
Integrating Gesture and Snapping into a User Interface Toolkit 

Tyson R. Henry Scott E. Hudson Gary L. Newell 
Department of Computer Science 

University of Arizona, Tucson AZ 85721 * 

Abstract 

This paper describes Artkit - the Arizona Re- 
targetable Toolkit - an extensible object-oriented 
user interface toolkit. Artkit provides an exten- 
sible input model which is designed to support a 
wider range of interaction techniques than con- 
ventional user interface toolkits. In particular the 
system supports the implementation of interac- 
tion objects using dragging, snapping (or gravity 
fields), and gesture (or handwriting) inputs. Be- 
cause these techniques are supported directly by 
the toolkit it is also possible to create interactions 
that mix these techniques within a single interface 
or even a single interactor object. 

1 Introduction 

The introduction of toolkits (see for example 
[l, 15, 141) has made the task of creating window 
based user interfaces less daunting. Toolkits gen- 
erally provide a set of predefined interactor’objects 
(sometimes called widgets) and a means for com- 
posing these objects into larger groupings. These 
predefined objects and composition mechanisms 
provide tested and working interaction techniques 
which can often be used directly in an interface 
without modification. The use of predefined com- 
ponents avoids a great deal of duplication of effort 
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and allows many of the complex details of screen 
update and response to input events to be hidden 
from the average programmer. 

Unfortunately, the use of toolkits has also had 
a limiting effect on the class of interaction tech- 
niques used by some interfaces. Most toolkits sup- 
port only a limited range of techniques such as 
menus, sliders, simulated buttons, etc., and tend 
to promote relatively static layouts (notable ex- 
ceptions being [2] and [14]). Most toolkits do not, 
for example, provide good support for dragging in- 
teractions (a notable exception being [21]) much 
less more exotic techniques such as snapping or 
gesture. 

This paper describes Artkit - the Arizona Re- 
targetable Toolkit. An explicit goal of this toolkit 
is to support more sophisticated interaction tech- 
niques such as dragging, snapping, and gesture in 
the same framework as more conventional tech- 
niques such as simulated buttons, sliders, etc. 
Artkit is designed to be window system indepen- 
dent - it is currently supported under both Sun- 
View [20] and the X window system [19] and can 
easily be retargeted to other systems by replac- 
ing a simple set of interface routines. Artkit is 
also designed to be extensible. It is built using 
object-oriented techniques (in C++) and can be 
extended via inheritance at several levels ranging 
from global policies concerning how events are dis- 
tributed to specific interactor object classes. 

As an example of the kinds of interactions that 
can be supported by Artkit, Figures l-4 show an 
interactive sequence from a sample application. 
This application is an entity relationship (ER) di- 
agram editor 13, 41. ER-diagrams contain a series 
of graphical symbols connected by lines. Symbols 



Figure 1: Drawing a Symbol 

I ER-magrm m*tor e 

Figure 3: Connecting Two Symbols 

include, rectangles which represent entities, dia- 
monds which represent relationships between en- 
tities, circles or ovals which represent attributes of 
entities, and triangles which represent special is-a 
relationships. 

As illustrated in Figure 1, each of the basic 
components of an ER-diagram can be entered via 
a hand drawn gesture. As the symbol is being 
drawn, a gesture recognizer dynamically compares 
the symbol with a symbol alphabet. Once enough 
of the symbol has been drawn to unambiguously 
recognize it, a new interactor object correspond- 
ing to the symbol is created (this form of eager 
recognition is discussed, for example, in [18]). As 
shown in Figure 2, the newly created object is 
then placed directly under the cursor and the in- 

Figure 2: Positioning a Recognized Symbol 

Figure 4: Deleting a Symbol 

teraction continues smoothly by allowing the user 
to drag the object into its final position without 
releasing the mouse button. 

Once several symbols have been created, they 
may be connected with lines. This interaction 
starts at particular connection points within each 
symbol and supports a rubber-banded line which 
snaps to legal positions on other symbols as illus- 
trated in Figure 3. 

Finally, commands can also be entered either as 
gestures, or via more conventional menus. For ex- 
ample, Figure 4 shows the X-shaped gesture used 
for deleting a symbol. Alternately, the same com- 
mand could have been invoked by selecting an ob- 
ject and choosing delete from a pull-down menu. 
In general, the user interface designer is free to 
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mix and match input techniques to produce the 
best interface. 

In the next section, the overall event handling 
architecture of the toolkit wilI be discussed. Sec- 
tion 3 will consider the specific structures used to 
handle event dispatch. Sections 4 and 5 will con- 
sider snapping and gesture support respectively, 
while Section 6 will consider the interactor object 
library provided by the system. Finally, Section 
7 will describe the implementation of the system, 
consider its limitations, and discuss directions for 
future work. 

2 Architecture 

This section considers the overall architecture of 
the toolkit. It presents the basic foundations that 
the toolkit provides for the implementation of in- 
teractor object classes - in the terms used by the 
X window toolkit, the intrinsics layer. Because 
the toolkit is implemented directly in an object- 
oriented language, facilities for inheritance, spe- 
cialization, and reuse are supported in a manner 
that is integrated with the language used for the 
application. This allows easy application specific 
specialization when the interface designer deems 
it appropriate. 

Objects in the system (including windows as 
well as all drawing and interactor objects) are 
configured in a hierarchical manner - each ob- 
ject may contain zero or more child objects which 
contribute to its appearance and behavior. The 
toolkit manages the input and output of the (dy- 
namic) hierarchy of objects making up the user 
interface. Output is handled by the redraw con- 
trol portion of the system in a fairly conventional 
manner. Each object in the system responds to 
the draw-self message by producing its own out- 
put within a designated window object and by ar- 
ranging for the proper drawing of its child objects 
(i.e., by sending additional draw-self messages). 

The primary contribution of Artkit falls in the 
area of input. In Artkit, the management of input 
can be summerized by its first, accepting low level 
input events from the host window system, then 
transforming these low level events into higher 
level events, and finally delivering these higher 
level events (in the form of messages) to inter- 
actor objects. We call this overall process event 

dispatch. The event dispatch process attempts to 
deliver each low-event to one of several possible re- 
cipient objects. As described below, each eligible 
object is tried in turn until some object indicates 
that it has consumed the event. Events that are 
not eventually consumed are discarded. 

Almost all events are dispatched using one of 
two general paradigms: positional dispatch or fo- 
cus dispatch. Positional dispatch selects an object 
to receive an event based on the position of the 
locator at the time of the event (e.g., the object 
under the cursor receives the event). Focus based 
dispatch relies on the notion of a focus or current 
object (e.g., the current text focus object receives 
all events involving key presses). 

While these two general paradigms for dispatch- 
ing events cover most cases, there are occasions 
when different paradigms are needed. For exam- 
ple, the current library also supports a flavor of 
focus based dispatching which we call monitor fo- 
cus. Under this paradigm all events are sent to 
a focus object but the events are never consumed 
(hence are always sent to other objects as well). 
This allows the construction of objects that mon- 
itor or record events without interfering with the 
rest of the interaction. This has been used for ex- 
ample, to implement a crosshair style cursor in a 
drawing application. 

In general, we believe that there are a num- 
ber of different general paradigms for dispatching 
events and that it should be possible to add new 
paradigms to the toolkit for special purposes. To 
accomplish this, the toolkit uses an explicit ob- 
ject to implement each dispatch paradigm. We 
call these objects dispatch policy objects. These 
objects are installed in a prioritized list. New dis- 
patch policy objects can be created (for example 
by specializing existing objects) and added to this 
list at any time. When a new event arrives it is 
passed to each dispatch policy object in priority 
order until one of them indicates that it has con- 
sumed the event. 

Each policy object is responsible for translating 
a low level event into zero or more higher level 
events and delivering those events to interactor 
objects in the interface. We chose to deliver high- 
level events instead of low-level events because in 
the process of building interactor objects in other 
systems we observed that certain patterns of low- 

114 



Move 

Figure 5: Part of a Typical Interactor State Machine 

level interaction were repeated many times. In 
particular, if interactors are seen as controlled by 
finite state automata [26, 11, 121 certain stylized 
pieces of these machines occur over and over. For 
example, a wide range of objects respond to events 
in a fashion similar to the machine shown in Fig- 
ure 5. This machine responds to the sequence: 
button-press, sequence of mouse moves, button- 
release. We have encapsulated a number of these 
prototypical partial machines into one or more 
higher level eventsl. These partial machines are 
each handled by objects which translate low-level 
events into high-level events and at the same time 
maintain their own state. We call these objects 
dispatch agents. 

As shown in Figure 6, each dispatch policy ob- 
ject controls, and sends events to, a series of dis- 
patch agent objects. For example, the positional 
dispatch policy object sends events to the click and 
double click agents, while the focus dispatch pol- 
icy object sends events to the text entry agent. All 
current dispatch policy objects are implemented in 
an extensible fashion. They each maintain a sim- 
ple prioritized list of agents. When a new event 
arrives, they pass it to each agent in turn until 
the event is consumed. New specialized dispatch 
agents can be included by simply adding another 
object to the list. 

Creating new specialized dispatch agents is 
made easier by the use of inheritance. For exam- 
ple, the snap dispatch agent which handles drag- 
ging in the presence of gravity fields is a special- 

‘Another response to this observation is to try to create 
one generalized state machine that covers all the common 
cases as was done in [21]. 

ization of the drag dispatch agent. Implementing 
the snap agent was simplified by inheriting much 
of its implementation. 

3 Dispatch Agents 

The toolkit currently supports a standard library 
of dispatch agents. Under the positional dispatch 
policy, the standard library provides agents for: 

l press and release mouse button down and 
mouse button up, 

l click both press and release within a small 
area, 

l select like click but maintains a set of cur- 
rently selected objects, 

l double-click two clicks within a small area, 

The positional dispatch policy works by con- 
sidering the set of objects “under” the cursor (as 
determined first by the bounding box of the ob- 
ject then, if necessary, by a more specialized test 
performed by the object itself). It attempts to dis- 
patch an event to each of these objects by consid- 
ering them in front to back order until some object 
indicates it has consumed the event. For each ob- 
ject considered, the dispatch policy attempts de- 
liver the event via each of the positional dispatch 
agents (in priority order). Each interactor object 
can control the high-level events it receives in two 
ways. Each object registers with the system the 
set of high-level event messages it is currently in- 
terested in receiving. Objects also have the option 
of rejecting messages by not consuming them. In 
general, an object can base the decision to reject 
an event on any criteria including tests involving 
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Figure 6: Organization of Dispatch Objects 

the internal state of the object, and tests involving 
semantic information from the application. 

As an example, assume that a low level mouse 
button down event, has been given to the posi- 
tional dispatch policy object (after having been 
rejected by the monitor focus and focus policies). 
The positional dispatch policy object would first 
search for an object under the cursor. For the first 
such object, it would use the press dispatch agent 
to attempt to deliver the event (as a press mes- 
sage). If this failed it would try the click agent, 
and so forth. If the event was not consumed by 
the object (in any of the forms presented by these 
agents), the next object under the cursor would 
be considered, and so forth until the event was 
consumed. If no object consumed the event in 
any form, it would be passed to the next dispatch 
policy object (if any). 

Each dispatch agent implements a message pro- 
tocol which represents the high-level events it gen- 
erates. For example the click agent sends a click 
message which contains the button number of the 

Dispatch 
Policies 

mouse button involved as a parameter. Simi- 
larly, the select agent sends two possible messages: 
select and unselect. The first message is used 
to inform an object of its entry into the current 
selection set, and the second is used to inform an 
object of its removal from the set. Note that the 
select agent does all the rest of the bookkeeping for 
properly maintaining the currently selected set - 
interaction objects normally just keep their graph- 
ical appearance up to date. For most messages, 
the low-level input event is also passed as a pa- 
rameter. This allows the interactor object to ac- 
cess information such as the status of shift keys 
or the timestamp for the event. Rejection or con- 
sumption of the event corresponding to a message 
is indicated by a status code returned as the result 
of the message. 

Focus based agents each maintain a current fo- 
cus object (or object set) which receives all high- 
level event messages of a certain type. For ex- 
ample, text input always goes to the current text 
focus object. Each focus agent maintains a mes- 
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sage protocol for informing objects when focus is 
obtained and removed. The standard dispatch 
agents currently supported under the focus dis- 
patch policy include: 

l text-entry a key press directed at text entry 
focus object, 

l drag a dragging interaction, 
l inking-drag dragging which paints a trail 

along the drag path, 
l snap a dragging interaction in the presence 

of gravity fields, 
l gesture-segmentation inking-drag filtered 

into segements for gesture input. 

As an example of how high-level event messages 
might be used by an interactor object, consider 
an object which makes use of simple dragging. 
This object would initially listen for a press mes- 
sage. Upon receiving a press, the object would 
make itself the drag focus. It would then receive 
a start-drag message, a series of drag-feedback 
messages (one for each mouse movement event), 
and a terminating end-drag message. Note that 
all of the state information needed to implement 
a drag is kept by the dispatch agent and no case 
analysis based on state is needed within the inter- 
actor object itself. 

4 Snapping 

Snapping and gesture are both implemented using 
focus based dispatch agents. Snapping is simply 
an extension of the normal drag dispatch agent. In 
addition to the start-drag, dragfeedback, and 
end-drag messages used in the dragging protocol, 
the snapping dispatch agent adds several new mes- 
sages to indicate when snaps occur. The snap dis- 
patcher implements additional behavior not found 
in the drag dispatch agent by noting when the cur- 
sor nears a snap site (a special interactor object 
acting as a gravity field). Artkit implements se- 
mantic snapping [9] - a snap is made when the 
cursor comes within “gravity distance” of the snap 
site and a semantic test function attached to the 
object owning the site indicates that the snap is se- 
mantically valid. When a semantically valid snap 
site is found, the snapfeedback message is used 
to inform the object. Conversely, when the cur- 
sor moves out of range and a snap is broken, the 

Figure 7: Anti-Snap Feedback 

unsnap-feedback message is sent. In addition, if 
no semantically valid snap site can be found, but 
an invalid site occurs within snapping distance, 
special “anti-snap” feedback can be provided. 
This is done using the anti-snap-feedback and 
ant i-unsnapfeedback messages. Feedback cre- 
ated based on anti-snapping serves the purpose of 
an error message as shown in Figure 7. Here an en- 
tity in our ER-diagram editor has been connected 
directly to another entity without the required in- 
tervening relationship. 

Note that because of the structure of the toolkit, 
it has been possible to encapsulate all the imple- 
mentation of snapping within a single snap dis- 
patch agent. This agent is responsible for reg- 
istering and removing snap sites in search indices 
and for performing the actual search for snap sites 
during a drag. Since this agent is implemented 
only once, we can afford to implement sophisti- 
cated search techniques for efficient use of arbi- 
trary semantic tests (for full details see [9]). On 
the other hand, objects using snaps need only reg- 
ister snap sites and listen for high level events in- 
dicating when feedback and actions are to occur - 
all other details are taken care of by the dispatch 
agent. 

5 Gesture 

Gesture or hand drawn input, although experi- 
mental in nature and often different in character 
than other forms of input [17, 25, 241, is also sup- 
ported by the toolkit. 
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As is common in several systems [23], Artkit 
breaks the process of gesture recognition into two 
parts: filtering or segmentation, and recognition. 
The segmentation portion of the system acts in 
a lexical manner accepting raw input events from 
the device and grouping these into line (or short 
curve) segments. These segments are then used as 
input to a recognition algorithm which attempts 
to match the segments with a symbol from a given 
alphabet of symbols. 

While segmentation can be done in an rela- 
tively alphabet independent manner, the best re- 
sults for recognition seem to require a recognition 
algorithm tailored to the symbol set being recog- 
nized (for a survey of recognition algorithms see 
[23, 13, 16, 22, IS]). A s a result, Artkit encap- 
sulates each of these activities separately. A fo- 
cus based dispatch agent (derived from the inking- 
drag agent) is used for segmentation. Recognition 
is performed by another recognition object which 
encapsulates both a particular symbol alphabet 
and a recognition algorithm. When an object is 
established as the current gesture focus, a recog- 
nition object is supplied as well. This recognition 
object serves as an intermediary between the seg- 
mentation dispatch agent and the focus object it- 
self. As segments are recognized they are passed 
individually to the recognition object. When a 
complete symbol is recognized, it is passed in turn 
to the real focus object as a single high-level event 
message. 

To show how this system is used in practice, we 
return to our ER-diagram editor example. In this 
application, two separate symbol alphabets are 
used: one for creating ER-diagram symbols (enti- 
ties, relationships, and attributes) and one for en- 
tering commands (move and delete). Each alpha- 
bet is handled by one or more “sensitive area” ob- 
jects - invisible rectangles that accept gesture in- 
put. As illustrated in Figure 8, one sensitive area 
covers the entire drawing window and is placed un- 
der all other objects. This object handles the al- 
phabet used for symbol creation. When a symbol 
is recognized by this sensitive area object it cre- 
ates a new interactor object corresponding to the 
symbol drawn by the user. A separate sensitive 
area also surrounds each existing symbol interac- 
tor object. These areas handle the alphabet used 
for the commands that can be applied to those ob- 

jects. By separating sensitive areas that respond 
to different alphabets, we can apply different - 
highly tailored - recognition algorithms to each 
alphabet. The use of tailored algorithms offers 
several advantages over the use of one more gen- 
eral algorithm for recognizing all symbols. First, 
it makes the implementation of each recognition 
algorithm easier because there are fewer conflicts 
between similar symbols. Second, use of tailored 
algorithms can produce higher recognition rates 
since it is possible to use specialized techniques 
or feature metrics that work very well in limited 
cases but are not suitable for general use. 

In addition, because gesture input is handled by 
a normal dispatch agent, it can be integrated with 
other forms of input. In this case, a different form 
of sensitive area surrounds each snap site of each 
symbol. If the mouse button is pressed in this 
area, a snapping interaction with rubberband line 
feedback is begun (i.e, the object is made the snap 
focus). Alternately, if the mouse button is pressed 
in some other area, it causes a gesture interaction 
to begin for a particular alphabet (i.e., the object 
is made the gesture-segment focus object with a 
particular recognizer object). 

It is also possible to mix gesture with other in- 
put techniques in one interactive sequence. For ex- 
ample in the ER-diagram editor, an eager recogni- 
tion algorithm [X3] is used for the symbol creation 
alphabet. Once enough of a symbol has been en- 
tered to recognize it unambiguously, the system 
returns the symbol. A new interactor object is 
then created corresponding to the symbol and is 
immediately made the drag focus. From the user’s 
point of view, the interaction starts by drawing 
the object and ends by positioning it - all in one 
smooth motion. 

6 Interactor Object Library 

The final component of the Artkit system is a 
library of actual interactor object classes. The 
library currently includes: simulated push but- 
tons, radio buttons, editable lines and rectangles, 
dragable icons, horizontal and vertical sliders, pull 
down menus, and text edit fields. The toolkit also 
supports clipping a.nd scrolling composition ob- 
jects (in addition to simple composition which is 
supported by every object). Finally, a number of 
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Figure 8: Use of Sensitive Areas with Different Alphabets 

more complex interactors involving snapping and 
gesture are provided. These include a “connected 
icon” class for visual programming systems and 
“sensitive area” classes for snapping and gesture 
input. 

7 Implementation, Limitations, 
and Future Work 

Artkit is written in C++. The basic event dis- 
patch and redraw facilities of the system are imple- 
mented in approximately 5000 lines of C++ code 
while another 5000 lines is used to implement the 
current set of base interactor classes which forms 
the default library. 

The toolkit is still under active development and 
still has certain limitations. For example, since the 
emphasis in the development of this system has 
been on constructs for flexible input, Artkit cur- 
rently supports only a minimal set of output prim- 
itives. These include support for lines, rectangles, 
text, rusterop operations on bitmaps, and sim- 
ple fill operations. All of these operations can be 
clipped to rectangular regions and a simple triv- 
ial reject test based on bounding rectangles is also 
supported. However, the system currently only 
supports black and white output. Finally, the sys- 
tem only supports single-level, non-nested, win- 
dows (however, the functionality of nested win- 
dows can be achieved with the use of clipped com- 
position objects with an opaque background). 

Artkit has evolved through three major versions Another limitation of the current system con- 
and has been used for several serious user inter- cerns gesture input. Currently gestures directed 
face projects. Artkit has formed the graphical toward a particular object must start within that 
underpinnings for the Penguims constraint based object. This d oes not allow gestures that spec- 
UIMS currently under development at the Uni- ify their target object by means of a feature point 
versity of Arizona, as well as its predecessor the in the middle of the gesture. While this type of 
Apogee UIMS [5, 71. The toolkit has also been gesture is not as common, it is sometimes useful. 
used to implement the Opus user interface editor We are currently considering a new segmentation 
[8] (as shown in Figure 9) as well as a new system dispatch agent which would allow a series of seg- 
for the interactive display of graphs [G], and an ments to be rejected by one recognizer object and 
interactive information system for use in Molecu- passed to another sensitive area found along the 
lar Biology [lo]. Finally, the toolkit has been used path of the gesture. This will require the imple- 
for a number of student projects in a user interface mentation of a new hybrid focus/positional dis- 
tools course. patch policy object. However, this should not re- 
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quire any changes to the basic input structure of 
the system. 
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Figure 9: An Interactive Interface Builder Constructed With Artkit 
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