by one or more computers, such as client workstations, servers 

or other devices. Those skilled in the art will appreciate that computer systems 

have a variety of configurations and protocols that can be used to communicate 

data, and thus, no particular configuration or protocol is considered limiting. 

[0082] FIG. 11 thus illustrates an example of a suitable computing system 

environment 1100 in which one or aspects of the implementations described 

herein can be implemented, although as made clear above, the computing 
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system environment 1100 is only one example of a suitable computing 

environment and is not intended to suggest any limitation as to scope of use or 

functionality. In addition, the computing system environment 1100 is not 

intended to be interpreted as having any dependency relating to any one or 

combination of components illustrated in the example computing system 

environment 1100. 

[0083] With reference to FIG. 11, an example device for implementing one or 

more implementations includes a general purpose computing device in the form 

of a computer 1110. Components of computer 1110 may include, but are not 

limited to, a processing unit 1120, a system memory 1130, and a system bus 

1122 that couples various system components including the system memory to 

the processing unit 1120. 

[0084] Computer 1110 typically includes a variety of machine (e.g., computer) 

readable media and can be any available media that can be accessed by a 

machine such as the computer 1110. The system memory 1130 may include 

computer storage media in the form of volatile and/or nonvolatile memory such 

as read only memory (ROM) and/or random access memory (RAM), and hard 

drive media, optical storage media, flash media, and so forth; as used herein, 

machine readable / computer readable storage media stores data that does not 

include transitory signals, (although other types of machine readable / computer 

readable media that is not storage media may). By way of example, and not 
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limitation, system memory 1130 may also include an operating system, 

application programs, other program modules, and program data. 

[0085] A user can enter commands and information into the computer 1110 

through one or more input devices 1140. A monitor or other type of display 

device is also connected to the system bus 1122 via an interface, such as output 

interface 1150. In addition to a monitor, computers can also include other 

peripheral output devices such as speakers and a printer, which may be 

connected through output interface 1150. 

[0086] The computer 1110 may operate in a networked or distributed 

environment using logical connections to one or more other remote computers, 

such as remote computer 1170. The remote computer 1170 may be a personal 

computer, a server, a router, a network PC, a peer device or other common 

network node, or any other remote media consumption or transmission device, 

and may include any or all of the elements described above relative to the 

computer 1110. The logical connections depicted in FIG. 11 include a network 

1172, such as a local area network (LAN) or a wide area network (WAN), but 

may also include other networks/buses. Such networking environments are 

commonplace in homes, offices, enterprise-wide computer networks, intranets 

and the Internet. 

[0087] As mentioned above, while example implementations have been 

described in connection with various computing devices and network 

architectures, the underlying concepts may be applied to any network system 
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and any computing device or system in which it is desirable to implement such 

technology. 

[0088] Also, there are multiple ways to implement the same or similar 

functionality, e.g., an appropriate API, tool kit, driver code, operating system, 

control, standalone or downloadable software object, etc., which enables 

applications and services to take advantage of the techniques provided herein. 

Thus, implementations herein are contemplated from the standpoint of an API 

(or other software object), as well as from a software or hardware object that 

implements one or more implementations as described herein. Thus, various 

implementations described herein can have aspects that are wholly in hardware, 

partly in hardware and partly in software, as well as wholly in software. 

[0089] The word "example" is used herein to mean serving as an example, 

instance, or illustration. For the avoidance of doubt, the subject matter disclosed 

herein is not limited by such examples. In addition, any aspect or design 

described herein as "example" is not necessarily to be construed as preferred or 

advantageous over other aspects or designs, nor is it meant to preclude 

equivalent example structures and techniques known to those of ordinary skill in 

the art. Furthermore, to the extent that the terms "includes," "has," "contains," 

and other similar words are used, for the avoidance of doubt, such terms are 

intended to be inclusive in a manner similar to the term "comprising" as an open 

transition word without precluding any additional or other elements when 

employed in a claim. 
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[0090] As mentioned, the various techniques described herein may be 

implemented in connection with hardware or software or, where appropriate, with 

a combination of both. As used herein, the terms "component," "module," 

"system" and the like are likewise intended to refer to a computer-related entity, 

either hardware, a combination of hardware and software, software, or software 

in execution. For example, a component may be, but is not limited to being, a 

process running on a processor, a processor, an object, an executable, a thread 

of execution, a program, and/or a computer. By way of illustration, both an 

application running on a computer and the computer can be a component. One 

or more components may reside within a process and/or thread of execution and 

a component may be localized on one computer and/or distributed between two 

or more computers. 

[0091] The aforementioned systems have been described with respect to 

interaction between several components. It can be appreciated that such 

systems and components can include those components or specified sub-

components, some of the specified components or sub-components, and/or 

additional components, and according to various permutations and combinations 

of the foregoing. Sub-components can also be implemented as components 

communicatively coupled to other components rather than included within parent 

components (hierarchical). Additionally, it can be noted that one or more 

components may be combined into a single component providing aggregate 

functionality or divided into several separate sub-components, and that any one 

or more middle layers, such as a management layer, may be provided to 
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communicatively couple to such sub-components in order to provide integrated 

functionality. Any components described herein may also interact with one or 

more other components not specifically described herein but generally known by 

those of skill in the art. 

[0092] In view of the example systems described herein, methodologies that 

may be implemented in accordance with the described subject matter can also 

be appreciated with reference to the flowcharts / flow diagrams of the various 

figures. While for purposes of simplicity of explanation, the methodologies are 

shown and described as a series of blocks, it is to be understood and 

appreciated that the various implementations are not limited by the order of the 

blocks, as some blocks may occur in different orders and/or concurrently with 

other blocks from what is depicted and described herein. Where non-sequential, 

or branched, flow is illustrated via flowcharts / flow diagrams, it can be 

appreciated that various other branches, flow paths, and orders of the blocks, 

may be implemented which achieve the same or a similar result. Moreover, 

some illustrated blocks are optional in implementing the methodologies 

described herein. 

CONCLUSION 

[0093] While the invention is susceptible to various modifications and 

alternative constructions, certain illustrated implementations thereof are shown in 

the drawings and have been described above in detail. It should be understood, 
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however, that there is no intention to limit the invention to the specific forms 

disclosed, but on the contrary, the intention is to cover all modifications, 

alternative constructions, and equivalents falling within the spirit and scope of the 

invention. 

[0094] In addition to the various implementations described herein, it is to be 

understood that other similar implementations can be used or modifications and 

additions can be made to the described implementation(s) for performing the 

same or equivalent function of the corresponding implementation(s) without 

deviating therefrom. Still further, multiple processing chips or multiple devices 

can share the performance of one or more functions described herein, and 

similarly, storage can be effected across a plurality of devices. Accordingly, the 

invention is not to be limited to any single implementation, but rather is to be 

construed in breadth, spirit and scope in accordance with the appended claims. 
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Claims 

1. A method, comprising: 
traversing, by a system comprising a processor in a 

top-down manner, a hierarchical tree of user interface 
elements, wherein the hierarchical tree of user interface 
elements comprises a parent user interface element that 
has a pre-child user interface element that depends 
from the parent user interface element in the hierarchi-
cal tree; 

rendering, by the system on a display device during the 
traversal, a representation of the pre-child user inter-
face element at a first time based upon pre-child. logic 
associated with the pre-child user interface element; 
and 

rendering, by the system on the display device during the 
traversal, a representation of the parent user interface 
element at a second time that is later than the first time. 

2. The method of claim 1, further comprising determining, 
by the system via the pre-child logic, whether to render the 
representation of the pre-child user interface element based 
upon state data associated with at least one of the pre-child 
user interface element or the parent user interface element. 

3. The method of claim 1, wherein the rendering of the 
representation of the pre-child user interface element com-
prises rendering the representation of the pre-child user 
interface element as a highlight in a position that appears 
beneath the representation of the parent element once the 
representation of the parent element is rendered at the 
second time. 

4. The method of claim 1, further comprising rendering, 
by the system on the display device during the traversal, a 
child user interface element, depending from the parent user 
interface element at a third time that is later than the second 
time. 
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5. The method of claim 1, further comprising determining, 
by the system, at the parent user interface element that the 
pre-child user interface element is to be invoked based upon 
state data. 

6. The method of claim 1, wherein the rendering of the 
representation of the pre-child user interface element com-
prises animating the representation of the pre-child user 
interface element over a plurality of rendering frames. 

7. The method of claim 1, wherein the pre-child user 
interface element has a dependent pre-child user interface 
element in the hierarchical tree, and further comprising, 
rendering a representation of the dependent pre-child user 
interface element at a third time that is prior to the first time, 

8. The method of claim 1, wherein the pre-child user 
interface element has a dependent child user interface ele-
ment in the hierarchical tree, and further comprising, ren-
dering a representation of the dependent child user interface 
element at a third time that is after the second time. 

9. A system comprising: 
a processor; and 
a memory communicatively coupled to the processor, the 

memory having stored therein computer-executable 
instructions, comprising: 
a hierarchical tree of user interface elements, wherein 

the hierarchical tree of user interface elements com-
prises a parent user interface element that has a 
pre-child user interface element that depends from 
the parent user interface element; and 

an application program that: 
traverses at least part of the hierarchical in a top-

down manner; 
renders, during the traversal on an output device, a 

representation of the pre-child user interface ele-
ment at a first time based upon pre-child logic 
associated with the pre-child user interface ele-
ment; and 
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renders, during the traversal on the output device, a 
representation of the parent user interface element 
at a second time that is after the first time..  

10. The system of claim 9, wherein the application 
program determines, using the pre-child logic, whether to 
render the representation of the pre-child user interface 
element based upon state data associated with the parent 
user interface element. 

11. The system of claim 10, wherein the state data 
corresponds to at least one of: a focused state, a hovered 
state, a listening state, a selected state or a pressed state, or 
any combination of a focused state, a hovered state, a 
listening state, a selected state or a pressed state. 

12. The system of claim 9, wherein the pre-child user 
interface element is associated with a set of style property 
values that are used to determine one or more characteristics 
of the representation of the pre-child user interface element. 

13. The system of claim 9, wherein the pre-child user 
interface element has a dependent pre-child user interface 
element in the hierarchical tree that if invoked, renders 
before the representation of the pre-child user interface 
element. 

14. The system of claim 9, wherein the pre-child user 
interface element has a dependent child user interface ele-
ment in the hierarchical tree that if invoked, renders after the 
representation of the pre-child user interface element. 

15. The system of claim 9, wherein the representation of 
the pre-child user interface element comprises a shape that 
appears as a highlight relative to the representation of the 
parent user interface element. 

16. One or more machine-readable storage media having 
machine-executable instructions, which when executed, 
cause a system comprising a processor to perform opera-
tions, comprising: 
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traversing, in a top-down manner, a hierarchical tree of 
user interface elements, wherein the hierarchical tree of 
user interface elements comprises a parent user inter-
face element that has a pre-child user interface element 
that depends from the parent user interface element; 

rendering, during the traversal, a representation of the 
pre-child user interface element based upon state data 
associated with at least one of the parent user interface 
element or the pre-child user interface element; 

rendering, during the traversal, a representation of the 
parent user interface element after the rendering of the 
representation of the pre-child user interface element. 

17. The one or more machine-readable storage media of 
claim 16, the operations further comprising rendering, dur-
ing the traversal, a representation of another pre-child user 
interface element prior to the rendering of the representation 

of pre-child user interface element, the other pre-child user 
interface element depends from the pre-child user interface 
element in the hierarchical tree. 

18. The one or more machine-readable media of claim 16, 
the operations further comprising rendering, during the 
traversal, a representation of a child user interface element 
of the parent user interface element after the rendering of the 
representation of the parent user interface element. 

19. The one or more machine-readable media of claim 16, 
wherein the rendering the representation of the pre-child 
user interface element comprises rendering a highlight that 
is relative to the representation of the parent user interface 
element. 

20. The one or more machine-readable media of claim 16, 
wherein the rendering the representation of the pre-child 
user interface element comprises animating the representa-
tion of the pre-child user interface element in conjunction 
with animating the representation of the parent user interface 
element. 
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