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1001522024 

ABSTRACT 

An electronic device with a display, a touch-sensitive surface, and one or more sensors to 

detect intensity of contacts with the touch-sensitive surface: displays a first user interface of 

a first software application, the first user interface including a plurality of user interface 

objects, a first user interface object of the plurality of user interface objects being associated 

with an application-independent set of predefined instructions for preview operations; 

detects a first portion of an input by a contact while a focus selector is over the first user 

interface object, in the plurality of user interface objects, on the display; and in response to 

detecting the first portion of the input and in accordance with a determination that the first 

portion of the input satisfies predefined criteria, executes the application-independent set of 

predefined instructions for preview operations.
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Devices and Methods for Processing Touch Inputs 

Based on Their Intensities 

TECHNICAL FIELD 

[0001] This relates generally to electronic devices with touch-sensitive surfaces, 

including but not limited to electronic devices with sensors to detect intensity of contacts on 

touch-sensitive surfaces.  

BACKGROUND 

[0002] The use of touch-sensitive surfaces as input devices for computers and other 

electronic computing devices has increased significantly in recent years. Exemplary touch

sensitive surfaces include touchpads and touch-screen displays. Such surfaces are widely 

used to manipulate user interface objects on a display.  

[0003] Exemplary manipulations include adjusting the position and/or size of one or 

more user interface objects or activating buttons or opening files/applications represented by 

user interface objects, as well as associating metadata with one or more user interface 

objects or otherwise manipulating user interfaces. Exemplary user interface objects include 

digital images, video, text, icons, control elements such as buttons and other graphics. A 

user will, in some circumstances, need to perform such manipulations on user interface 

objects in a file management program (e.g., Finder from Apple Inc. of Cupertino, 

California), an image management application (e.g., Aperture, iPhoto, Photos from Apple 

Inc. of Cupertino, California), a digital content (e.g., videos and music) management 

application (e.g., iTunes from Apple Inc. of Cupertino, California), a drawing application, a 

presentation application (e.g., Keynote from Apple Inc. of Cupertino, California), a word 

processing application (e.g., Pages from Apple Inc. of Cupertino, California), a website 

creation application (e.g., iWeb from Apple Inc. of Cupertino, California), a disk authoring 

application (e.g., iDVD from Apple Inc. of Cupertino, California), or a spreadsheet 

application (e.g., Numbers from Apple Inc. of Cupertino, California).  

[0004] But existing methods for processing these manipulations are cumbersome 

and inefficient. In addition, existing methods take longer than necessary, thereby wasting 

energy. This latter consideration is particularly important in battery-operated devices.  
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[0004A] Reference to any prior art in the specification is not an acknowledgment or 

suggestion that this prior art forms part of the common general knowledge in any 

jurisdiction or that this prior art could reasonably be expected to be understood, regarded as 

relevant, and/or combined with other pieces of prior art by a skilled person in the art.  

SUMMARY 

[0004B] According to a first aspect of the invention there is provided a computer 

readable storage medium storing one or more programs, the one or more programs 

comprising instructions, which when executed by an electronic device with a display, a 

touch-sensitive surface, and one or more sensors to detect intensity of contacts with the 

touch-sensitive surface cause the device to: display a first user interface; while displaying 

the first user interface, detect an input on the touch-sensitive surface; and, in response to 

detecting the input while displaying the first user interface: in accordance with a 

determination that the input satisfies tap criteria including that the input ceases to remain on 

the touch-sensitive surface during a first predefined time period since the input was 

detected, performing a first operation; in accordance with a determination that the input 

satisfies intensity input criteria including that the input satisfies, after the first predefined 

time period, a first intensity threshold during a second predefined time period since the 

input was detected that is longer than the first predefined time period, while the input is 

maintained on the touch-sensitive surface, performing a second operation that is distinct 

from the first operation as a result of the input satisfying the first intensity threshold, even if 

the second predefined time period has not yet been met; and in accordance with a 

determination that the input satisfies long press criteria including that the input remains 

below the first intensity threshold during the second predefined time period, perform a third 

operation that is distinct from the first operation and the second operation.  

[00051 Accordingly, the present disclosure provides electronic devices with faster, 
more efficient methods for processing touch inputs. Such methods and interfaces optionally 

complement or replace conventional methods for processing touch inputs. Such methods 

and interfaces provide a more efficient human-machine interface by allowing customized 

processing of touch inputs. Further, such methods reduce the processing power consumed to 

process touch inputs, conserve power, reduce unnecessary/extraneous/repetitive inputs, and 
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potentially reduce memory usage. For battery-operated devices, such methods and 

interfaces conserve battery power and increase the time between battery charges.  

[0006] The above deficiencies and other problems associated with user interfaces for 

electronic devices with touch-sensitive surfaces are reduced or eliminated by the disclosed 

devices. In some embodiments, the device is a desktop computer. In some embodiments, the 

device is portable (e.g., a notebook computer, tablet computer, or handheld device). In some 

embodiments, the device has a touchpad. In some embodiments, the device has a touch

sensitive display (also known as a "touch screen" or "touch-screen display"). In some 

embodiments, the device has a graphical user interface (GUI), one or more processors, 

memory and one or more modules, programs or sets of instructions stored in the memory 

for performing multiple functions. In some embodiments, the user interacts with the GUI 

primarily through stylus and/or finger contacts and gestures on the touch-sensitive surface.  

In some embodiments, the functions optionally include image editing, drawing, presenting, 

word processing, website creating, disk authoring, spreadsheet making, game playing, 

telephoning, video conferencing, e-mailing, instant messaging, workout support, digital 

photographing, digital videoing, web browsing, digital music playing, and/or digital video 

playing. Executable instructions for performing these functions are, optionally, included in a 

non-transitory computer readable storage medium or other computer program product 

configured for execution by one or more processors. Alternatively, or in addition, 

executable instructions for performing these functions are, optionally, included in a 

transitory computer-readable storage medium or other computer program product 

configured for execution by one or more processors.  

[00071 In accordance with some embodiments, a method is performed at an 

electronic device with a display, a touch-sensitive surface, and one or more sensors to detect 

intensity of contacts with the touch-sensitive surface. The method includes displaying a first 
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user interface, and detecting an input on the touch-sensitive surface while displaying the 

first user interface. The method further includes, in response to detecting the input while 

displaying the first user interface, in accordance with a determination that the input satisfies 

intensity input criteria including that the input satisfies a first intensity threshold during a 

first predefined time period, performing a first operation; and in accordance with a 

determination that the input satisfies long press criteria including that the input remains 

below the first intensity threshold during the first predefined time period, performing a 

second operation that is distinct from the first operation.  

[0008] In accordance with some embodiments, a method is performed at an 

electronic device with a display, a touch-sensitive surface, and one or more sensors to detect 

intensity of contacts with the touch-sensitive surface. The method includes displaying a first 

user interface, and detecting an input on the touch-sensitive surface while displaying the 

first user interface. The method further includes, in response to detecting the input while 

displaying the first user interface, in accordance with a determination that the input satisfies 

intensity input criteria including that the input satisfies a first intensity threshold, 

performing a first operation; and in accordance with a determination that the input satisfies 

pan criteria including that the input has moved across the touch-sensitive surface by at least 

a predefined distance, performing a second operation that is distinct from the first operation.  

[0009] In accordance with some embodiments, a method is performed at an 

electronic device with a display, a touch-sensitive surface, and one or more sensors to detect 

intensity of contacts with the touch-sensitive surface. The method includes displaying a first 

user interface, and detecting an input on the touch-sensitive surface while displaying the 

first user interface. The method further includes, in response to detecting the input while 

displaying the first user interface, in accordance with a determination that the input satisfies 

intensity input criteria including that the input satisfies a first intensity threshold and the 

input remains on the touch-sensitive surface for a first predefined time period, performing a 

first operation; and in accordance with a determination that the input satisfies tap criteria 

including that the input ceases to remain on the touch-sensitive surface during the first 

predefined time period, performing a second operation that is distinct from the first 

operation.  

[0010] In accordance with some embodiments, a method is performed at an 

electronic device with a display, a touch-sensitive surface, and one or more sensors to detect 
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intensity of contacts with the touch-sensitive surface. The method includes: displaying a 

first user interface of a first software application, the first user interface including a plurality 

of user interface objects, a first user interface object of the plurality of user interface objects 

being associated with an application-independent set of predefined instructions for preview 

operations; detecting a first portion of an input by a contact while a focus selector is over 

the first user interface object, in the plurality of user interface objects, on the display; and in 

response to detecting the first portion of the input and in accordance with a determination 

that the first portion of the input satisfies reveal criteria including that the input satisfies a 

first intensity threshold, executing the application-independent set of predefined instructions 

for preview operations, including providing preview content to the application-independent 

set of predefined instructions. The preview operations performed by executing the 

application-independent set of predefined instructions include: visually distinguishing the 

first user interface object in the first user interface; and, subsequent to initiation of the visual 

distinction of the first user interface object in the first user interface: receiving a second 

portion of the input that is subsequent to the first portion of the input; and, in accordance 

with a determination that the second portion of the input satisfies preview criteria including 

that the input satisfies a second intensity threshold, displaying a preview area overlaid on 

the first user interface. The preview area includes the preview content.  

[0011] In accordance with some embodiments, a method is performed at an 

electronic device with a display, a touch-sensitive surface, and one or more sensors to detect 

intensity of contacts with the touch-sensitive surface. The method includes: displaying a 

first user interface of a first software application, the first user interface including a plurality 

of user interface objects, a first user interface object of the plurality of user interface objects 

being associated with an application-independent set of predefined instructions for preview 

operations; detecting a first portion of an input by a contact while a focus selector is over 

the first user interface object, in the plurality of user interface objects, on the display; and in 

response to detecting the first portion of the input and in accordance with a determination 

that the first portion of the input meets preview criteria, executing the application

independent set of predefined instructions for preview operations. The preview operations 

performed by executing the application-independent set of predefined instructions include: 

displaying a preview area overlaid on the first user interface; after detecting the first portion 

of the input, detecting a second portion of the input; and, in response to detecting the second 
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portion of the input by the contact, in accordance with a determination that the second 

portion of the input meets user-interface-replacement criteria, replacing display of the first 

user interface with a second user interface that is distinct from the first user interface.  

[0012] In accordance with some embodiments, a method is performed at an 

electronic device with a display, a touch-sensitive surface, and one or more sensors to detect 

intensity of contacts with the touch-sensitive surface. The method includes: displaying, on 

the display, a user interface of a software application; while displaying the user interface of 

the software application on the display, detecting an input on the touch-sensitive surface at a 

location that corresponds to the user interface of the software application; and, in response 

to detecting the input, sending from an application-independent set of instructions to the 

software application intensity information that corresponds to the input. The intensity 

information includes: a reference intensity assigned to the one or more sensors; and a 

characteristic intensity that corresponds to a detected intensity of the input.  

[0013] In accordance with some embodiments, a method is performed at an 

electronic device with a display, a touch-sensitive surface, and one or more sensors to detect 

intensity of contacts with the touch-sensitive surface. The method includes: displaying, on 

the display, a first user interface of a software application; while displaying the first user 

interface of the software application, detecting an input on the touch-sensitive surface; and, 

while detecting the input: in response to detecting changes to intensity of the input, 

providing from an application-independent set of instructions to the software application a 

value of a first progress indicator that represents the changes to the intensity of the input; 

and updating the first user interface in accordance with a set of instructions in the software 

application that is different from the application-independent set of instructions and the 

value of the first progress indicator.  

[0014] In accordance with some embodiments, a method is performed at an 

electronic device with a display, a touch-sensitive surface, and one or more sensors to detect 

intensity of contacts with the touch-sensitive surface. The method includes displaying, on 

the display, a user interface of a first third-party application that runs within an operating 

system. Capabilities of the device are exposed to the first third-party application through an 

operating system framework of the operating system. The operating system framework 

defines a plurality of gesture classes that can be recognized by the device. A first gesture 

class is associated with first gesture recognition criteria for recognizing input detected on 
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the touch-sensitive surface as a first gesture when the first gesture recognition criteria are 

met. The first third-party application has associated a first portion of the user interface with 

the first gesture from the first gesture class for a first operation. The first third-party 

application has specified first intensity criteria for the first gesture associated with the first 

portion of the user interface for the first operation. The method also includes, while 

displaying the user interface of the first third-party application on the display, detecting an 

input on the touch-sensitive surface at a location that corresponds to the first portion of the 

user interface of the first third-party application. The method further includes, in response to 

detecting the input: in accordance with a determination that the input meets the first gesture 

recognition criteria and that the input meets the first intensity criteria specified by the first 

third-party application, performing the first operation associated with the first portion of the 

user interface of the first third-party application; and, in accordance with a determination 

that the input meets the first gesture recognition criteria but does not meet the first intensity 

criteria specified by the first third-party application, forgoing performance of the first 

operation associated with the first portion of the user interface of the first third-party 

application.  

[0015] In accordance with some embodiments, a method is performed at an 

electronic device with a display, a touch-sensitive surface, and one or more sensors to detect 

intensity of contacts with the touch-sensitive surface. The method includes displaying, on 

the display, a user interface. The method also includes: while displaying the user interface, 

detecting an input on the touch-sensitive surface; and, in response to detecting the input 

while displaying the first user interface, and while detecting the input, in accordance with a 

determination that the input satisfies first timing criteria and first intensity input criteria, 

performing a first operation. The first timing criteria require that the input remain on the 

touch-sensitive surface while a first time period elapses. The first intensity input criteria 

require that the input satisfy a first intensity threshold at an end of or subsequent to the first 

time period.  

[0016] In accordance with some embodiments, a method is performed at an 

electronic device with a display, a touch-sensitive surface, and one or more sensors to detect 

intensity of contacts with the touch-sensitive surface. The method includes displaying, on 

the display, a user interface. The method also includes: while displaying the user interface, 

detecting an input on the touch-sensitive surface; and, in response to detecting the input 
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while displaying the first user interface, and while detecting the input, in accordance with a 

determination that the input satisfies an activation intensity threshold, performing a first 

operation. The activation intensity threshold includes a first intensity threshold component 

that decreases from a first intensity value over time.  

[0017] In accordance with some embodiments, an electronic device includes a 

display unit configured to display a user interface, a touch-sensitive surface unit to receive 

contacts, one or more sensor units to detect intensity of contacts with the touch-sensitive 

surface unit; and a processing unit coupled with the display unit, the touch-sensitive surface 

unit, and the one or more sensor units. The processing unit is configured to distinguish 

between a long press gesture and a deep press input and to perform distinct operations in 

response to the long press gesture and the deep press input. More specifically, the 

processing unit is configured to enable display of a first user interface, and detect an input 

on the touch-sensitive surface unit while enabling display of the first user interface, and in 

response to detecting the input while enabling display of the first user interface, perform a 

first operation in accordance with a determination that the input satisfies intensity input 

criteria including that the input satisfies a first intensity threshold during a first predefined 

time period, and perform a second operation in accordance with a determination that the 

input satisfies long press criteria including that the input remains below the first intensity 

threshold during the first predefined time period.  

[0018] In accordance with some embodiments, an electronic device includes a 

display unit configured to display a user interface, a touch-sensitive surface unit to receive 

contacts, one or more sensor units to detect intensity of contacts with the touch-sensitive 

surface unit; and a processing unit coupled with the display unit, the touch-sensitive surface 

unit, and the one or more sensor units. The processing unit is configured to distinguish 

between a pan gesture and a deep press input and to perform distinct operations in response 

to the pan gesture and the deep press input. More specifically, the processing unit is 

configured to enable display of a first user interface, to detect an input on the touch

sensitive surface unit while enabling display of the first user interface, and in response to 

detecting the input while enabling display of the first user interface, perform a first 

operation in accordance with a determination that the input satisfies intensity input criteria 

including that the input satisfies a first intensity threshold, and perform a second operation 
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in accordance with a determination that the input satisfies pan criteria including that the 

input has moved across the touch-sensitive surface by at least a predefined distance.  

[0019] In accordance with some embodiments, an electronic device includes a 

display unit configured to display a user interface, a touch-sensitive surface unit to receive 

contacts, one or more sensor units to detect intensity of contacts with the touch-sensitive 

surface unit; and a processing unit coupled with the display unit, the touch-sensitive surface 

unit, and the one or more sensor units. The processing unit is configured to distinguish 

between a tap gesture input and a deep press input and to perform distinct operations in 

response to the tap gesture and the deep press input. In such embodiments, the processing 

unit is configured to enable display of a first user interface, and is further configured to 

detect an input on the touch-sensitive surface unit while enabling display of the first user 

interface, and in response to detecting the input while enabling display of the first user 

interface, perform a first operation in accordance with a determination that the input 

satisfies intensity input criteria including that the input satisfies a first intensity threshold 

and the input remains on the touch-sensitive surface for a first predefined time period, and 

perform a second operation in accordance with a determination that the input satisfies long 

press criteria including that the input ceases to remain on the touch-sensitive surface during 

the first predefined time period.  

[0020] In accordance with some embodiments, an electronic device includes a 

display unit configured to display one or more user interfaces, a touch-sensitive surface unit 

to receive user inputs, one or more sensor units to detect intensity of contacts with the 

touch-sensitive surface unit; and a processing unit coupled with the display unit, the touch

sensitive surface unit, and the one or more sensor units. The processing unit is configured 

to: enable display of a first user interface of a first software application, the first user 

interface including a plurality of user interface objects, a first user interface object of the 

plurality of user interface objects being associated with an application-independent set of 

predefined instructions for preview operations; detect a first portion of an input by a contact 

while a focus selector is over the first user interface object, in the plurality of user interface 

objects, on the display unit; and in response to detecting the first portion of the input and in 

accordance with a determination that the first portion of the input satisfies reveal criteria 

including that the input satisfies a first intensity threshold, execute the application

independent set of predefined instructions for preview operations, including providing 
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preview content to the application-independent set of predefined instructions. The preview 

operations performed by executing the application-independent set of predefined 

instructions include: visually distinguishing the first user interface object in the first user 

interface; and, subsequent to initiation of the visual distinction of the first user interface 

object in the first user interface: receiving a second portion of the input that is subsequent to 

the first portion of the input; and, in accordance with a determination that the second portion 

of the input satisfies preview criteria including that the input satisfies a second intensity 

threshold, enabling display of a preview area overlaid on the first user interface. The 

preview area includes the preview content.  

[0021] In accordance with some embodiments, an electronic device includes a 

display unit configured to display one or more user interfaces, a touch-sensitive surface unit 

to receive user inputs, one or more sensor units to detect intensity of contacts with the 

touch-sensitive surface unit; and a processing unit coupled with the display unit, the touch

sensitive surface unit, and the one or more sensor units. The processing unit is configured 

to: enable display of a first user interface of a first software application, the first user 

interface including a plurality of user interface objects, a first user interface object of the 

plurality of user interface objects being associated with an application-independent set of 

predefined instructions for preview operations; detect a first portion of an input by a contact 

while a focus selector is over the first user interface object, in the plurality of user interface 

objects, on the display unit; and in response to detecting the first portion of the input and in 

accordance with a determination that the first portion of the input meets preview criteria, 

execute the application-independent set of predefined instructions for preview operations.  

The preview operations performed by executing the application-independent set of 

predefined instructions include: enabling display of a preview area overlaid on the first user 

interface; after detecting the first portion of the input, detecting a second portion of the 

input; and, in response to detecting the second portion of the input by the contact, in 

accordance with a determination that the second portion of the input meets user-interface

replacement criteria, replacing display of the first user interface with a second user interface 

that is distinct from the first user interface.  

[0022] In accordance with some embodiments, an electronic device includes a 

display unit configured to display a user interface, a touch-sensitive surface unit configured 

to receive user inputs, one or more sensor units configured to detect intensity of contacts 
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with the touch-sensitive surface unit; and a processing unit coupled with the display unit, 

the touch-sensitive surface unit, and the one or more sensor units. The processing unit is 

configured to: enable display, on the display unit, of a user interface of a software 

application; while enabling display of the user interface of the software application on the 

display unit, detect an input on the touch-sensitive surface unit at a location that corresponds 

to the user interface of the software application; and, in response to detecting the input, send 

from an application-independent set of instructions to the software application intensity 

information that corresponds to the input. The intensity information includes: a reference 

intensity assigned to the one or more sensors; and a characteristic intensity that corresponds 

to a detected intensity of the input.  

[0023] In accordance with some embodiments, an electronic device includes a 

display unit configured to display a user interface, a touch-sensitive surface unit configured 

to receive user inputs, one or more sensor units configured to detect intensity of contacts 

with the touch-sensitive surface unit; and a processing unit coupled with the display unit, 

the touch-sensitive surface unit, and the one or more sensor units. The processing unit is 

configured to: enable display, on the display unit, of a first user interface of a software 

application; while enabling display of the first user interface of the software application, 

detect an input on the touch-sensitive surface unit; and, while detecting the input: in 

response to detecting changes to intensity of the input, provide from an application

independent set of instructions to the software application a value of a first progress 

indicator that represents the changes to the intensity of the input; and update the first user 

interface in accordance with a set of instructions in the software application that is different 

from the application-independent set of instructions and the value of the first progress 

indicator.  

[0024] In accordance with some embodiments, a display unit configured to display 

user interfaces; a touch-sensitive surface unit configured to receive contacts; one or more 

sensor units configured to detect intensity of contacts on the touch-sensitive surface unit; 

and a processing unit coupled with the display unit, the touch-sensitive surface unit, and the 

one or more sensor units. The processing unit is configured to enable display, on the display 

unit, of a user interface of a first third-party application that runs within an operating system.  

Capabilities of the device are exposed to the first third-party application through an 

operating system framework of the operating system. The operating system framework 
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defines a plurality of gesture classes that can be recognized by the device. A first gesture 

class is associated with first gesture recognition criteria for recognizing input detected on 

the touch-sensitive surface as a first gesture when the first gesture recognition criteria are 

met. The first third-party application has associated a first portion of the user interface with 

the first gesture from the first gesture class for a first operation. The first third-party 

application has specified first intensity criteria for the first gesture associated with the first 

portion of the user interface for the first operation. The processing unit is also configured to: 

while enabling display of the user interface of the first third-party application on the display 

unit, detect an input on the touch-sensitive surface at a location that corresponds to the first 

portion of the user interface of the first third-party application; and, in response to detecting 

the input: in accordance with a determination that the input meets the first gesture 

recognition criteria and that the input meets the first intensity criteria specified by the first 

third-party application, perform the first operation associated with the first portion of the 

user interface of the first third-party application; and, in accordance with a determination 

that the input meets the first gesture recognition criteria but does not meet the first intensity 

criteria specified by the first third-party application, forgo performance of the first operation 

associated with the first portion of the user interface of the first third-party application.  

[0025] In accordance with some embodiments, an electronic device includes a 

display unit configured to display a user interface, a touch-sensitive surface unit to receive 

contacts, one or more sensor units to detect intensity of contacts with the touch-sensitive 

surface unit; and a processing unit coupled with the display unit, the touch-sensitive surface 

unit, and the one or more sensor units. The processing unit is configured to: enable display, 

on the display unit, a user interface; while enabling display of the user interface, detect an 

input on the touch-sensitive surface unit; and, in response to detecting the input while 

enabling display of the first user interface, and while detecting the input, in accordance with 

a determination that the input satisfies first timing criteria and first intensity input criteria, 

perform a first operation. The first timing criteria require that the input remain on the touch

sensitive surface unit while a first time period elapses. The first intensity input criteria 

require that the input satisfy a first intensity threshold at an end of or subsequent to the first 

time period.  

[0026] In accordance with some embodiments, an electronic device includes a 

display unit configured to display a user interface, a touch-sensitive surface unit to receive 
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contacts, one or more sensor units to detect intensity of contacts with the touch-sensitive 

surface unit; and a processing unit coupled with the display unit, the touch-sensitive surface 

unit, and the one or more sensor units. The processing unit is configured to: enable display, 

on the display unit, of a user interface; while enabling display of the user interface, detect an 

input on the touch-sensitive surface unit; and, in response to detecting the input while 

enabling display of the first user interface, and while detecting the input: in accordance with 

a determination that the input satisfies an activation intensity threshold, perform a first 

operation. The activation intensity threshold includes a first intensity threshold component 

that decreases from a first intensity value over time.  

[0027] In accordance with some embodiments, an electronic device includes a 

display, a touch-sensitive surface, one or more sensors to detect intensity of contacts with 

the touch-sensitive surface, one or more processors, memory, and one or more programs; 

the one or more programs are stored in the memory and configured to be executed by the 

one or more processors and the one or more programs include instructions for performing or 

causing performance of the operations of any of the methods described herein. In some 

embodiments, the electronic device includes one or more sensors to detect signals from a 

stylus associated with the electronic device. In accordance with some embodiments, a 

computer readable storage medium (e.g., a non-transitory computer readable storage 

medium, or alternatively, a transitory computer readable storage medium) has stored therein 

instructions which when executed by an electronic device with a display, a touch-sensitive 

surface, and one or more sensors to detect intensity of contacts with the touch-sensitive 

surface, cause the device to perform or cause performance of the operations of any of the 

methods described herein. In accordance with some embodiments, a graphical user interface 

on an electronic device with a display, a touch-sensitive surface, one or more sensors to 

detect intensity of contacts with the touch-sensitive surface, a memory, and one or more 

processors to execute one or more programs stored in the memory includes one or more of 

the elements displayed in any of the methods described above, which are updated in 

response to inputs, as described in any of the methods described herein. In accordance with 

some embodiments, an electronic device includes: a display, a touch-sensitive surface, and 

one or more sensors to detect intensity of contacts with the touch-sensitive surface; and 

means for performing or causing performance of the operations of any of the methods 

described herein. In accordance with some embodiments, an information processing 
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apparatus, for use in an electronic device with a display and a touch-sensitive surface, and 

one or more sensors to detect intensity of contacts with the touch-sensitive surface, includes 

means for performing or causing performance of the operations of any of the methods 

described herein.  

[0028] Thus, electronic devices with displays, touch-sensitive surfaces and one or 

more sensors to detect intensity of contacts with the touch-sensitive surface are provided 

with faster, more efficient methods and interfaces for processing of touch inputs, thereby 

increasing the effectiveness and efficiency of such devices, and user satisfaction with such 

devices. Furthermore, such methods and interfaces reduce processing power, reduce 

memory usage, reduce battery usage, and/or reduce unnecessary or extraneous or repetitive 

inputs. Furthermore, such methods and interfaces may complement or replace conventional 

methods for processing of touch inputs.  

BRIEF DESCRIPTION OF THE DRAWINGS 

[0029] For a better understanding of the various described embodiments, reference 

should be made to the Description of Embodiments below, in conjunction with the 

following drawings in which like reference numerals refer to corresponding parts 

throughout the figures.  

[0030] Figure 1A is a block diagram illustrating a portable multifunction device 

with a touch-sensitive display in accordance with some embodiments.  

[0031] Figure 1B is a block diagram illustrating exemplary components for event 

handling in accordance with some embodiments.  

[0032] Figure IC is a block diagram illustrating transfer of an event object in 

accordance with some embodiments.  

[0033] Figure 2 illustrates a portable multifunction device having a touch screen in 

accordance with some embodiments.  

[0034] Figure 3 is a block diagram of an exemplary multifunction device with a 

display and a touch-sensitive surface in accordance with some embodiments.  

[0035] Figure 4 is a block diagram of an exemplary electronic stylus in accordance 

with some embodiments.  
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[0036] Figures 5A-5B illustrate a positional state of a stylus relative to a touch

sensitive surface in accordance with some embodiments.  

[0037] Figure 6A illustrates an exemplary user interface for a menu of applications 

on a portable multifunction device in accordance with some embodiments.  

[0038] Figure 6B illustrates an exemplary user interface for a multifunction device 

with a touch-sensitive surface that is separate from the display in accordance with some 

embodiments.  

[0039] Figures 7A-7BBB illustrate exemplary user interfaces for processing touch 

inputs and associated information in accordance with some embodiments.  

[0040] Figures 8A-8E are flow diagrams illustrating a method of disambiguating a 

long press input and a deep press input in accordance with some embodiments.  

[0041] Figures 9A-9D are flow diagrams illustrating a method of disambiguating a 

pan gesture input and a deep press input in accordance with some embodiments.  

[0042] Figures 1OA-10D are flow diagrams illustrating a method of disambiguating 

a tap gesture input and a deep press input in accordance with some embodiments.  

[0043] Figure 11 A is a high level flow diagram illustrating a method of processing 

touch inputs using application-independent set of predefined instructions in accordance with 

some embodiments.  

[0044] Figures 11 B-I ID are flow diagrams illustrating methods of processing touch 

inputs using application-independent set of predefined instructions in accordance with some 

embodiments.  

[0045] Figures 12A-12B are flow diagrams illustrating a method of processing a 

touch input using a predefined data structure in accordance with some embodiments.  

[0046] Figures 13A-13B are flow diagrams illustrating a method of processing a 

touch input using a force gesture progress indicator in accordance with some embodiments.  

[0047] Figures 14A-14C are flow diagrams illustrating a method of processing 

touch inputs based on intensity criteria specified by third-party applications in accordance 

with some embodiments.  
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[0048] Figures 15A-15B are flow diagrams illustrating a method of processing 

touch inputs based on dynamic thresholds in accordance with some embodiments.  

[0049] Figures 16A-16B are flow diagrams illustrating a method of processing 

touch inputs based on dynamic thresholds in accordance with some embodiments.  

[0050] Figures 17-23 are functional block diagrams of an electronic device in 

accordance with some embodiments.  

DESCRIPTION OF EMBODIMENTS 

[0051] Many electronic devices store applications to allow certain manipulations of 

displayed user interface objects in response to touch inputs. However, conventional methods 

and user interfaces are inefficient. The disclosed embodiments address these limitations and 

disadvantages.  

[0052] Below, Figures 1A-1B, 2, and 3 provide a description of exemplary devices.  

Figure 4 provides a description of an exemplary electronic stylus. Figures 5A-5B illustrate a 

positional state of a stylus relative to a touch-sensitive surface. Figures 6A-6B and 7A

7BBB illustrate exemplary user interfaces for processing touch inputs with instructions in a 

web page. Figures 8A-8E are flow diagrams illustrating a method of disambiguating a long 

press input and a deep press input. Figures 9A-9D are flow diagrams illustrating a method 

of disambiguating a pan gesture input and a deep press input. Figures 1OA-10D are flow 

diagrams illustrating a method of disambiguating a tap gesture input and a deep press input.  

Figures 11 A-I ID are flow diagrams illustrating methods of processing touch inputs using 

application-independent set of predefined instructions. Figures 12A-12B are flow diagrams 

illustrating a method of processing a touch input using a predefined data structure. Figures 

13A-13B are flow diagrams illustrating a method of processing a touch input using a force 

gesture progress indicator. Figures 14A-14C are flow diagrams illustrating a method of 

processing touch inputs based on intensity criteria specified by third-party applications.  

Figures 15A-15B are flow diagrams illustrating a method of processing touch inputs based 

on dynamic thresholds. Figures 16A-16B are flow diagrams illustrating a method of 

processing touch inputs based on dynamic thresholds. The user interfaces in Figures 7A

7BBB are used to illustrate the processes in Figures 8A-8E, 9A-9D, 1OA-1OD, 11 A-1 ID, 

12A-12B, 13A-13B, 14A-14C, 15A-15B and Figures 16A-16B.  
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EXEMPLARY DEVICES 

[0053] Reference will now be made in detail to embodiments, examples of which 

are illustrated in the accompanying drawings. In the following detailed description, 

numerous specific details are set forth in order to provide a thorough understanding of the 

various described embodiments. However, it will be apparent to one of ordinary skill in the 

art that the various described embodiments may be practiced without these specific details.  

In other instances, well-known methods, procedures, components, circuits, and networks 

have not been described in detail so as not to unnecessarily obscure aspects of the 

embodiments.  

[0054] It will also be understood that, although the terms first, second, etc. are, in 

some instances, used herein to describe various elements, these elements should not be 

limited by these terms. These terms are only used to distinguish one element from another.  

For example, a first contact could be termed a second contact, and, similarly, a second 

contact could be termed a first contact, without departing from the scope of the various 

described embodiments. The first contact and the second contact are both contacts, but they 

are not the same contact, unless the context clearly indicates otherwise.  

[0055] The terminology used in the description of the various described 

embodiments herein is for the purpose of describing particular embodiments only and is not 

intended to be limiting. As used in the description of the various described embodiments 

and the appended claims, the singular forms "a," "an," and "the" are intended to include the 

plural forms as well, unless the context clearly indicates otherwise. It will also be 

understood that the term "and/or" as used herein refers to and encompasses any and all 

possible combinations of one or more of the associated listed items. It will be further 

understood that the terms "includes," "including," "comprises," and/or "comprising," when 

used in this specification, specify the presence of stated features, integers, steps, operations, 

elements, and/or components, but do not preclude the presence or addition of one or more 

other features, integers, steps, operations, elements, components, and/or groups thereof 

[0056] As used herein, the term "if' is, optionally, construed to mean "when" or 

"upon" or "in response to determining" or "in response to detecting," depending on the 

context. Similarly, the phrase "if it is determined" or "if [a stated condition or event] is 

detected" is, optionally, construed to mean "upon determining" or "in response to 
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determining" or "upon detecting [the stated condition or event]" or "in response to detecting 

[the stated condition or event]," depending on the context.  

[0057] Embodiments of electronic devices, user interfaces for such devices, and 

associated processes for using such devices are described. In some embodiments, the device 

is a portable communications device, such as a mobile telephone, that also contains other 

functions, such as PDA and/or music player functions. Exemplary embodiments of portable 

multifunction devices include, without limitation, the iPhone®, iPod Touch®, and iPad® 

devices from Apple Inc. of Cupertino, California. Other portable electronic devices, such as 

laptops or tablet computers with touch-sensitive surfaces (e.g., touch-screen displays and/or 

touchpads), are, optionally, used. It should also be understood that, in some embodiments, 

the device is not a portable communications device, but is a desktop computer with a touch

sensitive surface (e.g., a touch-screen display and/or a touchpad).  

[0058] In the discussion that follows, an electronic device that includes a display 

and a touch-sensitive surface is described. It should be understood, however, that the 

electronic device optionally includes one or more other physical user-interface devices, such 

as a physical keyboard, a mouse and/or a joystick.  

[0059] The device typically supports a variety of applications, such as one or more 

of the following: a drawing application, a presentation application, a word processing 

application, a website creation application, a disk authoring application, a spreadsheet 

application, a gaming application, a telephone application, a video conferencing application, 

an e-mail application, an instant messaging application, a workout support application, a 

photo management application, a digital camera application, a digital video camera 

application, a web browsing application, a digital music player application, and/or a digital 

video player application.  

[0060] The various applications that are executed on the device optionally use at 

least one common physical user-interface device, such as the touch-sensitive surface. One 

or more functions of the touch-sensitive surface as well as corresponding information 

displayed on the device are, optionally, adjusted and/or varied from one application to the 

next and/or within a respective application. In this way, a common physical architecture 

(such as the touch-sensitive surface) of the device optionally supports the variety of 

applications with user interfaces that are intuitive and transparent to the user.  
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[0061] Attention is now directed toward embodiments of portable devices with 

touch-sensitive displays. Figure 1A is a block diagram illustrating portable multifunction 

device 100 with touch-sensitive display system 112 in accordance with some embodiments.  

Touch-sensitive display system 112 is sometimes called a "touch screen" for convenience, 

and is sometimes simply called a touch-sensitive display. Device 100 includes memory 102 

(which optionally includes one or more non-transitory computer readable storage mediums), 

memory controller 122, one or more processing units (CPUs) 120, peripherals interface 118, 

RF circuitry 108, audio circuitry 110, speaker 111, microphone 113, input/output (1/0) 

subsystem 106, other input or control devices 116, and external port 124. Device 100 

optionally includes one or more optical sensors 164. Device 100 optionally includes one or 

more intensity sensors 165 for detecting intensity of contacts on device 100 (e.g., a touch

sensitive surface such as touch-sensitive display system 112 of device 100). Device 100 

optionally includes one or more tactile output generators 163 for generating tactile outputs 

on device 100 (e.g., generating tactile outputs on a touch-sensitive surface such as touch

sensitive display system 112 of device 100 or touchpad 355 of device 300). These 

components optionally communicate over one or more communication buses or signal lines 

103.  

[0062] As used in the specification and claims, the term "tactile output" refers to 

physical displacement of a device relative to a previous position of the device, physical 

displacement of a component (e.g., a touch-sensitive surface) of a device relative to another 

component (e.g., housing) of the device, or displacement of the component relative to a 

center of mass of the device that will be detected by a user with the user's sense of touch.  

For example, in situations where the device or the component of the device is in contact 

with a surface of a user that is sensitive to touch (e.g., a finger, palm, or other part of a 

user's hand), the tactile output generated by the physical displacement will be interpreted by 

the user as a tactile sensation corresponding to a perceived change in physical 

characteristics of the device or the component of the device. For example, movement of a 

touch-sensitive surface (e.g., a touch-sensitive display or trackpad) is, optionally, interpreted 

by the user as a "down click" or "up click" of a physical actuator button. In some cases, a 

user will feel a tactile sensation such as an "down click" or "up click" even when there is no 

movement of a physical actuator button associated with the touch-sensitive surface that is 

physically pressed (e.g., displaced) by the user's movements. As another example, 
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movement of the touch-sensitive surface is, optionally, interpreted or sensed by the user as 

"roughness" of the touch-sensitive surface, even when there is no change in smoothness of 

the touch-sensitive surface. While such interpretations of touch by a user will be subject to 

the individualized sensory perceptions of the user, there are many sensory perceptions of 

touch that are common to a large majority of users. Thus, when a tactile output is described 

as corresponding to a particular sensory perception of a user (e.g., an "up click," a "down 

click," "roughness"), unless otherwise stated, the generated tactile output corresponds to 

physical displacement of the device or a component thereof that will generate the described 

sensory perception for a typical (or average) user.  

[0063] It should be appreciated that device 100 is only one example of a portable 

multifunction device, and that device 100 optionally has more or fewer components than 

shown, optionally combines two or more components, or optionally has a different 

configuration or arrangement of the components. The various components shown in Figure 

1A are implemented in hardware, software, firmware, or a combination thereof, including 

one or more signal processing and/or application specific integrated circuits.  

[0064] Memory 102 optionally includes high-speed random access memory and 

optionally also includes non-volatile memory, such as one or more magnetic disk storage 

devices, flash memory devices, or other non-volatile solid-state memory devices. Access to 

memory 102 by other components of device 100, such as CPU(s) 120 and the peripherals 

interface 118, is, optionally, controlled by memory controller 122.  

[0065] Peripherals interface 118 can be used to couple input and output peripherals 

of the device to CPU(s) 120 and memory 102. The one or more processors 120 run or 

execute various software programs and/or sets of instructions stored in memory 102 to 

perform various functions for device 100 and to process data.  

[0066] In some embodiments, peripherals interface 118, CPU(s) 120, and memory 

controller 122 are, optionally, implemented on a single chip, such as chip 104. In some 

other embodiments, they are, optionally, implemented on separate chips.  

[0067] RF (radio frequency) circuitry 108 receives and sends RF signals, also called 

electromagnetic signals. RF circuitry 108 converts electrical signals to/from electromagnetic 

signals and communicates with communications networks and other communications 

devices via the electromagnetic signals. RF circuitry 108 optionally includes well-known 
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circuitry for performing these functions, including but not limited to an antenna system, an 

RF transceiver, one or more amplifiers, a tuner, one or more oscillators, a digital signal 

processor, a CODEC chipset, a subscriber identity module (SIM) card, memory, and so 

forth. RF circuitry 108 optionally communicates with networks, such as the Internet, also 

referred to as the World Wide Web (WWW), an intranet and/or a wireless network, such as 

a cellular telephone network, a wireless local area network (LAN) and/or a metropolitan 

area network (MAN), and other devices by wireless communication. The wireless 

communication optionally uses any of a plurality of communications standards, protocols 

and technologies, including but not limited to Global System for Mobile Communications 

(GSM), Enhanced Data GSM Environment (EDGE), high-speed downlink packet access 

(HSDPA), high-speed uplink packet access (HSUPA), Evolution, Data-Only (EV-DO), 

HSPA, HSPA+, Dual-Cell HSPA (DC-HSPDA), long term evolution (LTE), near field 

communication (NFC), wideband code division multiple access (W-CDMA), code division 

multiple access (CDMA), time division multiple access (TDMA), Bluetooth, Wireless 

Fidelity (Wi-Fi) (e.g., IEEE 802.11a, IEEE 802.11ac, IEEE 802.1lax, IEEE 802.1lb, IEEE 

802.1 Ig and/or IEEE 802.1 In), voice over Internet Protocol (VoTP), Wi-MAX, a protocol 

for e-mail (e.g., Internet message access protocol (IMAP) and/or post office protocol (POP)), 

instant messaging (e.g., extensible messaging and presence protocol (XMPP), Session 

Initiation Protocol for Instant Messaging and Presence Leveraging Extensions (SIMPLE), 

Instant Messaging and Presence Service impsS)), and/or Short Message Service (SMS), or 

any other suitable communication protocol, including communication protocols not yet 

developed as of the filing date of this document.  

[0068] Audio circuitry 110, speaker 111, and microphone 113 provide an audio 

interface between a user and device 100. Audio circuitry 110 receives audio data from 

peripherals interface 118, converts the audio data to an electrical signal, and transmits the 

electrical signal to speaker 111. Speaker 111 converts the electrical signal to human-audible 

sound waves. Audio circuitry 110 also receives electrical signals converted by microphone 

113 from sound waves. Audio circuitry 110 converts the electrical signal to audio data and 

transmits the audio data to peripherals interface 118 for processing. Audio data is, 

optionally, retrieved from and/or transmitted to memory 102 and/or RF circuitry 108 by 

peripherals interface 118. In some embodiments, audio circuitry 110 also includes a headset 

jack (e.g., 212, Figure 2). The headset jack provides an interface between audio circuitry 
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110 and removable audio input/output peripherals, such as output-only headphones or a 

headset with both output (e.g., a headphone for one or both ears) and input (e.g., a 

microphone).  

[0069] I/O subsystem 106 couples input/output peripherals on device 100, such as 

touch-sensitive display system 112 and other input or control devices 116, with peripherals 

interface 118. I/O subsystem 106 optionally includes display controller 156, optical sensor 

controller 158, intensity sensor controller 159, haptic feedback controller 161, and one or 

more input controllers 160 for other input or control devices. The one or more input 

controllers 160 receive/send electrical signals from/to other input or control devices 116.  

The other input or control devices 116 optionally include physical buttons (e.g., push 

buttons, rocker buttons, etc.), dials, slider switches, joysticks, click wheels, and so forth. In 

some alternate embodiments, input controller(s) 160 are, optionally, coupled with any (or 

none) of the following: a keyboard, infrared port, USB port, stylus, and/or a pointer device 

such as a mouse. The one or more buttons (e.g., 208, Figure 2) optionally include an 

up/down button for volume control of speaker 111 and/or microphone 113. The one or more 

buttons optionally include a push button (e.g., 206, Figure 2).  

[0070] Touch-sensitive display system 112 provides an input interface and an output 

interface between the device and a user. Display controller 156 receives and/or sends 

electrical signals from/to touch-sensitive display system 112. Touch-sensitive display 

system 112 displays visual output to the user. The visual output optionally includes graphics, 

text, icons, video, and any combination thereof (collectively termed "graphics"). In some 

embodiments, some or all of the visual output corresponds to user-interface objects.  

[0071] Touch-sensitive display system 112 has a touch-sensitive surface, sensor or 

set of sensors that accepts input from the user based on haptic/tactile contact. Touch

sensitive display system 112 and display controller 156 (along with any associated modules 

and/or sets of instructions in memory 102) detect contact (and any movement or breaking of 

the contact) on touch-sensitive display system 112 and converts the detected contact into 

interaction with user-interface objects (e.g., one or more soft keys, icons, web pages or 

images) that are displayed on touch-sensitive display system 112. In some embodiments, a 

point of contact between touch-sensitive display system 112 and the user corresponds to a 

finger of the user or a stylus.  
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[0072] Touch-sensitive display system 112 optionally uses LCD (liquid crystal 

display) technology, LPD (light emitting polymer display) technology, or LED (light 

emitting diode) technology, although other display technologies are used in other 

embodiments. Touch-sensitive display system 112 and display controller 156 optionally 

detect contact and any movement or breaking thereof using any of a plurality of touch 

sensing technologies now known or later developed, including but not limited to capacitive, 

resistive, infrared, and surface acoustic wave technologies, as well as other proximity sensor 

arrays or other elements for determining one or more points of contact with touch-sensitive 

display system 112. In some embodiments, projected mutual capacitance sensing 

technology is used, such as that found in the iPhone®, iPod Touch®, and iPad® from Apple 

Inc. of Cupertino, California.  

[0073] Touch-sensitive display system 112 optionally has a video resolution in 

excess of 100 dpi. In some embodiments, the touch screen video resolution is in excess of 

400 dpi (e.g., 500 dpi, 800 dpi, or greater). The user optionally makes contact with touch

sensitive display system 112 using any suitable object or appendage, such as a stylus, a 

finger, and so forth. In some embodiments, the user interface is designed to work with 

finger-based contacts and gestures, which can be less precise than stylus-based input due to 

the larger area of contact of a finger on the touch screen. In some embodiments, the device 

translates the rough finger-based input into a precise pointer/cursor position or command for 

performing the actions desired by the user.  

[0074] In some embodiments, in addition to the touch screen, device 100 optionally 

includes a touchpad (not shown) for activating or deactivating particular functions. In some 

embodiments, the touchpad is a touch-sensitive area of the device that, unlike the touch 

screen, does not display visual output. The touchpad is, optionally, a touch-sensitive surface 

that is separate from touch-sensitive display system 112 or an extension of the touch

sensitive surface formed by the touch screen.  

[0075] Device 100 also includes power system 162 for powering the various 

components. Power system 162 optionally includes a power management system, one or 

more power sources (e.g., battery, alternating current (AC)), a recharging system, a power 

failure detection circuit, a power converter or inverter, a power status indicator (e.g., a light

emitting diode (LED)) and any other components associated with the generation, 

management and distribution of power in portable devices.  
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[0076] Device 100 optionally also includes one or more optical sensors 164. Figure 

1A shows an optical sensor coupled with optical sensor controller 158 in I/O subsystem 106.  

Optical sensor(s) 164 optionally include charge-coupled device (CCD) or complementary 

metal-oxide semiconductor (CMOS) phototransistors. Optical sensor(s) 164 receive light 

from the environment, projected through one or more lens, and converts the light to data 

representing an image. In conjunction with imaging module 143 (also called a camera 

module), optical sensor(s) 164 optionally capture still images and/or video. In some 

embodiments, an optical sensor is located on the back of device 100, opposite touch

sensitive display system 112 on the front of the device, so that the touch screen is enabled 

for use as a viewfinder for still and/or video image acquisition. In some embodiments, 

another optical sensor is located on the front of the device so that the user's image is 

obtained (e.g., for selfies, for videoconferencing while the user views the other video 

conference participants on the touch screen, etc.).  

[0077] Device 100 optionally also includes one or more contact intensity sensors 

165. Figure 1A shows a contact intensity sensor coupled with intensity sensor controller 159 

in I/O subsystem 106. Contact intensity sensor(s) 165 optionally include one or more 

piezoresistive strain gauges, capacitive force sensors, electric force sensors, piezoelectric 

force sensors, optical force sensors, capacitive touch-sensitive surfaces, or other intensity 

sensors (e.g., sensors used to measure the force (or pressure) of a contact on a touch

sensitive surface). Contact intensity sensor(s) 165 receive contact intensity information (e.g., 

pressure information or a proxy for pressure information) from the environment. In some 

embodiments, at least one contact intensity sensor is collocated with, or proximate to, a 

touch-sensitive surface (e.g., touch-sensitive display system 112). In some embodiments, at 

least one contact intensity sensor is located on the back of device 100, opposite touch-screen 

display system 112 which is located on the front of device 100.  

[0078] Device 100 optionally also includes one or more proximity sensors 166.  

Figure 1A shows proximity sensor 166 coupled with peripherals interface 118. Alternately, 

proximity sensor 166 is coupled with input controller 160 in 1/0 subsystem 106. In some 

embodiments, the proximity sensor turns off and disables touch-sensitive display system 

112 when the multifunction device is placed near the user's ear (e.g., when the user is 

making a phone call).  
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[0079] Device 100 optionally also includes one or more tactile output generators 

163. Figure 1A shows a tactile output generator coupled with haptic feedback controller 161 

in I/O subsystem 106. Tactile output generator(s) 163 optionally include one or more 

electroacoustic devices such as speakers or other audio components and/or 

electromechanical devices that convert energy into linear motion such as a motor, solenoid, 

electroactive polymer, piezoelectric actuator, electrostatic actuator, or other tactile output 

generating component (e.g., a component that converts electrical signals into tactile outputs 

on the device). In some embodiments, tactile output generator(s) 163 receive tactile 

feedback generation instructions from haptic feedback module 133 and generates tactile 

outputs on device 100 that are capable of being sensed by a user of device 100. In some 

embodiments, at least one tactile output generator is collocated with, or proximate to, a 

touch-sensitive surface (e.g., touch-sensitive display system 112) and, optionally, generates 

a tactile output by moving the touch-sensitive surface vertically (e.g., in/out of a surface of 

device 100) or laterally (e.g., back and forth in the same plane as a surface of device 100).  

In some embodiments, at least one tactile output generator sensor is located on the back of 

device 100, opposite touch-sensitive display system 112, which is located on the front of 

device 100.  

[0080] Device 100 optionally also includes one or more accelerometers 167, 

gyroscopes 168, and/or magnetometers 169 (e.g., as part of an inertial measurement unit 

(IMU)) for obtaining information concerning the position (e.g., attitude) of the device.  

Figure 1A shows sensors 167, 168, and 169 coupled with peripherals interface 118.  

Alternately, sensors 167, 168, and 169 are, optionally, coupled with an input controller 160 

in I/O subsystem 106. In some embodiments, information is displayed on the touch-screen 

display in a portrait view or a landscape view based on an analysis of data received from the 

one or more accelerometers. Device 100 optionally includes a GPS (or GLONASS or other 

global navigation system) receiver (not shown) for obtaining information concerning the 

location of device 100.  

[0081] In some embodiments, the software components stored in memory 102 

include operating system 126, communication module (or set of instructions) 128, 

contact/motion module (or set of instructions) 130, position module (or set of instructions) 

131, graphics module (or set of instructions) 132, haptic feedback module (or set of 

instructions) 133, text input module (or set of instructions) 134, Global Positioning System 
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(GPS) module (or set of instructions) 135, and applications (or sets of instructions) 136.  

Furthermore, in some embodiments, memory 102 stores device/global internal state 157, as 

shown in Figures 1A and 3. Device/global internal state 157 includes one or more of: active 

application state, indicating which applications, if any, are currently active; display state, 

indicating what applications, views or other information occupy various regions of touch

sensitive display system 112; sensor state, including information obtained from the device's 

various sensors and other input or control devices 116; and location and/or positional 

information concerning the device's location and/or attitude.  

[0082] Operating system 126 (e.g., iOS, Darwin, RTXC, LINUX, UNIX, OS X, 

WINDOWS, or an embedded operating system such as VxWorks) includes various software 

components and/or drivers for controlling and managing general system tasks (e.g., memory 

management, storage device control, power management, etc.) and facilitates 

communication between various hardware and software components.  

[0083] Communication module 128 facilitates communication with other devices 

over one or more external ports 124 and also includes various software components for 

handling data received by RF circuitry 108 and/or external port 124. External port 124 (e.g., 

Universal Serial Bus (USB), FIREWIRE, etc.) is adapted for coupling directly to other 

devices or indirectly over a network (e.g., the Internet, wireless LAN, etc.). In some 

embodiments, the external port is a multi-pin (e.g., 30-pin) connector that is the same as, or 

similar to and/or compatible with the 30-pin connector used in some iPhone®, iPod Touch®, 

and iPad® devices from Apple Inc. of Cupertino, California. In some embodiments, the 

external port is a Lightning connector that is the same as, or similar to and/or compatible 

with the Lightning connector used in some iPhone®, iPod Touch®, and iPad® devices from 

Apple Inc. of Cupertino, California.  

[0084] Contact/motion module 130 optionally detects contact with touch-sensitive 

display system 112 (in conjunction with display controller 156) and other touch-sensitive 

devices (e.g., a touchpad or physical click wheel). Contact/motion module 130 includes 

software components for performing various operations related to detection of contact (e.g., 

by a finger or by a stylus), such as determining if contact has occurred (e.g., detecting a 

finger-down event), determining an intensity of the contact (e.g., the force or pressure of the 

contact or a substitute for the force or pressure of the contact), determining if there is 

movement of the contact and tracking the movement across the touch-sensitive surface (e.g., 
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detecting one or more finger-dragging events), and determining if the contact has ceased 

(e.g., detecting a finger-up event or a break in contact). Contact/motion module 130 receives 

contact data from the touch-sensitive surface. Determining movement of the point of contact, 

which is represented by a series of contact data, optionally includes determining speed 

(magnitude), velocity (magnitude and direction), and/or an acceleration (a change in 

magnitude and/or direction) of the point of contact. These operations are, optionally, applied 

to single contacts (e.g., one finger contacts or stylus contacts) or to multiple simultaneous 

contacts (e.g., "multitouch"/multiple finger contacts and/or stylus contacts). In some 

embodiments, contact/motion module 130 and display controller 156 detect contact on a 

touchpad.  

[0085] Contact/motion module 130 optionally detects a gesture input by a user.  

Different gestures on the touch-sensitive surface have different contact patterns (e.g., 

different motions, timings, and/or intensities of detected contacts). Thus, a gesture is, 

optionally, detected by detecting a particular contact pattern. For example, detecting a finger 

tap gesture includes detecting a finger-down event followed by detecting a finger-up (lift off) 

event at the same position (or substantially the same position) as the finger-down event (e.g., 

at the position of an icon). As another example, detecting a finger swipe gesture on the 

touch-sensitive surface includes detecting a finger-down event followed by detecting one or 

more finger-dragging events, and subsequently followed by detecting a finger-up (lift off) 

event. Similarly, tap, swipe, drag, and other gestures are optionally detected for a stylus by 

detecting a particular contact pattern for the stylus.  

[0086] Position module 131, in conjunction with accelerometers 167, gyroscopes 

168, and/or magnetometers 169, optionally detects positional information concerning the 

device, such as the device's attitude (roll, pitch, and/or yaw) in a particular frame of 

reference. Position module 130 includes software components for performing various 

operations related to detecting the position of the device and detecting changes to the 

position of the device. In some embodiments, position module 131 uses information 

received from a stylus being used with the device to detect positional information 

concerning the stylus, such as detecting the positional state of the stylus relative to the 

device and detecting changes to the positional state of the stylus.  

[0087] Graphics module 132 includes various known software components for 

rendering and displaying graphics on touch-sensitive display system 112 or other display, 
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including components for changing the visual impact (e.g., brightness, transparency, 

saturation, contrast or other visual property) of graphics that are displayed. As used herein, 

the term "graphics" includes any object that can be displayed to a user, including without 

limitation text, web pages, icons (such as user-interface objects including soft keys), digital 

images, videos, animations and the like.  

[0088] In some embodiments, graphics module 132 stores data representing 

graphics to be used. Each graphic is, optionally, assigned a corresponding code. Graphics 

module 132 receives, from applications etc., one or more codes specifying graphics to be 

displayed along with, if necessary, coordinate data and other graphic property data, and then 

generates screen image data to output to display controller 156.  

[0089] Haptic feedback module 133 includes various software components for 

generating instructions (e.g., instructions used by haptic feedback controller 161) to produce 

tactile outputs using tactile output generator(s) 163 at one or more locations on device 100 

in response to user interactions with device 100.  

[0090] Text input module 134, which is, optionally, a component of graphics 

module 132, provides soft keyboards for entering text in various applications (e.g., contacts 

137, e-mail 140, IM 141, browser 147, and any other application that needs text input).  

[0091] GPS module 135 determines the location of the device and provides this 

information for use in various applications (e.g., to telephone 138 for use in location-based 

dialing, to camera 143 as picture/video metadata, and to applications that provide location

based services such as weather widgets, local yellow page widgets, and map/navigation 

widgets).  

[0092] Applications 136 optionally include the following modules (or sets of 

instructions), or a subset or superset thereof: 

* contacts module 137 (sometimes called an address book or contact list); 

* telephone module 138; 

* video conferencing module 139; 

. e-mail client module 140; 

. instant messaging (IM) module 141; 

* workout support module 142; 
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* camera module 143 for still and/or video images; 

* image management module 144; 

* browser module 147; 

* calendar module 148; 

* widget modules 149, which optionally include one or more of: weather widget 149-1, 

stocks widget 149-2, calculator widget 149-3, alarm clock widget 149-4, dictionary 

widget 149-5, and other widgets obtained by the user, as well as user-created 

widgets 149-6; 

* widget creator module 150 for making user-created widgets 149-6; 

* search module 151; 

* video and music player module 152, which is, optionally, made up of a video player 

module and a music player module; 

. notes module 153; 

* map module 154; and/or 

. online video module 155.  

[0093] Examples of other applications 136 that are, optionally, stored in memory 

102 include other word processing applications, other image editing applications, drawing 

applications, presentation applications, JAVA-enabled applications, encryption, digital 

rights management, voice recognition, and voice replication.  

[0094] In conjunction with touch-sensitive display system 112, display controller 

156, contact module 130, graphics module 132, and text input module 134, contacts module 

137 includes executable instructions to manage an address book or contact list (e.g., stored 

in application internal state 192 of contacts module 137 in memory 102 or memory 370), 

including: adding name(s) to the address book; deleting name(s) from the address book; 

associating telephone number(s), e-mail address(es), physical address(es) or other 

information with a name; associating an image with a name; categorizing and sorting names; 

providing telephone numbers and/or e-mail addresses to initiate and/or facilitate 

communications by telephone 138, video conference 139, e-mail 140, or IM 141; and so 

forth.  
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[0095] In conjunction with RF circuitry 108, audio circuitry 110, speaker 111, 

microphone 113, touch-sensitive display system 112, display controller 156, contact module 

130, graphics module 132, and text input module 134, telephone module 138 includes 

executable instructions to enter a sequence of characters corresponding to a telephone 

number, access one or more telephone numbers in address book 137, modify a telephone 

number that has been entered, dial a respective telephone number, conduct a conversation 

and disconnect or hang up when the conversation is completed. As noted above, the 

wireless communication optionally uses any of a plurality of communications standards, 

protocols and technologies.  

[0096] In conjunction with RF circuitry 108, audio circuitry 110, speaker 111, 

microphone 113, touch-sensitive display system 112, display controller 156, optical 

sensor(s) 164, optical sensor controller 158, contact module 130, graphics module 132, text 

input module 134, contact list 137, and telephone module 138, videoconferencing module 

139 includes executable instructions to initiate, conduct, and terminate a video conference 

between a user and one or more other participants in accordance with user instructions.  

[0097] In conjunction with RF circuitry 108, touch-sensitive display system 112, 

display controller 156, contact module 130, graphics module 132, and text input module 

134, e-mail client module 140 includes executable instructions to create, send, receive, and 

manage e-mail in response to user instructions. In conjunction with image management 

module 144, e-mail client module 140 makes it very easy to create and send e-mails with 

still or video images taken with camera module 143.  

[0098] In conjunction with RF circuitry 108, touch-sensitive display system 112, 

display controller 156, contact module 130, graphics module 132, and text input module 

134, the instant messaging module 141 includes executable instructions to enter a sequence 

of characters corresponding to an instant message, to modify previously entered characters, 

to transmit a respective instant message (for example, using a Short Message Service (SMS) 

or Multimedia Message Service (MMS) protocol for telephony-based instant messages or 

using XMPP, SIMPLE, Apple Push Notification Service (APNs) or IMPS for Internet

based instant messages), to receive instant messages and to view received instant messages.  

In some embodiments, transmitted and/or received instant messages optionally include 

graphics, photos, audio files, video files and/or other attachments as are supported in a 

MMS and/or an Enhanced Messaging Service (EMS). As used herein, "instant messaging" 
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refers to both telephony-based messages (e.g., messages sent using SMS or MMS) and 

Internet-based messages (e.g., messages sent using XMPP, SIMPLE, APNs, or TIPS).  

[0099] In conjunction with RF circuitry 108, touch-sensitive display system 112, 

display controller 156, contact module 130, graphics module 132, text input module 134, 

GPS module 135, map module 154, and music player module 146, workout support module 

142 includes executable instructions to create workouts (e.g., with time, distance, and/or 

calorie burning goals); communicate with workout sensors (in sports devices and smart 

watches); receive workout sensor data; calibrate sensors used to monitor a workout; select 

and play music for a workout; and display, store and transmit workout data.  

[00100] In conjunction with touch-sensitive display system 112, display controller 

156, optical sensor(s) 164, optical sensor controller 158, contact module 130, graphics 

module 132, and image management module 144, camera module 143 includes executable 

instructions to capture still images or video (including a video stream) and store them into 

memory 102, modify characteristics of a still image or video, and/or delete a still image or 

video from memory 102.  

[00101] In conjunction with touch-sensitive display system 112, display controller 

156, contact module 130, graphics module 132, text input module 134, and camera module 

143, image management module 144 includes executable instructions to arrange, modify 

(e.g., edit), or otherwise manipulate, label, delete, present (e.g., in a digital slide show or 

album), and store still and/or video images.  

[00102] In conjunction with RF circuitry 108, touch-sensitive display system 112, 

display system controller 156, contact module 130, graphics module 132, and text input 

module 134, browser module 147 includes executable instructions to browse the Internet in 

accordance with user instructions, including searching, linking to, receiving, and displaying 

web pages or portions thereof, as well as attachments and other files linked to web pages.  

[00103] In conjunction with RF circuitry 108, touch-sensitive display system 112, 

display system controller 156, contact module 130, graphics module 132, text input module 

134, e-mail client module 140, and browser module 147, calendar module 148 includes 

executable instructions to create, display, modify, and store calendars and data associated 

with calendars (e.g., calendar entries, to do lists, etc.) in accordance with user instructions.  
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[00104] In conjunction with RF circuitry 108, touch-sensitive display system 112, 

display system controller 156, contact module 130, graphics module 132, text input module 

134, and browser module 147, widget modules 149 are mini-applications that are, optionally, 

downloaded and used by a user (e.g., weather widget 149-1, stocks widget 149-2, calculator 

widget 149-3, alarm clock widget 149-4, and dictionary widget 149-5) or created by the 

user (e.g., user-created widget 149-6). In some embodiments, a widget includes an HTML 

(Hypertext Markup Language) file, a CSS (Cascading Style Sheets) file, and a JavaScript 

file. In some embodiments, a widget includes an XML (Extensible Markup Language) file 

and a JavaScript file (e.g., Yahoo! Widgets).  

[00105] In conjunction with RF circuitry 108, touch-sensitive display system 112, 

display system controller 156, contact module 130, graphics module 132, text input module 

134, and browser module 147, the widget creator module 150 includes executable 

instructions to create widgets (e.g., turning a user-specified portion of a web page into a 

widget).  

[00106] In conjunction with touch-sensitive display system 112, display system 

controller 156, contact module 130, graphics module 132, and text input module 134, search 

module 151 includes executable instructions to search for text, music, sound, image, video, 

and/or other files in memory 102 that match one or more search criteria (e.g., one or more 

user-specified search terms) in accordance with user instructions.  

[00107] In conjunction with touch-sensitive display system 112, display system 

controller 156, contact module 130, graphics module 132, audio circuitry 110, speaker 111, 

RF circuitry 108, and browser module 147, video and music player module 152 includes 

executable instructions that allow the user to download and play back recorded music and 

other sound files stored in one or more file formats, such as MP3 or AAC files, and 

executable instructions to display, present or otherwise play back videos (e.g., on touch

sensitive display system 112, or on an external display connected wirelessly or via external 

port 124). In some embodiments, device 100 optionally includes the functionality of an 

MP3 player, such as an iPod (trademark of Apple Inc.).  

[00108] In conjunction with touch-sensitive display system 112, display controller 

156, contact module 130, graphics module 132, and text input module 134, notes module 
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153 includes executable instructions to create and manage notes, to do lists, and the like in 

accordance with user instructions.  

[00109] In conjunction with RF circuitry 108, touch-sensitive display system 112, 

display system controller 156, contact module 130, graphics module 132, text input module 

134, GPS module 135, and browser module 147, map module 154 includes executable 

instructions to receive, display, modify, and store maps and data associated with maps (e.g., 

driving directions; data on stores and other points of interest at or near a particular location; 

and other location-based data) in accordance with user instructions.  

[00110] In conjunction with touch-sensitive display system 112, display system 

controller 156, contact module 130, graphics module 132, audio circuitry 110, speaker 111, 

RF circuitry 108, text input module 134, e-mail client module 140, and browser module 147, 

online video module 155 includes executable instructions that allow the user to access, 

browse, receive (e.g., by streaming and/or download), play back (e.g., on touch screen 112, 

or on an external display connected wirelessly or via external port 124), send an e-mail with 

a link to a particular online video, and otherwise manage online videos in one or more file 

formats, such as H.264. In some embodiments, instant messaging module 141, rather than e

mail client module 140, is used to send a link to a particular online video.  

[00111] Each of the above identified modules and applications correspond to a set of 

executable instructions for performing one or more functions described above and the 

methods described in this application (e.g., the computer-implemented methods and other 

information processing methods described herein). These modules (i.e., sets of instructions) 

need not be implemented as separate software programs, procedures or modules, and thus 

various subsets of these modules are, optionally, combined or otherwise re-arranged in 

various embodiments. In some embodiments, memory 102 optionally stores a subset of the 

modules and data structures identified above. Furthermore, memory 102 optionally stores 

additional modules and data structures not described above.  

[00112] In some embodiments, device 100 is a device where operation of a 

predefined set of functions on the device is performed exclusively through a touch screen 

and/or a touchpad. By using a touch screen and/or a touchpad as the primary input control 

device for operation of device 100, the number of physical input control devices (such as 

push buttons, dials, and the like) on device 100 is, optionally, reduced.  
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[00113] The predefined set of functions that are performed exclusively through a 

touch screen and/or a touchpad optionally include navigation between user interfaces. In 

some embodiments, the touchpad, when touched by the user, navigates device 100 to a main, 

home, or root menu from any user interface that is displayed on device 100. In such 

embodiments, a "menu button" is implemented using a touchpad. In some other 

embodiments, the menu button is a physical push button or other physical input control 

device instead of a touchpad.  

[00114] Figure 1B is a block diagram illustrating exemplary components for event 

handling in accordance with some embodiments. In some embodiments, memory 102 (in 

Figures 1A) or 370 (Figure 3) includes event sorter 170 (e.g., in operating system 126) and a 

respective application 136-1 (e.g., any of the aforementioned applications 136, 137-155, 

380-390).  

[00115] Event sorter 170 receives event information and determines the application 

136-1 and application view 191 of application 136-1 to which to deliver the event 

information. Event sorter 170 includes event monitor 171 and event dispatcher module 174.  

In some embodiments, application 136-1 includes application internal state 192, which 

indicates the current application view(s) displayed on touch-sensitive display system 112 

when the application is active or executing. In some embodiments, device/global internal 

state 157 is used by event sorter 170 to determine which application(s) is (are) currently 

active, and application internal state 192 is used by event sorter 170 to determine 

application views 191 to which to deliver event information.  

[00116] In some embodiments, application internal state 192 includes additional 

information, such as one or more of: resume information to be used when application 136-1 

resumes execution, user interface state information that indicates information being 

displayed or that is ready for display by application 136-1, a state queue for enabling the 

user to go back to a prior state or view of application 136-1, and a redo/undo queue of 

previous actions taken by the user.  

[00117] Event monitor 171 receives event information from peripherals interface 118.  

Event information includes information about a sub-event (e.g., a user touch on touch

sensitive display system 112, as part of a multi-touch gesture). Peripherals interface 118 

transmits information it receives from I/O subsystem 106 or a sensor, such as proximity 
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sensor 166, accelerometer(s) 167, gyroscope(s) 168, magnetometer(s) 169, and/or 

microphone 113 (through audio circuitry 110). Information that peripherals interface 118 

receives from I/O subsystem 106 includes information from touch-sensitive display system 

112 or a touch-sensitive surface.  

[00118] In some embodiments, event monitor 171 sends requests to the peripherals 

interface 118 at predetermined intervals. In response, peripherals interface 118 transmits 

event information. In other embodiments, peripheral interface 118 transmits event 

information only when there is a significant event (e.g., receiving an input above a 

predetermined noise threshold and/or for more than a predetermined duration).  

[00119] In some embodiments, event sorter 170 also includes a hit view 

determination module 172 and/or an active event recognizer determination module 173.  

[00120] Hit view determination module 172 provides software procedures for 

determining where a sub-event has taken place within one or more views, when touch

sensitive display system 112 displays more than one view. Views are made up of controls 

and other elements that a user can see on the display.  

[00121] Another aspect of the user interface associated with an application is a set of 

views, sometimes herein called application views or user interface windows, in which 

information is displayed and touch-based gestures occur. The application views (of a 

respective application) in which a touch is detected optionally correspond to programmatic 

levels within a programmatic or view hierarchy of the application. For example, the lowest 

level view in which a touch is detected is, optionally, called the hit view, and the set of 

events that are recognized as proper inputs are, optionally, determined based, at least in part, 

on the hit view of the initial touch that begins a touch-based gesture.  

[00122] Hit view determination module 172 receives information related to sub

events of a touch-based gesture. When an application has multiple views organized in a 

hierarchy, hit view determination module 172 identifies a hit view as the lowest view in the 

hierarchy which should handle the sub-event. In most circumstances, the hit view is the 

lowest level view in which an initiating sub-event occurs (i.e., the first sub-event in the 

sequence of sub-events that form an event or potential event). Once the hit view is identified 

by the hit view determination module, the hit view typically receives all sub-events related 

to the same touch or input source for which it was identified as the hit view.  
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[00123] Active event recognizer determination module 173 determines which view or 

views within a view hierarchy should receive a particular sequence of sub-events. In some 

embodiments, active event recognizer determination module 173 determines that only the 

hit view should receive a particular sequence of sub-events. In other embodiments, active 

event recognizer determination module 173 determines that all views that include the 

physical location of a sub-event are actively involved views, and therefore determines that 

all actively involved views should receive a particular sequence of sub-events. In other 

embodiments, even if touch sub-events were entirely confined to the area associated with 

one particular view, views higher in the hierarchy would still remain as actively involved 

views.  

[00124] Event dispatcher module 174 dispatches the event information to an event 

recognizer (e.g., event recognizer 180). In embodiments including active event recognizer 

determination module 173, event dispatcher module 174 delivers the event information to 

an event recognizer determined by active event recognizer determination module 173. In 

some embodiments, event dispatcher module 174 stores in an event queue the event 

information, which is retrieved by a respective event receiver module 182.  

[00125] In some embodiments, operating system 126 includes event sorter 170.  

Alternatively, application 136-1 includes event sorter 170. In yet other embodiments, event 

sorter 170 is a stand-alone module, or a part of another module stored in memory 102, such 

as contact/motion module 130.  

[00126] In some embodiments, application 136-1 includes a plurality of event 

handlers 190 and one or more application views 191, each of which includes instructions for 

handling touch events that occur within a respective view of the application's user interface.  

Each application view 191 of the application 136-1 includes one or more event recognizers 

180. Typically, a respective application view 191 includes a plurality of event recognizers 

180. In other embodiments, one or more of event recognizers 180 are part of a separate 

module, such as a user interface kit (not shown) or a higher level object from which 

application 136-1 inherits methods and other properties. In some embodiments, a respective 

event handler 190 includes one or more of. data updater 176, object updater 177, GUI 

updater 178, and/or event data 179 received from event sorter 170. Event handler 190 

optionally utilizes or calls data updater 176, object updater 177 or GUI updater 178 to 

update the application internal state 192. Alternatively, one or more of the application views 
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191 includes one or more respective event handlers 190. Also, in some embodiments, one or 

more of data updater 176, object updater 177, and GUI updater 178 are included in a 

respective application view 191.  

[00127] As used herein, a force event refers to a device-generated signal or device

generated data (e.g., a signal or a data object generated or updated by device 100) to 

indicate status or a change in status of a touch input, such as beginning (e.g., satisfying a 

minimum force intensity threshold), changing intensity (e.g., increasing or decreasing 

intensity of the touch input), or changing intensity status (e.g., hard press to exceed an 

intensity threshold or release the touch input so that the intensity falls below the intensity 

threshold) of the touch input. Although force events are associated with physical touches 

(e.g., touches with a finger and/or a stylus) on the touch-sensitive surface, the force events, 

as described herein, are distinct from the physical touches.  

[00128] A respective event recognizer 180 receives event information (e.g., event 

data 179) from event sorter 170, and identifies an event from the event information. Event 

recognizer 180 includes event receiver 182 and event comparator 184. In some 

embodiments, event recognizer 180 also includes at least a subset of: metadata 183, and 

event delivery instructions 188 (which optionally include sub-event delivery instructions).  

[00129] Event receiver 182 receives event information from event sorter 170. The 

event information includes information about a sub-event, for example, a touch or a touch 

movement. Depending on the sub-event, the event information also includes additional 

information, such as location of the sub-event. When the sub-event concerns motion of a 

touch, the event information optionally also includes speed and direction of the sub-event.  

In some embodiments, events include rotation of the device from one orientation to another 

(e.g., from a portrait orientation to a landscape orientation, or vice versa), and the event 

information includes corresponding information about the current orientation (also called 

device attitude) of the device.  

[00130] Event comparator 184 compares the event information to predefined event or 

sub-event definitions and, based on the comparison, determines an event or sub-event, or 

determines or updates the state of an event or sub-event. In some embodiments, event 

comparator 184 includes event definitions 186. Event definitions 186 contain definitions of 

events (e.g., predefined sequences of sub-events), for example, event 1 (187-1), event 2 
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(187-2), and others. In some embodiments, sub-events in an event 187 include, for example, 

touch begin, touch end, touch movement, touch cancellation, and multiple touching. In one 

example, the definition for event 1 (187-1) is a double tap on a displayed object. The double 

tap, for example, comprises a first touch (touch begin) on the displayed object for a 

predetermined phase, a first lift-off (touch end) for a predetermined phase, a second touch 

(touch begin) on the displayed object for a predetermined phase, and a second lift-off (touch 

end) for a predetermined phase. In another example, the definition for event 2 (187-2) is a 

dragging on a displayed object. The dragging, for example, comprises a touch (or contact) 

on the displayed object for a predetermined phase, a movement of the touch across touch

sensitive display system 112, and lift-off of the touch (touch end). In some embodiments, 

the event also includes information for one or more associated event handlers 190.  

[00131] In some embodiments, event definition 187 includes a definition of an event 

for a respective user-interface object. In some embodiments, event comparator 184 performs 

a hit test to determine which user-interface object is associated with a sub-event. For 

example, in an application view in which three user-interface objects are displayed on 

touch-sensitive display system 112, when a touch is detected on touch-sensitive display 

system 112, event comparator 184 performs a hit test to determine which of the three user

interface objects is associated with the touch (sub-event). If each displayed object is 

associated with a respective event handler 190, the event comparator uses the result of the 

hit test to determine which event handler 190 should be activated. For example, event 

comparator 184 selects an event handler associated with the sub-event and the object 

triggering the hit test.  

[00132] In some embodiments, the definition for a respective event 187 also includes 

delayed actions that delay delivery of the event information until after it has been 

determined whether the sequence of sub-events does or does not correspond to the event 

recognizer's event type.  

[00133] When a respective event recognizer 180 determines that the series of sub

events do not match any of the events in event definitions 186, the respective event 

recognizer 180 enters an event impossible, event failed, or event ended state, after which it 

disregards subsequent sub-events of the touch-based gesture. In this situation, other event 

recognizers, if any, that remain active for the hit view continue to track and process sub

events of an ongoing touch-based gesture.  
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[00134] In some embodiments, a respective event recognizer 180 includes metadata 

183 with configurable properties, flags, and/or lists that indicate how the event delivery 

system should perform sub-event delivery to actively involved event recognizers. In some 

embodiments, metadata 183 includes configurable properties, flags, and/or lists that indicate 

how event recognizers interact, or are enabled to interact, with one another. In some 

embodiments, metadata 183 includes configurable properties, flags, and/or lists that indicate 

whether sub-events are delivered to varying levels in the view or programmatic hierarchy.  

[00135] In some embodiments, a respective event recognizer 180 activates event 

handler 190 associated with an event when one or more particular sub-events of an event are 

recognized. In some embodiments, a respective event recognizer 180 delivers event 

information associated with the event to event handler 190. Activating an event handler 190 

is distinct from sending (and deferred sending) sub-events to a respective hit view. In some 

embodiments, event recognizer 180 throws a flag associated with the recognized event, and 

event handler 190 associated with the flag catches the flag and performs a predefined 

process.  

[00136] In some embodiments, event delivery instructions 188 include sub-event 

delivery instructions that deliver event information about a sub-event without activating an 

event handler. Instead, the sub-event delivery instructions deliver event information to event 

handlers associated with the series of sub-events or to actively involved views. Event 

handlers associated with the series of sub-events or with actively involved views receive the 

event information and perform a predetermined process.  

[00137] In some embodiments, data updater 176 creates and updates data used in 

application 136-1. For example, data updater 176 updates the telephone number used in 

contacts module 137, or stores a video file used in video player module 145. In some 

embodiments, object updater 177 creates and updates objects used in application 136-1. For 

example, object updater 177 creates a new user-interface object or updates the position of a 

user-interface object. GUI updater 178 updates the GUI. For example, GUI updater 178 

prepares display information and sends it to graphics module 132 for display on a touch

sensitive display.  

[00138] In some embodiments, event handler(s) 190 includes or has access to data 

updater 176, object updater 177, and GUI updater 178. In some embodiments, data updater 
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176, object updater 177, and GUI updater 178 are included in a single module of a 

respective application 136-1 or application view 191. In other embodiments, they are 

included in two or more software modules.  

[00139] It shall be understood that the foregoing discussion regarding event handling 

of user touches on touch-sensitive displays also applies to other forms of user inputs to 

operate multifunction devices 100 with input-devices, not all of which are initiated on touch 

screens. For example, mouse movement and mouse button presses, optionally coordinated 

with single or multiple keyboard presses or holds; contact movements such as taps, drags, 

scrolls, etc., on touch-pads; pen stylus inputs; movement of the device; oral instructions; 

detected eye movements; biometric inputs; and/or any combination thereof are optionally 

utilized as inputs corresponding to sub-events which define an event to be recognized.  

[00140] Figure IC is a block diagram illustrating transfer of event object 194 in 

accordance with some embodiments.  

[00141] As described above with respect to Figure 1A, contact/motion module 130 

determines status and/or a change in the status of a touch input. In some embodiments, the 

device generates signal or data (e.g., in the form of a data object) to transfer the determined 

status and/or the determined change in the status of a touch input to one or more software 

components. In some embodiments, the data object is called an event object (e.g., event 

object 194). An event object includes data that represents the status of a corresponding 

touch input. In some embodiments, event object 194 is a mouse event object (because the 

touch input is equivalent to an input by a mouse). For example, in such embodiments, a 

touch input moving across a touch-sensitive surface corresponds to a mouse movement (e.g., 

a mouse moved event). In some other embodiments, event object 194 is a touch event object 

that is distinct from a mouse event object. In some embodiments, the touch event object 

includes data that represents touch-specific properties of a corresponding touch input (e.g., a 

number of concurrent touches, an orientation of a finger contact or a stylus, etc.). In some 

embodiments, event object 194 is a force event object that is distinct from a mouse event 

object (or a touch event object). In some embodiments, the force event object includes data 

that represents force event specific properties of a corresponding touch input (e.g., an 

intensity applied by the touch input, a stage/phase of the touch input, etc.). In some 

embodiments, the event object includes any combination of such properties (e.g., mouse 
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event specific properties, touch event specific properties, and force event specific 

properties).  

[00142] In some embodiments, contact/motion module 130 generates (or updates) an 

event object and sends an event object to one or more applications (e.g., application 13 6-1, 

such as e-mail client module 140 in Figure 1A, and/or application 136-2, such as browser 

module 147). Alternatively, contact/information module 130 sends information regarding 

contacts (e.g., raw coordinates of contacts) to one or more applications (e.g., application 1 

(136-1) and/or application 2 (136-2)), and an application that receives the information 

generates (or updates) one or more event objects. In some embodiments, an application 

includes touch-processing module 220 that generates (or updates) one or more event objects 

and sends the one or more event objects to a portion of the application other than touch

processing module 220. In some embodiments, touch-processing module 220 is application

independent (e.g., the same touch-processing module is included in each of multiple distinct 

applications, such as e-mail client application, browser application, etc.). As used herein, 

that touch-processing module 220 is application-independent means that touch-processing 

module 220 is not designed specifically for a particular software application. That touch

processing module 220 is application-independent does not mean that touch-processing 

module 220 is located separate from its associated application. Although touch-processing 

module 220, in some embodiments, is distinct and separate from its associated application, 

as shown in Figure IC, touch-processing module 220 is included in its associated 

application in some embodiments. In some embodiments, the application also includes an 

application core that is specific to the application.  

[00143] In Figure IC, each of application 1 (136-1, such as a e-mail client application) 

and application 2 (136-2, such as a browser application) includes touch processing module 

220. In addition, application 1 (136-1) includes application core 1 (230-1) that is specific to 

application 1 (136-1) and/or application 2 (136-2) includes application core 2 (230-2) that is 

specific to application 2 (136-2). For example, application core 1 (230-1) includes 

instructions for performing operations specific to application 1 (136-1) (e.g., retrieving e

mails from one or more e-mail servers) and application core 2 (230-2) includes instructions 

for performing operations specific to application 2 (136-2) (e.g., bookmarking a web page).  

[00144] In some embodiments, event object 194 is sent directly to the destination 

(e.g., a software component, such as application core 1 (230-1)). Optionally, event object 

40



1001522024 

194 is sent through application programming interface 222. In some embodiments, event 

object 194 is sent by posting event object 194 (e.g., in queue 218-1) for retrieval by 

application core 1 (230-1).  

[00145] In some embodiments, event object 194 includes force information. In some 

embodiments, a mouse event object includes force information (e.g., raw or normalized 

force applied by the touch input). In some embodiments, a touch event object includes force 

information. In some embodiments, a force event object includes force information.  

[00146] Figure 2 illustrates a portable multifunction device 100 having a touch screen 

(e.g., touch-sensitive display system 112, Figure 1A) in accordance with some embodiments.  

The touch screen optionally displays one or more graphics within user interface (UI) 200. In 

these embodiments, as well as others described below, a user is enabled to select one or 

more of the graphics by making a gesture on the graphics, for example, with one or more 

fingers 202 (not drawn to scale in the figure) or one or more styluses 203 (not drawn to 

scale in the figure). In some embodiments, selection of one or more graphics occurs when 

the user breaks contact with the one or more graphics. In some embodiments, the gesture 

optionally includes one or more taps, one or more swipes (from left to right, right to left, 

upward and/or downward) and/or a rolling of a finger (from right to left, left to right, 

upward and/or downward) that has made contact with device 100. In some implementations 

or circumstances, inadvertent contact with a graphic does not select the graphic. For 

example, a swipe gesture that sweeps over an application icon optionally does not select the 

corresponding application when the gesture corresponding to selection is a tap.  

[00147] Device 100 optionally also includes one or more physical buttons, such as 

"home" or menu button 204. As described previously, menu button 204 is, optionally, used 

to navigate to any application 136 in a set of applications that are, optionally executed on 

device 100. Alternatively, in some embodiments, the menu button is implemented as a soft 

key in a GUI displayed on the touch-screen display.  

[00148] In some embodiments, device 100 includes the touch-screen display, menu 

button 204, push button 206 for powering the device on/off and locking the device, volume 

adjustment button(s) 208, Subscriber Identity Module (SIM) card slot 210, head setjack 

212, and docking/charging external port 124. Push button 206 is, optionally, used to turn the 

power on/off on the device by depressing the button and holding the button in the depressed 
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state for a predefined time interval; to lock the device by depressing the button and releasing 

the button before the predefined time interval has elapsed; and/or to unlock the device or 

initiate an unlock process. In some embodiments, device 100 also accepts verbal input for 

activation or deactivation of some functions through microphone 113. Device 100 also, 

optionally, includes one or more contact intensity sensors 165 for detecting intensity of 

contacts on touch-sensitive display system 112 and/or one or more tactile output generators 

163 for generating tactile outputs for a user of device 100.  

[00149] Figure 3 is a block diagram of an exemplary multifunction device with a 

display and a touch-sensitive surface in accordance with some embodiments. Device 300 

need not be portable. In some embodiments, device 300 is a laptop computer, a desktop 

computer, a tablet computer, a multimedia player device, a navigation device, an 

educational device (such as a child's learning toy), a gaming system, or a control device 

(e.g., a home or industrial controller). Device 300 typically includes one or more processing 

units (CPU's) 310, one or more network or other communications interfaces 360, memory 

370, and one or more communication buses 320 for interconnecting these components.  

Communication buses 320 optionally include circuitry (sometimes called a chipset) that 

interconnects and controls communications between system components. Device 300 

includes input/output (1/0) interface 330 comprising display 340, which is typically a touch

screen display. 1/0 interface 330 also optionally includes a keyboard and/or mouse (or other 

pointing device) 350 and touchpad 355, tactile output generator 357 for generating tactile 

outputs on device 300 (e.g., similar to tactile output generator(s) 163 described above with 

reference to Figure 1A), sensors 359 (e.g., touch-sensitive, optical, contact intensity, 

proximity, acceleration, attitude, and/or magnetic sensors similar to sensors 112, 164, 165, 

166, 167, 168, and 169 described above with reference to Figure 1A). Memory 370 includes 

high-speed random access memory, such as DRAM, SRAM, DDR RAM or other random 

access solid state memory devices; and optionally includes non-volatile memory, such as 

one or more magnetic disk storage devices, optical disk storage devices, flash memory 

devices, or other non-volatile solid state storage devices. Memory 370 optionally includes 

one or more storage devices remotely located from CPU(s) 310. In some embodiments, 

memory 370 stores programs, modules, and data structures analogous to the programs, 

modules, and data structures stored in memory 102 of portable multifunction device 100 

(Figure 1A), or a subset thereof. Furthermore, memory 370 optionally stores additional 
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programs, modules, and data structures not present in memory 102 of portable multifunction 

device 100. For example, memory 370 of device 300 optionally stores drawing module 380, 

presentation module 382, word processing module 384, website creation module 386, disk 

authoring module 388, and/or spreadsheet module 390, while memory 102 of portable 

multifunction device 100 (Figure 1A) optionally does not store these modules.  

[00150] Each of the above identified elements in Figure 3 is, optionally, stored in one 

or more of the previously mentioned memory devices. Each of the above identified modules 

corresponds to a set of instructions for performing a function described above. The above 

identified modules or programs (i.e., sets of instructions) need not be implemented as 

separate software programs, procedures or modules, and thus various subsets of these 

modules are, optionally, combined or otherwise re-arranged in various embodiments. In 

some embodiments, memory 370 optionally stores a subset of the modules and data 

structures identified above. Furthermore, memory 370 optionally stores additional modules 

and data structures not described above.  

[00151] Figure 4 is a block diagram of an exemplary electronic stylus 203 in 

accordance with some embodiments. Electronic stylus 203 is sometimes simply called a 

stylus. Stylus 203 includes memory 402 (which optionally includes one or more computer 

readable storage mediums), memory controller 422, one or more processing units (CPUs) 

420, peripherals interface 418, RF circuitry 408, input/output (1/0) subsystem 406, and 

other input or control devices 416. Stylus 203 optionally includes external port 424 and one 

or more optical sensors 464. Stylus 203 optionally includes one or more intensity sensors 

465 for detecting intensity of contacts of stylus 203 on device 100 (e.g., when stylus 203 is 

used with a touch-sensitive surface such as touch-sensitive display system 112 of device 

100) or on other surfaces (e.g., a desk surface). Stylus 203 optionally includes one or more 

tactile output generators 463 for generating tactile outputs on stylus 203. These components 

optionally communicate over one or more communication buses or signal lines 403.  

[00152] In some embodiments, the term "tactile output," discussed above, refers to 

physical displacement of an accessory (e.g., stylus 203) of a device (e.g., device 100) 

relative to a previous position of the accessory, physical displacement of a component of an 

accessory relative to another component of the accessory, or displacement of the component 

relative to a center of mass of the accessory that will be detected by a user with the user's 

sense of touch. For example, in situations where the accessory or the component of the 
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accessory is in contact with a surface of a user that is sensitive to touch (e.g., a finger, palm, 

or other part of a user's hand), the tactile output generated by the physical displacement will 

be interpreted by the user as a tactile sensation corresponding to a perceived change in 

physical characteristics of the accessory or the component of the accessory. For example, 

movement of a component (e.g., the housing of stylus 203) is, optionally, interpreted by the 

user as a "click" of a physical actuator button. In some cases, a user will feel a tactile 

sensation such as a "click" even when there is no movement of a physical actuator button 

associated with the stylus that is physically pressed (e.g., displaced) by the user's 

movements. While such interpretations of touch by a user will be subject to the 

individualized sensory perceptions of the user, there are many sensory perceptions of touch 

that are common to a large majority of users. Thus, when a tactile output is described as 

corresponding to a particular sensory perception of a user (e.g., a "click,"), unless otherwise 

stated, the generated tactile output corresponds to physical displacement of the device or a 

component thereof that will generate the described sensory perception for a typical (or 

average) user.  

[00153] It should be appreciated that stylus 203 is only one example of an electronic 

stylus, and that stylus 203 optionally has more or fewer components than shown, optionally 

combines two or more components, or optionally has a different configuration or 

arrangement of the components. The various components shown in Figure 4 are 

implemented in hardware, software, firmware, or a combination thereof, including one or 

more signal processing and/or application specific integrated circuits.  

[00154] Memory 402 optionally includes high-speed random access memory and 

optionally also includes non-volatile memory, such as one or more flash memory devices, or 

other non-volatile solid-state memory devices. Access to memory 402 by other components 

of stylus 203, such as CPU(s) 420 and the peripherals interface 418, is, optionally, 

controlled by memory controller 422.  

[00155] Peripherals interface 418 can be used to couple input and output peripherals 

of the stylus to CPU(s) 420 and memory 402. The one or more processors 420 run or 

execute various software programs and/or sets of instructions stored in memory 402 to 

perform various functions for stylus 203 and to process data.  
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[00156] In some embodiments, peripherals interface 418, CPU(s) 420, and memory 

controller 422 are, optionally, implemented on a single chip, such as chip 404. In some 

other embodiments, they are, optionally, implemented on separate chips.  

[00157] RF (radio frequency) circuitry 408 receives and sends RF signals, also called 

electromagnetic signals. RF circuitry 408 converts electrical signals to/from electromagnetic 

signals and communicates with device 100 or 300, communications networks, and/or other 

communications devices via the electromagnetic signals. RF circuitry 408 optionally 

includes well-known circuitry for performing these functions, including but not limited to 

an antenna system, an RF transceiver, one or more amplifiers, a tuner, one or more 

oscillators, a digital signal processor, a CODEC chipset, a subscriber identity module (SIM) 

card, memory, and so forth. RF circuitry 408 optionally communicates with networks, such 

as the Internet, also referred to as the World Wide Web (WWW), an intranet and/or a 

wireless network, such as a cellular telephone network, a wireless local area network (LAN) 

and/or a metropolitan area network (MAN), and other devices by wireless communication.  

The wireless communication optionally uses any of a plurality of communications standards, 

protocols and technologies, including but not limited to Global System for Mobile 

Communications (GSM), Enhanced Data GSM Environment (EDGE), high-speed downlink 

packet access (HSDPA), high-speed uplink packet access (HSUPA), Evolution, Data-Only 

(EV-DO), HSPA, HSPA+, Dual-Cell HSPA (DC-HSPDA), long term evolution (LTE), near 

field communication (NFC), wideband code division multiple access (W-CDMA), code 

division multiple access (CDMA), time division multiple access (TDMA), Bluetooth, 

Wireless Fidelity (Wi-Fi) (e.g., IEEE 802.11a, IEEE 802.11ac, IEEE 802.11ax, IEEE 

802.11 b, IEEE 802.11 g and/or IEEE 802.11 n), voice over Internet Protocol (VoTP), Wi

MAX, a protocol for e-mail (e.g., Internet message access protocol (IMAP) and/or post 

office protocol (POP)), instant messaging (e.g., extensible messaging and presence protocol 

(XMPP), Session Initiation Protocol for Instant Messaging and Presence Leveraging 

Extensions (SIMPLE), Instant Messaging and Presence Service (IMPS)), and/or Short 

Message Service (SMS), or any other suitable communication protocol, including 

communication protocols not yet developed as of the filing date of this document.  

[00158] I/O subsystem 406 couples input/output peripherals on stylus 203, such as 

other input or control devices 416, with peripherals interface 418. I/O subsystem 406 

optionally includes optical sensor controller 458, intensity sensor controller 459, haptic 
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feedback controller 461, and one or more input controllers 460 for other input or control 

devices. The one or more input controllers 460 receive/send electrical signals from/to other 

input or control devices 416. The other input or control devices 416 optionally include 

physical buttons (e.g., push buttons, rocker buttons, etc.), dials, slider switches, click wheels, 

and so forth. In some alternate embodiments, input controller(s) 460 are, optionally, coupled 

with any (or none) of the following: an infrared port and/or a USB port.  

[00159] Stylus 203 also includes power system 462 for powering the various 

components. Power system 462 optionally includes a power management system, one or 

more power sources (e.g., battery, alternating current (AC)), a recharging system, a power 

failure detection circuit, a power converter or inverter, a power status indicator (e.g., a light

emitting diode (LED)) and any other components associated with the generation, 

management and distribution of power in portable devices and/or portable accessories.  

[00160] Stylus 203 optionally also includes one or more optical sensors 464. Figure 4 

shows an optical sensor coupled with optical sensor controller 458 in I/O subsystem 406.  

Optical sensor(s) 464 optionally include charge-coupled device (CCD) or complementary 

metal-oxide semiconductor (CMOS) phototransistors. Optical sensor(s) 464 receive light 

from the environment, projected through one or more lens, and converts the light to data 

representing an image.  

[00161] Stylus 203 optionally also includes one or more contact intensity sensors 465.  

Figure 4 shows a contact intensity sensor coupled with intensity sensor controller 459 in I/O 

subsystem 406. Contact intensity sensor(s) 465 optionally include one or more 

piezoresistive strain gauges, capacitive force sensors, electric force sensors, piezoelectric 

force sensors, optical force sensors, capacitive touch-sensitive surfaces, or other intensity 

sensors (e.g., sensors used to measure the force (or pressure) of a contact on a surface).  

Contact intensity sensor(s) 465 receive contact intensity information (e.g., pressure 

information or a proxy for pressure information) from the environment. In some 

embodiments, at least one contact intensity sensor is collocated with, or proximate to, a tip 

of stylus 203.  

[00162] Stylus 203 optionally also includes one or more proximity sensors 466.  

Figure 4 shows proximity sensor 466 coupled with peripherals interface 418. Alternately, 

proximity sensor 466 is coupled with input controller 460 in 1/0 subsystem 406. In some 
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embodiments, the proximity sensor determines proximity of stylus 203 to an electronic 

device (e.g., device 100).  

[00163] Stylus 203 optionally also includes one or more tactile output generators 463.  

Figure 4 shows a tactile output generator coupled with haptic feedback controller 461 in I/O 

subsystem 406. Tactile output generator(s) 463 optionally include one or more 

electroacoustic devices such as speakers or other audio components and/or 

electromechanical devices that convert energy into linear motion such as a motor, solenoid, 

electroactive polymer, piezoelectric actuator, electrostatic actuator, or other tactile output 

generating component (e.g., a component that converts electrical signals into tactile outputs 

on the device). Tactile output generator(s) 463 receive tactile feedback generation 

instructions from haptic feedback module 433 and generates tactile outputs on stylus 203 

that are capable of being sensed by a user of stylus 203. In some embodiments, at least one 

tactile output generator is collocated with, or proximate to, a length (e.g., a body or a 

housing) of stylus 203 and, optionally, generates a tactile output by moving stylus 203 

vertically (e.g., in a direction parallel to the length of stylus 203) or laterally (e.g., in a 

direction normal to the length of stylus 203).  

[00164] Stylus 203 optionally also includes one or more accelerometers 467, 

gyroscopes 468, and/or magnetometers 470 (e.g., as part of an inertial measurement unit 

(IMU)) for obtaining information concerning the location and positional state of stylus 203.  

Figure 4 shows sensors 467, 469, and 470 coupled with peripherals interface 418.  

Alternately, sensors 467, 469, and 470 are, optionally, coupled with an input controller 460 

in I/O subsystem 406. Stylus 203 optionally includes a GPS (or GLONASS or other global 

navigation system) receiver (not shown) for obtaining information concerning the location 

of stylus 203.  

[00165] In some embodiments, the software components stored in memory 402 

include operating system 426, communication module (or set of instructions) 428, 

contact/motion module (or set of instructions) 430, position module (or set of instructions) 

431, and Global Positioning System (GPS) module (or set of instructions) 435. Furthermore, 

in some embodiments, memory 402 stores device/global internal state 457, as shown in 

Figure 4. Device/global internal state 457 includes one or more of: sensor state, including 

information obtained from the stylus's various sensors and other input or control devices 

416; positional state, including information regarding the stylus's position (e.g., position, 

47



1001522024 

orientation, tilt, roll and/or distance, as shown in Figures 5A and 5B) relative to a device 

(e.g., device 100); and location information concerning the stylus's location (e.g., 

determined by GPS module 435).  

[00166] Operating system 426 (e.g., iOS, Darwin, RTXC, LINUX, UNIX, OS X, 

WINDOWS, or an embedded operating system such as VxWorks) includes various software 

components and/or drivers for controlling and managing general system tasks (e.g., memory 

management, power management, etc.) and facilitates communication between various 

hardware and software components.  

[00167] Communication module 428 optionally facilitates communication with other 

devices over one or more external ports 424 and also includes various software components 

for handling data received by RF circuitry 408 and/or external port 424. External port 424 

(e.g., Universal Serial Bus (USB), FIREWIRE, etc.) is adapted for coupling directly to other 

devices or indirectly over a network (e.g., the Internet, wireless LAN, etc.). In some 

embodiments, the external port is a Lightning connector that is the same as, or similar to 

and/or compatible with the Lightning connector used in some iPhone®, iPod Touch®, and 

iPad® devices from Apple Inc. of Cupertino, California.  

[00168] Contact/motion module 430 optionally detects contact with stylus 203 and 

other touch-sensitive devices of stylus 203 (e.g., buttons or other touch-sensitive 

components of stylus 203). Contact/motion module 430 includes software components for 

performing various operations related to detection of contact (e.g., detection of a tip of the 

stylus with a touch-sensitive display, such as touch screen 112 of device 100, or with 

another surface, such as a desk surface), such as determining if contact has occurred (e.g., 

detecting a touch-down event), determining an intensity of the contact (e.g., the force or 

pressure of the contact or a substitute for the force or pressure of the contact), determining if 

there is movement of the contact and tracking the movement (e.g., across touch screen 112 

of device 100), and determining if the contact has ceased (e.g., detecting a lift-off event or a 

break in contact). In some embodiments, contact/motion module 430 receives contact data 

from I/O subsystem 406. Determining movement of the point of contact, which is 

represented by a series of contact data, optionally includes determining speed (magnitude), 

velocity (magnitude and direction), and/or an acceleration (a change in magnitude and/or 

direction) of the point of contact. As noted above, in some embodiments, one or more of 

these operations related to detection of contact are performed by the device using 
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contact/motion module 130 (in addition to or in place of the stylus using contact/motion 

module 430).  

[00169] Contact/motion module 430 optionally detects a gesture input by stylus 203.  

Different gestures with stylus 203 have different contact patterns (e.g., different motions, 

timings, and/or intensities of detected contacts). Thus, a gesture is, optionally, detected by 

detecting a particular contact pattern. For example, detecting a single tap gesture includes 

detecting a touch-down event followed by detecting a lift-off event at the same position (or 

substantially the same position) as the touch-down event (e.g., at the position of an icon). As 

another example, detecting a swipe gesture includes detecting a touch-down event followed 

by detecting one or more stylus-dragging events, and subsequently followed by detecting a 

lift-off event. As noted above, in some embodiments, gesture detection is performed by the 

device using contact/motion module 130 (in addition to or in place of the stylus using 

contact/motion module 430).  

[00170] Position module 431, in conjunction with accelerometers 467, gyroscopes 

468, and/or magnetometers 469, optionally detects positional information concerning the 

stylus, such as the stylus's attitude (roll, pitch, and/or yaw) in a particular frame of reference.  

Position module 431, in conjunction with accelerometers 467, gyroscopes 468, and/or 

magnetometers 469, optionally detects stylus movement gestures, such as flicks, taps, and 

rolls of the stylus. Position module 431 includes software components for performing 

various operations related to detecting the position of the stylus and detecting changes to the 

position of the stylus in a particular frame of reference. In some embodiments, position 

module 431 detects the positional state of the stylus relative to the device and detects 

changes to the positional state of the stylus relative to the device. As noted above, in some 

embodiments, device 100 or 300 determines the positional state of the stylus relative to the 

device and changes to the positional state of the stylus using position module 131 (in 

addition to or in place of the stylus using position module 431).  

[00171] Haptic feedback module 433 includes various software components for 

generating instructions used by tactile output generator(s) 463 to produce tactile outputs at 

one or more locations on stylus 203 in response to user interactions with stylus 203.  
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[00172] GPS module 435 determines the location of the stylus and provides this 

information for use in various applications (e.g., to applications that provide location-based 

services such as an application to find missing devices and/or accessories).  

[00173] Each of the above identified modules and applications correspond to a set of 

executable instructions for performing one or more functions described above and the 

methods described in this application (e.g., the computer-implemented methods and other 

information processing methods described herein). These modules (i.e., sets of instructions) 

need not be implemented as separate software programs, procedures or modules, and thus 

various subsets of these modules are, optionally, combined or otherwise re-arranged in 

various embodiments. In some embodiments, memory 402 optionally stores a subset of the 

modules and data structures identified above. Furthermore, memory 402 optionally stores 

additional modules and data structures not described above.  

[00174] Figures 5A-5B illustrate a positional state of stylus 203 relative to a touch

sensitive surface (e.g., touch screen 112 of device 100) in accordance with some 

embodiments. In some embodiments, the positional state of stylus 203 corresponds to (or 

indicates): a position of a projection of a tip (or other representative portion) of the stylus on 

the touch-sensitive surface (e.g., (x,y) position 504, Figure 5A), an orientation of the stylus 

relative to the touch-sensitive surface (e.g., orientation 506, Figure 5A), a tilt of the stylus 

relative to the touch-sensitive surface (e.g., tilt 512, Figure 5B), and/or a distance of the 

stylus relative to the touch-sensitive surface (e.g., distance 514, Figure 5B). In some 

embodiments, the positional state of stylus 203 corresponds to (or indicates) a pitch, yaw, 

and/or roll of the stylus (e.g., an attitude of the stylus relative to a particular frame of 

reference, such as a touch-sensitive surface (e.g., touch screen 112) or the ground). In some 

embodiments, the positional state includes a set of positional parameters (e.g., one or more 

positional parameters). In some embodiments, the positional state is detected in accordance 

with one or more measurements from stylus 203 that are sent to an electronic device (e.g., 

device 100). For example, the stylus measures the tilt (e.g., tilt 512, Figure 5B) and/or the 

orientation (e.g., orientation 506, Figure 5A) of the stylus and sends the measurement to 

device 100. In some embodiments, the positional state is detected in accordance with raw 

output, from one or more electrodes in the stylus, that is sensed by a touch-sensitive surface 

(e.g., touch screen 112 of device 100) instead of, or in combination with positional state 

detected in accordance with one or more measurements from stylus 203. For example, the 
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touch-sensitive surface receives raw output from one or more electrodes in the stylus and 

calculates the tilt and/or the orientation of the stylus based on the raw output (optionally, in 

conjunction with positional state information provided by the stylus based on sensor 

measurements generated by the stylus).  

[00175] Figure 5A illustrates stylus 203 relative to a touch-sensitive surface (e.g., 

touch screen 112 of device 100) from a viewpoint directly above the touch-sensitive surface, 

in accordance with some embodiments. In Figure 5A, z axis 594 points out of the page (i.e., 

in a direction normal to a plane of touch screen 112), x axis 590 is parallel to a first edge 

(e.g., a length) of touch screen 112, y axis 592 is parallel to a second edge (e.g., a width) of 

touch screen 112, and y axis 592 is perpendicular to x axis 590.  

[00176] Figure 5A illustrates the tip of stylus 203 at (x,y) position 504. In some 

embodiments, the tip of stylus 203 is a terminus of the stylus configured for determining 

proximity of the stylus to a touch-sensitive surface (e.g., touch screen 112). In some 

embodiments, the projection of the tip of the stylus on the touch-sensitive surface is an 

orthogonal projection. In other words, the projection of the tip of the stylus on the touch

sensitive surface is a point at the end of a line from the stylus tip to the touch-sensitive 

surface that is normal to a surface of the touch-sensitive surface (e.g., (x,y) position 504 at 

which the tip of the stylus would touch the touch-sensitive surface if the stylus were moved 

directly along a path normal to the touch-sensitive surface). In some embodiments, the (x,y) 

position at the lower left corner of touch screen 112 is position (0,0) (e.g., (0,0) position 502) 

and other (x,y) positions on touch screen 112 are relative to the lower left corner of touch 

screen 112. Alternatively, in some embodiments, the (0,0) position is located at another 

position of touch screen 112 (e.g., in the center of touch screen 112) and other (x,y) 

positions are relative to the (0,0) position of touch screen 112.  

[00177] Further, Figure 5A illustrates stylus 203 with orientation 506. In some 

embodiments, orientation 506 is an orientation of a projection of stylus 203 onto touch 

screen 112 (e.g., an orthogonal projection of a length of stylus 203 or a line corresponding 

to the line between the projection of two different points of stylus 203 onto touch screen 

112). In some embodiments, orientation 506 is relative to at least one axis in a plane parallel 

to touch screen 112. In some embodiments, orientation 506 is relative to a single axis in a 

plane parallel to touch screen 112 (e.g., axis 508, with a clockwise rotation angle from axis 

508 ranging from 0 degrees to 360 degrees, as shown in Figure 5A). Alternatively, in some 
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embodiments, orientation 506 is relative to a pair of axes in a plane parallel to touch screen 

112 (e.g., x axis 590 and y axis 592, as shown in Figure 5A, or a pair of axes associated 

with an application displayed on touch screen 112).  

[00178] In some embodiments, an indication (e.g., indication 516) is displayed on a 

touch-sensitive display (e.g., touch screen 112 of device 100). In some embodiments, 

indication 516 shows where the stylus will touch (or mark) the touch-sensitive display 

before the stylus touches the touch-sensitive display. In some embodiments, indication 516 

is a portion of a mark that is being drawn on the touch-sensitive display. In some 

embodiments, indication 516 is separate from a mark that is being drawn on the touch

sensitive display and corresponds to a virtual "pen tip" or other element that indicates where 

a mark will be drawn on the touch-sensitive display.  

[00179] In some embodiments, indication 516 is displayed in accordance with the 

positional state of stylus 203. For example, in some circumstances, indication 516 is 

displaced from (x,y) position 504 (as shown in Figures 5A and 5B), and in other 

circumstances, indication 516 is not displaced from (x,y) position 504 (e.g., indication 516 

is displayed at or near (x,y) position 504 when tilt 512 is zero degrees). In some 

embodiments, indication 516 is displayed, in accordance with the positional state of the 

stylus, with varying color, size (or radius or area), opacity, and/or other characteristics. In 

some embodiments, the displayed indication accounts for thickness of a glass layer on the 

touch-sensitive display, so as to carry through the indication "onto the pixels" of the touch

sensitive display, rather than displaying the indication "on the glass" that covers the pixels.  

[00180] Figure 5B illustrates stylus 203 relative to a touch-sensitive surface (e.g., 

touch screen 112 of device 100) from a side viewpoint of the touch-sensitive surface, in 

accordance with some embodiments. In Figure 5B, z axis 594 points in a direction normal to 

the plane of touch screen 112, x axis 590 is parallel to a first edge (e.g., a length) of touch 

screen 112, y axis 592 is parallel to a second edge (e.g., a width) of touch screen 112, and y 

axis 592 is perpendicular to x axis 590.  

[00181] Figure 5B illustrates stylus 203 with tilt 512. In some embodiments, tilt 512 

is an angle relative to a normal (e.g., normal 510) to a surface of the touch-sensitive surface 

(also called simply the normal to the touch-sensitive surface). As shown in Figure 5B, tilt 

512 is zero when the stylus is perpendicular/normal to the touch-sensitive surface (e.g., 
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when stylus 203 is parallel to normal 510) and the tilt increases as the stylus is tilted closer 

to being parallel to the touch-sensitive surface.  

[00182] Further, Figure 5B illustrates distance 514 of stylus 203 relative to the touch

sensitive surface. In some embodiments, distance 514 is the distance from the tip of stylus 

203 to the touch-sensitive surface, in a direction normal to the touch-sensitive surface. For 

example, in Figure 5B, distance 514 is the distance from the tip of stylus 203 to (x,y) 

position 504.  

[00183] Although the terms, "x axis," "y axis," and "z axis," are used herein to 

illustrate certain directions in particular figures, it will be understood that these terms do not 

refer to absolute directions. In other words, an "x axis" could be any respective axis, and a 

"y axis" could be a particular axis that is distinct from the x axis. Typically, the x axis is 

perpendicular to the y axis. Similarly, a "z axis" is distinct from the "x axis" and the "y axis," 

and is typically perpendicular to both the "x axis" and the "y axis." 

[00184] Further, Figure 5B illustrates roll 518, a rotation about the length (long axis) 

of stylus 203.  

[00185] Attention is now directed towards embodiments of user interfaces ("UI") that 

are, optionally, implemented on portable multifunction device 100.  

[00186] Figure 6A illustrates an exemplary user interface for a menu of applications 

on portable multifunction device 100 in accordance with some embodiments. Similar user 

interfaces are, optionally, implemented on device 300. In some embodiments, user interface 

600 includes the following elements, or a subset or superset thereof: 

. Signal strength indicator(s) 602 for wireless communication(s), such as cellular and 

Wi-Fi signals; 

. Time 604; 

* a Bluetooth indicator; 

. Battery status indicator 606; 

. Tray 608 with icons for frequently used applications, such as: 

o Icon 616 for telephone module 138, labeled "Phone," which optionally 

includes an indicator 614 of the number of missed calls or voicemail 

messages; 
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o Icon 618 for e-mail client module 140, labeled "Mail," which optionally 

includes an indicator 610 of the number of unread e-mails; 

o Icon 620 for browser module 147, labeled "Browser;" and 

o Icon 622 for video and music player module 152, also referred to as iPod 

(trademark of Apple Inc.) module 152, labeled "iPod;" and 

Icons for other applications, such as: 

o Icon 624 for IM module 141, labeled "Messages;" 

o Icon 626 for calendar module 148, labeled "Calendar;" 

o Icon 628 for image management module 144, labeled "Photos;" 

o Icon 630 for camera module 143, labeled "Camera;" 

o Icon 632 for online video module 155, labeled "Online Video;" 

o Icon 634 for stocks widget 149-2, labeled "Stocks;" 

o Icon 636 for map module 154, labeled "Maps;" 

o Icon 638 for weather widget 149-1, labeled "Weather;" 

o Icon 640 for alarm clock widget 169-6, labeled "Clock;" 

o Icon 642 for workout support module 142, labeled "Workout Support;" 

o Icon 644 for notes module 153, labeled "Notes;" and 

o Icon 646 for a settings application or module, which provides access to 

settings for device 100 and its various applications 136.  

[00187] It should be noted that the icon labels illustrated in Figure 6A are merely 

exemplary. For example, in some embodiments, icon 622 for video and music player 

module 152 is labeled "Music" or "Music Player." Other labels are, optionally, used for 

various application icons. In some embodiments, a label for a respective application icon 

includes a name of an application corresponding to the respective application icon. In some 

embodiments, a label for a particular application icon is distinct from a name of an 

application corresponding to the particular application icon.  

[00188] Figure 6B illustrates an exemplary user interface on a device (e.g., device 

300, Figure 3) with a touch-sensitive surface 651 (e.g., a tablet or touchpad 355, Figure 3) 
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that is separate from display 650. Device 300 also, optionally, includes one or more contact 

intensity sensors (e.g., one or more of sensors 359) for detecting intensity of contacts on 

touch-sensitive surface 651 and/or one or more tactile output generators 359 for generating 

tactile outputs for a user of device 300.  

[00189] Figure 6B illustrates an exemplary user interface on a device (e.g., device 

300, Figure 3) with a touch-sensitive surface 651 (e.g., a tablet or touchpad 355, Figure 3) 

that is separate from display 650. Many of the examples that follow will be given with 

reference to a device that detects inputs on a touch-sensitive surface that is separate from the 

display, as shown in FIG. 6B. In some embodiments, the touch-sensitive surface (e.g., 651 

in Figure 6B) has a primary axis (e.g., 652 in Figure 6B) that corresponds to a primary axis 

(e.g., 653 in Figure 6B) on the display (e.g., 650). In accordance with these embodiments, 

the device detects contacts (e.g., 660 and 662 in Figure 6B) with touch-sensitive surface 651 

at locations that correspond to respective locations on the display (e.g., in Figure 6B, 660 

corresponds to 668 and 662 corresponds to 670). In this way, user inputs (e.g., contacts 660 

and 662, and movements thereof) detected by the device on the touch-sensitive surface (e.g., 

651 in Figure 6B) are used by the device to manipulate the user interface on the display (e.g., 

650 in Figure 6B) of the multifunction device when the touch-sensitive surface is separate 

from the display. It should be understood that similar methods are, optionally, used for other 

user interfaces described herein.  

[00190] Additionally, while the following examples are given primarily with 

reference to finger inputs (e.g., finger contacts, finger tap gestures, finger swipe gestures, 

etc.), it should be understood that, in some embodiments, one or more of the finger inputs 

are replaced with input from another input device (e.g., a stylus input).  

[00191] As used herein, the term "focus selector" refers to an input element that 

indicates a current part of a user interface with which a user is interacting. In some 

implementations that include a cursor or other location marker, the cursor acts as a "focus 

selector," so that when an input (e.g., a press input) is detected on a touch-sensitive surface 

(e.g., touchpad 355 in Figure 3 or touch-sensitive surface 651 in Figure 6B) while the cursor 

is over a particular user interface element (e.g., a button, window, slider or other user 

interface element), the particular user interface element is adjusted in accordance with the 

detected input. In some implementations that include a touch-screen display (e.g., touch

sensitive display system 112 in Figure 1A or the touch screen in Figure 6A) that enables 
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direct interaction with user interface elements on the touch-screen display, a detected 

contact on the touch-screen acts as a "focus selector," so that when an input (e.g., a press 

input by the contact) is detected on the touch-screen display at a location of a particular user 

interface element (e.g., a button, window, slider or other user interface element), the 

particular user interface element is adjusted in accordance with the detected input. In some 

implementations, focus is moved from one region of a user interface to another region of the 

user interface without corresponding movement of a cursor or movement of a contact on a 

touch-screen display (e.g., by using a tab key or arrow keys to move focus from one button 

to another button); in these implementations, the focus selector moves in accordance with 

movement of focus between different regions of the user interface. Without regard to the 

specific form taken by the focus selector, the focus selector is generally the user interface 

element (or contact on a touch-screen display) that is controlled by the user so as to 

communicate the user's intended interaction with the user interface (e.g., by indicating, to 

the device, the element of the user interface with which the user is intending to interact). For 

example, the location of a focus selector (e.g., a cursor, a contact, or a selection box) over a 

respective button while a press input is detected on the touch-sensitive surface (e.g., a 

touchpad or touch screen) will indicate that the user is intending to activate the respective 

button (as opposed to other user interface elements shown on a display of the device).  

[00192] As used in the specification and claims, the term "intensity" of a contact on a 

touch-sensitive surface refers to the force or pressure (force per unit area) of a contact (e.g., 

a finger contact or a stylus contact) on the touch-sensitive surface, or to a substitute (proxy) 

for the force or pressure of a contact on the touch-sensitive surface. The intensity of a 

contact has a range of values that includes at least four distinct values and more typically 

includes hundreds of distinct values (e.g., at least 256). Intensity of a contact is, optionally, 

determined (or measured) using various approaches and various sensors or combinations of 

sensors. For example, one or more force sensors underneath or adjacent to the touch

sensitive surface are, optionally, used to measure force at various points on the touch

sensitive surface. In some implementations, force measurements from multiple force 

sensors are combined (e.g., a weighted average or a sum) to determine an estimated force of 

a contact. Similarly, a pressure-sensitive tip of a stylus is, optionally, used to determine a 

pressure of the stylus on the touch-sensitive surface. Alternatively, the size of the contact 

area detected on the touch-sensitive surface and/or changes thereto, the capacitance of the 
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touch-sensitive surface proximate to the contact and/or changes thereto, and/or the 

resistance of the touch-sensitive surface proximate to the contact and/or changes thereto are, 

optionally, used as a substitute for the force or pressure of the contact on the touch-sensitive 

surface. In some implementations, the substitute measurements for contact force or pressure 

are used directly to determine whether an intensity threshold has been exceeded (e.g., the 

intensity threshold is described in units corresponding to the substitute measurements). In 

some implementations, the substitute measurements for contact force or pressure are 

converted to an estimated force or pressure and the estimated force or pressure is used to 

determine whether an intensity threshold has been exceeded (e.g., the intensity threshold is 

a pressure threshold measured in units of pressure). Using the intensity of a contact as an 

attribute of a user input allows for user access to additional device functionality that may 

otherwise not be readily accessible by the user on a reduced-size device with limited real 

estate for displaying affordances (e.g., on a touch-sensitive display) and/or receiving user 

input (e.g., via a touch-sensitive display, a touch-sensitive surface, or a physical/mechanical 

control such as a knob or a button).  

[00193] In some embodiments, contact/motion module 130 and/or 430 uses a set of 

one or more intensity thresholds to determine whether an operation has been performed by a 

user (e.g., to determine whether a user has "clicked" on an icon). In some embodiments, at 

least a subset of the intensity thresholds are determined in accordance with software 

parameters (e.g., the intensity thresholds are not determined by the activation thresholds of 

particular physical actuators and can be adjusted without changing the physical hardware of 

device 100). For example, a mouse "click" threshold of a trackpad or touch-screen display 

can be set to any of a large range of predefined thresholds values without changing the 

trackpad or touch-screen display hardware. Additionally, in some embodiments, a user of 

the device is provided with software settings for adjusting one or more of the set of intensity 

thresholds (e.g., by adjusting individual intensity thresholds and/or by adjusting a plurality 

of intensity thresholds at once with a system-level click "intensity" parameter).  

[00194] As used in the specification and claims, the term "characteristic intensity" of 

a contact refers to a characteristic of the contact based on one or more intensities of the 

contact. In some embodiments, the characteristic intensity is based on multiple intensity 

samples. The characteristic intensity is, optionally, based on a predefined number of 

intensity samples, or a set of intensity samples collected during a predetermined time period 
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(e.g., 0.05, 0.1, 0.2, 0.5, 1, 2, 5, 10 seconds) relative to a predefined event (e.g., after 

detecting the contact, prior to detecting liftoff of the contact, before or after detecting a start 

of movement of the contact, prior to detecting an end of the contact, before or after 

detecting an increase in intensity of the contact, and/or before or after detecting a decrease 

in intensity of the contact). A characteristic intensity of a contact is, optionally based on one 

or more of: a maximum value of the intensities of the contact, a mean value of the 

intensities of the contact, an average value of the intensities of the contact, a top 10 

percentile value of the intensities of the contact, a value at the half maximum of the 

intensities of the contact, a value at the 90 percent maximum of the intensities of the contact, 

or the like. In some embodiments, the duration of the contact is used in determining the 

characteristic intensity (e.g., when the characteristic intensity is an average of the intensity 

of the contact over time). In some embodiments, the characteristic intensity is compared to a 

set of one or more intensity thresholds to determine whether an operation has been 

performed by a user. For example, the set of one or more intensity thresholds may include a 

first intensity threshold and a second intensity threshold. In this example, a contact with a 

characteristic intensity that does not exceed the first intensity threshold results in a first 

operation, a contact with a characteristic intensity that exceeds the first intensity threshold 

and does not exceed the second intensity threshold results in a second operation, and a 

contact with a characteristic intensity that exceeds the second intensity threshold results in a 

third operation. In some embodiments, a comparison between the characteristic intensity 

and one or more intensity thresholds is used to determine whether or not to perform one or 

more operations (e.g., whether to perform a respective option or forgo performing the 

respective operation) rather than being used to determine whether to perform a first 

operation or a second operation.  

[00195] In some embodiments, a portion of a gesture is identified for purposes of 

determining a characteristic intensity. For example, a touch-sensitive surface may receive a 

continuous swipe contact transitioning from a start location and reaching an end location 

(e.g., a drag gesture), at which point the intensity of the contact increases. In this example, 

the characteristic intensity of the contact at the end location may be based on only a portion 

of the continuous swipe contact, and not the entire swipe contact (e.g., only the portion of 

the swipe contact at the end location). In some embodiments, a smoothing algorithm may be 

applied to the intensities of the swipe contact prior to determining the characteristic 
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intensity of the contact. For example, the smoothing algorithm optionally includes one or 

more of: an unweighted sliding-average smoothing algorithm, a triangular smoothing 

algorithm, a median filter smoothing algorithm, and/or an exponential smoothing algorithm.  

In some circumstances, these smoothing algorithms eliminate narrow spikes or dips in the 

intensities of the swipe contact for purposes of determining a characteristic intensity.  

[00196] The user interface figures (e.g., Figures 7A-7BBB) described below 

optionally include various intensity diagrams that show the current intensity of the contact 

on the touch-sensitive surface relative to one or more intensity thresholds (e.g., a first 

intensity threshold IL, a second intensity threshold IM, a third intensity threshold IH, and/or 

one or more other intensity thresholds). This intensity diagram is typically not part of the 

displayed user interface, but is provided to aid in the interpretation of the figures. In some 

embodiments, the first intensity threshold corresponds to an intensity at which the device 

will perform operations typically associated with clicking a button of a physical mouse or a 

trackpad. In some embodiments, the second and third intensity thresholds correspond to 

intensities at which the device will perform operations that are different from operations 

typically associated with clicking a button of a physical mouse or a trackpad. In some 

embodiments, when a contact is detected with a characteristic intensity below the first 

intensity threshold (e.g., and above a nominal contact-detection intensity threshold below 

which the contact is no longer detected), the device will move a focus selector in 

accordance with movement of the contact on the touch-sensitive surface without performing 

an operation associated with the light press intensity threshold or the deep press intensity 

threshold. Generally, unless otherwise stated, these intensity thresholds are consistent 

between different sets of user interface figures.  

[00197] In some embodiments, the response of the device to inputs detected by the 

device depends on criteria based on the contact intensity during the input. For example, for 

some inputs, the intensity of a contact exceeding a first intensity threshold during the input 

triggers a first response. In some embodiments, the response of the device to inputs detected 

by the device depends on criteria that include both the contact intensity during the input and 

time-based criteria. For example, for some inputs, the intensity of a contact exceeding a 

second intensity threshold during the input, greater than the first intensity threshold (e.g., for 

a light press), triggers a second response only if a delay time has elapsed between meeting 

the first intensity threshold and meeting the second intensity threshold. This delay time is 
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typically less than 200 ms in duration (e.g., 40, 100, or 120 ms, depending on the magnitude 

of the second intensity threshold, with the delay time increasing as the second intensity 

threshold increases). This delay time helps to avoid accidental triggering of the second 

response. As another example, for some inputs, there is a reduced-sensitivity time period 

that occurs after the time at which the first intensity threshold is met. During the reduced

sensitivity time period, the second intensity threshold is increased. This temporary increase 

in the second intensity threshold also helps to avoid accidental triggering of the second 

response. For other inputs, the second response does not depend on time-based criteria.  

[00198] In some embodiments, one or more of the input intensity thresholds and/or 

the corresponding outputs vary based on one or more factors, such as user settings, contact 

motion, input timing, application running, rate at which the intensity is applied, number of 

concurrent inputs, user history, environmental factors (e.g., ambient noise), focus selector 

position, and the like. Exemplary factors are described in U.S. Patent Application Serial Nos.  

14/399,606 and 14/624,296, which are incorporated by reference herein in their entireties.  

[00199] An increase of characteristic intensity of the contact from an intensity below 

the intensity threshold IL to an intensity between the intensity threshold IL and the intensity 

threshold IM is sometimes referred to as a "light press" input. An increase of characteristic 

intensity of the contact from an intensity below the intensity threshold IM to an intensity 

above the intensity threshold IM is sometimes referred to as a "deep press" input. In some 

embodiments, an increase of characteristic intensity of the contact from an intensity below 

the intensity threshold IH to an intensity above the intensity threshold IH is also called a 

"deep press" input. An increase of characteristic intensity of the contact from an intensity 

below a contact-detection intensity threshold to an intensity between the contact-detection 

intensity threshold and the intensity threshold IL is sometimes referred to as detecting the 

contact on the touch-surface. A decrease of characteristic intensity of the contact from an 

intensity above the contact-detection intensity threshold to an intensity below the contact

detection intensity threshold is sometimes referred to as detecting liftoff of the contact from 

the touch-surface. In some embodiments, the contact-detection intensity threshold is zero. In 

some embodiments, the contact-detection intensity threshold is greater than zero. In some 

illustrations a shaded circle or oval is used to represent intensity of a contact on the touch

sensitive surface. In some illustrations, a circle or oval without shading is used represent a 
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respective contact on the touch-sensitive surface without specifying the intensity of the 

respective contact.  

[00200] In some embodiments, described herein, one or more operations are 

performed in response to detecting a gesture that includes a respective press input or in 

response to detecting the respective press input performed with a respective contact (or a 

plurality of contacts), where the respective press input is detected based at least in part on 

detecting an increase in intensity of the contact (or plurality of contacts) above a press-input 

intensity threshold. In some embodiments, the respective operation is performed in response 

to detecting the increase in intensity of the respective contact above the press-input intensity 

threshold (e.g., the respective operation is performed on a "down stroke" of the respective 

press input). In some embodiments, the press input includes an increase in intensity of the 

respective contact above the press-input intensity threshold and a subsequent decrease in 

intensity of the contact below the press-input intensity threshold, and the respective 

operation is performed in response to detecting the subsequent decrease in intensity of the 

respective contact below the press-input threshold (e.g., the respective operation is 

performed on an "up stroke" of the respective press input).  

[00201] In some embodiments, the device employs intensity hysteresis to avoid 

accidental inputs sometimes termed "jitter," where the device defines or selects a hysteresis 

intensity threshold with a predefined relationship to the press-input intensity threshold (e.g., 

the hysteresis intensity threshold is X intensity units lower than the press-input intensity 

threshold or the hysteresis intensity threshold is 75%, 90%, or some reasonable proportion 

of the press-input intensity threshold). Thus, in some embodiments, the press input includes 

an increase in intensity of the respective contact above the press-input intensity threshold 

and a subsequent decrease in intensity of the contact below the hysteresis intensity threshold 

that corresponds to the press-input intensity threshold, and the respective operation is 

performed in response to detecting the subsequent decrease in intensity of the respective 

contact below the hysteresis intensity threshold (e.g., the respective operation is performed 

on an "up stroke" of the respective press input). Similarly, in some embodiments, the press 

input is detected only when the device detects an increase in intensity of the contact from an 

intensity at or below the hysteresis intensity threshold to an intensity at or above the press

input intensity threshold and, optionally, a subsequent decrease in intensity of the contact to 

an intensity at or below the hysteresis intensity, and the respective operation is performed in 
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response to detecting the press input (e.g., the increase in intensity of the contact or the 

decrease in intensity of the contact, depending on the circumstances).  

[00202] For ease of explanation, the description of operations performed in response 

to a press input associated with a press-input intensity threshold or in response to a gesture 

including the press input are, optionally, triggered in response to detecting: an increase in 

intensity of a contact above the press-input intensity threshold, an increase in intensity of a 

contact from an intensity below the hysteresis intensity threshold to an intensity above the 

press-input intensity threshold, a decrease in intensity of the contact below the press-input 

intensity threshold, or a decrease in intensity of the contact below the hysteresis intensity 

threshold corresponding to the press-input intensity threshold. Additionally, in examples 

where an operation is described as being performed in response to detecting a decrease in 

intensity of a contact below the press-input intensity threshold, the operation is, optionally, 

performed in response to detecting a decrease in intensity of the contact below a hysteresis 

intensity threshold corresponding to, and lower than, the press-input intensity threshold. As 

described above, in some embodiments, the triggering of these responses also depends on 

time-based criteria being met (e.g., a delay time has elapsed between a low intensity 

threshold being met and a high intensity threshold being met).  

USER INTERFACES AND ASSOCIATED PROCESSES 

[00203] Attention is now directed towards embodiments of user interfaces ("UI") and 

associated processes that may be implemented on an electronic device, such as portable 

multifunction device 100 or device 300, with a display, a touch-sensitive surface, and one or 

more sensors to detect intensity of contacts with the touch-sensitive surface.  

[00204] Figures 7A-7BBB illustrate exemplary user interfaces for processing touch 

inputs with instructions in a web page in accordance with some embodiments. The user 

interfaces in these figures are used to illustrate the processes described below, including the 

processes in Figures 8A-8C and Figure 9. Although some of the examples which follow will 

be given with reference to inputs on a touch-sensitive surface 651 that is separate from 

display 650, in some embodiments, the device detects inputs on a touch-screen display 

(where the touch-sensitive surface and the display are combined), as shown in Figure 6A.  

[00205] Figure 7A illustrates that user interface 706 on display 650 includes a user 

interface of a mail application (e.g., e-mail client module 140, Figure 1A).  
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[00206] Figure 7A also illustrates state machines 704 for gesture recognizers. State 

machines 704 for gesture recognizers as well as event handling operations (including 

handling of gesture events) are described in detail in Appendix A, which is incorporated by 

reference herein in its entirety. In this example, state machines 704 for four gesture 

recognizers are shown, each represented in Figure 7A by a single letter: a reveal gesture 

recognizer (R), a preview gesture recognizer (P), a tap gesture recognizer (T) and a commit 

gesture recognizer (C). As shown in Figure 7A, distinct intensity thresholds, are associated 

with three of these gesture recognizers: a first intensity threshold IL is associated with the 

reveal gesture recognizer, a second intensity threshold IM is associated with the preview 

gesture recognizer, and a third intensity threshold IH is associated with the commit gesture 

recognizer. In this example, the third intensity threshold IH is greater than (i.e., higher than) 

the second intensity threshold IM, and the second intensity threshold IM is greater than (i.e., 

higher than) the first intensity threshold IL.  

[00207] Figure 7A shows the position of a focus selector 705 positioned over a user 

interface object 708 or feature in user interface 706. The position of the focus selector 705 

corresponds to the position of a corresponding user input on a touch-sensitive surface (e.g., 

touch sensitive surface 651 or a touch-sensitive surface of a touch-screen display 650, 

Figure 6B).  

[00208] As shown in user input intensity graph 702, the intensity (also called contract 

intensity) of the user input is initially below the first intensity threshold IL.  

[00209] Figure 7B shows a new user interface 710 that results when the user input 

corresponding to focus selector 705 is a tap gesture. Intensity profiles 7102, 7104, 7106 and 

7108 all correspond to tap gestures than end prior to completion of a first predefined time 

period, represented by the time period ending at time 7002. All four of these intensity 

profiles correspond to tap gestures, even when the peak intensity of the gesture is greater 

than one or more of the three intensity thresholds, because the user input does not remain on 

the touch sensitive surface for a first predefined time period.  

[00210] In some embodiments, intensity profile 7110 also corresponds to a tap 

gesture, even though the user input remains on the touch sensitive surface for the first 

predefined time period, because the user input never exceeds the first intensity threshold IL.  
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However, in some other embodiments, a user input having intensity profile 7110 is 

construed as a non-event that does not cause performance of any operation.  

[00211] Figure 7B also shows that the state machine for the tap gesture recognizer (T) 

transitions from the Possible state, as shown in Figure 7A, to the Recognized state.  

Furthermore, Figure 7B shows that the state machines for the reveal gesture recognizer (R), 

preview gesture recognizer (P), and commit gesture recognizer (C) have all transitioned 

from the Possible state to the Failed state. This is because, for every one of intensity profiles 

7102, 7104, 7106, 7108 and 7110, the input has failed to satisfy either an intensity input 

criteria or a duration criteria required for gesture recognition by those gesture recognizers.  

Alternatively, or in addition, each of the gesture recognizers that transition to the Failed 

state do so because recognition of a tap gesture by the tap gesture recognizer (T) causes all 

the other gesture recognizers to transition to the Failed state.  

[00212] Figure 7C shows a transition of user interface 706 from the state of that user 

interface in Figure 7A. In particular, in accordance with a determination that the intensity of 

the user input satisfies intensity input criteria for the reveal gesture recognizer (R), the 

reveal gesture recognizer transitions to the Began state. In some embodiments, the intensity 

of the user input satisfies intensity input criteria for the reveal gesture recognizer (R) when 

the intensity of the user input reaches the first intensity threshold IL. In some other 

embodiments, the intensity of the user input satisfies intensity input criteria for the reveal 

gesture recognizer (R) when the intensity of the user input exceeds the first intensity 

threshold IL.  

[00213] Optionally, when the reveal gesture recognizer transitions to the Began state, 

focus selector 705 is displayed, or provided for display, with a different appearance than 

when the reveal gesture recognizer is in the Possible state.  

[00214] In some embodiments, in accordance with a determination that the intensity 

of the user input satisfies intensity input criteria for the reveal gesture recognizer (R), an 

internal event 7004 is generated, indicating that the intensity of the user input satisfies 

intensity input criteria for the reveal gesture recognizer (R). That event is provided to the 

reveal gesture recognizer (R), which transitions to the Began state in response to the event.  

Event 7004 optionally includes a progress indicator, graphically represented in Figure 7C by 

progress indicator 750, which indicates an amount of progress of the intensity of the user 
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input between first intensity threshold IL and a second intensity threshold IM. In some 

embodiments, the progress indicator 750 is a normalized value, for example having a value 

between 0 and 1, and initially have a value of 0, or a value close to zero, when the intensity 

of the user input equals or has reached the first intensity threshold IL.  

[00215] In Figure 7D, the intensity of the user input has changed from an intensity 

equal or approximately equal to the first intensity threshold IL, as shown in Figure 7C, to an 

intensity above the first intensity threshold IL and below the second intensity threshold IM.  

In response to this increase in intensity of the user input, the value of progress indicator 750 

increases to a value indicating where in the range between the first intensity threshold IL and 

the second intensity threshold IM the current user input intensity falls. Furthermore, the state 

of the reveal gesture recognizer (R) transitions to the Changed state, and user interface 706 

is blurred, or transitions to a blur state, excluding the user interface object 708, 

corresponding to the position of the user input, which is not blurred. In this way, the user is 

notified that an action or operation with respect to user interface object 708 will occur if the 

user continues to increase the intensity of the user input.  

[00216] In Figure 7E, the intensity of the user input has further increased from the 

intensity of the user input in Figure 7D. The reveal gesture recognizer (R) remains in the 

Changed state. Further, a small version of a preview area 712, sometimes called the preview 

platter, is displayed in or over user interface 706, which remains blurred except for object 

708. In some embodiments, the size of the preview area 712 corresponds to a value of 

progress indicator 750. In some embodiments, preview area 712 is initially displayed only 

when the progress indicator 750 reaches a predefined value, such as 0.4 or 0.5.  

[00217] In Figure 7F, the intensity of the user input has further increased from the 

intensity of the user input in Figure 7E. The reveal gesture recognizer (R) remains in the 

Changed state, and user interface 706 remains blurred except for object 708. Further, the 

size of preview area 712, as displayed in or over user interface 706, has increased in 

accordance with the increased intensity of the user input, or in accordance with the 

increased value of progress indicator 750. In Figure 7F, the preview area 712 has increase in 

size sufficiently to enable a user to read the contents of the preview area 712. In this 

example, preview area 712 includes a preview of information corresponding to the user 

interface object 708 over which the focus selector 705 is positioned. In this example, the 
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previewed information is a list of connections associated with the person corresponding to 

the user interface object 708 over which the focus selector 705 is positioned.  

[00218] In Figure 7G, the intensity of the user input has further increased from the 

intensity of the user input in Figure 7E to an intensity equal or approximately equal to the 

second intensity threshold IM. Progress indicator 750 now has its maximum value, for 

example 1, indicating that the intensity of the user input has reached to maximum value of 

the range corresponding to that progress indicator. Optionally, a second progress indicator 

752 is generated, indicating a status of the user input with respect to the intensity range 

between the second intensity threshold IM and the third intensity threshold IH. In Figure 7G, 

second progress indicator 752 has its minimum value, indicating that the intensity of the 

user input is at the low end of the intensity range between the second intensity threshold IM 

and the third intensity threshold IH

[00219] In accordance with the intensity of the user input reaching the second 

intensity threshold IM, the reveal gesture recognizer (R) remains in the Changed state, or 

alternatively transitions to the Canceled state, the tap gesture recognizer transitions to the 

Failed state, the preview gesture recognizer transitions to the Began state, and preview area 

712 is displayed at either its maximum size (sometimes herein called full size), or at a size 

close to its maximum size. Preview area 712 continues to include a preview of information 

corresponding to the user interface object 708 over which the focus selector 705 is 

positioned.  

[00220] In Figure 7H, the intensity of the user input has further increased from the 

intensity of the user input in Figure 7G to an intensity above the second intensity threshold 

IM and below the third intensity threshold IH. Progress indicator 750 remains its maximum 

value, for example 1, since the intensity of the user input is above the maximum value of the 

range corresponding to that progress indicator. Second progress indicator 752 now has an 

intermediate value, between the minimum and maximum values for that progress indicator 

752, indicating the current status of the user input with respect to the intensity range 

between the second intensity threshold IM and the third intensity threshold IH

[00221] In accordance with the intensity of the user input exceeding the second 

intensity threshold IM, the reveal gesture recognizer (R) remains in the Changed state, or 

alternatively transitions to the Canceled state, the tap gesture recognizer remains in the 
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Failed state, the preview gesture recognizer transitions to the Changed state, and preview 

area 712 is displayed at its maximum size (sometimes herein called full size). Preview area 

712 continues to include a preview of information corresponding to the user interface object 

708 over which the focus selector 705 is positioned.  

[00222] In Figure 71, the intensity of the user input has further increased from the 

intensity of the user input in Figure 7H to an intensity at or above the third intensity 

threshold IH. Progress indicator 750 remains its maximum value, for example 1, since the 

intensity of the user input is above the maximum value of the range corresponding to that 

progress indicator. Second progress indicator 752 now has its maximum value, indicating 

the current status of the user input with respect to the intensity range between the second 

intensity threshold IM and the third intensity threshold IH. Optionally, upon reaching the 

third intensity threshold IH, an event 7008 is generated indicating the intensity of the user 

input and optionally including one or both progress indicators 750, 752.  

[00223] In accordance with the intensity of the user input reaching the third intensity 

threshold IH, the reveal gesture recognizer (R) transitions to the Canceled state, the tap 

gesture recognizer remains in the Failed state, the preview gesture recognizer transitions to 

the Canceled state, and the commit gesture recognizer transitions to the Recognized state.  

Furthermore, in accordance with the intensity of the user input reaching the third intensity 

threshold IH, preview area 712 is no longer displayed, and instead a new user interface 710 

corresponding to selection of user interface object 708 is displayed. In the example shown 

in Figure 71, selection of user interface object 708 has caused connection information for 

person or entity corresponding to user interface object 708 be displayed, or provided for 

display.  

[00224] In Figure 7J, the intensity of the user input has decreased from the intensity 

of the user input in Figure 7H to an intensity below the second intensity threshold IM. In this 

example, the intensity of the user input has not reached the third intensity threshold IH and 

therefore the commit gesture recognizer remains in the Possible state. Furthermore, progress 

indicator 750 transitions to a value below its maximum value, since the intensity of the user 

input is now below the maximum value of the range corresponding to that progress 

indicator. Second progress indicator 752 now has its minimum value, indicating the current 

status of the user input with respect to the intensity range between the second intensity 

threshold IM and the third intensity threshold IH. In other words, since the intensity of the 
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user input is below the second intensity threshold IM, second progress indicator 752 has its 

minimum value. Optionally, the change in intensity of the user input causes an event (not 

shown) to be generated, where the event includes information indicating the intensity of the 

user input and optionally including one or both progress indicators 750, 752.  

[00225] In accordance with the intensity of the user input decreasing to an intensity 

below the second intensity threshold IM, without first reaching the third intensity threshold 

IH, the reveal gesture recognizer (R) remains in the Changed state, the tap gesture 

recognizer remains in the Failed state, the preview gesture recognizer remains in the 

Changed state, and the commit gesture recognizer remains in the Possible state.  

Furthermore, in accordance with the decreased intensity of the user input, the size of 

preview area 712 decreases from the size at which it was displayed when the intensity of the 

user input was higher (see Figure 7H).  

[00226] In Figure 7K, the user input ceases, as indicated by a zero intensity of the 

user input, after previously reaching or exceeding the first intensity threshold IL 

(corresponding to intensity profile 7112) or the second intensity threshold IM (corresponding 

to intensity profile 7114), without exceeding the third intensity threshold IH. Furthermore, 

the duration of the gesture exceeds the first predefined period corresponding to time 7002, 

indicating that the gesture does not meet tap criteria, which includes that the input ceases to 

remain on the touch-sensitive surface during the first predefined time period. As a result, the 

tap gesture recognizer transitions to the Failed state, and the commit gesture recognizer also 

transitions to the Failed State.  

[00227] In accordance with intensity profile 7114 in Figure 7K, the preview gesture 

recognizer transitions to the Recognized state during the gesture in response to the intensity 

of the input satisfying intensity input criteria, including that the input satisfies the second 

intensity threshold IM, and the input remaining on the touch-sensitive surface for the first 

predefined time period, and subsequently transitions to the Failed state in response to the 

input ceasing to remain on the touch-sensitive surface.  

[00228] In accordance with intensity profile 7112 in Figure 7K, the preview gesture 

recognizer transitions from the Possible state to the Failed state, without first transitioning 

to the Recognized state, since the intensity input criteria for preview gesture recognizer are 

not satisfied, even temporarily, by an input with intensity profile 7112.  
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[00229] Optionally, the reveal gesture recognizer transitions to the Recognized state 

in response to an input with either intensity profile 7112 or intensity profile 7114, since the 

intensity of the input exceeds the first intensity threshold IL and the input remains on the 

touch-sensitive surface for the first predefined time period. In some embodiments, not 

shown in Figure 7K, the reveal gesture recognizer transitions to the Canceled state in 

response to the input ceasing to remain on the touch-sensitive surface.  

[00230] In Figure 7L, the set of active gesture recognizers includes a reveal gesture 

recognizer (R), a preview gesture recognizer (P), a pan or scroll gesture recognizer (S) and a 

commit gesture recognizer (C). As shown in Figure 7L, distinct intensity thresholds, are 

associated with three of these gesture recognizers: a first intensity threshold IL is associated 

with the reveal gesture recognizer, a second intensity threshold IM is associated with the 

preview gesture recognizer, and a third intensity threshold IH is associated with the commit 

gesture recognizer.  

[00231] Figure 7L shows the position of a focus selector 707 positioned over a user 

interface object 708 or feature in user interface 706. The position of the focus selector 705 

corresponds to the position of a corresponding user input on a touch-sensitive surface (e.g., 

touch-sensitive surface 651 or a touch-sensitive surface of a touch-screen display 650, 

Figure 6B). Figure 7L also shows an input movement limit zone or input movement limit 

perimeter 714, shown as a dashed line circle or other shape surrounding the focus selector 

707. Typically, input movement limit perimeter 714 is not actually displayed, and instead 

input movement limit perimeter 714 represents an input movement limit utilized by one or 

more of the gesture recognizers. As shown in Figure 7L, the intensity of the user input does 

not satisfy any of the three intensity thresholds IL, IM and IH.  

[00232] When the input corresponding to focus selector 707 moves from the position 

shown in Figure 7L to the position shown in Figure 7M, the input has moved across the 

touch-sensitive surface by at least a predefined distance, as reflected by focus selector 707 

having moved at least partially past input movement limit perimeter 714. As a result, the 

graphical user interface 706 pans or scrolls by an amount corresponding to the distance 

moved by the input on the touch-sensitive surface. More generally, in response to the input 

moving across the touch-sensitive surface by at least the predefined distance, a second 

operation is performed. In some embodiments, the second operation includes scrolling at 

least a portion of the user interface.  
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[00233] Further, as shown in Figure 7M, in response to the input moving across the 

touch-sensitive surface by at least the predefined distance, the reveal gesture recognizer (R), 

preview gesture recognizer (P), and commit gesture recognizer (C) all transition to the 

Failed state, and the pan gesture recognizer (S) transitions to the Began state.  

[00234] In Figure 7N, the input continues to move across the touch-sensitive surface, 

as represented by further movement of focus selector 707, which is not completely outside 

input movement limit perimeter 714. In response to this movement of the input, the pan 

gesture recognizer (S) transitions to the Changed state and user interface 706 is further 

scrolled upwards compared with its position in Figure 7M.  

[00235] It is noted that intensity of the input in Figures 7L, 7M and 7N remains 

below the first intensity threshold IL. Consequences of the intensity of the input satisfying 

the first intensity threshold IL are addressed below in the discussion of Figures 70-7S and 

other subsequent figures.  

[00236] In Figure 70, after the input, as represented by focus selector 707, has 

already moved beyond the input movement limit perimeter 714 with an intensity that does 

not satisfy the first intensity threshold IL, the intensity of the input increases so as to satisfy 

the first intensity threshold IL, as shown in user input intensity graph 70. Satisfaction of the 

first intensity threshold IL is indicated by a changed appearance of focus selector 707.  

However, despite the user input now satisfying the first intensity threshold IL, the reveal 

gesture recognizer (R), preview gesture recognizer (P), and commit gesture recognizer (C) 

all remain in the Failed state, and the pan gesture recognizer (S) remains in the Changed 

state. It is noted that, typically, once a gesture recognizer transitions to the Failed state, it 

cannot transition to any other state, such as the Recognized state or Began State, until the 

user input ceases (i.e., until the user lifts their finger or stylus or other instrument off the 

touch-sensitive surface).  

[00237] In some circumstances, user interface 706 transitions from the state shown in 

Figure 7L to the state shown in Figure 7P, in response to the intensity of the input satisfying 

the first intensity threshold IL. prior to the user input moving across the touch-sensitive 

surface by at least the predefined distance. For example, in Figure 7P, the input has not 

moved or has remained at substantially the same location, since the initial contact with the 

touch-sensitive surface represented by Figure 7L. In response to the input satisfying 
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intensity input criteria including that the input satisfies the first intensity threshold, a first 

operation is performed. In this example, the first operation includes blurring user interface 

706, or transitioning user interface 706 to a blur state, excluding the user interface object 

708 corresponding to the position of the user input, which is not blurred.  

[00238] Furthermore, in some embodiments, in response to the input satisfying 

intensity input criteria including that the input satisfies the first intensity threshold, the 

preview gesture recognizer (P) transitions from the Possible state to the Began state, and 

performance of the first operation, discussed above, occurs in response to the preview 

gesture recognizer (P) transitioning to the Began state.  

[00239] Further, as shown in Figure 7P, in response to the input remaining at 

substantially its initial location (i.e., not moving across the touch-sensitive surface by at 

least the predefined distance) and the input satisfying intensity input criteria including that 

the input satisfies the first intensity threshold, the preview gesture recognizer (P), commit 

gesture recognizer (C), and the pan gesture recognizer (S) all remain in the Possible state.  

[00240] The input on the touch-sensitive surface represented by focus selector 707 in 

Figure 7P is sometimes called a first portion of the input, and the subsequent portion of the 

same input shown in Figure 7Q is sometimes called a second portion of the input. In some 

circumstances, discussed in more detail with respect to Figures 7P and 7Q and with respect 

to the flowchart illustrated in Figures 8A-8E, the first portion of the input is processed with 

a first gesture recognizer, for example, the reveal gesture recognizer, and the second portion 

of the input is processed with a second gesture recognizer, for example, the pan gesture 

recognizer.  

[00241] In Figure 7Q, after the preview gesture recognizer (P) transitions from the 

Possible state to the Began state (as discussed above with reference to Figure 7P), the input 

moves by an amount sufficient to satisfy pan criteria, including that the input has moved 

across the touch-sensitive surface by at least the predefined distance. In response to the 

input moving by an amount sufficient to satisfy pan criteria, user interface 706 is scrolled by 

an amount corresponding to the amount of movement of the input across the touch-sensitive 

surface, the reveal gesture recognizer (R) transitions to the Canceled state, the preview 

gesture recognizer (P) and commit gesture recognizer (C) transition to the Failed state, and 

the pan gesture recognizer (S) transitions to the Changed state. In some embodiments, the 
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transition of the pan gesture recognizer (S) to the Changed state is what causes, or enables, 

the scrolling of user interface 706, or at least a portion of user interface 706.  

[00242] Figure 7R corresponds to the Figure 7H, but with a pan gesture recognizer (S) 

in place of a tap gesture recognizer (T). In Figure 7R, the pan gesture recognizer (S) is in 

the Failed state due to a lack of movement of the input since its initial contact with the 

touch-sensitive surface and the transitioning of preview gesture recognizer (P) to the Began 

state (see Figure 7G) or Changed state (see Figures 7H and 7R). An arrow above focus 

selector 707 indicates that the input has begun to move, in this example in the upward 

direction indicated by the arrow.  

[00243] Further, it is noted that in Figure 7R, the input satisfies intensity input 

criteria including that the input satisfies the second intensity threshold IM, and as a result the 

preview gesture recognizer (P) has transitioned to the Began state (see Figure 7G) or 

Changed state (see Figures 7H and 7R).  

[00244] Figure 7S, which shows movement of the input and its corresponding focus 

selector 707 from the position shown in Figure 7R to the position shown in Figure 7S.  

Despite this movement of the input, which can be assumed for purposes of this discussion to 

be movement across the touch-sensitive surface by more than the predefined distance, the 

reveal gesture recognizer (R) and the preview gesture recognizer (P) remain in the Changed 

state, the commit gesture recognizer (C) remains in the Possible state and the pan gesture 

recognizer (S) remains in the Failed state. In some embodiments, the reason that the pan 

gesture recognizer (S) remains in the Failed state is that once a gesture recognizer 

transitions to the Failed state, it cannot transition to any other state, such as the Recognized 

state or Began State, until the user input ceases (i.e., until the user lifts their finger or stylus 

or other instrument off the touch-sensitive surface).  

[00245] In some embodiments, in conjunction with displaying preview area 712 (e.g., 

in response to displaying preview area 712), a (new) second pan gesture recognizer is 

initiated for preview area 712. Thus, in such embodiments, although the pan gesture 

recognizer (S) is in the Failed state, preview area 712 responds to a pan gesture (e.g., 

preview area 712 is moved across display 650 in accordance with the pan gesture, using the 

second pan gesture recognizer, independent of mail application user interface 706 such that 

mail application user interface 706 remains stationary while preview area 712 is moved 
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across display 650, which is different from the scroll operation associated with the pan 

gesture recognizer (S) as shown in Figures 70-7P).  

[00246] Figure 7T is similar to Figure 7A, except that the tap gesture recognizer (T) 

has been replaced by a long press gesture recognizer (L), and focus selector 709 has 

replaced focus selector 705. The intensity of the input corresponding to focus selector 709 

does not satisfy (e.g., is below) the first intensity threshold IL, and the amount of time that 

has elapsed since the initial contact of the input with the touch-sensitive surface is less than 

a first predefined time period corresponding to time 7116.  

[00247] Figure 7U shows that the input has remained in contact with the touch

sensitive surface for the first predefined time period, corresponding to time 7116, and has 

remained at an intensity that does not satisfy (e.g., is below) the first intensity threshold IL.  

In some embodiments, as shown in Figure 7U, in accordance with a determination that the 

input satisfies long press criteria including that the input remains below the first intensity 

threshold during the first predefined time period, the long press gesture recognizer 

transitions to the Began state, and the reveal gesture recognizer (R), the preview gesture 

recognizer (P) and the commit gesture recognizer (C) transition to the Failed state.  

[00248] Furthermore, in some embodiments, as shown in Figure 7U, in accordance 

with the determination that the input satisfies long press criteria including that the input 

remains below the first intensity threshold during the first predefined time period, a second 

operation is performed. In the example shown in Figure 7U, the second operation includes 

displaying a menu 716 of items related to the object 708 corresponding to a current position 

of the focus selector 709.  

[00249] Figure 7V shows a change in user interface 706 from the view shown in 

Figure 7T, in response to an input that satisfies intensity input criteria, including that the 

input satisfies a first intensity threshold (e.g., IL) during a first predefined time period (e.g., 

the time period ending at time 7116). As shown in Figure 7V, intensity of the input has 

increased above the first intensity threshold IL. In response, the reveal gesture recognizer (R) 

transitions from the Possible state, as shown in Figure 7T, to the Began state, as shown in 

Figure 7V. In some embodiments, in response to the input satisfying intensity input criteria 

including that the input satisfies the first intensity threshold, a first operation is performed.  

In this example, the first operation includes blurring user interface 706, or transitioning user 
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interface 706 to a blur state, excluding the user interface object 708 corresponding to the 

position of the user input, which is not blurred.  

[00250] Figure 7W shows a change in user interface 706 from the view shown in 

Figure 7V, in response to an input that satisfies intensity input criteria, including that the 

input remains below a second intensity threshold (e.g., IM) during a first predefined time 

period (e.g., the time period ending at time 7116). In some embodiments, in accordance 

with a determination that the input satisfies long press criteria including that the input 

remains below the second intensity threshold during the first predefined time period, a 

second operation is performed. In the example shown in Figure 7W, the second operation 

includes displaying a menu 716 of items related to the object 708 corresponding to a current 

position of the focus selector 709.  

[00251] Figure 7X shows a change in user interface 706 from the view shown in 

Figure 7V, in response to an input that satisfies intensity input criteria, including that the 

input satisfies a second intensity threshold (e.g., IM) during a first predefined time period 

(e.g., the time period ending at time 7116). In some embodiments, in accordance with a 

determination that the input satisfies intensity input criteria including that the input satisfies 

the second intensity threshold during the first predefined time period, a third operation is 

performed. In the example shown in Figure 7X, the third operation is displaying a preview 

712 of information corresponding to the user interface object 708 over which the focus 

selector 709 is positioned. Furthermore, in some embodiments, in accordance with a 

determination that the input satisfies intensity input criteria including that the input satisfies 

the second intensity threshold during the first predefined time period, the preview gesture 

recognizer (P) transitions to the Began state and the long press gesture recognizer (L) 

transitions to the Failed state. In some embodiments, the transition of the preview gesture 

recognizer (P) transitions to the Began state causes the long press gesture recognizer (L) to 

transition to the Failed state.  

[00252] Figure 7Y shows user interface 706 after the long press gesture recognizer 

has already transitioned to the Failed state, and the input has continued to satisfy a first (or 

second) intensity threshold during the first predefined time period (e.g., the time period 

ending at time 7116).  
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[00253] Despite the continuation of the input through the first predefined time period, 

the long press gesture recognizer (L) remains in the failed state. Further, in this example, the 

reveal gesture recognizer (R) remains in the Changed state, the preview gesture recognizer 

(P) transitions to the Changed state, and the commit gesture recognizer (C) remains in the 

Possible state. In some embodiments, the reason that the long press gesture recognizer (L) 

remains in the Failed state is that once a gesture recognizer transitions to the Failed state, it 

cannot transition to any other state, such as the Recognized state or Began State, until the 

user input ceases (i.e., until the user lifts their finger or stylus or other instrument off the 

touch-sensitive surface).  

[00254] Figure 7Z shows a change in user interface 706 from the view shown in 

Figure 7T, in response to an input that fails to satisfy a first intensity threshold during a first 

predefined time period (e.g., the time period ending at time 7116), and ceases to remain on 

the touch-sensitive surface during the first predefined time period. In response to the input 

that fails to satisfy a first intensity threshold during a first predefined time period, and 

ceases to remain on the touch-sensitive surface during the first predefined time period, the 

reveal gesture recognizer (R), the preview gesture recognizer (P), the commit gesture 

recognizer (C), and the long press gesture recognizer (L) all transition to the Failed state.  

[00255] Figure 7AA shows a view of user interface 706 similar to the view shown in 

Figure 7L, except that the pan gesture recognizer (S) has been replaced by the long press 

gesture recognizer (L), and focus selector 707 has been replaced by focus selector 709.  

Figure 7AA, like Figure 7L, shows an input movement limit zone or input movement limit 

perimeter 714, shown as a dashed line circle or other shape surrounding focus selector 709.  

Typically, input movement limit perimeter 714 is not actually displayed, and instead input 

movement limit perimeter 714 represents an input movement limit utilized by one or more 

of the gesture recognizers.  

[00256] Figure 7BB shows a change in user interface 706 from the view shown in 

Figure 7AA. When the input corresponding to focus selector 709 moves from the position 

shown in Figure 7AA to the position shown in Figure 7BB, the input has moved across the 

touch-sensitive surface by at least a predefined distance, as reflected by focus selector 709 

having moved at least partially past input movement limit perimeter 714. As a result, the 

graphical user interface 706 pans or scrolls by an amount corresponding to the distance 

moved by the input on the touch-sensitive surface. More generally, in response to the input 
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moving across the touch-sensitive surface by at least the predefined distance, a second 

operation is performed. In some embodiments, the second operation includes scrolling at 

least a portion of the user interface.  

[00257] Further, as shown in Figure 7AA, in response to the input moving across the 

touch-sensitive surface by at least the predefined distance, the reveal gesture recognizer (R), 

the preview gesture recognizer (P), the commit gesture recognizer (C) and the long press 

gesture recognizer (L) all transition to the Failed state.  

[00258] Figure 7CC shows a change in user interface 706 from the view shown in 

Figure 7BB. In Figure 7CC, after the preview gesture recognizer (P), the commit gesture 

recognizer (C) and the long press gesture recognizer (L) have all transitioned to the Failed 

state, the intensity of the input either increases so as to satisfy the first predefined threshold 

IL or even the first predefined threshold IM, as indicated by intensity profile 7118, or the 

input remains in contact with the touch sensitive screen, but below the first intensity 

threshold, during the first predefined time period (e.g., the time period ending at time 7116), 

as indicated by intensity profile 7120. In either circumstance, the reveal gesture recognizer 

(R), the preview gesture recognizer (P), the commit gesture recognizer (C) and the long 

press gesture recognizer (L) all remain in the Failed state. In some embodiments, the reason 

that reveal gesture recognizer (R), the preview gesture recognizer (P), the commit gesture 

recognizer (C) and the long press gesture recognizer (L) all remain in the Failed state is that 

once a gesture recognizer transitions to the Failed state, it cannot transition to any other 

state, such as the Recognized state or Began State, until the user input ceases (i.e., until the 

user lifts their finger or stylus or other instrument off the touch-sensitive surface).  

[00259] Figure 7DD shows a view of user interface 706 similar to the view shown in 

Figure 7T, except that the pan gesture recognizer (S) has been replaced by the tap gesture 

recognizer (T), and focus selector 711 is located on email address 718. When the long press 

gesture recognizer (L) is used without a pan gesture recognizer (S) (e.g., the long press 

gesture recognizer (L) is the only gesture recognizer associated with the email address, or 

the long press gesture recognizer (L) and one or more other gesture recognizers, other than 

the pan gesture recognizer (S), are associated with the email address), a time period ending 

at time 7122 is used instead of a time period ending at time 7116, in determining whether 

the long press gesture recognizer (L) should transition to another state, such as the Began 

state.  
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[00260] In Figure 7EE, in accordance with the determination that the input remains 

on the touch-sensitive surface during the time period ending at time 7122, a predefined 

operation of displaying menu 716 of items related to object 718 is performed regardless of 

whether the input remains on the touch-sensitive surface for the entire duration of the time 

period ending at time 7116.  

[00261] Figure 7FF shows that intensity 7204 of focus selector 713 is detected and 

sent to application-independent module 220. In response to receiving intensity 7204, 

application-independent module 7220 sends one or more event objects 194 to application

specific module 230.  

[00262] Event object 194 includes characteristic intensity 7206 that is based on 

detected intensity 7204. In some embodiments, event object 1904 also includes reference 

intensity 7208. For example, in some embodiments, characteristic intensity 7206 is a 

normalized intensity value that corresponds to detected intensity 7204 divided by reference 

intensity 7208. In some embodiments, reference intensity 7208 corresponds to a maximum 

intensity that can be detected by the one or more intensity sensors. In some embodiments, 

reference intensity 7208 is a predefined intensity level for normalizing detected intensity 

7204. Characteristic intensity 7206 typically has a range between 0 and 1. Because 

application-specific module 230 receives characteristic intensity 7206 instead of detected 

intensity 7204, application-specific module 230 is configured to receive and respond to 

intensity information that is independent from variations among intensity sensors. Thus, 

application-specific module 230 does not need to include instructions for handling 

variations among intensity sensors, and therefore, the size of the application-specific 

module 230 is reduced, and the performance of the application-specific module 230 is 

improved.  

[00263] In some embodiments, when sensitivity 7210 is set, characteristic intensity 

7206 is multiplied by sensitivity value 7210. In some embodiments, sensitivity 7210 has a 

default value of 1. However, for example, when sensitivity 7210 has a value of 2, 

characteristic intensity 7206 is doubled.  

[00264] In Figure 7GG, an exemplary settings user interface is shown on display 650.  

The settings user interface shown in Figure 7GG includes area 720 with multiple intensity 

settings (e.g., low, medium, and high intensity settings). User input intensity graph 702 in 
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Figure 7GG shows that characteristic intensity 7304, which follows detected intensity 7302, 

is used when the low sensitivity setting is selected. To facilitate the comparison of intensity 

values, a reference intensity of 1 is used for user input intensity graph 702 in Figure 7GG.  

When the medium setting is selected, characteristic intensity 7306, which has a higher 

intensity value than characteristic intensity 7304 (e.g., characteristic intensity 7306 is two 

times characteristic intensity 7304), is used; and, when the high setting is selected, 

characteristic intensity 7308, which has a higher intensity value than characteristic intensity 

7306 (e.g., characteristic intensity 7308 is three times characteristic intensity 7304), is used.  

[00265] Figure 7HH is similar to Figure 7GG, except that the settings user interface 

includes area 722 with a plurality of intensity setting options (e.g., more than three levels of 

intensity setting options). Although there are more than three levels of intensity setting 

options, user input intensity graph 702 in Figure 7HH shows three levels of characteristic 

intensity lines (e.g., 7304, 7306, and 7308) so as not to obscure the understanding of user 

input intensity graph 702.  

[00266] Figure 711 shows that multiple focus selectors (e.g., 715 and 717) are 

concurrently detected, and intensities of respective focus selectors are separately determined.  

Application -independent module 220 receives intensity 7204 of focus selector 715 and 

intensity 7212 of focus selector 717, and sends respective event objects 194 and 7194 to 

application-specific module 230. Event object 194 corresponds to focus selector 715 and 

includes characteristic intensity 7206 of focus selector 715 as well as reference intensity 

7208. The same reference intensity 7208 is used to normalize intensities of multiple touches.  

Thus, event object 7194, corresponding to focus selector 717, also includes the same 

reference intensity 7208 as well as characteristic intensity 7214 of focus selector 717 in 

event object 194.  

[00267] Figure 7JJ shows a depinch gesture by focus selectors 715 and 717 on mail 

application user interface 706. In Figure 7JJ, state machines 704 for gesture recognizers 

show that mail application user interface 706 is associated with two pinch gesture 

recognizers: a first pinch gesture recognizer (N1) for which a first intensity threshold (e.g., Ii) 

is specified (e.g., by e-mail client module 140 in Figure 1A) and a second pinch gesture 

recognizer (N 2) for which an intensity threshold is not specified (e.g., by e-mail client 

module 140 in Figure 1A).  
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[00268] User input intensity graph 702 in Figure 7KK shows that the pinch or 

depinch gesture by focus selectors 715 and 717 satisfies the intensity threshold I1. In 

response, the first pinch gesture recognizer (N1 ) transitions to the Recognized state and a 

corresponding operation (e.g., displaying mail application user interface 724, showing an 

inbox view) is performed. In addition, the second pinch gesture recognizer (N2) transitions 

to the Failed state (e.g., because the first pinch gesture recognizer (N1) has transitioned to 

the Recognized state).  

[00269] User input intensity graph 702 in Figure 7LL shows a case in which the 

pinch or depinch gesture by focus selectors 715 and 717 does not satisfy the intensity 

threshold I1. In response, the second pinch gesture recognizer (N 2) transitions to the 

Recognized state and a corresponding operation (e.g., displaying a zoomed-in view) is 

performed. In addition, the first pinch gesture recognizer (Ni) transitions to the Failed state 

(e.g., because the second pinch gesture recognizer (N2) has transitioned to the Recognized 

state).  

[00270] In Figure 7MM, state machines 704 show that mail application user interface 

706 is associated with the two pinch gesture recognizers (Ni) and (N2), and a two-finger pan 

gesture recognizer (2S) for which a second intensity threshold (e.g., 12) is specified (e.g., by 

e-mail client module 140 in Figure 1A). Figure 7MM also shows a two-finger pan gesture 

by focus selectors 719 and 721 on mail application user interface 706.  

[00271] User input intensity diagram 702 in Figure 7NN shows that the two-finger 

pan gesture satisfies the second intensity threshold. The two-finger pan gesture recognizer 

(2S) transitions to the Began state, and a corresponding operation (e.g., overlaying review 

window 726 showing a review of the linked website on mail application user interface 706) 

is performed. The first pinch gesture recognizer (N1 ) and the second pinch gesture 

recognizer (N 2) transition to the Failed state (e.g., because the two-finger pan gesture 

recognizer (2S) has transitioned to the Recognized state).  

[00272] Figure 700 shows browser application user interface 710 and a depinch 

gesture by focus selectors 723 and 725 on an address window of browser application user 

interface 710. State machines 704 for gesture recognizers in Figure 700 show that the 

address window of browser application user interface 710 is associated with a third pinch 

gesture recognizer (N 3) for which a third intensity threshold (e.g., 13) is specified (e.g., by 

79



1001522024 

browser module 147 in Figure 1A). User input intensity graph 702 in Figure 700 shows 

that the intensity of focus selectors 723 and 725 satisfy the third intensity threshold 13, and 

the third pinch gesture recognizer (N 3) has transitioned to the Began state. The first pinch 

gesture recognizer (N1) and the second pinch gesture recognizer (N2) remain in the Possible 

state, because the third pinch gesture recognizer (N3) is not associated with the view, which 

corresponds to the first pinch gesture recognizer (N1) and the second pinch gesture 

recognizer (N 2).  

[00273] Figure 7PP shows that focus selectors 723 and 725 cease to be detected.  

However, because focus selectors 723 and 725 have satisfied the third intensity threshold 13, 

the third pinch gesture recognizer (N 3) has transitioned to the Recognized state, and a 

corresponding operation (e.g., displaying tabs management view 728) is performed.  

[00274] User input intensity graph 702 in Figure 7QQ shows a case in which the 

intensity of focus selectors 723 and 725 does not satisfy the third intensity threshold (e.g., 

13). Thus, the third pinch gesture recognizer (N 3) transitions to the Failed state, and no 

action associated with the third pinch gesture recognizer is performed (e.g., tabs 

management view 728 shown in Figure 7PP is not displayed).  

[00275] Figure 7RR shows focus selector 727 over user interface object 708 of mail 

application user interface 706.  

[00276] User input intensity graph 702 in Figure 7RR shows first timing criteria (e.g., 

an input needs to remain on the touch-sensitive surface for a period ending at time 7124) 

and first intensity input criteria (e.g., an input needs to satisfy an intensity threshold IL at 

time 7124 or thereafter), both of which need to be satisfied for performing a first predefined 

operation (e.g., dimming or blurring at least a portion of the user interface to provide a hint 

of an impending display of a preview window, or alternatively, displaying a preview 

window).  

[00277] In Figure 7RR, an input that follows intensity pattern 7126 satisfies both the 

first timing criteria (because the input remains on at least for a time period ending at time 

7124) and the first intensity input criteria (because the input satisfies the intensity threshold 

IL at time 7124). Thus, the first predefined operation (e.g., dimming or blurring at least a 

portion of the user interface to provide a hint of an impending display of a preview window) 

is performed at time 7124.  
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[00278] An input that follows intensity pattern 7128 satisfies both the first timing 

criteria (because the input remains on at least for a time period ending at time 7124) and the 

first intensity input criteria (because intensity of the input increases and satisfies the 

intensity threshold IL after time 7124). Thus, the first predefined operation (e.g., dimming or 

blurring at least a portion of the user interface to provide a hint of an impending display of a 

preview window) is performed when intensity of the input satisfies the intensity threshold IL.  

[00279] An input that follows intensity pattern 7130 does not satisfy the first intensity 

input criteria, because intensity of the input does not satisfy the intensity threshold IL at any 

time. Although the first timing criteria are satisfied (because the input remains on the touch

sensitive surface at least for a period ending at time 7124), the first predefined operation 

(e.g., dimming or blurring at least a portion of the user interface to provide a hint of an 

impending display of a preview window) is not performed.  

[00280] For an input that follows intensity pattern 7131 or intensity pattern 7132, 

although its input satisfies the intensity threshold IL, the input does not satisfy the first 

intensity input criteria, because intensity of the input does not satisfy the intensity threshold 

IL at or subsequent to time 7124. The first timing criteria are not satisfied, because the input 

does not remain on the touch-sensitive surface at least for a period ending at time 7124.  

Thus, the first predefined operation (e.g., dimming or blurring at least a portion of the user 

interface to provide a hint of an impending display of a preview window) is not performed.  

[00281] In some embodiments, because the input following intensity pattern 7132 is 

released before time 7134, a different operation (e.g., a tap gesture operation) is performed 

if the different operation is associated with user interface object 708. However, the input 

following intensity pattern 7131 is released after time 7134, the tap gesture operation is not 

performed in response to the input following intensity pattern 7131. In some embodiments, 

time 7134 corresponds to time 7002 shown in Figure 7B.  

[00282] Figure 7SS shows mail application user interface 706, which is at least 

partially dimmed or blurred. In some embodiments, the partial dimming or blurring 

provides a visual cue indicating that a further increase in intensity of the input will initiate 

display of a preview window.  

[00283] User input intensity graph 702 in Figure 7TT shows second timing criteria 

(e.g., an input needs to remain on the touch-sensitive surface for a period ending at time 
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7136) and second intensity input criteria (e.g., an input needs to satisfy an intensity 

threshold IM at time 7136 or thereafter), both of which need to be satisfied for performing a 

second predefined operation (e.g., displaying a preview window). In some embodiments, 

time 7136 is distinct from time 7124, as shown in Figure 7TT. In some embodiments, time 

7136 and time 7124 are identical.  

[00284] An input that follows intensity pattern 7128 satisfies both the second timing 

criteria (because the input remains on the touch-sensitive surface at least for a time period 

ending at time 7136) and the second intensity input criteria (because intensity of the input 

increases and satisfies the intensity threshold IM after time 7136). Thus, the second 

predefined operation (e.g., displaying preview window 712) is performed when intensity of 

the input satisfies the intensity threshold IM.  

[00285] An input that follows intensity pattern 7138 satisfies both the second timing 

criteria (because the input remains on the touch-sensitive surface at least for a time period 

ending at time 7136) and the second intensity input criteria (because the input satisfies the 

intensity threshold IM at time 7136). Thus, the second predefined operation (e.g., displaying 

a preview window 712) is performed at time 7136.  

[00286] However, an input that follows intensity pattern 7140 does not satisfy the 

second intensity input criteria, because the input does not satisfy the intensity threshold IM 

at any time. Although the input satisfies the second timing criteria (e.g., the input remains 

on the touch-sensitive surface for a time period ending at time 7136), because the second 

intensity input criteria are not satisfied, the second predefined operation (e.g., displaying a 

preview window 712) is not performed.  

[00287] An input that follows intensity pattern 7142 does not satisfy the second 

intensity input criteria. Although intensity of the input temporarily satisfies the intensity 

threshold IM, the intensity of the input decreases below the intensity threshold IM before 

time 7136. Because the input does not satisfy the intensity threshold IM at time 7136 or 

thereafter, the second intensity input criteria are not satisfied. Although the input satisfies 

the second timing criteria (e.g., the input remains on the touch-sensitive surface for a time 

period ending at time 7136), because the second intensity input criteria are not satisfied, the 

second predefined operation (e.g., displaying a preview window 712) is not performed.  
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[00288] User input intensity graph 702 in Figure 7UU shows that, in some 

embodiments, when intensity of the input decreases below a reference intensity IR, the 

timing criteria are reset (e.g., instead of starting the time period from when the initial 

contact is detected, the time period restarts from when the intensity of the input decreases 

below the reference intensity). For example, in Figure 7UU, the input remains on the touch

sensitive surface for a time period ending at time 7124 and the intensity of the input at time 

7124 satisfies the intensity threshold IL. However, the first predefined operation is not 

performed at time 7124, because the first timing criteria are reset when the intensity of the 

input falls below the reference intensity IR at time 7146. The first timing criteria are 

satisfied after the input remains on the touch-sensitive surface for time period pl ending at 

time 7148, and the first intensity input criteria are satisfied at time 7148, because the input 

satisfies the intensity threshold IL at time 7148. Thus, the first predefined operation (e.g., 

dimming or blurring at least a portion of the user interface to provide a hint of an impending 

display of a preview window) is performed at time 7148.  

[00289] In some embodiments, the reference intensity IR is determined by using a 

representative intensity (e.g., a peak intensity) of the input and an intensity margin Imargin.  

For example, the reference intensity corresponds to the intensity margin Imargin below the 

representative intensity (e.g., the peak intensity) of the input.  

[00290] User input intensity graph 702 in Figure 7VV shows that when intensity of 

the input decreases below a first reference intensity IRI, which corresponds to the intensity 

margin Imargin below the representative intensity (e.g., the peak intensity) of the input. In 

some embodiments, when the intensity of the input decreases below the first reference 

intensity IRI, the first timing criteria are reset and a new (second) reference intensity IR2 is 

determined so that the second reference intensity IR2 corresponds to the intensity margin 

Margin below the first reference intensity IRI. When the intensity of the input decreases even 

below the second reference intensity IR2 at time 7150, the first timing criteria are again reset, 

and the first time period p1 ends at time 7152. The first timing criteria are satisfied, because 

the input remains on the touch-sensitive surface through the end of first time period p 1 at 

time 7152, and the first intensity input criteria are satisfied, because the input satisfies the 

intensity threshold IL at the end of the first time period p 1 at time 7152. Thus, the first 

predefined operation (e.g., dimming or blurring at least a portion of the user interface to 

provide a hint of an impending display of a preview window) is performed at time 7152.  
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[00291] Although Figures 7UU and 7VV illustrate resetting the first timing criteria, 

in some embodiments, the second timing criteria are reset in an analogous manner. For 

brevity, such details are omitted herein.  

[00292] Figure 7WW shows focus selector 729 over user interface object 708 of mail 

application user interface 706.  

[00293] User input intensity graph 702 in Figure 7WW shows first intensity threshold 

component 7154 for a predefined operation (e.g., replacing display of mail application user 

interface 706 with browser application user interface 710). First intensity threshold 

component 7154 has initially high value IH and decays over time, which reduces the chance 

of immediately performing the predefined operation with an unintentionally strong input 

during an initial time period. However, this does not prevent the predefined operation 

completely. If the input has a sufficient intensity, it can still satisfy first intensity threshold 

component 7154 and initiate the predefined operation. By decaying (e.g., reducing) first 

intensity threshold component 7154 over time, it becomes easier to perform the predefined 

operation after the input remains on the touch-sensitive surface for a while.  

[00294] In Figure 7WW, an input following intensity pattern 7156 satisfies first 

intensity threshold component 7154, and initiates performance of the predefined operation 

(e.g., replacing display of mail application user interface 706 with browser application user 

interface 710).  

[00295] An input following intensity pattern 7158 (e.g., a short strong tap gesture) 

does not satisfy first intensity threshold component 7154, because the intensity of the input 

quickly drops and the input is released before first intensity threshold component 7154 

begins to decay.  

[00296] In some embodiments, first intensity threshold component 7154 begins to 

decay immediately from an initial detection of the input. In some embodiments, first 

intensity threshold component 7154 begins to decay after a predefined time interval p3 from 

the initial detection of the input, as shown in Figure 7WW.  

[00297] User input intensity graph 702 in Figure 7XX shows that when the intensity 

of the input falls below the reference intensity IR at time 7162, first intensity threshold 

component 7164 begins the decay at time 7162, even before the predefined time interval p3 

has elapsed. Thus, in Figure 7XX, an input following intensity pattern 7160 satisfies first 
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intensity threshold component 7164, and the predefined operation (e.g., replacing display of 

mail application user interface 706 with browser application user interface 710) is 

performed.  

[00298] Figure 7YY illustrates activation intensity threshold 7170, which is a sum of 

first intensity threshold component 7154 (described above with respect to Figure 7WW) and 

second intensity threshold component 7168. As shown in Figure 7YY, second intensity 

threshold component 7168 follows intensity of input 7166 with a delay. Second intensity 

threshold component 7168 reduces unintentional triggering of the predefined operation due 

to minor fluctuations in the intensity of input 7166 over time. For example, gradual changes 

in the intensity of input 7166 are less likely to trigger the predefined operation. In Figure 

7YY, input 7166 satisfies activation intensity threshold 7170 at time 7167, and the 

predefined operation (e.g., replacing display of mail application user interface 706 with 

browser application user interface 710) is performed at time 7167.  

[00299] Figure 7ZZ illustrates activation intensity threshold 7174, which is similar to 

activation intensity threshold 7170 (in Figure 7YY) except that a first intensity threshold 

component of activation intensity threshold 7174 begins to decay at time 7176, which 

corresponds to a predefined time interval p3 after time 7124 when the first and second 

predefined operations are performed. In Figure 7ZZ, input 7172 satisfies activation intensity 

threshold 7174 at time 7173, and the predefined operation (e.g., replacing display of mail 

application user interface 706 with browser application user interface 710) is performed at 

time 7173.  

[00300] Figure 7AAA illustrates activation intensity threshold 7180, which decays 

over time, while input 7178 satisfies the intensity threshold IM (and the second predefined 

operation is performed). The intensity of input 7178 decreases below the intensity threshold 

IM and IL, which in some embodiments does not undo the second predefined operation.  

Because activation intensity threshold 7180 has decayed significantly over time, an increase 

in the intensity of input 7178 satisfies activation intensity threshold 7180 at time 7179, even 

though activation intensity threshold 7180 is below the intensity threshold IM.  

[00301] Figure 7BBB shows the same activation intensity threshold 7180 and input 

7178 shown in Figure 7AAA. Figure 7BBB also shows that activation intensity threshold 

7180 does not fall below baseline threshold 7182, which reduces unintentional triggering of 
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the predefined operation (e.g., replacing display of mail application user interface 706 with 

browser application user interface 710).  

[00302] Figures 8A-8E are flow diagrams illustrating method 800 of disambiguating 

a long press input and a deep press input in accordance with some embodiments. Method 

800 is performed at an electronic device (e.g., device 300, Figure 3, or portable 

multifunction device 100, Figure 1A) with a display, a touch-sensitive surface, and one or 

more sensors to detect intensity of contacts with the touch-sensitive surface. In some 

embodiments, the display is a touch-screen display and the touch-sensitive surface is on or 

integrated with the display. In some embodiments, the display is separate from the touch

sensitive surface (e.g., the touch-sensitive surface is a trackpad). Some operations in method 

800 are, optionally, combined and/or the order of some operations is, optionally, changed.  

[00303] As described below, method 800 provides an enhanced way to process touch 

inputs with instructions. Method 800 improves efficiency in processing touch inputs.  

[00304] The device displays (802) a first user interface. While displaying the first 

user interface, the device detects (804) an input on the touch-sensitive surface. Examples of 

the first user interface and responses to the input on the touch-sensitive surface are 

described above with reference to Figures 7T through 7CC. In some embodiments, the first 

user interface includes a plurality of user interface objects, the input is detected while a 

focus selector (e.g., focus selector 709, Figure 7T) is over a first user interface object (e.g., 

object 708, Figure 7T) of the plurality of user interface objects, and the first user interface 

object is associated with at least a first gesture recognizer (e.g., a preview gesture 

recognizer) and a second gesture recognizer (e.g., a long press gesture recognizer).  

[00305] In response to detecting the input (808) while displaying the first user 

interface, the device performs (810) a first operation (e.g., blurring a user interface, as 

shown in Figure 7D and 7V) in accordance with a determination that the input satisfies 

intensity input criteria including that the input satisfies a first intensity threshold during a 

first predefined time period. On the other hand, in response to detecting the input (808) 

while displaying the first user interface, the device performs (812) a second operation (e.g., 

displaying a menu or menu view 716, Figure 7U) that is distinct from the first operation in 

accordance with a determination that the input satisfies long press criteria including that the 

input remains below the first intensity threshold during the first predefined time period. As 
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noted above, in some embodiments the second operation includes displaying (830) a menu 

or menu view (e.g., menu view 716, Figure 7U).  

[00306] In some embodiments, the intensity input criteria include (840) that the input 

(while remaining in contact with the touch-sensitive surface) does not move across the 

touch-sensitive surface by more than a predefined distance (e.g., as discussed above with 

reference to input movement limit perimeter 714 in Figures 7L - 7Q, and 7AA - 7CC), and 

the long press criteria include (842) that the contact in the input does not move across the 

touch-sensitive surface by more than the predefined distance.  

[00307] In some embodiments, method 800 includes, in accordance with a 

determination that the input does not satisfy the intensity input criteria and does not satisfy 

the long press criteria, forgoing (814) the first operation and the second operation.  

[00308] In some embodiments, detecting (804) the input on the touch-sensitive 

surface includes detecting (806, 850) a first portion of the input and a second portion of the 

input that is subsequent to the first portion of the input. Furthermore, in some such 

embodiments, method 800 includes, in response (852) to detecting the first portion of the 

input on the touch-sensitive surface (e.g., detecting an initial contact of the input with the 

touch-sensitive surface), identifying a first set of gesture recognizers that correspond to at 

least the first portion of the input as candidate gesture recognizers, the first set of gesture 

recognizers including a first gesture recognizer (e.g., a preview gesture recognizer) and a 

second gesture recognizer (e.g., a long press gesture recognizer).  

[00309] Further, in the aforementioned embodiments, in response to detecting the 

second portion of the input on the touch-sensitive surface, the device performs (854) the 

first operation, including processing the input with the first gesture recognizer (e.g., the 

preview gesture recognizer) in accordance with the determination that the input satisfies the 

intensity input criteria. In some embodiments, the first intensity threshold (e.g., IM in Figure 

7T) is distinct from an input detection intensity threshold (e.g., IL in Figure 7T). In some 

embodiments, processing of the input with the first gesture recognizer also requires a 

determination that the second gesture recognizer does not recognize a gesture that 

corresponds to the input. In some embodiments, processing of the input with the first 

gesture recognizer also requires a determination that the second gesture recognizer has 

failed to recognize a gesture that corresponds to the input (i.e., that the second gesture 
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recognizer has transitioned to the Failed state, as discussed above with reference to Figures 

7X and 7Y).  

[00310] Further, in the aforementioned embodiments, in response to detecting the 

second portion of the input on the touch-sensitive surface, the device performs (854) the 

second operation, including processing the input with the second gesture recognizer (e.g., 

with the long press gesture recognizer(L), Figures 7T-7U) in accordance with the 

determination that the input satisfies the long press criteria. In some embodiments, 

processing of the input with the second gesture recognizer also requires a determination that 

the first gesture recognizer has failed to recognize a gesture that corresponds to the input 

(e.g., the intensity of the input detected by the one or more sensors does not satisfy the first 

intensity threshold during the predefined time period). In the example discussed above with 

respect to Figure 7U, the preview gesture recognizer has transitioned to the Failed state in 

accordance with a determination by the device that the intensity of the input detected by the 

one or more sensors does not satisfy the first intensity threshold (e.g., IM, Figure 7U) during 

the predefined time period (e.g., the time period ending at time 7116, Figure 7U).  

[00311] As indicated above, in some embodiments the first gesture recognizer (e.g., 

the preview gesture recognizer) is an intensity-based gesture recognizer and the second 

gesture recognizer is a long press gesture recognizer (860). In some embodiments, the 

second gesture recognizer (e.g., the long press gesture recognizer) recognizes a particular 

type or set of gestures independent of intensity of the input.  

[00312] In some embodiments or circumstances, the input includes (862) a third 

portion of the input that is subsequent to the second portion of the input, and method 800 

includes processing the third portion of the input with the first gesture recognizer. In some 

embodiments, in accordance with a determination that the input ceases to satisfy the first 

intensity threshold, the device displays the preview area at a reduced scale (e.g., reduces the 

size of the preview area), an example of which is shown in the transition from the user 

interface of Figure 7H to the user interface of Figure 7J (i.e., without transitioning through 

the user interface of Figure 71).  

[00313] In some embodiments, the first set of gesture recognizers includes (864) a 

third gesture recognizer, such as a reveal gesture recognizer (e.g., gesture recognizer (R) in 

Figures 7A-7CC).  
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[00314] In some embodiments, in response to determining that the input satisfies 

(866) a second intensity threshold (e.g., a commit intensity threshold IH that is higher than 

the first intensity threshold IM), the method includes, subsequent to performing the first 

operation, processing the input with the first gesture recognizer, including replacing display 

of the first user interface (e.g., user interface 706, Figure 7H) with a second user interface 

(e.g., user interface 710, Figure 71), and ceasing to display the preview area (e.g., preview 

area 712, Figure 7H). In some embodiments, the second user interface includes content that 

was displayed in the preview area.  

[00315] In some embodiments, the first set of gesture recognizers includes (868) a 

fourth gesture recognizer (e.g., a commit gesture recognizer (C), as shown in Figures 7A 

7CC), and method 800 includes, in response to determining (870) that the input satisfies a 

second intensity threshold (e.g., a commit intensity threshold IH that is higher than the first 

intensity threshold IM), processing the input with the fourth gesture recognizer (e.g., the 

commit gesture recognizer). In some embodiments, processing the input with the fourth 

gesture recognizer includes replacing display of the first user interface with a second user 

interface (and ceasing to display the preview area), for example replacing display of user 

interface 706, Figure 7H, with user interface 710, Figure 71, and ceasing to display preview 

area 712, Figure 7H.  

[00316] In some embodiments, method 800 includes detecting (872) a second input 

on the touch-sensitive surface, including detecting a first portion of the second input and a 

second portion of the second input that is subsequent to the first portion of the second input.  

For example, this may occur while the device is displaying the first user interface or a third 

user interface that is distinct from the first user interface and the second user interface.  

[00317] In response to detecting (872) the first portion of the second input on the 

touch-sensitive surface, the method includes identifying (874) a second set of gesture 

recognizers that correspond to at least the first portion of the second input, the second set of 

gesture recognizers including the second gesture recognizer (e.g., the long press gesture 

recognizer) without the first gesture recognizer (e.g., the preview gesture recognizer). For 

example, the second input may be positioned over an object for which the first gesture 

recognizer is not relevant.  
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[00318] Furthermore, in some embodiments, method 800 includes, in response to 

detecting (876) the second portion of the second input on the touch-sensitive surface, in 

accordance with a determination that the second input satisfies second long press criteria 

including that the second input remains on the touch-sensitive surface for a second 

predefined time period that has a different duration from the first predefined time period 

(e.g., a longer duration or a shorter duration than the first predefined time period), 

processing the second input with the second gesture recognizer. For example, in a first user 

interface in which there is an intensity-based gesture recognizer and a long press gesture 

recognizer for a same respective object or region, the intensity-based gesture recognizer is 

given more time to recognize an intensity-based gesture by increasing the delay before the 

long press gesture recognizer recognizes a long press gesture. In contrast, in a third user 

interface in which there is an object or user interface region that has a tap/select gesture 

recognizer and a long press gesture recognizer without an intensity-based gesture 

recognizer, the tap/select gesture recognizer does not need as much time to recognize a 

tap/select gesture and thus the delay (i.e., the second predefined time period) before the long 

press gesture recognizer in third user interface recognizes a long press gesture can be 

shorter than the delay (i.e., the first predefined time period) required by the long press 

gesture recognizer for the first user interface before recognizing a long press gesture.  

[00319] In some embodiments, in response to detecting the first portion of the input, 

the device performs (880) a third operation. In some embodiments, performing the third 

operation includes visually distinguishing (882) at least a portion of the first user interface 

from other portions of the first user interface. For example, the third operation may be 

blurring the user interface other than an object corresponding to a focus selector, by using a 

third gesture recognizer (e.g., a reveal gesture recognizer), as shown in Figure 7V. In some 

embodiments, if the long press gesture recognizer succeeds after the third operation is 

performed by the third gesture recognizer, then the third gesture recognizer transitions to the 

Canceled state and the third operation is reversed (e.g., the blurring is reversed or undone).  

An example of the latter example is shown in the transition from Figure 7V to Figure 7W.  

On the other hand, if the deep press gesture recognizer (e.g., the preview gesture recognizer) 

succeeds, then the third operation (the blurring) by the third gesture recognizer (e.g., a 

reveal gesture recognizer) is canceled, and the first operation (e.g., displaying preview area 

712, as shown in Figure 7X) is performed by the deep press gesture recognizer (e.g., the 
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preview gesture recognizer). In some embodiments, for an object having a reveal gesture 

recognizer and no long press gesture recognizer, the reveal operation (e.g., the blurring) is 

not automatically cancelled after the first predefined time period. However, in some such 

embodiments, for an object having both a reveal gesture recognizer and a long press gesture 

recognizer, the reveal operation is cancelled when the long press gesture recognizer 

succeeds.  

[00320] In some embodiments, method 800 includes performing (884) the first 

operation (e.g., displaying the preview area) subsequent to performing (880) the third 

operation (e.g., the blurring) in accordance with the determination that the input satisfies the 

intensity input criteria (e.g., by reaching or exceeding IM), and performing (886) the second 

operation (e.g., displaying a menu or menu view, 716, Figure 7U) in accordance with the 

determination that the input satisfies the long press criteria. Thus, these determinations and 

operations are performed while the input remains in contact with the touch-sensitive 

surface. In some embodiments, while the third gesture recognizer (e.g., a reveal gesture 

recognizer) is processing inputs (e.g., generating touch events corresponding to the second 

portion of the input), the first gesture recognizer and the second gesture recognizer are 

evaluating the second portion of the input to determine whether the input matches gesture 

recognition criteria for those gesture recognizers. In such embodiments, processing the input 

with the third gesture recognizer does not block processing the input with the first gesture 

recognizer and processing the input with the second gesture recognizer.  

[00321] As mentioned above, in some embodiments, performing the first operation 

includes (820) displaying a preview area (e.g., preview area 712, Figure 7H). Furthermore, 

in some embodiments, performing the second operation includes (830) displaying a menu 

view (e.g., menu view, 716, Figure 7U).  

[00322] In some embodiments, the first intensity threshold is satisfied (822) in 

response to multiple contacts in the input satisfying the first intensity threshold. For 

example, in some such embodiments, an intensity of each contact is compared with the first 

intensity threshold. However, in some other embodiments, the first intensity threshold is 

satisfied (824) in response to a combination of the intensity applied by a plurality of 

contacts in the input satisfying the first intensity threshold (e.g., the intensity of multiple 

contacts is summed or otherwise combined and the resulting combined intensity is 

compared with the first intensity threshold).  
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[00323] In some embodiments, the first intensity threshold is adjustable (826). For 

example, in some such embodiments, method 800 includes updating (828) the first gesture 

recognizer to be activated in response to the intensity of the input satisfying a third intensity 

threshold that is distinct from the first intensity threshold. In some embodiments, the first 

intensity threshold is selected from a group of three or more predefined intensity thresholds 

(e.g., a reveal intensity threshold IL, a preview intensity threshold IM, and a commit intensity 

threshold IH). In some embodiments, the third intensity threshold is selected from the group 

of three or more predefined intensity thresholds.  

[00324] In some embodiments, the first intensity threshold is selected independent of 

any predefined intensity thresholds. In some embodiments, the first user interface is a user 

interface of a particular software application, and the first intensity threshold is selected or 

specified by the particular software application. In some embodiments, the first intensity 

threshold is a fixed intensity threshold that does not change while the contact is detected on 

the touch-sensitive surface. However, in some other embodiments, the first intensity 

threshold is a dynamic intensity threshold that changes over time based on predefined 

threshold-adjustment policies based on the activity of the user, and/or the condition of the 

device, and/or other environmental parameters. Adjustable intensity thresholds are 

discussed in more detail elsewhere in this document.  

[00325] It should be understood that the particular order in which the operations in 

Figures 8A-8E have been described is merely exemplary and is not intended to indicate that 

the described order is the only order in which the operations could be performed. One of 

ordinary skill in the art would recognize various ways to reorder the operations described 

herein. For example, in some embodiments, a method performed at an electronic device 

with a touch-sensitive surface, a display, and one or more sensors to detect intensity of 

contacts with the touch-sensitive surface includes, while displaying a user interface that 

corresponds to at least a portion of a web page on the display, detecting a touch input on the 

touch-sensitive surface at a first location that corresponds to the displayed portion of the 

web page on the display. The method also includes, while detecting the touch input on the 

touch-sensitive surface, detecting an intensity of the touch input on the touch-sensitive 

surface (e.g., with the one or more sensors); determining whether the intensity of the touch 

input on the touch-sensitive surface has changed from below a first intensity threshold (e.g., 

a low intensity threshold, such as a mouse down intensity threshold) to above the first 
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intensity threshold; and, in response to determining that the intensity of the touch input on 

the touch-sensitive surface has changed from below the first intensity threshold to above the 

first intensity threshold, generating a mouse down event (and optionally, processing 

instructions in the web page that correspond to a mouse down event). The method further 

includes, subsequent to determining that the intensity of the touch input on the touch

sensitive surface has changed from below the first intensity threshold to above the first 

intensity threshold, detecting the intensity of the touch input on the touch-sensitive surface; 

determining whether the intensity of the touch input on the touch-sensitive surface has 

changed from below a second intensity threshold (e.g., a high intensity threshold, such as a 

force down intensity threshold) that is distinct from the first intensity threshold to above the 

second intensity threshold; and, in response to determining that the intensity of the touch 

input on the touch-sensitive surface has changed from below the second intensity threshold 

to above the second intensity threshold, generating a force down event that is distinct from 

the mouse down event. For brevity, these details are not repeated herein.  

[00326] Additionally, it should be noted that details of other processes described 

herein with respect to other methods described herein (e.g., methods 900, 1000, 1100, 1200, 

1300, 1400, 1500, and 1600) are also applicable in an analogous manner to method 800 

described above with respect to Figures 8A-8E. For example, the touch inputs, user 

interface objects, intensity thresholds, and animations described above with reference to 

method 800 optionally have one or more of the characteristics of the touch inputs, user 

interface objects, intensity thresholds, and animations described herein with reference to 

other methods described herein (e.g., methods 900, 1000, 1100, 1200, 1300, 1400, 1500, 

and 1600). For brevity, these details are not repeated here.  

[00327] Figures 9A-9D are flow diagrams illustrating method 900 of disambiguating 

a pan gesture input and a deep press input in accordance with some embodiments.  

[00328] The device displays (902) a first user interface. While displaying the first 

user interface, the device detects (904) an input on the touch-sensitive surface. Examples of 

the first user interface and responses to the input on the touch-sensitive surface are 

described above with reference to Figures 7L through 7S. In some embodiments, the first 

user interface includes a plurality of user interface objects, the input is detected while a 

focus selector (e.g., focus selector 707, Figure 7L) is over a first user interface object (e.g., 

object 708, Figure 7L) of the plurality of user interface objects, and the first user interface 
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object is associated with at least a first gesture recognizer (e.g., a preview gesture 

recognizer) and a second gesture recognizer (e.g., a pan gesture recognizer (S)).  

[00329] In response to detecting the input (908) while displaying the first user 

interface, the device performs (910) a first operation (e.g., blurring a user interface, as 

shown in Figure 7D and 7P) in accordance with a determination that the input satisfies 

intensity input criteria including that the input satisfies a first intensity threshold. On the 

other hand, in response to detecting the input (908) while displaying the first user interface, 

the device performs (912) a second operation (e.g., panning or scrolling at least a portion of 

the first user interface, Figure 7M) that is distinct from the first operation in accordance 

with a determination that the input satisfies pan criteria including that the input has moved 

across the touch-sensitive surface by at least a predefined distance (while remaining in 

contact with the touch-sensitive surface). As noted above, in some embodiments the second 

operation includes scrolling (930) at least a portion of the first user interface (e.g., as shown 

in Figure 7M).  

[00330] In some embodiments, performing the first operation includes (920) 

displaying a preview area (e.g., preview area 712, Figures 7H, 7R, 7S).  

[00331] In some embodiments, the intensity input criteria include (922) that the input 

(while remaining in contact with the touch-sensitive surface) does not move across the 

touch-sensitive surface by at least the predefined distance (e.g., as discussed above with 

reference to input movement limit perimeter 714 in Figures 7L - 7Q, and 7AA - 7CC).  

[00332] In some embodiments, the first intensity threshold is adjustable (924). For 

example, in some such embodiments, method 900 includes updating (926) the first gesture 

recognizer to be activated in response to the intensity of the input satisfying a third intensity 

threshold that is distinct from the first intensity threshold. In some embodiments, the first 

intensity threshold is selected from a group of three or more predefined intensity thresholds 

(e.g., a reveal intensity threshold IL, a preview intensity threshold IM, and a commit intensity 

threshold IH). In some embodiments, the third intensity threshold is selected from the group 

of three or more predefined intensity thresholds.  

[00333] In some embodiments, the first intensity threshold is selected independent of 

any predefined intensity thresholds. In some embodiments, the first user interface is a user 

interface of a particular software application, and the first intensity threshold is selected or 
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specified by the particular software application. In some embodiments, the first intensity 

threshold is a fixed intensity threshold that does not change while the contact is detected on 

the touch-sensitive surface. However, in some other embodiments, the first intensity 

threshold is a dynamic intensity threshold that changes over time based on predefined 

threshold-adjustment policies based on the activity of the user, and/or the condition of the 

device, and/or other environmental parameters. Adjustable intensity thresholds are 

discussed in more detail elsewhere in this document.  

[00334] In some embodiments, method 900 includes, subsequent to performance of 

the first operation, forgoing (914) performance of the second operation. Similarly, in some 

embodiments, method 900 includes, subsequent to performance of the second operation, 

forgoing (916) performance of the first operation.  

[00335] In some embodiments, detecting (904) the input on the touch-sensitive 

surface includes detecting (906, 950) a first portion of the input and a second portion of the 

input that is subsequent to the first portion of the input. Furthermore, in some such 

embodiments, method 900 includes, in response (952) to detecting the first portion of the 

input on the touch-sensitive surface (e.g., detecting an initial contact of the input with the 

touch-sensitive surface), identifying a first set of gesture recognizers that correspond to at 

least the first portion of the input as candidate gesture recognizers, the first set of gesture 

recognizers including a first gesture recognizer (e.g., a preview gesture recognizer) and a 

second gesture recognizer (e.g., a pan gesture recognizer).  

[00336] In some embodiments or circumstances, the first user interface includes a 

plurality of user interface objects, the input is detected while a focus selector is over a first 

user interface object of the plurality of user interface objects, and the first user interface 

object is associated with at least the first gesture recognizer and the second gesture 

recognizer. Further, in some embodiments, processing the input with the first gesture 

recognizer includes placing the second gesture recognizer in a failed state.  

[00337] Further, in the aforementioned embodiments, in response to detecting the 

second portion of the input on the touch-sensitive surface, the device performs (954) the 

first operation, including processing the input with the first gesture recognizer (e.g., the 

preview gesture recognizer) in accordance with the determination that the input satisfies the 

intensity input criteria. In some embodiments, the first intensity threshold (e.g., IM in Figure 
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7L) is distinct from an input detection intensity threshold (e.g., IL in Figure 7L). In some 

embodiments, processing of the input with the first gesture recognizer also requires a 

determination that the second gesture recognizer does not recognize a gesture that 

corresponds to the input. In some embodiments, processing of the input with the first 

gesture recognizer also requires a determination that the second gesture recognizer has 

failed to recognize a gesture that corresponds to the input (i.e., that the second gesture 

recognizer has transitioned to the Failed state, as discussed above with reference to Figures 

7S and 7T).  

[00338] Further, in the aforementioned embodiments, in response to detecting the 

second portion of the input on the touch-sensitive surface, the device performs (954) the 

second operation, including processing the input with the second gesture recognizer (e.g., 

with the pan gesture recognizer (S), Figures 7L-7S) in accordance with the determination 

that the input satisfies the pan criteria. In some embodiments, processing of the input with 

the second gesture recognizer also requires a determination that the first gesture recognizer 

has failed to recognize a gesture that corresponds to the input (e.g., the intensity of the input 

detected by the one or more sensors does not satisfy the first intensity threshold during the 

predefined time period). In the example discussed above with respect to Figure 7Q, the 

preview gesture recognizer (P) has transitioned to the Failed state in accordance with a 

determination by the device that the intensity of the input detected by the one or more 

sensors does not satisfy the first intensity threshold (e.g., IM, Figure 7Q) and that the input 

satisfies the pan criteria.  

[00339] As indicated above, in some embodiments the first gesture recognizer (e.g., 

the preview gesture recognizer) is an intensity-based gesture recognizer and the second 

gesture recognizer is a pan gesture recognizer (960). In some embodiments, the second 

gesture recognizer (e.g., the pan gesture recognizer) recognizes a particular type or set of 

gestures independent of intensity of the input.  

[00340] In some embodiments or circumstances, the input includes (962) a third 

portion of the input that is subsequent to the second portion of the input, and method 900 

includes processing the third portion of the input with the first gesture recognizer. In some 

embodiments, in accordance with a determination that the input ceases to satisfy the first 

intensity threshold, the device displays the preview area at a reduced scale (e.g., reduces the 

size of the preview area), an example of which is shown in the transition from the user 
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interface of Figure 7H to the user interface of Figure 7J (i.e., without transitioning through 

the user interface of Figure 71).  

[00341] In some embodiments, the first set of gesture recognizers includes (964) a 

third gesture recognizer, such as a reveal gesture recognizer (e.g., gesture recognizer (R) in 

Figures 7A-7CC).  

[00342] In some embodiments, in response to determining that the input satisfies 

(966) a second intensity threshold (e.g., a commit intensity threshold IH that is higher than 

the first intensity threshold IM), method 900 includes (e.g., subsequent to performing the 

first operation) processing the input with the first gesture recognizer, including replacing 

display of the first user interface (e.g., user interface 706, Figure 7H) with a second user 

interface (e.g., user interface 710, Figure 71). In some embodiments in which the first 

operation includes displaying a preview area, performing the second operation includes 

ceasing to display the preview area (e.g., preview area 712, Figure 7H). In some 

embodiments, the second user interface includes content that was displayed in the preview 

area.  

[00343] In some embodiments, the first set of gesture recognizers includes (968) a 

fourth gesture recognizer (e.g., a commit gesture recognizer (C), as shown in Figures 7A 

7CC), and method 900 includes, in response to determining (970) that the input satisfies a 

second intensity threshold (e.g., a commit intensity threshold IH that is higher than the first 

intensity threshold IM), processing the input with the fourth gesture recognizer (e.g., the 

commit gesture recognizer). In some embodiments, processing the input with the fourth 

gesture recognizer includes replacing display of the first user interface with a second user 

interface (and ceasing to display the preview area), for example replacing display of user 

interface 706, Figure 7H, with user interface 710, Figure 71, and ceasing to display preview 

area 712, Figure 7H.  

[00344] In some embodiments, method 900 includes performing (972) a third 

operation in response to detecting the first portion of the input. In some embodiments, 

performing the third operation includes visually distinguishing (974) at least a portion of the 

first user interface from other portions of the first user interface. For example, the third 

operation may be blurring the user interface other than an object corresponding to a focus 

selector, by using a third gesture recognizer (e.g., a reveal gesture recognizer), as shown in 
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Figure 7V. In some embodiments, if the pan gesture recognizer succeeds after the third 

operation is performed by the third gesture recognizer, then the third gesture recognizer 

transitions to the Canceled state and the third operation is reversed (e.g., the blurring is 

reversed or undone). An example of the latter example is shown in the transition from 

Figure 7P to Figure 7Q. On the other hand, if the deep press gesture recognizer (e.g., the 

preview gesture recognizer) succeeds, then the third operation (the blurring) by the third 

gesture recognizer (e.g., a reveal gesture recognizer) is canceled, and the first operation (e.g., 

displaying preview area 712, as shown in Figure 7R) is performed by the deep press gesture 

recognizer (e.g., the preview gesture recognizer).  

[00345] In some embodiments, method 900 includes performing (976) the first 

operation (e.g., displaying the preview area) subsequent to performing (972) the third 

operation (e.g., the blurring) in accordance with the determination that the input satisfies the 

intensity input criteria (e.g., by reaching or exceeding IM), and performing (978) the second 

operation (e.g., panning or scrolling at least a portion of the first user interface, Figures 7M

7N, Figure 7Q, etc.) in accordance with the determination that the input satisfies the pan 

criteria. Typically, these determinations and operations are performed while the input 

remains in contact with the touch-sensitive surface. In some embodiments, while the third 

gesture recognizer (e.g., a reveal gesture recognizer) is processing inputs (e.g., generating 

touch events corresponding to the second portion of the input), the first gesture recognizer 

and the second gesture recognizer are evaluating the second portion of the input to 

determine whether the input matches gesture recognition criteria for those gesture 

recognizers. In such embodiments, processing the input with the third gesture recognizer 

does not block processing the input with the first gesture recognizer and processing the 

input with the second gesture recognizer.  

[00346] In some embodiments, performing the second operation subsequent to 

performing the third operation (978) includes (980) reversing the third operation. For 

example, in some embodiments, an animation is displayed as the third operation is reversed 

(e.g., the blurring is reduced to zero over a short period of time as the user interface begins 

to scroll). Furthermore, in some embodiments, performing the second operation subsequent 

to performing the third operation includes placing the third gesture recognizer in a cancelled 

state.  

98



1001522024 

[00347] It should be understood that the particular order in which the operations in 

Figures 9A-9D have been described is merely exemplary and is not intended to indicate that 

the described order is the only order in which the operations could be performed. One of 

ordinary skill in the art would recognize various ways to reorder the operations described 

herein. For example, in some embodiments, a method performed at an electronic device 

with a touch-sensitive surface, a display, and one or more sensors to detect intensity of 

contacts with the touch-sensitive surface includes, while displaying a user interface that 

corresponds to at least a portion of a web page on the display, detecting a touch input on the 

touch-sensitive surface at a first location that corresponds to the displayed portion of the 

web page on the display. The method also includes, while detecting the touch input on the 

touch-sensitive surface, detecting an intensity of the touch input on the touch-sensitive 

surface (e.g., with the one or more sensors); determining whether the intensity of the touch 

input on the touch-sensitive surface has changed from below a first intensity threshold (e.g., 

a low intensity threshold, such as a mouse down intensity threshold) to above the first 

intensity threshold; and, in response to determining that the intensity of the touch input on 

the touch-sensitive surface has changed from below the first intensity threshold to above the 

first intensity threshold, generating a mouse down event (and optionally, processing 

instructions in the web page that correspond to a mouse down event). The method further 

includes, subsequent to determining that the intensity of the touch input on the touch

sensitive surface has changed from below the first intensity threshold to above the first 

intensity threshold, detecting the intensity of the touch input on the touch-sensitive surface; 

determining whether the intensity of the touch input on the touch-sensitive surface has 

changed from below a second intensity threshold (e.g., a high intensity threshold, such as a 

force down intensity threshold) that is distinct from the first intensity threshold to above the 

second intensity threshold; and, in response to determining that the intensity of the touch 

input on the touch-sensitive surface has changed from below the second intensity threshold 

to above the second intensity threshold, generating a force down event that is distinct from 

the mouse down event. For brevity, these details are not repeated herein.  

[00348] Additionally, it should be noted that details of other processes described 

herein with respect to other methods described herein (e.g., methods 800, 1000, 1100, 1200, 

1300, 1400, 1500, and 1600) are also applicable in an analogous manner to method 800 

described above with respect to Figures 9A-9D. For example, the touch inputs, user 
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interface objects, intensity thresholds, and animations described above with reference to 

method 900 optionally have one or more of the characteristics of the touch inputs, user 

interface objects, intensity thresholds, and animations described herein with reference to 

other methods described herein (e.g., methods 800, 1000, 1100, 1200, 1300, 1400, 1500, 

and 1600). For brevity, these details are not repeated here.  

[00349] Figures 10A-10D are flow diagrams illustrating method 1000 of 

disambiguating a tap gesture input and a deep press input in accordance with some 

embodiments. Method 1000 is performed at an electronic device (e.g., device 300, Figure 3, 

or portable multifunction device 100, Figure 1A) with a display, a touch-sensitive surface, 

and one or more sensors to detect intensity of contacts with the touch-sensitive surface. In 

some embodiments, the display is a touch-screen display and the touch-sensitive surface is 

on or integrated with the display. In some embodiments, the display is separate from the 

touch-sensitive surface (e.g., the touch-sensitive surface is a trackpad). Some operations in 

method 800 are, optionally, combined and/or the order of some operations is, optionally, 

changed.  

[00350] As described below, method 1000 provides an enhanced way to process 

touch inputs with instructions. Method 1000 improves efficiency in processing touch inputs.  

[00351] The device displays (1002) a first user interface. While displaying the first 

user interface, the device detects (1004) an input on the touch-sensitive surface. Examples 

of the first user interface and responses to the input on the touch-sensitive surface are 

described above with reference to Figures 7A through 7K. In some embodiments, the first 

user interface includes a plurality of user interface objects, the input is detected while a 

focus selector (e.g., focus selector 705, Figure 7A) is over a first user interface object (e.g., 

object 708, Figure 7A) of the plurality of user interface objects, and the first user interface 

object is associated with at least a first gesture recognizer (e.g., a preview gesture 

recognizer) and a second gesture recognizer (e.g., a long press gesture recognizer).  

[00352] In response to detecting the input (1008) while displaying the first user 

interface, the device performs (1010) a first operation (e.g., blurring a user interface, as 

shown in Figure 7D) in accordance with a determination that the input satisfies intensity 

input criteria including that the input satisfies a first intensity threshold and the input 

remains on the touch-sensitive surface for a first predefined time period. On the other hand, 
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in response to detecting the input (1008) while displaying the first user interface, the device 

performs (1012) a second operation (e.g., selecting an object, or launching an application, 

corresponding to a current position of the focus selector 705 and displaying the application 

user interface, Figure 7B) that is distinct from the first operation in accordance with a 

determination that the input satisfies tap criteria, including that the input ceases to remain on 

the touch-sensitive surface during the first predefined time period. Stated another way, the 

input meets the tap criteria if the input is removed from the touch-sensitive surface prior to 

the end of the first predefined time period (e.g., the time period ending at time 7002, Figure 

7B). In some embodiments, the second operation is performed (1014) in accordance with 

the determination that the input satisfies the tap criteria, regardless of whether the input 

satisfies the intensity input criteria.  

[00353] In some embodiments, performing the first operation includes (1020) 

displaying a preview area (e.g., preview area 712, Figure 7G). Furthermore, in some 

embodiments, performing the second operation includes (1220) replacing display of the first 

user interface (e.g., user interface 706, Figure 7A) with a third user interface (e.g., user 

interface 710, Figure 7B) of a software application that corresponds to a location of the 

input on the touch-sensitive surface. For example, in some embodiments, a tap gesture on an 

object causes the display of the user interface of a software application corresponding to the 

obj ect.  

[00354] In some embodiments, the first intensity threshold is adjustable (1024). For 

example, in some such embodiments, method 1000 includes updating (1026) the first 

gesture recognizer to be activated in response to the intensity of the input satisfying a third 

intensity threshold that is distinct from the first intensity threshold. In some embodiments, 

the first intensity threshold is selected from a group of three or more predefined intensity 

thresholds (e.g., a reveal intensity threshold IL, a preview intensity threshold IM, and a 

commit intensity threshold IH). In some embodiments, the third intensity threshold is 

selected from the group of three or more predefined intensity thresholds.  

[00355] In some embodiments, the first intensity threshold is selected independent of 

any predefined intensity thresholds. In some embodiments, the first user interface is a user 

interface of a particular software application, and the first intensity threshold is selected or 

specified by the particular software application. In some embodiments, the first intensity 

threshold is a fixed intensity threshold that does not change while the contact is detected on 
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the touch-sensitive surface. However, in some other embodiments, the first intensity 

threshold is a dynamic intensity threshold that changes over time based on predefined 

threshold-adjustment policies based on the activity of the user, and/or the condition of the 

device, and/or other environmental parameters. Adjustable intensity thresholds are 

discussed in more detail elsewhere in this document.  

[00356] In some embodiments, method 1000 includes (1028), in response to 

detecting the input while displaying the first user interface, performing the second operation 

in accordance with a determination that the input remains on the touch-sensitive surface for 

the first predefined time period followed by the input subsequently ceasing to be detected 

on the touch-sensitive surface and the input does not satisfy the intensity input criteria. For 

example, For example, an input having intensity profile 7110 in Figure 7B satisfies these 

criteria, and thus satisfies the tap criteria, despite the fact that the input remains on the 

touch-sensitive surface longer than the first predefined time period.  

[00357] On the other hand, method 1000 includes (1028), in response to detecting the 

input while displaying the first user interface, forgoing performance of the second operation 

in accordance with a determination that the input remains on the touch-sensitive surface for 

the first predefined time period followed by the input subsequently ceasing to be detected 

on the touch-sensitive surface and the input satisfies the intensity input criteria. For 

example, an input having intensity profile 7112 or 7114 in Figure 7K does not satisfy the 

tap criteria, because the input both extends past the first predefined time period and satisfies 

the intensity input criteria (e.g., the input has an intensity that exceeds intensity threshold IL 

or IM).  

[00358] In some embodiments, detecting (1004) the input on the touch-sensitive 

surface includes detecting (1006, 1050) a first portion of the input and a second portion of 

the input that is subsequent to the first portion of the input. Furthermore, in some such 

embodiments, method 1000 includes, in response (1052) to detecting the first portion of the 

input on the touch-sensitive surface (e.g., detecting an initial contact of the input with the 

touch-sensitive surface), identifying a first set of gesture recognizers that correspond to at 

least the first portion of the input as candidate gesture recognizers, the first set of gesture 

recognizers including a first gesture recognizer (e.g., a preview gesture recognizer) and a 

second gesture recognizer (e.g., a tap gesture recognizer).  
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[00359] In some embodiments or circumstances, the first user interface includes a 

plurality of user interface objects, the input is detected while a focus selector is over a first 

user interface object of the plurality of user interface objects, and the first user interface 

object is associated with at least the first gesture recognizer and the second gesture 

recognizer. Further, in some embodiments, processing the input with the first gesture 

recognizer includes placing the second gesture recognizer in a failed state.  

[00360] Further, in the aforementioned embodiments, in response to detecting the 

second portion of the input on the touch-sensitive surface, the device performs (1054) the 

first operation, including processing the input with the first gesture recognizer (e.g., the 

preview gesture recognizer) in accordance with the determination that the input satisfies the 

intensity input criteria. In some embodiments, the first intensity threshold (e.g., IM in Figure 

7A) is distinct from an input detection intensity threshold (e.g., IL in Figure 7A). In some 

embodiments, processing of the input with the first gesture recognizer also requires a 

determination that the second gesture recognizer does not recognize a gesture that 

corresponds to the input. In some embodiments, processing of the input with the first 

gesture recognizer also requires a determination that the second gesture recognizer has 

failed to recognize a gesture that corresponds to the input (i.e., that the second gesture 

recognizer has transitioned to the Failed state, as shown in the transition from the user 

interface in Figure 7F to the user interface in Figure 7G).  

[00361] Further, in the aforementioned embodiments, in response to detecting the 

second portion of the input on the touch-sensitive surface, the device performs (1054) the 

second operation, including processing the input with the second gesture recognizer (e.g., 

with the tap gesture recognizer (T), Figures 7A-7K) in accordance with the determination 

that the input satisfies the tap criteria. In some embodiments, processing of the input with 

the second gesture recognizer also requires a determination that the first gesture recognizer 

has failed to recognize a gesture that corresponds to the input (e.g., because the input has 

ceased to remain on the touch-sensitive surface for the first predefined time period). In the 

example discussed above with respect to Figure 7B, the preview gesture recognizer (P) has 

transitioned to the Failed state in accordance with a determination by the device that the 

input has ceased to remain on the touch-sensitive surface during (i.e., for the entirety of) the 

first predefined time period.  
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[00362] As noted above, in some embodiments the first gesture recognizer (e.g., the 

preview gesture recognizer) is an intensity-based gesture recognizer and the second gesture 

recognizer is a tap gesture recognizer (1060). In some embodiments, the second gesture 

recognizer (e.g., the tap gesture recognizer) recognizes tap gestures independent of intensity 

of the input.  

[00363] In some embodiments or circumstances, the input includes (1062) a third 

portion of the input that is subsequent to the second portion of the input, and method 1000 

includes processing the third portion of the input with the first gesture recognizer. In some 

embodiments, in accordance with a determination that the input ceases to satisfy the first 

intensity threshold, the device displays the preview area at a reduced scale (e.g., reduces the 

size of the preview area), an example of which is shown in the transition from the user 

interface of Figure 7H to the user interface of Figure 7J (i.e., without transitioning through 

the user interface of Figure 71).  

[00364] In some embodiments, the first set of gesture recognizers includes (1064) a 

third gesture recognizer, such as a reveal gesture recognizer (e.g., gesture recognizer (R) in 

Figures 7A-7CC).  

[00365] In some embodiments, in response to determining that the input satisfies 

(1066) a second intensity threshold (e.g., a commit intensity threshold IH that is higher than 

the first intensity threshold IM), method 1000 includes (e.g., subsequent to performing the 

first operation) processing the input with the first gesture recognizer, including replacing 

display of the first user interface (e.g., user interface 706, Figure 7H) with a second user 

interface (e.g., user interface 710, Figure 71). In some embodiments in which the first 

operation includes displaying a preview area, performing the second operation includes 

ceasing to display the preview area (e.g., preview area 712, Figure 7H). In some 

embodiments, the second user interface includes content that was displayed in the preview 

area.  

[00366] In some embodiments, the first set of gesture recognizers includes (1068) a 

fourth gesture recognizer (e.g., a commit gesture recognizer (C), as shown in Figures 7A 

7CC), and method 1000 includes, in response to determining (1070) that the input satisfies a 

second intensity threshold (e.g., a commit intensity threshold IH that is higher than the first 

intensity threshold IM), processing the input with the fourth gesture recognizer (e.g., the 
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commit gesture recognizer). In some embodiments, processing the input with the fourth 

gesture recognizer includes replacing display of the first user interface with a second user 

interface (and ceasing to display the preview area), for example replacing display of user 

interface 706, Figure 7H, with user interface 710, Figure 71, and ceasing to display preview 

area 712, Figure 7H.  

[00367] In some embodiments, method 1000 includes performing (1072) a third 

operation in response to detecting the first portion of the input. In some embodiments, 

performing the third operation includes visually distinguishing (1074) at least a portion of 

the first user interface from other portions of the first user interface. For example, the third 

operation may be blurring the user interface other than an object corresponding to a focus 

selector, by using a third gesture recognizer (e.g., a reveal gesture recognizer), as shown in 

Figure 7D. In some embodiments, if the tap gesture recognizer succeeds after the third 

operation is performed by the third gesture recognizer, then the third gesture recognizer 

transitions to the Canceled state and the third operation is reversed (e.g., the blurring is 

reversed or undone). On the other hand, if the deep press gesture recognizer (e.g., the 

preview gesture recognizer) succeeds, then the third operation (the blurring) by the third 

gesture recognizer (e.g., a reveal gesture recognizer) is canceled, and the first operation (e.g., 

displaying preview area 712, as shown in Figures 7E - 7H) is performed by the deep press 

gesture recognizer (e.g., the preview gesture recognizer).  

[00368] In some embodiments, method 1000 includes performing (1076) the first 

operation (e.g., displaying the preview area) subsequent to performing (1072) the third 

operation (e.g., the blurring) in accordance with the determination that the input satisfies the 

intensity input criteria (e.g., by reaching or exceeding IM), and performing (1078) the 

second operation (e.g., selecting an object and displaying the user interface of an application 

associated with the selected object, Figure 71) in accordance with the determination that the 

input satisfies the tap criteria. In some embodiments, while the third gesture recognizer (e.g., 

a reveal gesture recognizer) is processing inputs (e.g., generating touch events 

corresponding to the second portion of the input), the first gesture recognizer and the second 

gesture recognizer are evaluating the second portion of the input to determine whether the 

input matches gesture recognition criteria for those gesture recognizers. In such 

embodiments, processing the input with the third gesture recognizer does not block 
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processing the input with the first gesture recognizer and processing the input with the 

second gesture recognizer.  

[00369] In some embodiments, performing the third operation is initiated (1080) 

during the first predefined time period. For example, the hint/reveal animation (e.g., 

progressive blurring of the first user interface in accordance with the intensity of the input 

on the touch-sensitive surface) is displayed even before the first predefined time period has 

elapsed if (i.e., in accordance with a determination that) the intensity of the input exceeds 

the input detection intensity threshold (e.g., IL, Figure 7D) before the first predefined time 

period has elapsed.  

[00370] It should be understood that the particular order in which the operations in 

Figures 1OA-1OD have been described is merely exemplary and is not intended to indicate 

that the described order is the only order in which the operations could be performed. One 

of ordinary skill in the art would recognize various ways to reorder the operations described 

herein. For example, in some embodiments, a method performed at an electronic device 

with a touch-sensitive surface, a display, and one or more sensors to detect intensity of 

contacts with the touch-sensitive surface includes, while displaying a user interface that 

corresponds to at least a portion of a web page on the display, detecting a touch input on the 

touch-sensitive surface at a first location that corresponds to the displayed portion of the 

web page on the display. The method also includes, while detecting the touch input on the 

touch-sensitive surface, detecting an intensity of the touch input on the touch-sensitive 

surface (e.g., with the one or more sensors); determining whether the intensity of the touch 

input on the touch-sensitive surface has changed from below a first intensity threshold (e.g., 

a low intensity threshold, such as a mouse down intensity threshold) to above the first 

intensity threshold; and, in response to determining that the intensity of the touch input on 

the touch-sensitive surface has changed from below the first intensity threshold to above the 

first intensity threshold, generating a mouse down event (and optionally, processing 

instructions in the web page that correspond to a mouse down event). The method further 

includes, subsequent to determining that the intensity of the touch input on the touch

sensitive surface has changed from below the first intensity threshold to above the first 

intensity threshold, detecting the intensity of the touch input on the touch-sensitive surface; 

determining whether the intensity of the touch input on the touch-sensitive surface has 

changed from below a second intensity threshold (e.g., a high intensity threshold, such as a 
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force down intensity threshold) that is distinct from the first intensity threshold to above the 

second intensity threshold; and, in response to determining that the intensity of the touch 

input on the touch-sensitive surface has changed from below the second intensity threshold 

to above the second intensity threshold, generating a force down event that is distinct from 

the mouse down event. For brevity, these details are not repeated herein.  

[00371] Additionally, it should be noted that details of other processes described 

herein with respect to other methods described herein (e.g., methods 800, 900, 1100, 1200, 

1300, 1400, 1500, and 1600) are also applicable in an analogous manner to method 800 

described above with respect to Figures 1OA-1OD. For example, the touch inputs, user 

interface objects, intensity thresholds, and animations described above with reference to 

method 900 optionally have one or more of the characteristics of the touch inputs, user 

interface objects, intensity thresholds, and animations described herein with reference to 

other methods described herein (e.g., methods 800, 900, 1100, 1200, 1300, 1400, 1500, and 

1600). For brevity, these details are not repeated here.  

[00372] Figure 11 A is a high level flow diagram illustrating a method of processing 

touch inputs using application-independent set of predefined instructions (e.g., application

independent module 230) in accordance with some embodiments.  

[00373] Application-specific module 220 displays (1102) a user interface (e.g., mail 

application user interface 706 in Figure 7C).  

[00374] While the user interface is displayed, application-independent module 230 

detects (1104) a first portion of an input (e.g., contact 705 in Figure 7C), and executes (1105) 

application-independent set of predefined instructions for providing preview operations. In 

some embodiments, the control of application-specific module 220 is given to application

independent module 230. By using application-independent module 230 for the preview 

operations, the computational burdens and the size of application-specific module 220 are 

reduced. The same application-independent module 230 can be used by multiple software 

applications for providing the preview operations, thereby reducing the memory usage. In 

some embodiments, application-independent module 230 is provided in an operating system 

or a standard library of the device, which also reduces the development time by software 

developers. Furthermore, application-independent module 230 provides standardized 
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methods for interaction, which facilitate users to learn the methods quickly and reduce the 

cognitive burden on users.  

[00375] Application-independent module 230 performs (1106) the preview 

operations.  

[00376] In some embodiments, application-independent module 230 sends (1107) to 

application-specific module 220 operation information (e.g., information indicating that the 

preview operations have started). Application specific module 220 receives (1108) the 

operation information, generates (1109) preview content, and sends (1110) the preview 

content to application-independent module 230. Application-independent module 230 

receives (1111) the preview content.  

[00377] Application-independent module 230 visually distinguishes (1112) a user 

interface object (e.g., mail application user interface 706 in Figure 7D).  

[00378] Application-independent module 230 receives (1113) a second portion of the 

input (e.g., an increased intensity of the input is detected as shown in Figure 7E).  

[00379] Application-independent module 230 displays (1114) a preview area (e.g., 

preview area 712 in Figure 7G).  

[00380] In some embodiments, application-independent module 230 updates (1115) 

the preview area (e.g., as shown in Figure 7H, a further increase in the intensity of the input 

is detected and the size of preview area 712 is increased).  

[00381] In some embodiments, application-independent module 230 ceases (1116) to 

display the preview area (e.g., as shown in Figures 7J-7K, preview area 712 ceases to be 

displayed when the intensity of the input falls below the intensity threshold IL).  

[00382] In some embodiments, application-independent module 230 detects (1117) a 

third portion of the input and display a second user interface (e.g., as shown in Figure 71, 

browser application user interface 710 is displayed in response to the intensity of the input 

reaching the intensity threshold IH). At this time, the control of application-specific module 

220 is given back to application-specific module 220, and application-specific module 220 

processes (1118) subsequent inputs.  

[00383] It should be understood that the particular order in which the operations in 

Figure 11 A have been described is merely exemplary and is not intended to indicate that the 
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described order is the only order in which the operations could be performed. One of 

ordinary skill in the art would recognize various ways to reorder the operations described 

herein. Additionally, it should be noted that details of other processes described herein with 

respect to other methods described herein (e.g., methods 800, 900, 1000, 1100, 1150, 1200, 

1300, 1400, 1500, and 1600) are also applicable in an analogous manner to the method 

described above with respect to Figure 11 A. For brevity, these details are not repeated here.  

[00384] Figures 11 B-I IC are flow diagrams illustrating method 1100 of processing 

touch inputs using application-independent set of predefined instructions in accordance with 

some embodiments. Method 1100 is performed at an electronic device (e.g., device 300, 

Figure 3, or portable multifunction device 100, Figure 1A) with a display, a touch-sensitive 

surface, and one or more sensors to detect intensity of contacts with the touch-sensitive 

surface. In some embodiments, the display is a touch-screen display and the touch-sensitive 

surface is on or integrated with the display. In some embodiments, the display is separate 

from the touch-sensitive surface. Some operations in method 1100 are, optionally, 

combined and/or the order of some operations is, optionally, changed.  

[00385] As described below, method 1100 provides an enhanced way to process 

touch inputs with application-independent set of instructions. Method 1100 improves 

efficiency in processing touch inputs. By reducing the size of a software application, 

improving the speed of the software application, and potentially reducing the memory 

usage, such methods and interfaces provide a more efficient human-machine interface, 

thereby improving overall operational time and user experience. For battery-operated 

devices, such methods and interfaces conserve battery power and increase the time between 

battery charges. In addition, such methods reduce the burden on application developers and 

facilitate development of software applications that can more efficiently process touch 

inputs. Furthermore, such methods and user interfaces provide standardized ways in 

interacting with the user interfaces, thereby reducing the cognitive burden on the users and 

further improving the operational time and user experience.  

[00386] The device displays (1130) a first user interface of a first software 

application (e.g., mail application user interface 706 in Figure 7C), the first user interface 

including a plurality of user interface objects (e.g., user interface object 708, buttons such as 

"Integrate Us" and "Subtract," an email address, and other controls), a first user interface 

object of the plurality of user interface objects being associated with an application
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independent set of predefined instructions for preview operations (e.g., user interface object 

708 is configured, for example by preregistering user interface object 708 with application

independent module 230 for the preview operations before receiving an input by a contact, 

to operate with the application-independent set of predefined instructions for preview 

operations). In some embodiments, the application-independent set of predefined 

instructions for preview operations is distinct from a portion of the first software application 

that is unique to the first software application. For example, the application-independent set 

of predefined instructions for preview operations is part of an application development 

framework that is provided to the application developer either as a drop-in module (e.g., 

touch processing module 220 in Figure IC) that is integrated with the first software 

application (e.g., application 1 (136-1)) and enables the first software application to interact 

with touch input information provided by the operating system on which the first 

application is running, or the application-independent set of predefined instructions for 

preview operations is part of the operating system that updates the first user interface for the 

first software application according to an API that provides consistent user interfaces for the 

first software application. In some embodiments, multiple different third-party applications 

running on the device include independent access to the application-independent set of 

predefined instructions. In some embodiments, multiple different third-party applications 

running on the device include independent instances of the application-independent set of 

predefined instructions. In some embodiments, multiple different applications on the device 

include code for interfacing with the application-independent set of predefined instructions 

that support with all of the third-party applications. In some embodiments, the application

independent set of predefined instructions for preview operations is separate from the first 

software application. In some embodiments, the application-independent set of predefined 

instructions for preview operations is included in the first software application.  

[00387] The device detects (1132) a first portion of an input (e.g., a press input, such 

as input 705 in Figure 7C) by a contact while a focus selector is over the first user interface 

object, in the plurality of user interface objects, on the display. In some embodiments, the 

input is made by a single contact on the touch-sensitive surface. In some embodiments, the 

input is a stationary input. In some embodiments, the contact in the input moves across the 

touch-sensitive surface during the input.  
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[00388] The device, in response to detecting the first portion of the input and in 

accordance with a determination that the first portion of the input satisfies reveal criteria 

including that the input satisfies a first intensity threshold (e.g., a "reveal" intensity 

threshold at which the device starts to blur the first user interface, such as IL in Figure 7C), 

executes (1134) the application-independent set of predefined instructions for preview 

operations, including providing preview content to the application-independent set of 

predefined instructions (e.g., operation 1110 in Figure 11 A). The preview operations 

performed by executing the application-independent set of predefined instructions include: 

visually distinguishing the first user interface object in the first user interface (e.g., blurring 

the first user interface other than the first user interface object as shown in Figure 7D) (e.g., 

prior to displaying the preview area as shown in Figures 7D-7G); and, subsequent to 

initiation of the visual distinction of the first user interface object in the first user interface: 

receiving a second portion of the input that is subsequent to the first portion of the input 

(e.g., an increased intensity of focus selector 705 in Figure 7G); and, in accordance with a 

determination that the second portion of the input satisfies preview criteria including that 

the input satisfies a second intensity threshold (e.g., a "preview" intensity threshold, that is 

higher than the first intensity threshold, at which the device starts to display a preview of 

another user interface that can be reached by pressing harder on the first user interface 

object, such as IM in Figure 7G), displaying a preview area overlaid on the first user 

interface (e.g., preview area 712 in Figure 7G). The preview area includes the preview 

content. In some embodiments, the preview content is a reduced-size view of a user 

interface that is presented when the first user interface object is activated (e.g., the preview 

content in preview area 712 is a reduced-size view of browser application user interface 710 

that is displayed in response to a tap gesture while the focus selector is on user interface 

object 708 as shown in Figure 7B).  

[00389] In some embodiments, subsequent to initiation of the preview operations, the 

preview operations are (1136) performed independent of the first software application (e.g., 

independent of the portion of the first software application that is unique to the first 

software application). For example, as shown in Figure 11 A, the preview operations, 

subsequent to receiving the preview content, are performed by application-independent 

module 230 independently of application-specific module 220.  
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[00390] In some embodiments, the preview operations include (1138) updating the 

preview area in accordance with intensity of the contact (e.g., as shown in Figure 7H, a 

further increase in the intensity of the input is detected and the size of preview area 712 is 

increased).  

[00391] In some embodiments, the preview operations include (1140), in response to 

detecting the second portion of the input, in accordance with a determination that the second 

portion of the input meets preview-area-disappearance criteria (e.g., the input ends, such as 

liftoff of the contact), ceasing to display the preview area and maintaining display of the 

first user interface (e.g., as shown in Figures 7J-7K, preview area 712 ceases to be displayed 

when the intensity of the input falls below the intensity threshold IL). In some embodiments, 

subsequent to the device ceasing to display the preview area, the device processes a 

subsequent input using at least a portion of the first software application that is unique to the 

first software application.  

[00392] In some embodiments, the preview operations include (1142): after detecting 

the second portion of the input, detecting a third portion of the input by the contact; and, in 

response to detecting the third portion of the input by the contact, in accordance with a 

determination that the third portion of the input satisfies user-interface-replacement criteria, 

replacing display of the first user interface (and an overlay of the preview area) with a 

second user interface that is distinct from the first user interface (e.g., as shown in Figure 71, 

browser application user interface 710 is displayed in response to the intensity of the input 

reaching the intensity threshold IH).  

[00393] In some embodiments, the preview operations include (1144): sending from 

the application-independent set of predefined instructions information indicating operation 

for the first user interface object (e.g., selection or activation of the first user interface 

object) (e.g., to a portion of the first software application that is unique to the first software 

application, such as application core 1 (230-1) in Figure IC) for generating a second user 

interface; and receiving at the application-independent set of predefined instructions the 

second user interface (e.g., using operations 1107 and 1111 in Figure 11 A, application

independent module 230 receives preview content, such as browser application user 

interface 710 in Figure 7B, for presenting the preview content in the preview area as shown 

in Figure 7G and, optionally replacing the first user interface with a second user interface 

that includes the preview content in response to a further increase in the intensity of the 

112



1001522024 

input as shown in Figure 71). The preview content includes at least a portion of the second 

user interface. In some embodiments, the preview content includes the entirety of the 

second user interface.  

[00394] In some embodiments, the preview operations include (1146): at the first 

software application (e.g. a portion of the first software application that is unique to the first 

software application): receiving the information indicating operation for the first user 

interface object; generating the second user interface; and sending the second user interface 

to the application-independent set of predefined instructions (e.g., operations 1108, 1109, 

and 1110 performed by application-specific module 220 as shown in Figure 11 A). In some 

embodiments, other than providing the preview content, application-specific module 220 is 

not used for performing the preview operations.  

[00395] It should be understood that the particular order in which the operations in 

Figures 11B-1 IC have been described is merely exemplary and is not intended to indicate 

that the described order is the only order in which the operations could be performed. One 

of ordinary skill in the art would recognize various ways to reorder the operations described 

herein. Additionally, it should be noted that details of other processes described herein with 

respect to other methods described herein (e.g., methods 800, 900, 1000, 1150, 1200, 1300, 

1400, 1500, and 1600) are also applicable in an analogous manner to method 1100 

described above with respect to Figures 11B- 11C. For example, the touch inputs, user 

interface objects, intensity thresholds, and animations described above with reference to 

method 1100 optionally have one or more of the characteristics of the touch inputs, user 

interface objects, intensity thresholds, and animations described herein with reference to 

other methods described herein (e.g., methods 800, 900, 1000, 1150, 1200, 1300, 1400, 

1500, and 1600). For brevity, these details are not repeated here.  

[00396] Figure 1 ID is a flow diagram illustrating method 1150 of processing touch 

inputs using application-independent set of predefined instructions in accordance with some 

embodiments. Method 1150 is performed at an electronic device (e.g., device 300, Figure 3, 

or portable multifunction device 100, Figure 1A) with a display, a touch-sensitive surface, 

and one or more sensors to detect intensity of contacts with the touch-sensitive surface. In 

some embodiments, the display is a touch-screen display and the touch-sensitive surface is 

on or integrated with the display. In some embodiments, the display is separate from the 
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touch-sensitive surface. Some operations in method 1150 are, optionally, combined and/or 

the order of some operations is, optionally, changed.  

[00397] As described below, method 1150 provides an enhanced way to process 

touch inputs with application-independent set of instructions. Method 1150 improves 

efficiency in processing touch inputs. By reducing the size of a software application, 

improving the speed of the software application, and potentially reducing the memory 

usage, such methods and interfaces provide a more efficient human-machine interface, 

thereby improving overall operational time and user experience. For battery-operated 

devices, such methods and interfaces conserve battery power and increase the time between 

battery charges. In addition, such methods reduce the burden on application developers and 

facilitate development of software applications that can more efficiently process touch 

inputs. Furthermore, such methods and user interfaces provide standardized ways in 

interacting with the user interfaces, thereby reducing the cognitive burden on the users and 

further improving the operational time and user experience.  

[00398] The device displays (1152) a first user interface of a first software 

application (e.g., mail application user interface 706 in Figure 7C), the first user interface 

including a plurality of user interface objects (e.g., user interface object 708, buttons such as 

"Integrate Us" and "Subtract," an email address, and other controls), a first user interface 

object of the plurality of user interface objects being associated with an application

independent set of predefined instructions for preview operations (e.g., user interface object 

708 is configured to operate with the application-independent set of predefined instructions 

for preview operations).  

[00399] The device detects (1154) a first portion of an input (e.g., a press input, such 

as input 705 in Figure 7G) by a contact while a focus selector is over the first user interface 

object, in the plurality of user interface objects, on the display.  

[00400] The device, in response to detecting the first portion of the input and in 

accordance with a determination that the first portion of the input meets preview criteria, 

executes (1156) the application-independent set of predefined instructions for preview 

operations (e.g., operation 1105 in Figure 11 A). The preview operations performed by 

executing the application-independent set of predefined instructions include: displaying a 

preview area overlaid on the first user interface (e.g., preview area 712 overlaid on mail 
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application user interface 706 as shown in Figure 7G); after detecting the first portion of the 

input, detecting a second portion of the input; and, in response to detecting the second 

portion of the input by the contact, in accordance with a determination that the second 

portion of the input meets user-interface-replacement criteria, replacing display of the first 

user interface with a second user interface that is distinct from the first user interface (e.g., 

in response to the intensity of contact 705 reaching the intensity threshold IH, mail 

application user interface 706, together with preview area 712, is replaced with browser 

application user interface 710 shown in Figure 71).  

[00401] In some embodiments, subsequent to initiation of the preview operations, the 

preview operations are (1158) performed independent of the first software application (e.g., 

as shown in Figure 11 A, subsequent to receiving the preview content from application

specific module 220, preview operations 1106 are performed independent of application

specific module 220). In some embodiments, preview content is obtained prior to initiation 

of the preview operations (e.g., the preview content is obtained before operation 1112 in 

Figure 11A).  

[00402] In some embodiments, inputs on the touch-sensitive surface detected 

subsequent to replacing the display of the first user interface with the second user interface 

are (1160) processed with the first software application. For example, as shown in Figure 

1117, after the second user interface, such as browser application user interface 710 in 

Figure 71, is displayed, the control is given back to the first software application (e.g., 

browser module 147) and the first software application processes subsequent inputs on the 

touch-sensitive surface (e.g., by using application core 1 (230-1) alone, or optionally using 

application core 1 (230-1) in conjunction with touch processing module 220).  

[00403] It should be understood that the particular order in which the operations in 

Figure 1 ID have been described is merely exemplary and is not intended to indicate that the 

described order is the only order in which the operations could be performed. One of 

ordinary skill in the art would recognize various ways to reorder the operations described 

herein. Additionally, it should be noted that details of other processes described herein with 

respect to other methods described herein (e.g., methods 800, 900, 1000, 1100, 1200, 1300, 

1400, 1500, and 1600) are also applicable in an analogous manner to method 1150 

described above with respect to Figure 1 ID. For example, the touch inputs, user interface 

objects, intensity thresholds, and animations described above with reference to method 1150 
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optionally have one or more of the characteristics of the touch inputs, user interface objects, 

intensity thresholds, and animations described herein with reference to other methods 

described herein (e.g., methods 800, 900, 1000, 1100, 1200, 1300, 1400, 1500, and 1600).  

For brevity, these details are not repeated here.  

[00404] Figures 12A-12B are flow diagrams illustrating method 1200 of processing a 

touch input using a predefined data structure in accordance with some embodiments.  

Method 1200 is performed at an electronic device (e.g., device 300, Figure 3, or portable 

multifunction device 100, Figure 1A) with a display, a touch-sensitive surface, and one or 

more sensors to detect intensity of contacts with the touch-sensitive surface. In some 

embodiments, the display is a touch-screen display and the touch-sensitive surface is on or 

integrated with the display. In some embodiments, the display is separate from the touch

sensitive surface. Some operations in method 1200 are, optionally, combined and/or the 

order of some operations is, optionally, changed.  

[00405] As described below, method 1200 provides an enhanced way to process 

touch inputs with a predefined data structure. Method 1200 improves efficiency in 

processing touch inputs. Such methods and interfaces provide a more efficient human

machine interface, thereby improving overall operational time and user experience. For 

battery-operated devices, such methods and interfaces conserve battery power and increase 

the time between battery charges.  

[00406] The device displays (1202), on the display, a user interface of a software 

application (e.g., mail application user interface 706 in Figure 7FF).  

[00407] The device, while displaying the user interface of the software application on 

the display, detects (1204) an input (e.g., input 713 in Figure 7FF) on the touch-sensitive 

surface at a location that corresponds to the user interface of the software application.  

[00408] The device, in response to detecting the input, sends (1206) from an 

application-independent set of instructions to the software application intensity information 

that corresponds to the input (e.g., as shown in Figure 7FF, application-independent module 

220 sends event object 194 to application-specific module 230). The intensity information 

includes: a reference intensity assigned to the one or more sensors (e.g., reference intensity 

7208); and a characteristic intensity that corresponds to a detected (e.g., measured) intensity 

of the input (e.g., characteristic intensity 7206). In some embodiments, an application
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independent set of instructions is an application-independent software entity (e.g., touch 

processing module 220 in Figure 1C).  

[00409] In some embodiments, the characteristic intensity is (1208) further adjusted 

by a sensitivity value (e.g., sensitivity 7210 in Figure 7FF). In some embodiments, the 

characteristic intensity includes the sensitivity value (e.g., the characteristic intensity is 

multiplied by the sensitivity value). For example, at 1x sensitivity, an intensity of 100 g 

equals a normalized intensity of 1.0, and at 2x intensity, an intensity of 50 g equals a 

normalized intensity of 1.0 (when the reference intensity is 100 g). In comparison, at 1x 

intensity, an intensity of 50 g equals a normalized intensity of 0.5.  

[00410] In some embodiments, the characteristic intensity of the input is (1210) a 

normalized intensity value that is normalized based on the reference intensity (e.g., the 

normalized intensity 1.0 = the characteristic intensity 100 g / the reference intensity 100 g).  

[00411] In some embodiments, the intensity information includes (1212) intensity 

state information that is determined by one or more heuristics based on a combination of 

intensity-based criteria (e.g., measured contact intensity) and non-intensity-based criteria 

(e.g., movement of contact, duration of contact, location of contact, etc.). For example, the 

thresholds for determining the intensity state vary depending on movement of the contact, 

duration of the contact, and a location of the contact. In some embodiments, one or more of 

the intensity states include a dynamically determined intensity state (e.g., as described in 

greater detail below with reference to methods 1500 and 1600).  

[00412] In some embodiments, the intensity state information is (1214) provided 

based on an indication from the device as to whether or not a current intensity state matches 

an intensity state requirement for a gesture recognizer (e.g., intensity criteria specified by a 

third-party application for a first gesture in a first class of gestures as described below with 

reference to method 1400).  

[00413] In some embodiments, the intensity information includes (1216) intensity 

state information that has a plurality of different available state values (e.g., no-force state, 

hint/reveal state, peek/preview state, pop/commit state) and transitions between intensity 

states are used throughout the operating system to trigger operating-system driven user 

interactions (e.g., peek and pop, quick action menus, etc.).  
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[00414] In some embodiments, the characteristic intensity of the input is (1218) 

provided via one or more touch events that each include a characteristic intensity of a 

contact corresponding to the touch event (e.g., in Figure 711, two event objects 194 and 7194 

are provided). In some embodiments, touch events are delivered to a view after a gesture 

recognizer associated with the view has recognized a gesture. For example, touch events 

that are delivered after a gesture recognizer recognizes a gesture include intensity 

information. In some embodiments, touch events are delivered to a view that is not 

associated with a gesture recognizer and the operations are performed by an application 

corresponding to the view based on the touch events (e.g., drawing a line with a thickness 

that is determined based on an intensity of one or more of the contacts in the gesture).  

[00415] In some embodiments, the device displays (1220), on the display, a 

sensitivity control for selecting a respective intensity sensitivity setting between a plurality 

of intensity sensitivity settings (e.g., area 720 in Figure 7GG or area 722 in Figure 7HH 

with a plurality of intensity sensitivity settings); while displaying the sensitivity control, 

receives a user input corresponding to selection of the respective intensity sensitivity setting 

of the plurality of intensity sensitivity settings; and, in response to receiving the user input 

corresponding to selection of the respective intensity sensitivity setting, adjusts 

characteristic intensity values for a plurality of subsequent inputs by a respective sensitivity 

value that corresponds to the respective intensity sensitivity setting selected by the user. For 

example, the intensity sensitivity setting for all inputs is adjustable by the user without 

changing the applications that are interpreting the inputs, because the input values are 

adjusted before they are delivered to the applications (e.g., by same application-independent 

module 220).  

[00416] It should be understood that the particular order in which the operations in 

Figures 12A-12B have been described is merely exemplary and is not intended to indicate 

that the described order is the only order in which the operations could be performed. One 

of ordinary skill in the art would recognize various ways to reorder the operations described 

herein. Additionally, it should be noted that details of other processes described herein with 

respect to other methods described herein (e.g., methods 800, 900, 1000, 1100, 1150, 1300, 

1400, 1500, and 1600) are also applicable in an analogous manner to method 1200 

described above with respect to Figures 12A-12B. For example, the touch inputs, user 

interface objects, intensity thresholds, and animations described above with reference to 
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method 1200 optionally have one or more of the characteristics of the touch inputs, user 

interface objects, intensity thresholds, and animations described herein with reference to 

other methods described herein (e.g., methods 800, 900, 1000, 1100, 1150, 1300, 1400, 

1500, and 1600). For brevity, these details are not repeated here.  

[00417] Figures 13A-13B are flow diagrams illustrating a method of processing a 

touch input using a force gesture progress indicator in accordance with some embodiments.  

Method 1300 is performed at an electronic device (e.g., device 300, Figure 3, or portable 

multifunction device 100, Figure 1A) with a display, a touch-sensitive surface, and one or 

more sensors to detect intensity of contacts with the touch-sensitive surface. In some 

embodiments, the display is a touch-screen display and the touch-sensitive surface is on or 

integrated with the display. In some embodiments, the display is separate from the touch

sensitive surface. Some operations in method 1300 are, optionally, combined and/or the 

order of some operations is, optionally, changed.  

[00418] Method 1300 provides an enhanced way to process touch inputs with a force 

gesture progress indicator. Method 1300 improves efficiency in processing touch inputs.  

Such methods and interfaces provide a more efficient human-machine interface, thereby 

improving overall operational time and user experience. For battery-operated devices, such 

methods and interfaces conserve battery power and increase the time between battery 

charges.  

[00419] The device displays (1302), on the display, a first user interface of a software 

application (e.g., mail application user interface 706 in Figure 7A).  

[00420] The device, while displaying the first user interface of the software 

application, detects (1304) an input on the touch-sensitive surface (e.g., focus selector 705 

in Figure 7A).  

[00421] The device, while detecting the input: in response to detecting changes to 

intensity of the input, provides (1306) from an application-independent set of instructions to 

the software application a value of a first progress indicator that represents the changes to 

the intensity of the input (e.g., event object 194 conveyed from application-independent 

module 220 to application-specific module 230 as shown in Figure 7FF); and updates the 

first user interface in accordance with a set of instructions in the software application that is 

different from the application-independent set of instructions (e.g., the first user interface is 
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updated, for example to show the visual distinction as shown in Figure 7D, using 

application-specific module 230 in Figure 7FF) and the value of the first progress indicator 

(e.g., progress indicator 750 in Figure 7D). In some embodiments, the method includes 

monitoring the value of the first progress indicator and updating the first user interface 

based on the value of the first progress indicator in response to changes to the first progress 

indicator. In some embodiments, the set of instructions in the software application are 

application-specific instructions.  

[00422] In some embodiments, the value of the first progress indicator is (1308) a 

normalized value that indicates a status of the input between a first initial state (e.g., a 

hint/reveal intensity state) and a first terminal state (e.g., a peek/preview intensity state). For 

example, the first progress indicator has a value between 0 and 1, where 0 represents an 

initial state (e.g., an initial intensity, such as a beginning of the hint/reveal intensity state as 

shown in Figure 7C) and 1 represents a terminal state (e.g., a terminal or target intensity, 

such as the peek/preview intensity state as shown in Figure 7G).  

[00423] In some embodiments, the first initial state and the first terminal state are 

(1310) specified by the software application (e.g., application 1 (136-1) in Figure IC). In 

some embodiments, application core 1 (230-1) of application 1 (136-1) specifies the first 

initial state and the first terminal state (e.g., the software application specifies whether the 

first terminal state is to correspond to a peek/preview intensity state or a pop/commit 

intensity state.  

[00424] In some embodiments, progress between different states is (1312) 

determined by one or more heuristics based on a combination of intensity-based criteria 

(e.g., measured contact intensity) and non-intensity-based criteria (e.g., movement of 

contact, duration of contact, location of contact, etc.). In some embodiments, one or more of 

the intensity states is a dynamically determined intensity state (e.g., as described in greater 

detail below with reference to methods 1500 and 1600).  

[00425] In some embodiments, the states are (1314) selected from a set of state 

values provided by an operating system of the device (e.g., no-force state, hint/reveal state, 

peek/preview state, pop/commit state) and transitions between these states are used 

throughout the operating system to trigger operating-system driven user interactions (e.g., 

peek and pop, quick action menus, etc.).  
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[00426] In some embodiments, the device, while detecting the input: in response to 

detecting changes to intensity of the input over (or to) the first terminal state: provides 

(1316) from the application-independent set of instructions to the software application a 

value of a second progress indicator (e.g., second progress indicator 752 in Figure 7G) that 

represents the changes to the input. The value of the second progress indicator is a 

normalized value that indicates a status of the input between a second initial state and a 

second terminal state (e.g., between the peek/preview intensity state and the pop/commit 

intensity state). The device updates the first user interface in accordance with the set of 

instructions in the software application that is different from the application-independent set 

of instructions and the value of the second progress indicator. In some embodiments, the 

second initial state corresponds to the first terminal state. This allows the device to monitor 

changes to intensity of the input continuously from the first initial state to the second 

terminal state without a gap.  

[00427] In some embodiments, updating the first user interface in accordance with 

the set of instructions in the software application and the value of the second progress 

indicator includes (1318) replacing the first user interface with a second user interface (e.g., 

in Figure 71, when second progress indicator 752 reaches the second terminal state, mail 

application user interface 706 is replaced with browser application user interface 710).  

[00428] In some embodiments, the set of instructions in the software application is 

(1320) configured to provide a customized animation graphically representing changes to 

the intensity of the input. In some embodiments, the set of instructions in the software 

application is configured to provide a customized animation that graphically represents an 

initiation of the input. For example, the set of instructions in the software application is used 

to blur at least a portion of the first user interface. In some embodiments, the set of 

instructions in the software application is configured to provide a customized animation that 

graphically represents a completion of the input (e.g., the input reaching the terminal state).  

For example, the set of instructions in the software application is used to display a preview 

window. In some embodiments, the preview window in the customized animation has a 

non-rectangular shape (e.g., a circle). The use of the customized animation allows the 

device to provide an animation that is not predefined by application-independent module 

220.  
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[00429] In some embodiments, the device, while detecting the input: in response to 

detecting that the input satisfies first intensity criteria (e.g., the first initial state), initiates 

(1322) the first progress indicator so that the value of the first progress indicator represents 

the changes to the intensity of the input (between the first initial state and the first terminal 

state). For example, in Figures 7B-7C, first progress indicator 750 is initiated only when the 

input reaches the intensity threshold IL. This avoids updating and tracking the first progress 

indicator when the first progress indicator is not needed (e.g., when the intensity of the input 

is below an intensity range represented by the first progress indicator).  

[00430] It should be understood that the particular order in which the operations in 

Figures 13A-13B have been described is merely exemplary and is not intended to indicate 

that the described order is the only order in which the operations could be performed. One 

of ordinary skill in the art would recognize various ways to reorder the operations described 

herein. Additionally, it should be noted that details of other processes described herein with 

respect to other methods described herein (e.g., methods 800, 900, 1000, 1100, 1150, 1200, 

1400, 1500, and 1600) are also applicable in an analogous manner to method 1300 

described above with respect to Figures 13A-13B. For example, the touch inputs, user 

interface objects, intensity thresholds, and animations described above with reference to 

method 1300 optionally have one or more of the characteristics of the touch inputs, user 

interface objects, intensity thresholds, and animations described herein with reference to 

other methods described herein (e.g., methods 800, 900, 1000, 1100, 1150, 1200, 1400, 

1500, and 1600). For brevity, these details are not repeated here.  

[00431] Figures 14A-14C are flow diagrams illustrating a method of processing 

touch inputs based on intensity criteria specified by third-party applications in accordance 

with some embodiments. Method 1400 is performed at an electronic device (e.g., device 

300, Figure 3, or portable multifunction device 100, Figure 1A) with a display, a touch

sensitive surface, and one or more sensors to detect intensity of contacts with the touch

sensitive surface. In some embodiments, the display is a touch-screen display and the touch

sensitive surface is on or integrated with the display. In some embodiments, the display is 

separate from the touch-sensitive surface. Some operations in method 1400 are, optionally, 

combined and/or the order of some operations is, optionally, changed.  

[00432] As described below, method 1400 provides an enhanced way to process 

touch inputs with dynamic thresholds. Method 1400 improves efficiency in processing 
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touch inputs. By reducing unnecessary/extraneous/repetitive inputs, such methods and 

interfaces provide a more efficient human-machine interface, thereby improving overall 

operational time and user experience. For battery-operated devices, such methods and 

interfaces conserve battery power and increase the time between battery charges.  

[00433] The device displays (1402), on the display, a user interface of a first third

party application that runs within an operating system (e.g., mail application user interface 

706 in Figure 7JJ). Capabilities of the device are exposed to the first third-party application 

through an operating system framework of the operating system (e.g., a Touch Event API 

within UI Kit). For example, information about available gesture classes is provided to the 

first third-party application. The operating system framework defines a plurality of gesture 

classes that can be recognized by the device. A first gesture class is associated with first 

gesture recognition criteria for recognizing input detected on the touch-sensitive surface as a 

first gesture when the first gesture recognition criteria are met. The first third-party 

application has associated a first portion of the user interface with the first gesture from the 

first gesture class for a first operation (e.g., first pinch gesture recognizer (N1 )). The first 

third-party application has specified first intensity criteria for the first gesture associated 

with the first portion of the user interface for the first operation. In some embodiments, the 

first operation is performed when both the first gesture recognition criteria and the first 

intensity criteria are satisfied.  

[00434] In some embodiments, the first intensity criteria include (1404) an intensity 

threshold (e.g., the intensity threshold I1 in Figure 7JJ). For example, the first intensity 

criteria are (at least partly) satisfied when the intensity of the input reaches the intensity 

threshold.  

[00435] In some embodiments, the intensity threshold is selected (1406) from a set of 

predefined thresholds (e.g., the intensity threshold is selected from a set of predefined 

thresholds, such as the hint/reveal threshold, the peek/preview threshold, and the 

pop/commit threshold, or their corresponding intensity values, such as 100 g, 200 g, and 

300 g).  

[00436] In some embodiments, the intensity threshold is selected (1408) from a range 

of values detectable by the device (e.g., in some embodiments, the intensity threshold can 

be any value between 1 g and 500 g, such as 1 g, 10 g, 100 g, 450 g, etc.).  
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[00437] In some embodiments, the first intensity criteria include a rate of change of 

intensity over time, intensity of multiple contacts, a time duration of the input, a distance 

traveled by the input across the touch-sensitive surface, a number of contacts in the input, a 

direction of movement of the input, a relative timing of touchdown of contacts in the input, 

a motion of contacts in the input, etc. In some embodiments, the first intensity criteria 

includes a dynamically intensity threshold (e.g., as described in greater detail below with 

reference to methods 1500 and 1600).  

[00438] While displaying the user interface of the first third-party application on the 

display, the device detects (1410) an input on the touch-sensitive surface at a location that 

corresponds to the first portion of the user interface of the first third-party application (e.g., 

a depinch gesture represented by focus selectors 715 and 717 in Figure 7JJ).  

[00439] In response to detecting the input: the device, in accordance with a 

determination that the input meets the first gesture recognition criteria and that the input 

meets the first intensity criteria specified by the first third-party application, perform (1412) 

the first operation associated with the first portion of the user interface of the first third

party application (e.g., in Figure 7JJ-7KK, mail application user interface 706 is replaced 

with mail application user interface 724 when the depinch gesture represented by focus 

selectors 715 and 717 satisfies the intensity threshold Ii); and, in accordance with a 

determination that the input meets the first gesture recognition criteria but does not meet the 

first intensity criteria specified by the first third-party application, forgoes (1414) 

performance of the first operation associated with the first portion of the user interface of 

the first third-party application (e.g., in Figure 7LL, mail application user interface 706 is 

not replaced with mail application user interface 724 when the depinch gesture represented 

by focus selectors 715 and 717 does not satisfy the intensity threshold I1, but optionally, a 

zoom-in operation associated with a non-intensity based depinch gesture is performed in 

response to the depinch gesture represented by focus selectors 715 and 717).  

[00440] In some embodiments, the first third-party application has associated (1416, 

Figure 14B) the first portion of the user interface with the first gesture from the first gesture 

class for a second operation (e.g., a non-intensity based pinch gesture recognizer is 

associated for zoom-in/zoom-out operations). The first third-party application has not 

specified the first intensity criteria for the first gesture associated with the first portion of the 

user interface for the second operation. In some embodiments, the first third-party 
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application has not specified any intensity criteria for the first gesture associated with the 

first portion of the user interface for the second operation. In response to detecting the input, 

the device, in accordance with a determination that the input meets the first gesture 

recognition criteria but does not meet the first intensity criteria specified by the first third

party application, performs the second operation associated with the first portion of the user 

interface of the first third-party application (e.g., in Figure 7LL, when the depinch gesture 

represented by focus selectors 715 and 717 does not satisfy the intensity threshold I1, mail 

application user interface 706 is zoomed in); and, in accordance with a determination that 

the input meets the first gesture recognition criteria and that the input meets the first 

intensity criteria specified by the first third-party application, forgoes performance of the 

second operation associated with the first portion of the user interface of the first third-party 

application (e.g., in Figure 7KK, when the depinch gesture represented by focus selectors 

715 and 717 satisfies the intensity threshold I1, mail application user interface 724 is not 

zoomed in).  

[00441] In some embodiments, a second gesture class is associated (1418) with 

second gesture recognition criteria for recognizing input detected on the touch-sensitive 

surface as a second gesture when the second gesture recognition criteria are met. The first 

third-party application has associated the first portion of the user interface with the second 

gesture from the second gesture class for a third operation (e.g., in Figure 7MM, the two

finger pan gesture recognizer (2S) is associated with the first portion of mail application 

user interface 706). The first third-party application has specified second intensity criteria 

(e.g., the intensity threshold 12) for the second gesture associated with the first portion of the 

user interface for the third operation. In response to detecting the input, the device, in 

accordance with a determination that the input meets the second gesture recognition criteria 

and that the input meets the second intensity criteria specified by the first third-party 

application, performs the third operation associated with the first portion of the user 

interface of the first third-party application (e.g., displaying review window 726 showing a 

review of the linked website on mail application user interface 706 as shown in Figure 

7NN); and, in accordance with a determination that the input meets the second gesture 

recognition criteria but does not meet the second intensity criteria specified by the first 

third-party application, forgoes performance of the third operation associated with the first 
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portion of the user interface of the first third-party application (e.g., when the input does not 

meet the intensity threshold I2, review window 726 is not displayed).  

[00442] In some embodiments, the device displays (1420, Figure 14C), on the display, 

a user interface of a second third-party application that runs within the operating system and 

is different from the first third-party application (e.g., browser module 147 in Figure 1A).  

The second third-party application has associated a second portion of the user interface of 

the second third-party application with the first gesture from the first gesture class for a first 

operation (e.g., the address window of browser application user interface 710 is associated 

with the third pinch gesture recognizer (N 3) for replacing browser application user interface 

710 with tabs management view 728 shown in Figure 7PP). The second third-party 

application has specified third intensity criteria (e.g., the intensity threshold 13 in Figure 7PP) 

for the first gesture associated with the second portion of the user interface for the first 

operation. The third intensity criteria are different from the first intensity criteria (and, 

optionally, the third intensity criteria are different from the second intensity criteria). While 

displaying the user interface of the second third-party application on the display, the device 

detects an input on the touch-sensitive surface at a location that corresponds to the second 

portion of the user interface of the second third-party application (e.g., a depinch gesture 

represented by focus selectors 723 and 725 is detected on the address window of browser 

application user interface 710 in figure 700). In response to detecting the input a location 

that corresponds to the second portion of the user interface of the second third-party 

application, the device, in accordance with a determination that the input at the location that 

corresponds to the second portion of the user interface of the second third-party application 

meets the first gesture recognition criteria and that the input meets the third intensity criteria 

specified by the second third-party application, performs the first operation associated with 

the second portion of the user interface of the second third-party application (e.g., browser 

application user interface 710 is replaced with tabs management view 728 as shown in 

Figure 7PP); and, in accordance with a determination that the input at the location that 

corresponds to the portion of the user interface of the second third-party application meets 

the first gesture recognition criteria but does not meet the third intensity criteria specified by 

the second third-party application, forgoes performance of the first operation associated 

with the second portion of the user interface of the second third-party application. For 

example, when the intensity of the depinch gesture represented by focus selectors 723 and 
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725 is below the intensity threshold 13, no action is performed as shown in Figure 7QQ (e.g., 

tabs management view 728 shown in Figure 7PP is not displayed).  

[00443] It should be understood that the particular order in which the operations in 

Figures 14A-14B have been described is merely exemplary and is not intended to indicate 

that the described order is the only order in which the operations could be performed. One 

of ordinary skill in the art would recognize various ways to reorder the operations described 

herein. Additionally, it should be noted that details of other processes described herein with 

respect to other methods described herein (e.g., methods 800, 900, 1000, 1100, 1150, 1200, 

1300, 1500, and 1600) are also applicable in an analogous manner to method 1400 

described above with respect to Figures 14A-14B. For example, the touch inputs, user 

interface objects, intensity thresholds, and animations described above with reference to 

method 1400 optionally have one or more of the characteristics of the touch inputs, user 

interface objects, intensity thresholds, and animations described herein with reference to 

other methods described herein (e.g., methods 800, 900, 1000, 1100, 1150, 1200, 1300, 

1500, and 1600). For brevity, these details are not repeated here.  

[00444] Figures 15A-15B are flow diagrams illustrating a method of processing 

touch inputs based on dynamic thresholds in accordance with some embodiments. Method 

1500 is performed at an electronic device (e.g., device 300, Figure 3, or portable 

multifunction device 100, Figure 1A) with a display, a touch-sensitive surface, and one or 

more sensors to detect intensity of contacts with the touch-sensitive surface. In some 

embodiments, the display is a touch-screen display and the touch-sensitive surface is on or 

integrated with the display. In some embodiments, the display is separate from the touch

sensitive surface. Some operations in method 1500 are, optionally, combined and/or the 

order of some operations is, optionally, changed.  

[00445] As described below, method 1500 provides an enhanced way to process 

touch inputs with dynamic thresholds. Method 1500 improves efficiency in processing 

touch inputs. By reducing unnecessary/extraneous/repetitive inputs, such methods and 

interfaces provide a more efficient human-machine interface, thereby improving overall 

operational time and user experience. For battery-operated devices, such methods and 

interfaces conserve battery power and increase the time between battery charges.  
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[00446] The device displays (1502), on the display, a user interface (e.g., mail 

application user interface 706 in Figure 7RR).  

[00447] While displaying the user interface, the device detects (1504) an input on the 

touch-sensitive surface (e.g., focus selector 727 in Figure 7RR).  

[00448] In response to detecting the input while displaying the first user interface, 

and while detecting the input, the device, in accordance with a determination that the input 

satisfies first timing criteria and first intensity input criteria, performs (1506) a first 

operation (e.g., visually distinguishing user interface object 708 as shown in Figure 7SS).  

The first timing criteria require that the input remain on the touch-sensitive surface while a 

first time period elapses (e.g., through a time period p 1 ending at time 7124, as shown in 

Figure 7SS). The first intensity input criteria require that the input satisfy a first intensity 

threshold (e.g., the intensity threshold IL as shown in Figure 7SS) at an end of or subsequent 

to the first time period (e.g., at a time subsequent to or at an end of the first time period).  

[00449] In some embodiments, the first time period starts (1508) in response to 

detecting the input on the touch-sensitive surface (e.g., in Figure 7SS, the time period p1 

starts from the initial detection of focus selector 727).  

[00450] In some embodiments, while detecting the input, the device, in accordance 

with a determination that intensity of the input has decreased below a reference intensity 

threshold, restarts (1510) the first time period (e.g., as shown in Figure 7UU, when the 

intensity of the input decreases below the reference intensity threshold IR, the first time 

period restarts from time 7146 when the intensity of the input has fallen below the reference 

intensity threshold IR). In some embodiments, the reference intensity threshold is 

determined based on a maximum intensity detected during a predefined detection time 

period and an intensity reduction margin (e.g., a fixed margin such as 10 g, 20 g, 30 g, or 

40 g, or a dynamic margin such as 5 %, 10 %, 20 %, or 30 % of the maximum intensity of 

the contact), such as margin in Figure 7UU. In some embodiments, reference intensity 

threshold is determined based on the maximum intensity detected since the time period 

started (e.g., since moment the input was detected or since the last time the time period 

restarted) and the intensity reduction margin. For example, the reference intensity threshold 

corresponds to the maximum detected intensity minus the intensity reduction margin (e.g., 
margin in Figure 7UU). In some embodiments, the reference intensity threshold continues to 
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be updated while the input is detected (e.g., as shown in Figure 7VV, the reference intensity 

threshold is updated based on changes to the intensity of the input).  

[00451] In some embodiments, while detecting the input, the device, in accordance 

with the determination that the intensity of the input has decreased below the reference 

intensity threshold, resets (1512) the reference intensity threshold (e.g., in Figure 7VV, 

when the intensity of the input decreases below a first reference intensity IRI, the reference 

intensity is reset to a second reference intensity IR2). In some embodiments, the reference 

intensity threshold is changed based on the intensity of the input detected when the 

reference intensity threshold is reset (e.g., the second reference intensity IR2 is determined 

based on the intensity of the input when the reference intensity threshold is reset, which is 

IRI). For example, the reference intensity threshold is reset to the intensity of the input, 

detected when (or immediately before) the reference intensity threshold is reset, minus the 

intensity reduction margin (e.g., in Figure 7VV, the second reference intensity IR2 is the first 

reference intensity IR1 minus the intensity margin Imargin).  

[00452] In some embodiments, in response to detecting the input while displaying the 

first user interface, in accordance with a determination that the input does not satisfy the 

first timing criteria and/or the first intensity input criteria, the device forgoes (1514) the first 

operation (e.g., when the input follows intensity pattern 7130 or intensity pattern 7132 in 

Figure 7RR, the first operation, such as visually distinguishing user interface object 708 as 

shown in Figure 7SS, is not performed).  

[00453] In some embodiments, in response to detecting the input while displaying the 

first user interface, the device, in accordance with a determination that the input satisfies 

second timing criteria and second intensity input criteria, performs (1516, Figure 15B) a 

second operation that is distinct from the first operation (e.g., as shown in Figure 5TT, when 

the input satisfies the second timing criteria based on the time period p2 ending at time 7136 

and the second intensity input criteria based on the intensity threshold IM, preview area 712 

is displayed). The second timing criteria require that the input remain on the touch-sensitive 

surface while a second time period elapses. In some embodiments, the second time period is 

identical to the first time period. In some embodiments, the second time period is distinct 

from the first time period. The second intensity input criteria require that the input satisfy a 

second intensity threshold, that is distinct from the first intensity threshold (e.g., the second 

129



1001522024 

intensity threshold is higher than the first intensity threshold), at an end of or subsequent to 

the second time period (e.g., at a time subsequent to or at an end of the second time period).  

[00454] In some embodiments, the device, in response to detecting the input and in 

accordance with the determination that the input satisfies the first timing criteria and the 

first input criteria, performs (1518) the first operation including processing the input with a 

first gesture recognizer (e.g., the reveal gesture recognizer (R) described above with respect 

to Figures 7A-7CC); and, in response to detecting the input and in accordance with a 

determination that the input satisfies the second timing criteria and the second intensity 

input criteria, performs the second operation including processing the input with a second 

gesture recognizer (e.g., the preview gesture recognizer (P) described above with respect to 

Figures 7A-7CC). In some embodiments, processing the input with the second gesture 

recognizer includes placing the first gesture recognizer in a failed state.  

[00455] In some embodiments, processing the input with the first gesture recognizer 

initiates placing a tap gesture recognizer in a cancelled state. In some embodiments, 

processing the input with a tap gesture recognizer initiates placing the first gesture 

recognizer in a cancelled state. In some embodiments, processing the input with a long press 

gesture recognizer initiates placing the first gesture recognizer in a cancelled state.  

[00456] In some embodiments, the device detects (1520) an end of the input (e.g., 

detecting liftoff of a contact that corresponds to the input from the touch-sensitive surface); 

and, in response to detecting the end of the input, in accordance with a determination that 

the input satisfies third timing criteria distinct from the first timing criteria (and from the 

second timing criteria), performs a third operation that is distinct from the first operation 

(and from the second operation). For example, if the device detects a quick tap input (e.g., 

an input following input pattern 7132 in Figure 7RR) even if that tap input satisfies the first 

intensity threshold, the device performs an operation that is associated with (e.g., mapped to 

or assigned to) the tap input (e.g., displaying browser application user interface 710 shown 

in Figure 7B) rather than performing an operation that is associated with (e.g., mapped to or 

assigned to) the first intensity threshold.  

[00457] In some embodiments, in response to detecting the end of the input, in 

accordance with a determination that the input does not satisfy the third timing criteria or 

the first timing criteria, the device forgoes (1522) performance of any operation. For 

130



1001522024 

example, if the device detects a long contact that is longer than the third timing criteria and 

satisfies the first intensity threshold but does not satisfy the first timing criteria (e.g., an 

input following input pattern 7131 in Figure 7RR), the device does not perform either the 

operation that is associated with (e.g., mapped to or assigned to) the tap input or the 

operation that is associated with (e.g., mapped to or assigned to) the first intensity threshold.  

[00458] It should be understood that the particular order in which the operations in 

Figures 15A-15B have been described is merely exemplary and is not intended to indicate 

that the described order is the only order in which the operations could be performed. One 

of ordinary skill in the art would recognize various ways to reorder the operations described 

herein. Additionally, it should be noted that details of other processes described herein with 

respect to other methods described herein (e.g., methods 800, 900, 1000, 1100, 1150, 1200, 

1300, 1400, and 1600) are also applicable in an analogous manner to method 1500 

described above with respect to Figures 15A-15B. For example, the touch inputs, user 

interface objects, intensity thresholds, and animations described above with reference to 

method 1500 optionally have one or more of the characteristics of the touch inputs, user 

interface objects, intensity thresholds, and animations described herein with reference to 

other methods described herein (e.g., methods 800, 900, 1000, 1100, 1150, 1200, 1300, 

1400, and 1600). For brevity, these details are not repeated here.  

[00459] Figures 16A-16B are flow diagrams illustrating method 1600 of processing 

touch inputs based on dynamic thresholds in accordance with some embodiments. Method 

1600 is performed at an electronic device (e.g., device 300, Figure 3, or portable 

multifunction device 100, Figure 1A) with a display, a touch-sensitive surface, and one or 

more sensors to detect intensity of contacts with the touch-sensitive surface. In some 

embodiments, the display is a touch-screen display and the touch-sensitive surface is on or 

integrated with the display. In some embodiments, the display is separate from the touch

sensitive surface. Some operations in method 1600 are, optionally, combined and/or the 

order of some operations is, optionally, changed.  

[00460] As described below, method 1600 provides an enhanced way to process 

touch inputs with dynamic thresholds. Method 1600 improves efficiency in processing 

touch inputs. By reducing unnecessary/extraneous/repetitive inputs, such methods and 

interfaces provide a more efficient human-machine interface, thereby improving overall 
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operational time and user experience. For battery-operated devices, such methods and 

interfaces conserve battery power and increase the time between battery charges.  

[00461] The device displays (1602), on the display, a user interface (e.g., mail 

application user interface 706 in Figure 7WW).  

[00462] While displaying the user interface, the device detects (1604) an input on the 

touch-sensitive surface (e.g., focus selector 729 in Figure 7WW).  

[00463] In response to detecting the input while displaying the first user interface, 

and while detecting the input, in accordance with a determination that the input satisfies an 

activation intensity threshold, the device performs (1606) a first operation (e.g., when the 

intensity of input 7156 exceeds first intensity threshold component 7154, mail application 

user interface 706 is replaced with browser application user interface 710). The activation 

intensity threshold includes a first intensity threshold component (e.g., first intensity 

threshold component 7154 in Figure 7WW) that decreases from a first intensity value (e.g., 

the initial intensity threshold IH) over time.  

[00464] In some embodiments, the activation intensity threshold includes (1608) a 

second intensity threshold component (e.g., second intensity threshold component 7168 in 

Figure 7YY) that follows intensity of the input with a delay. In some embodiments, the 

second intensity threshold component is obtained by applying a low pass filter on the 

intensity of the input.  

[00465] In some embodiments, the activation intensity threshold is (1610) a sum of 

the first intensity threshold component and the second intensity threshold component (e.g., 

in Figure 7YY, activation intensity threshold 7170 is a sum of first intensity threshold 

component 7154 and second intensity threshold component 7168). In some embodiments, 

the activation intensity threshold is set in a way such that it is no less than a minimum 

activation intensity threshold (e.g., as shown in Figure 7BBB, activation intensity threshold 

7180 is no less than baseline threshold 7182).  

[00466] In some embodiments, the first intensity threshold component decreases 

(1612) after a predefined time interval from a moment the input is detected (e.g., in Figure 

7WW, first intensity threshold component 7154 decreases after the predefined time interval 

p3 from when the input is initially detected).  
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[00467] In some embodiments, in accordance with a determination that the first 

intensity threshold component is not below a reference intensity threshold, the first intensity 

threshold component follows (1614) a decay curve that decreases after a predefined time 

interval (e.g., from a moment the input is detected as shown in Figure 7WW or from a 

moment the peak operation has been performed), and, in accordance with a determination 

that the first intensity threshold component is below the reference intensity threshold, the 

first intensity threshold component follows a decay curve that decreases starting at a time 

determined without reference to the predefined time interval (e.g., as shown in Figure 7XX, 

first intensity threshold component 7164 starts to decay when the intensity of the input falls 

below the reference intensity threshold IR). In some embodiments, the reference intensity 

threshold is determined based on a maximum intensity detected during a predefined 

detection time period and an intensity reduction margin. In some embodiments, reference 

intensity threshold is determined based on the maximum intensity detected since the 

moment the input is detected and the intensity reduction margin. For example, the reference 

intensity threshold corresponds to the maximum detected intensity minus the intensity 

reduction margin. In some embodiments, the reference intensity threshold continues to be 

updated while the input is detected.  

[00468] In some embodiments, in response to detecting the input while displaying the 

first user interface, and while detecting the input, in accordance with a determination that 

the input satisfies first timing criteria and first intensity input criteria, the deice performs 

(1616, Figure 16B) a second operation (e.g., a peek/preview operation). For example, s 

shown in Figure 16B, when input 7172 satisfies the first timing criteria and the first 

intensity input criteria at time 7124, the second operation (e.g., displaying preview area 712 

as shown in Figure 7G) is performed, before performing the first operation (e.g., replacing 

mail application user interface 706 with browser application user interface 710 as shown in 

Figures 7G-71). The first timing criteria require that the input remain on the touch-sensitive 

surface while a first time period elapses. The first intensity input criteria require that the 

input satisfy a first intensity threshold at an end of or subsequent to the first time period 

(e.g., at a time subsequent to or at an end of the first time period).  

[00469] In some embodiments, the first intensity threshold component follows (1618) 

a decay curve that decreases after a predefined time interval from a moment the input 

satisfies the first timing criteria and the first intensity input criteria. For example, as shown 
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in Figure 7ZZ, the decay of the first intensity threshold component in activation intensity 

threshold 7174 starts at time 7176, which corresponds to the predefined time interval p3 

after time 7124 when the input satisfies the first timing criteria and the first intensity input 

criteria.  

[00470] In some embodiments, the input is (1620) a continuous gesture that includes 

a first increase in intensity and a second increase in intensity that is subsequent to the first 

increase in intensity and a decrease in intensity between the first increase in intensity and 

the second increase in intensity (e.g., in Figure 7AAA, input 7178 includes a first increase 

in intensity from below IL to above IM, followed by a decrease in intensity from above IM to 

below IL, followed by a second increase in intensity from below IL to above IL (and above 

IM) without releasing input 7178), while the input remains in contact with the touch

sensitive surface between the first increase in intensity and the second increase in intensity.  

The device, in response to detecting the first increase in intensity of the input, performs the 

second operation (e.g., input 7178 satisfies the first timing criteria and the first intensity 

input criteria at time 7124, and initiates the second operation, such as displaying preview 

area 712 as shown in Figure 7G); and, in response to detecting the second increase in 

intensity of the input, performs the first operation (e.g., input 7178 satisfies activation 

intensity threshold 7180 at time 7179, and initiates the first operation, such as replacing 

mail application user interface 706 with browser application user interface 710 as shown in 

Figures 7G-71).  

[00471] It should be understood that the particular order in which the operations in 

Figures 16A-16B have been described is merely exemplary and is not intended to indicate 

that the described order is the only order in which the operations could be performed. One 

of ordinary skill in the art would recognize various ways to reorder the operations described 

herein. Additionally, it should be noted that details of other processes described herein with 

respect to other methods described herein (e.g., methods 800, 900, 1000, 1100, 1150, 1200, 

1300, 1400, and 1500) are also applicable in an analogous manner to method 1600 

described above with respect to Figures 16A-16B. For example, the touch inputs, user 

interface objects, intensity thresholds, and animations described above with reference to 

method 1600 optionally have one or more of the characteristics of the touch inputs, user 

interface objects, intensity thresholds, and animations described herein with reference to 
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other methods described herein (e.g., methods 800, 900, 1000, 1100, 1150, 1200, 1300, 

1400, and 1500). For brevity, these details are not repeated here.  

[00472] In accordance with some embodiments, Figure 17 shows a functional block 

diagram of electronic device 1700 configured in accordance with the principles of the 

various described embodiments. The functional blocks of device 1700 are, optionally, 

implemented by hardware, software, firmware, or a combination thereof to carry out the 

principles of the various described embodiments. It is understood by persons of skill in the 

art that the functional blocks described in Figure 17 are, optionally, combined or separated 

into sub-blocks to implement the principles of the various described embodiments.  

Therefore, the description herein optionally supports any possible combination or separation 

or further definition of the functional blocks described herein.  

[00473] As shown in Figure 17, electronic device 1700 includes display unit 1702 

configured to display one or more user interfaces; touch-sensitive surface unit 1704 

configured to receive user inputs; one or more sensor units 1706 configured to detect 

intensity of contacts with the touch-sensitive surface unit 1704; and processing unit 1708 

coupled to display unit 1702, touch-sensitive surface unit 1704 and one or more sensor units 

1706. In some embodiments, processing unit 1708 includes display enabling unit 1710, 

input evaluation unit 1712, gesture recognizer unit 1714, and operations performing unit 

1716.  

[00474] In some embodiments, electronic device 1700 is configured to distinguish 

between a long press gesture and a deep press input and to perform distinct operations in 

response to the long press gesture and the deep press input. In such embodiments, 

processing unit 1708 is configured to enable display of a first user interface, and processing 

unit 1708 is further configured to detect an input on the touch-sensitive surface unit (e.g., 

with input evaluation unit 1712) while enabling display of the first user interface (e.g., with 

display enabling unit 1710), and in response to detecting the input while enabling display of 

the first user interface, perform a first operation (e.g., with operation performing unit 1716) 

in accordance with a determination that the input satisfies intensity input criteria including 

that the input satisfies a first intensity threshold during a first predefined time period, and 

perform a second operation (e.g., with operation performing unit 1716) in accordance with a 

determination that the input satisfies long press criteria including that the input remains 

below the first intensity threshold during the first predefined time period. In some 

135



1001522024 

implementations of these embodiments, the first user interface is the user interface of a first 

software application, the first user interface includes a plurality of user interface objects, 

including a first user interface object associated with an application-independent set of 

predefined instructions for preview operations (e.g., with display enabling unit 1710 and/or 

operation performing unit 1716). In some embodiments, electronic device 1700 is 

configured to perform any of the methods described above with reference to Figures 8A-8E.  

[00475] In some embodiments, input evaluation unit 1712 of processing unit 1708 is 

configured to detect the input on the touch-sensitive surface, including detecting a first 

portion of the input and a second portion of the input that is subsequent to the first portion 

of the input; and to identify, in response to detecting the first portion of the input on the 

touch-sensitive surface, a first set of gesture recognizers that correspond to at least the first 

portion of the input as candidate gesture recognizers, the first set of gesture recognizers 

including a first gesture recognizer and a second gesture recognizer. Further, operation 

performing unit 1716 of processing unit 1708 is configured to, in response to detecting the 

second portion of the input on the touch-sensitive surface, perform the first operation, 

including processing the input with the first gesture recognizer, in accordance with the 

determination that the input satisfies the intensity input criteria; and perform the second 

operation, including processing the input with the second gesture recognizer, in accordance 

with the determination that the input satisfies the long press criteria.  

[00476] In some embodiments, the first gesture recognizer is an intensity-based 

gesture recognizer and the second gesture recognizer is a long press gesture recognizer.  

[00477] In some circumstances, the input includes a third portion that is subsequent 

to the second portion of the input, and in some embodiments operation performing unit 

1716 is configured to process the third portion of the input with the first gesture recognizer.  

[00478] In some embodiments, the first set of gesture recognizers includes a third 

gesture recognizer.  

[00479] In some embodiments, operation performing unit 1716 is configured to 

process the input with the first gesture recognizer, including replacing display of the first 

user interface with a second user interface, in response to determining that the input satisfies 

a second intensity threshold.  
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[00480] In some embodiments, the first set of gesture recognizers includes a fourth 

gesture recognizer, and operation performing unit 1716 is configured to process the input 

with the fourth gesture recognizer in response to determining that the input satisfies a 

second intensity threshold.  

[00481] In some embodiments, operation performing unit 1716 is configured to 

process a third operation in response to detecting the first portion of the input. Furthermore, 

in some such embodiments, performing the third operation includes visually distinguishing 

at least a portion of the first user interface from other portions of the first user interface.  

And, in some such embodiments, operation performing unit 1716 is configured to, 

subsequent to performing the third operation, perform the first operation in accordance with 

the determination that the input satisfies the intensity input criteria; and, subsequent to 

performing the third operation, perform the second operation in accordance with the 

determination that the input satisfies the long press criteria.  

[00482] In some embodiments, performing the first operation includes displaying a 

preview area.  

[00483] In some embodiments, performing the second operation includes displaying 

a menu view.  

[00484] In some embodiments, the first intensity threshold is satisfied in response to 

multiple contacts in the input satisfying the first intensity threshold.  

[00485] In some embodiments, the first intensity threshold is satisfied in response to 

a combination of the intensity applied by a plurality of contacts in the input satisfying the 

first intensity threshold.  

[00486] In some embodiments, the first intensity threshold is adjustable. In some 

such embodiments, processing unit 1708 is configured to update the first gesture recognizer 

to be activated in response to the intensity of the input satisfying a third intensity threshold 

that is distinct from the first intensity threshold.  

[00487] In some embodiments, the processing unit is configured to forgo the first 

operation and the second operation in accordance with a determination that the input does 

not satisfy the intensity input criteria and does not satisfy the long press criteria.  
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[00488] In some embodiments, the intensity input criteria include that the input does 

not move across the touch-sensitive surface by more than a predefined distance; and the 

long press criteria include that the contact in the input does not move across the touch

sensitive surface by more than the predefined distance.  

[00489] In some embodiments, the input evaluation unit is configured to detect a 

second input on the touch-sensitive surface, including a first portion of the second input and 

a second portion of the second input that is subsequent to the first portion of the second 

input; and identify, in response to detecting the first portion of the second input on the 

touch-sensitive surface, a second set of gesture recognizers that correspond to at least the 

first portion of the second input, the second set of gesture recognizers including the second 

gesture recognizer without the first gesture recognizer. Furthermore, in these embodiments, 

the processing unit is configured to process the second input with the second gesture 

recognizer in response to detecting the second portion of the second input on the touch

sensitive surface, in accordance with a determination that the second input satisfies second 

long press criteria including that the second input remains on the touch-sensitive surface for 

a second predefined time period that has a different duration from the first predefined time 

period.  

[00490] In some embodiments, electronic device 1700 (Figure 17) is configured to 

distinguish between a pan gesture and a deep press input and to perform distinct operations 

in response to the pan gesture and the deep press input. In such embodiments, processing 

unit 1708 is configured to enable display of a first user interface, and processing unit 1708 

is further configured to detect an input on the touch-sensitive surface unit (e.g., with input 

evaluation unit 1712) while enabling display of the first user interface (e.g., with display 

enabling unit 1710), in response to detecting the input while enabling display of the first 

user interface, perform a first operation (e.g., with operation performing unit 1716) in 

accordance with a determination that the input satisfies intensity input criteria including that 

the input satisfies a first intensity threshold, and perform a second operation (e.g., with 

operation performing unit 1716) in accordance with a determination that the input satisfies 

pan criteria including that the input has moved across the touch-sensitive surface by at least 

a predefined distance. In some implementations of these embodiments, the first user 

interface is the user interface of a first software application, the first user interface includes 

a plurality of user interface objects, including a first user interface object associated with an 
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application-independent set of predefined instructions for preview operations (e.g., with 

display enabling unit 1710 and/or operation performing unit 1716). In some embodiments, 

electronic device 1700 is configured to perform any of the methods described above with 

reference to Figures 9A-9D.  

[00491] In some embodiments, input evaluation unit 1712 of processing unit 1708 is 

configured to detect the input on the touch-sensitive surface, including detecting a first 

portion of the input and a second portion of the input that is subsequent to the first portion 

of the input; and to identify, in response to detecting the first portion of the input on the 

touch-sensitive surface, a first set of gesture recognizers that correspond to at least the first 

portion of the input as candidate gesture recognizers, the first set of gesture recognizers 

including a first gesture recognizer and a second gesture recognizer. Further, operation 

performing unit 1716 of processing unit 1708 is configured to, in response to detecting the 

second portion of the input on the touch-sensitive surface, perform the first operation, 

including processing the input with the first gesture recognizer, in accordance with the 

determination that the input satisfies the intensity input criteria; and perform the second 

operation, including processing the input with the second gesture recognizer, in accordance 

with the determination that the input satisfies the pan criteria.  

[00492] In some embodiments, the intensity input criteria include that the input does 

not move across the touch-sensitive surface by at least the predefined distance.  

[00493] In some embodiments, the first gesture recognizer is an intensity-based 

gesture recognizer and the second gesture recognizer is a pan gesture recognizer.  

[00494] In some circumstances, the input includes a third portion of the input that is 

subsequent to the second portion of the input, and in some embodiments operation 

performing unit 1716 is configured to process the third portion of the input with the first 

gesture recognizer.  

[00495] In some embodiments, the first set of gesture recognizers includes a third 

gesture recognizer.  

[00496] In some embodiments, operation performing unit 1716 is configured to 

process the input with the first gesture recognizer, including replacing display of the first 

user interface with a second user interface, in response to determining that the input satisfies 

a second intensity threshold.  
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[00497] In some embodiments, the operation performing unit 1716 is configured to 

process a third operation in response to detecting the first portion of the input. Furthermore, 

in some such embodiments, performing the third operation includes visually distinguishing 

at least a portion of the first user interface from other portions of the first user interface.  

And, in some such embodiments, operation performing unit 1716 is configured to, 

subsequent to performing the third operation, perform the first operation in accordance with 

the determination that the input satisfies the intensity input criteria; and, subsequent to 

performing the third operation, perform the second operation in accordance with the 

determination that the input satisfies the pan criteria.  

[00498] In some embodiments, the first set of gesture recognizers includes a fourth 

gesture recognizer, and operation performing unit 1716 is configured to process the input 

with the fourth gesture recognizer in response to determining that the input satisfies a 

second intensity threshold.  

[00499] In some embodiments, performing the first operation includes displaying a 

preview area.  

[00500] In some embodiments, performing the second operation includes scrolling at 

least a portion of the first user interface.  

[00501] In some embodiments, performing the second operation subsequent to 

performing the third operation includes reversing the third operation.  

[00502] In some embodiments, the first intensity threshold is adjustable. In some 

such embodiments, processing unit 1708 is configured to update the first gesture recognizer 

to be activated in response to the intensity of the input satisfying a third intensity threshold 

that is distinct from the first intensity threshold.  

[00503] In some embodiments, processing unit 1708 is configured to forgo 

performance of the second operation subsequent to initiating performance of the first 

operation. Similarly, in some embodiments, processing unit 1708 is configured to forgo 

performance of the first operation subsequent to initiating performance of the second 

operation.  

[00504] In some embodiments, electronic device 1700 (Figure 17) is configured to 

distinguish between a tap gesture input and a deep press input and to perform distinct 
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operations in response to the tap gesture and the deep press input. In such embodiments, 

processing unit 1708 is configured to enable display of a first user interface, and processing 

unit 1708 is further configured to detect an input on the touch-sensitive surface unit (e.g., 

with input evaluation unit 1712) while enabling display of the first user interface (e.g., with 

display enabling unit 1710), and in response to detecting the input while enabling display of 

the first user interface, perform a first operation (e.g., with operation performing unit 1716) 

in accordance with a determination that the input satisfies intensity input criteria including 

that the input satisfies a first intensity threshold and the input remains on the touch-sensitive 

surface for a first predefined time period, and perform a second operation (e.g., with 

operation performing unit 1716) in accordance with a determination that the input satisfies 

long press criteria including that the input ceases to remain on the touch-sensitive surface 

during the first predefined time period. In some implementations of these embodiments, the 

first user interface is the user interface of a first software application, the first user interface 

includes a plurality of user interface objects, including a first user interface object 

associated with an application-independent set of predefined instructions for preview 

operations (e.g., with display enabling unit 1710 and/or operation performing unit 1716). In 

some embodiments, electronic device 1700 is configured to perform any of the methods 

described above with reference to Figures 10A-10D.  

[00505] In some embodiments, input evaluation unit 1712 of processing unit 1708 is 

configured to detect the input on the touch-sensitive surface, including detecting a first 

portion of the input and a second portion of the input that is subsequent to the first portion 

of the input; and to identify, in response to detecting the first portion of the input on the 

touch-sensitive surface, a first set of gesture recognizers that correspond to at least the first 

portion of the input as candidate gesture recognizers, the first set of gesture recognizers 

including a first gesture recognizer and a second gesture recognizer. Further, operation 

performing unit 1716 of processing unit 1708 is configured to, in response to detecting the 

second portion of the input on the touch-sensitive surface, perform the first operation, 

including processing the input with the first gesture recognizer, in accordance with the 

determination that the input satisfies the intensity input criteria; and perform the second 

operation, including processing the input with the second gesture recognizer, in accordance 

with the determination that the input satisfies the tap criteria.  
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[00506] In some embodiments, the first gesture recognizer is an intensity-based 

gesture recognizer and the second gesture recognizer is a tap gesture recognizer.  

[00507] In some circumstances, the input includes a third portion that is subsequent 

to the second portion of the input, and in some embodiments operation performing unit 

1716 is configured to process the third portion of the input with the first gesture recognizer.  

[00508] In some embodiments, the first set of gesture recognizers includes a third 

gesture recognizer.  

[00509] In some embodiments, operation performing unit 1716 is configured to 

process the input with the first gesture recognizer, including replacing display of the first 

user interface with a second user interface, in response to determining that the input satisfies 

a second intensity threshold.  

[00510] In some embodiments, the first set of gesture recognizers includes a fourth 

gesture recognizer, and operation performing unit 1716 is configured to process the input 

with the fourth gesture recognizer in response to determining that the input satisfies a 

second intensity threshold.  

[00511] In some embodiments, operation performing unit 1716 is configured to 

process a third operation in response to detecting the first portion of the input. Furthermore, 

in some such embodiments, performing the third operation includes visually distinguishing 

at least a portion of the first user interface from other portions of the first user interface.  

And, in some such embodiments, operation performing unit 1716 is configured to, 

subsequent to performing the third operation, perform the first operation in accordance with 

the determination that the input satisfies the intensity input criteria; and, subsequent to 

performing the third operation, perform the second operation in accordance with the 

determination that the input satisfies the tap criteria. And, in some such embodiments, input 

evaluation unit 1710 is configured to initiate performance of the third operation during the 

first predefined time period.  

[00512] In some embodiments, performing the first operation includes displaying a 

preview area.  
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[00513] In some embodiments, performing the second operation includes replacing 

display of the first user interface with a third user interface of a software application that 

corresponds to a location of the input on the touch-sensitive surface.  

[00514] In some embodiments, the first intensity threshold is adjustable. Further, in 

some such embodiments, processing unit 1708 is configured to update the first gesture 

recognizer to be activated in response to the intensity of the input satisfying a third intensity 

threshold that is distinct from the first intensity threshold.  

[00515] In some embodiments, processing unit 1708 is configured to perform the 

second operation in accordance with the determination that the input satisfies the tap 

criteria, regardless of whether the input satisfies the intensity input criteria.  

[00516] In some embodiments, processing unit 1708 is configured to perform the 

second operation, in response to detecting the input while displaying the first user interface, 

in accordance with a determination that the input remains on the touch-sensitive surface for 

the first predefined time period followed by the input subsequently ceasing to be detected 

on the touch-sensitive surface and the input does not satisfy the intensity input criteria.  

Further, in such embodiments, processing unit 1708 is configured to forgo performance of 

the second operation, in response to detecting the input while displaying the first user 

interface, in accordance with a determination that the input remains on the touch-sensitive 

surface for the first predefined time period followed by the input subsequently ceasing to be 

detected on the touch-sensitive surface and the input satisfies the intensity input criteria.  

[00517] The operations in the information processing methods described above are, 

optionally implemented by running one or more functional modules in information 

processing apparatus such as general purpose processors (e.g., as described above with 

respect to Figures 1A and 3) or application specific chips.  

[00518] In accordance with some embodiments, Figure 18 shows a functional block 

diagram of electronic device 1800 configured in accordance with the principles of the 

various described embodiments. The functional blocks of device 1800 are, optionally, 

implemented by hardware, software, firmware, or a combination thereof to carry out the 

principles of the various described embodiments. It is understood by persons of skill in the 

art that the functional blocks described in Figure 18 are, optionally, combined or separated 

into sub-blocks to implement the principles of the various described embodiments.  
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Therefore, the description herein optionally supports any possible combination or separation 

or further definition of the functional blocks described herein.  

[00519] As shown in Figure 18, electronic device 1800 includes display unit 1802 

configured to display one or more user interfaces; touch-sensitive surface unit 1804 

configured to receive user inputs; one or more sensor units 1806 configured to detect 

intensity of contacts with the touch-sensitive surface unit 1804; and processing unit 1808 

coupled to display unit 1802, touch-sensitive surface unit 1804 and one or more sensor units 

1806. In some embodiments, processing unit 1808 includes display enabling unit 1810, 

detecting unit 1812, and preview operations unit 1814.  

[00520] Processing unit 1808 is configured to: enable display of a first user interface 

of a first software application, the first user interface including a plurality of user interface 

objects, a first user interface object of the plurality of user interface objects being associated 

with an application-independent set of predefined instructions for preview operations (e.g., 

with display enabling unit 1810); detect a first portion of an input by a contact (e.g., with 

detecting unit 1812) while a focus selector is over the first user interface object, in the 

plurality of user interface objects, on display unit 1802; and in response to detecting the first 

portion of the input and in accordance with a determination that the first portion of the input 

satisfies reveal criteria including that the input satisfies a first intensity threshold, execute 

the application-independent set of predefined instructions for preview operations (e.g., with 

preview operations unit 1814), including providing preview content to the application

independent set of predefined instructions. The preview operations performed by executing 

the application-independent set of predefined instructions include: visually distinguishing 

the first user interface object in the first user interface; and, subsequent to initiation of the 

visual distinction of the first user interface object in the first user interface: receiving a 

second portion of the input that is subsequent to the first portion of the input; and, in 

accordance with a determination that the second portion of the input satisfies preview 

criteria including that the input satisfies a second intensity threshold, enabling display of a 

preview area overlaid on the first user interface. The preview area includes the preview 

content.  

[00521] In some embodiments, subsequent to initiation of the preview operations, the 

preview operations are performed independent of the first software application.  
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[00522] In some embodiments, the preview operations include updating the preview 

area in accordance with intensity of the contact.  

[00523] In some embodiments, the preview operations include, in response to 

detecting the second portion of the input, in accordance with a determination that the second 

portion of the input meets preview-area-disappearance criteria, ceasing to display the 

preview area and maintaining display of the first user interface.  

[00524] In some embodiments, the preview operations include: after detecting the 

second portion of the input, detecting a third portion of the input by the contact; and, in 

response to detecting the third portion of the input by the contact, in accordance with a 

determination that the third portion of the input satisfies user-interface-replacement criteria, 

replacing display of the first user interface with a second user interface that is distinct from 

the first user interface.  

[00525] In some embodiments, the preview operations include: sending from the 

application-independent set of predefined instructions information indicating operation for 

the first user interface object for generating a second user interface; and receiving at the 

application-independent set of predefined instructions the second user interface. The 

preview content includes at least a portion of the second user interface.  

[00526] In some embodiments, the preview operations include: at the first software 

application: receiving the information indicating operation for the first user interface object; 

generating the second user interface; and sending the second user interface to the 

application-independent set of predefined instructions.  

[00527] Processing unit 1808 is configured to: enable display of a first user interface 

of a first software application, the first user interface including a plurality of user interface 

objects, a first user interface object of the plurality of user interface objects being associated 

with an application-independent set of predefined instructions for preview operations (e.g., 

with display enabling unit 1810); detect a first portion of an input by a contact (e.g., with 

detecting unit 1812) while a focus selector is over the first user interface object, in the 

plurality of user interface objects, on display unit 1802; and in response to detecting the first 

portion of the input and in accordance with a determination that the first portion of the input 

meets preview criteria, execute the application-independent set of predefined instructions 

for preview operations (e.g., with preview operations unit 1814). The preview operations 
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performed by executing the application-independent set of predefined instructions include: 

enabling display of a preview area overlaid on the first user interface; after detecting the 

first portion of the input, detecting a second portion of the input; and, in response to 

detecting the second portion of the input by the contact, in accordance with a determination 

that the second portion of the input meets user-interface-replacement criteria, replacing 

display of the first user interface with a second user interface that is distinct from the first 

user interface.  

[00528] In some embodiments, subsequent to initiation of the preview operations, the 

preview operations are performed independent of the first software application.  

[00529] In some embodiments, inputs on touch-sensitive surface unit 1804 detected 

subsequent to replacing the display of the first user interface with the second user interface 

are processed with the first software application.  

[00530] In accordance with some embodiments, Figure 19 shows a functional block 

diagram of electronic device 1900 configured in accordance with the principles of the 

various described embodiments. The functional blocks of device 1900 are, optionally, 

implemented by hardware, software, firmware, or a combination thereof to carry out the 

principles of the various described embodiments. It is understood by persons of skill in the 

art that the functional blocks described in Figure 19 are, optionally, combined or separated 

into sub-blocks to implement the principles of the various described embodiments.  

Therefore, the description herein optionally supports any possible combination or separation 

or further definition of the functional blocks described herein.  

[00531] As shown in Figure 19, electronic device 1900 includes display unit 1902 

configured to display a user interface; touch-sensitive surface unit 1904 configured to 

receive user inputs; one or more sensor units 1906 configured to detect intensity of contacts 

with touch-sensitive surface unit 1904; and processing unit 1908 coupled to display unit 

1902, touch-sensitive surface unit 1904 and one or more sensor units 1906. In some 

embodiments, processing unit 1908 includes display enabling unit 1910, detecting unit 

1912, sending unit 1914, receiving unit 1916, and adjusting unit 1918.  

[00532] Processing unit 1908 is configured to: enable display, on display unit 1902, 

of a user interface of a software application (e.g., with display enabling unit 1910); while 

enabling display of the user interface of the software application on display unit 1902, 
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detect an input (e.g., with detecting unit 1912) on touch-sensitive surface unit 1904 at a 

location that corresponds to the user interface of the software application; and, in response 

to detecting the input, send from an application-independent set of instructions to the 

software application intensity information (e.g., with sending unit 1914) that corresponds to 

the input. The intensity information includes: a reference intensity assigned to the one or 

more sensors; and a characteristic intensity that corresponds to a detected intensity of the 

input.  

[00533] In some embodiments, the characteristic intensity is further adjusted by a 

sensitivity value.  

[00534] In some embodiments, processing unit 1908 is further configured to: enable 

display, on display unit 1902, of a sensitivity control for selecting a respective intensity 

sensitivity setting between a plurality of intensity sensitivity settings (e.g., with display 

enabling unit 1910); while enabling display of the sensitivity control, receive a user input 

(e.g., with receiving unit 1916) corresponding to selection of the respective intensity 

sensitivity setting of the plurality of intensity sensitivity settings; and, in response to 

receiving the user input corresponding to selection of the respective intensity sensitivity 

setting, adjust characteristic intensity values (e.g., with adjusting unit 1918) for a plurality 

of subsequent inputs by a respective sensitivity value that corresponds to the respective 

intensity sensitivity setting selected by the user.  

[00535] In some embodiments, the characteristic intensity of the input is a 

normalized intensity value that is normalized based on the reference intensity.  

[00536] In some embodiments, the intensity information includes intensity state 

information that is determined by one or more heuristics based on a combination of 

intensity-based criteria and non-intensity-based criteria.  

[00537] In some embodiments, the intensity information includes intensity state 

information that has a plurality of different available state values and transitions between 

intensity states are used throughout the operating system to trigger operating-system driven 

user interactions.  

[00538] In some embodiments, the intensity state information is provided based on an 

indication from the device as to whether or not a current intensity state matches an intensity 

state requirement for a gesture recognizer.  
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[00539] In some embodiments, the characteristic intensity of the input is provided via 

one or more touch events that each include a characteristic intensity of a contact 

corresponding to the touch event.  

[00540] In accordance with some embodiments, Figure 20 shows a functional block 

diagram of electronic device 2000 configured in accordance with the principles of the 

various described embodiments. The functional blocks of device 2000 are, optionally, 

implemented by hardware, software, firmware, or a combination thereof to carry out the 

principles of the various described embodiments. It is understood by persons of skill in the 

art that the functional blocks described in Figure 20 are, optionally, combined or separated 

into sub-blocks to implement the principles of the various described embodiments.  

Therefore, the description herein optionally supports any possible combination or separation 

or further definition of the functional blocks described herein.  

[00541] As shown in Figure 20, electronic device 2000 includes display unit 2002 

configured to display a user interface; touch-sensitive surface unit 2004 configured to 

receive user inputs; one or more sensor units 2006 configured to detect intensity of contacts 

with touch-sensitive surface unit 2004; and processing unit 2008 coupled to display unit 

2002, touch-sensitive surface unit 2004 and one or more sensor units 2006. In some 

embodiments, processing unit 2008 includes display enabling unit 2010, detecting unit 

2012, providing unit 2014, updating unit 2016, and initiating unit 2018.  

[00542] Processing unit 2008 is configured to: enable display, on display unit 2002, 

of a first user interface of a software application (e.g., with display enabling unit 2010); 

while enabling display of the first user interface of the software application, detect an input 

on touch-sensitive surface unit 2004 (e.g., with detecting unit 2012); and, while detecting 

the input: in response to detecting changes to intensity of the input, provide from an 

application-independent set of instructions to the software application a value of a first 

progress indicator (e.g., with providing unit 2014) that represents the changes to the 

intensity of the input; and update the first user interface (e.g., with updating unit 2016) in 

accordance with a set of instructions in the software application that is different from the 

application-independent set of instructions and the value of the first progress indicator.  
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[00543] In some embodiments, the value of the first progress indicator is a 

normalized value that indicates a status of the input between a first initial state and a first 

terminal state.  

[00544] In some embodiments, the first initial state and the first terminal state are 

specified by the software application.  

[00545] In some embodiments, processing unit 2008 is configured to: while detecting 

the input: in response to detecting changes to intensity of the input over the first terminal 

state: provide from the application-independent set of instructions to the software 

application a value of a second progress indicator (e.g., with providing unit 2014) that 

represents the changes to the input, wherein the value of the second progress indicator is a 

normalized value that indicates a status of the input between a second initial state and a 

second terminal state; and update the first user interface (e.g., with updating unit 2016) in 

accordance with the set of instructions in the software application that is different from the 

application-independent set of instructions and the value of the second progress indicator.  

[00546] In some embodiments, progress between different states is determined by 

one or more heuristics based on a combination of intensity-based criteria and non-intensity

based criteria.  

[00547] In some embodiments, the states are selected from a set of state values 

provided by an operating system of the device and transitions between these states are used 

throughout the operating system to trigger operating-system driven user interactions.  

[00548] In some embodiments, updating the first user interface in accordance with 

the set of instructions in the software application and the value of the second progress 

indicator includes replacing the first user interface with a second user interface.  

[00549] In some embodiments, the set of instructions in the software application is 

configured to provide a customized animation graphically representing changes to the 

intensity of the input.  

[00550] In some embodiments, processing unit 2008 is configured to: while detecting 

the input: in response to detecting that the input satisfies first intensity criteria, initiate the 

first progress indicator (e.g., with initiating unit 2018) so that the value of the first progress 

indicator represents the changes to the intensity of the input.  
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[00551] Figure 21 is a functional block diagram of an electronic device in accordance 

with some embodiments.  

[00552] In accordance with some embodiments, Figure 21 shows a functional block 

diagram of electronic device 2100 configured in accordance with the principles of the 

various described embodiments. The functional blocks of device 2100 are, optionally, 

implemented by hardware, software, firmware, or a combination thereof to carry out the 

principles of the various described embodiments. It is understood by persons of skill in the 

art that the functional blocks described in Figure 21 are, optionally, combined or separated 

into sub-blocks to implement the principles of the various described embodiments.  

Therefore, the description herein optionally supports any possible combination or separation 

or further definition of the functional blocks described herein.  

[00553] As shown in Figure 21, electronic device 2100 includes display unit 2102 

configured to display user interfaces, touch-sensitive surface unit 2104 configured to detect 

contacts, one or more sensor units 2106 configured to detect intensity of contacts with 

touch-sensitive surface unit 2104; and processing unit 2108 coupled with display unit 2102, 

touch-sensitive surface unit 2104 and one or more sensor units 2106. In some embodiments, 

processing unit 2108 includes: display enabling unit 2110, detecting unit 2112, first 

operation unit 2114, time period restarting unit 2116, reference intensity resetting unit 2118, 

forgoing unit 2120, second operation unit 2122, and third operation unit 2124.  

[00554] Processing unit 2108 is configured to enable display, on display unit 2102, of 

a user interface of a first third-party application that runs within an operating system (e.g., 

using display enabling unit 2110). Capabilities of the device are exposed to the first third

party application through an operating system framework of the operating system. The 

operating system framework defines a plurality of gesture classes that can be recognized by 

the device. A first gesture class is associated with first gesture recognition criteria for 

recognizing input detected on touch-sensitive surface unit 2104 as a first gesture when the 

first gesture recognition criteria are met. The first third-party application has associated a 

first portion of the user interface with the first gesture from the first gesture class for a first 

operation. The first third-party application has specified first intensity criteria for the first 

gesture associated with the first portion of the user interface for the first operation.  

Processing unit 2108 is configured to, while enabling display of the user interface of the 

first third-party application on display unit 2102, detect an input on touch-sensitive surface 
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unit 2104 at a location that corresponds to the first portion of the user interface of the first 

third-party application (e.g., using detecting unit 2112); and, in response to detecting the 

input: in accordance with a determination that the input meets the first gesture recognition 

criteria and that the input meets the first intensity criteria specified by the first third-party 

application, perform the first operation associated with the first portion of the user interface 

of the first third-party application (e.g., using first operation unit 2114); and, in accordance 

with a determination that the input meets the first gesture recognition criteria but does not 

meet the first intensity criteria specified by the first third-party application, forgo 

performance of the first operation associated with the first portion of the user interface of 

the first third-party application (e.g., using forgoing unit 2116).  

[00555] In some embodiments, the first third-party application has associated the first 

portion of the user interface with the first gesture from the first gesture class for a second 

operation; and the first third-party application has not specified the first intensity criteria for 

the first gesture associated with the first portion of the user interface for the second 

operation. Processing unit 2108 is configured to, in response to detecting the input: in 

accordance with a determination that the input meets the first gesture recognition criteria but 

does not meet the first intensity criteria specified by the first third-party application, 

perform the second operation associated with the first portion of the user interface of the 

first third-party application (e.g., using second operation unit 2118); and, in accordance with 

a determination that the input meets the first gesture recognition criteria and that the input 

meets the first intensity criteria specified by the first third-party application, forgo 

performance of the second operation associated with the first portion of the user interface of 

the first third-party application (e.g., using forgoing unit 2116).  

[00556] In some embodiments, a second gesture class is associated with second 

gesture recognition criteria for recognizing input detected on touch-sensitive surface unit 

2104 as a second gesture when the second gesture recognition criteria are met. The first 

third-party application has associated the first portion of the user interface with the second 

gesture from the second gesture class for a third operation. The first third-party application 

has specified second intensity criteria for the second gesture associated with the first portion 

of the user interface for the third operation. Processing unit 2108 is configured to, in 

response to detecting the input: in accordance with a determination that the input meets the 

second gesture recognition criteria and that the input meets the second intensity criteria 
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specified by the first third-party application, perform the third operation associated with the 

first portion of the user interface of the first third-party application (e.g., using third 

operation unit 2120); and, in accordance with a determination that the input meets the 

second gesture recognition criteria but does not meet the second intensity criteria specified 

by the first third-party application, forgo performance of the third operation associated with 

the first portion of the user interface of the first third-party application (e.g., using forgoing 

unit 2116).  

[00557] In some embodiments, the first intensity criteria include an intensity 

threshold.  

[00558] In some embodiments, the intensity threshold is selected from a set of 

predefined thresholds.  

[00559] In some embodiments, the intensity threshold is selected from a range of 

values detectable by the device (e.g., device 2100 or sensor units 2106).  

[00560] In some embodiments, processing unit 2108 is configured to enable display, 

on display unit 2102, of a user interface of a second third-party application that runs within 

the operating system and is different from the first third-party application (e.g., using 

display enabling unit 2110). The second third-party application has associated a second 

portion of the user interface of the second third-party application with the first gesture from 

the first gesture class for a first operation. The second third-party application has specified 

third intensity criteria for the first gesture associated with the second portion of the user 

interface for the first operation. The third intensity criteria are different from the first 

intensity criteria. Processing unit 2108 is configured to, while enabling display the user 

interface of the second third-party application on display unit 2102, detect an input on 

touch-sensitive surface unit 2104 at a location that corresponds to the second portion of the 

user interface of the second third-party application (e.g., using detecting unit 2112); and, in 

response to detecting the input a location that corresponds to the second portion of the user 

interface of the second third-party application: in accordance with a determination that the 

input at the location that corresponds to the second portion of the user interface of the 

second third-party application meets the first gesture recognition criteria and that the input 

meets the third intensity criteria specified by the second third-party application, perform the 

first operation associated with the second portion of the user interface of the second third
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party application (e.g., first operation unit 2114); and, in accordance with a determination 

that the input at the location that corresponds to the portion of the user interface of the 

second third-party application meets the first gesture recognition criteria but does not meet 

the third intensity criteria specified by the second third-party application, forgo performance 

of the first operation associated with the second portion of the user interface of the second 

third-party application (e.g., using forgoing unit 2116).  

[00561] In accordance with some embodiments, Figure 22 shows a functional block 

diagram of electronic device 2200 configured in accordance with the principles of the 

various described embodiments. The functional blocks of device 2200 are, optionally, 

implemented by hardware, software, firmware, or a combination thereof to carry out the 

principles of the various described embodiments. It is understood by persons of skill in the 

art that the functional blocks described in Figure 22 are, optionally, combined or separated 

into sub-blocks to implement the principles of the various described embodiments.  

Therefore, the description herein optionally supports any possible combination or separation 

or further definition of the functional blocks described herein.  

[00562] As shown in Figure 22, electronic device 2200 includes display unit 2202 

configured to display user interfaces, touch-sensitive surface unit 2204 configured to detect 

contacts, one or more sensor units 2206 configured to detect intensity of contacts with 

touch-sensitive surface unit 2204; and processing unit 2208 coupled with display unit 2202, 

touch-sensitive surface unit 2204 and one or more sensor units 2206. In some embodiments, 

processing unit 2208 includes: display enabling unit 2210, detecting unit 2212, first 

operation unit 2214, time period restarting unit 2216, reference intensity resetting unit 2218, 

forgoing unit 2220, second operation unit 2222, and third operation unit 2224.  

[00563] Processing unit 2208 is configured to: enable display, on display unit 2202, a 

user interface (e.g., using display enabling unit 2210); while enabling display of the user 

interface, detect an input on touch-sensitive surface unit 2204 (e.g., using detecting unit 

2212); and, in response to detecting the input while enabling display of the first user 

interface, and while detecting the input: in accordance with a determination that the input 

satisfies first timing criteria and first intensity input criteria, perform a first operation (e.g., 

using first operation unit 2214). The first timing criteria require that the input remain on 

touch-sensitive surface unit 2204 while a first time period elapses. The first intensity input 
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criteria require that the input satisfy a first intensity threshold at an end of or subsequent to 

the first time period.  

[00564] In some embodiments, the first time period starts in response to detecting the 

input on touch-sensitive surface unit 2204.  

[00565] In some embodiments, processing unit 2208 is configured to, while detecting 

the input, in accordance with a determination that intensity of the input has decreased below 

a reference intensity threshold, restart the first time period (e.g., using time period restarting 

unit 2216).  

[00566] In some embodiments, processing unit 2208 is configured to, while detecting 

the input, in accordance with the determination that the intensity of the input has decreased 

below the reference intensity threshold, reset the reference intensity threshold (e.g., using 

reference intensity resetting unit 2218).  

[00567] In some embodiments, processing unit 2208 is configured to, in response to 

detecting the input while enabling display of the first user interface, in accordance with a 

determination that the input does not satisfy the first timing criteria and/or the first intensity 

input criteria, forgo the first operation (e.g., using forgoing unit 2220).  

[00568] In some embodiments, processing unit 2208 is configured to, in response to 

detecting the input while enabling display of the first user interface, in accordance with a 

determination that the input satisfies second timing criteria and second intensity input 

criteria, perform a second operation (e.g., using second operation unit 2222) that is distinct 

from the first operation. The second timing criteria require that the input remain on touch

sensitive surface unit 2204 while a second time period elapses. The second intensity input 

criteria require that the input satisfy a second intensity threshold, that is distinct from the 

first intensity threshold, at an end of or subsequent to the second time period.  

[00569] In some embodiments, processing unit 2208 is configured to: in response to 

detecting the input and in accordance with the determination that the input satisfies the first 

timing criteria and the first input criteria, perform the first operation including processing 

the input with a first gesture recognizer (e.g., using first operation unit 2214); and, in 

response to detecting the input and in accordance with a determination that the input 

satisfies the second timing criteria and the second intensity input criteria, perform the 

154



1001522024 

second operation including processing the input with a second gesture recognizer (e.g., 

using second operation unit 2222).  

[00570] In some embodiments, processing unit 2208 is configured to: detect an end 

of the input (e.g., using detecting unit 2212); and, in response to detecting the end of the 

input, in accordance with a determination that the input satisfies third timing criteria distinct 

from the first timing criteria, perform a third operation that is distinct from the first 

operation (e.g., using third operation unit 2224).  

[00571] In some embodiments, processing unit 2208 is configured to, in response to 

detecting the end of the input, in accordance with a determination that the input does not 

satisfy the third timing criteria or the first timing criteria, forgo performance of any 

operation (e.g., using forgoing unit 2220).  

[00572] In accordance with some embodiments, Figure 23 shows a functional block 

diagram of electronic device 2300 configured in accordance with the principles of the 

various described embodiments. The functional blocks of device 2300 are, optionally, 

implemented by hardware, software, firmware, or a combination thereof to carry out the 

principles of the various described embodiments. It is understood by persons of skill in the 

art that the functional blocks described in Figure 23 are, optionally, combined or separated 

into sub-blocks to implement the principles of the various described embodiments.  

Therefore, the description herein optionally supports any possible combination or separation 

or further definition of the functional blocks described herein.  

[00573] As shown in Figure 23, electronic device 2300 includes display unit 2302 

configured to display user interfaces, touch-sensitive surface unit 2304 configured to detect 

contacts, one or more sensor units 2306 configured to detect intensity of contacts with 

touch-sensitive surface unit 2304; and processing unit 2308 coupled with display unit 2302, 

touch-sensitive surface unit 2304 and one or more sensor units 2306. In some embodiments, 

processing unit 2308 includes: display enabling unit 2310, detecting unit 2312, first 

operation unit 2314, and second operation unit 2316.  

[00574] Processing unit 2308 is configured to: enable display, on display unit 2302, 

of a user interface (e.g., using display enabling unit 2310); while enabling display of the 

user interface, detect an input on touch-sensitive surface unit 2304 (e.g., using detecting unit 

2312); and, in response to detecting the input while enabling display of the first user 
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interface, and while detecting the input: in accordance with a determination that the input 

satisfies an activation intensity threshold, perform a first operation (e.g., using first 

operation unit 2314). The activation intensity threshold includes a first intensity threshold 

component that decreases from a first intensity value over time.  

[00575] In some embodiments, the activation intensity threshold includes a second 

intensity threshold component that follows intensity of the input with a delay.  

[00576] In some embodiments, the activation intensity threshold is a sum of the first 

intensity threshold component and the second intensity threshold component.  

[00577] In some embodiments, the first intensity threshold component decreases after 

a predefined time interval from a moment the input is detected.  

[00578] In some embodiments, in accordance with a determination that the first 

intensity threshold component is not below a reference intensity threshold, the first intensity 

threshold component follows a decay curve that decreases after a predefined time interval; 

and, in accordance with a determination that the first intensity threshold component is 

below the reference intensity threshold, the first intensity threshold component follows a 

decay curve that decreases starting at a time determined without reference to the predefined 

time interval.  

[00579] In some embodiments, processing unit 2308 is configured to, in response to 

detecting the input while enabling display of the first user interface, and while detecting the 

input, in accordance with a determination that the input satisfies first timing criteria and first 

intensity input criteria, perform a second operation (e.g., using second operation unit 2316).  

The first timing criteria require that the input remain on touch-sensitive surface unit 2304 

while a first time period elapses. The first intensity input criteria require that the input 

satisfy a first intensity threshold at an end of or subsequent to the first time period.  

[00580] In some embodiments, the first intensity threshold component follows a 

decay curve that decreases after a predefined time interval from a moment the input satisfies 

the first timing criteria and the first intensity input criteria.  

[00581] In some embodiments, the input is a continuous gesture that includes a first 

increase in intensity and a second increase in intensity that is subsequent to the first increase 

in intensity and a decrease in intensity between the first increase in intensity and the second 
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increase in intensity, while the input remains in contact with touch-sensitive surface unit 

2304 between the first increase in intensity and the second increase in intensity. Processing 

unit 2308 is configured to: in response to detecting the first increase in intensity of the input, 

perform the second operation (e.g., using second operation unit 2316); and, in response to 

detecting the second increase in intensity of the input, perform the first operation (e.g., 

using first operation unit 2314).  

[00582] The operations in the information processing methods described above are, 

optionally implemented by running one or more functional modules in information 

processing apparatus such as general purpose processors (e.g., as described above with 

respect to Figures 1A and 3) or application specific chips.  

[00583] The operations described above with reference to Figures 8A-8E, 9A-9D, 

10A-10D, 11A-iD, 12A-12B, 13A-13B, 14A-14C, 15A-15B, and 16A-16B are, optionally, 

implemented by components depicted in Figures lA-1B. For example, intensity detection 

operation 804, first operation 810, and second operation 812 are, optionally, implemented 

by event sorter 170, event recognizer 180, and event handler 190. In another example, input 

detection operation 1410, first operation performance operation 1412, and second operation 

performance operation 1414 are, optionally, implemented by event sorter 170, event 

recognizer 180, and event handler 190. Event monitor 171 in event sorter 170 detects a 

contact on touch-sensitive display 112, and event dispatcher module 174 delivers the event 

information to application 136-1. A respective event recognizer 180 of application 136-1 

compares the event information to respective event definitions 186, and determines whether 

a first contact at a first location on the touch-sensitive surface (or whether rotation of the 

device) corresponds to a predefined event or sub-event, such as selection of an object on a 

user interface, or rotation of the device from one orientation to another. When a respective 

predefined event or sub-event is detected, event recognizer 180 activates an event handler 

190 associated with the detection of the event or sub-event. Event handler 190 optionally 

uses or calls data updater 176 or object updater 177 to update the application internal state 

192. In some embodiments, event handler 190 accesses a respective GUI updater 178 to 

update what is displayed by the application. Similarly, it would be clear to a person having 

ordinary skill in the art how other processes can be implemented based on the components 

depicted in Figures lA-1B.  
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[00584] The foregoing description, for purpose of explanation, has been described 

with reference to specific embodiments. However, the illustrative discussions above are not 

intended to be exhaustive or to limit the invention to the precise forms disclosed. Many 

modifications and variations are possible in view of the above teachings. The embodiments 

were chosen and described in order to best explain the principles of the invention and its 

practical applications, to thereby enable others skilled in the art to best use the invention and 

various described embodiments with various modifications as are suited to the particular use 

contemplated.  
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About Events in iOS 

Users manipulate their iOS devices in a number of ways, such as touching the screen or shaking the device.  
i0S interprets when and how a user is manipulating the hardware and passes this information to your app, 

The more your app responds to actions in natural and intuitive ways, the more compelling the experience is 

for the user See Figure 24.  

At a Giane 
Events are objects sent to an app to inform it of user actions. In iOS, events can take many forms: Multi Touch 

events, motion events, and events for controlling multimedia. This last type of event is known as a remote 
control event because it can originate from an external accessory.  

UlKit Makes It Easy for Your App to Detect Gestures 
iCS apps recognize combinations of touches and respond to them in ways that are intuitive to users, such as 

zooming in on content in response to a pinching gesture and scrolling through content in response to a flicking 
gesture. in fact, some gestures are so common that they are built in to UlKit. For example,Uifon subclasses, 

such as UIuttn and UIS der, respond to specific gestures-a tap for a button and a drag for a slider.  

When you configure these controls, they send an action message to a target object when that touch occurs.  

You can also employ the target-action mechanism on views by using gesture recognizers. When you attach a 
gesture recognizer to a view, the entire view acts like a control-responding to whatever gesture you specify, 
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About Ev'ents inO0 
At a Glance 

Gesture recognizers provide a higher-level abstraction for complex event handling logic. Gesture recognizers 

are the preferred way to implement touch-event handling in your app because gesture recognizers are powerful, 

reusable, and adaptable. You can use one of the built-in gesture recognizers and customize its behavior. Or 

you can create your own gesture recognizer to recognize a new gesture.  

Relvancapter: Gestu4,re Rcgzrs(page 11I) 

An Event Travels Along a Specific Path Looking fo- r an Object to Handle It 
When iOS recognizes an event, it passes the event to the initial object that seems most relevant for handling 

that event, such as the view where a touch occurred. If the initial object cannot handle the event, iOS continues 

to pass the event to objects with greater scope until it finds an object with enough context to handle the 

event. This sequence of objects is known as a responder chain, and as iGS passes events along the chain, it 

also transfers the responsibility of responding to the event. This design pattern makes event handling cooperative 

and dynamic.  

Reep Delvery The Re der Chain (page 32) 

A UIEven~t Encapsulates a Tourxch, ShakeMotio, or emoteontrol Event 

Many events are instances of the UlKit UiEvefnvt class.A UIEvenrt object contains information about the event 

that your app uses to decide how to respond to the event. As a user action occurs-for example, as fingers 

touch the screen and move across its surface-iOS continually sends event objects to an app for handling.  

Each event object has a type-touch, "shaking" motion, or remote control-and a subtype.  

Reevantch Mulitouch E (page 38), M Ee (page 56), and Remote conrol 
Evets (page 70) 

An Azpp Receives Mufltitouch Events When Users lTuich Its Views 

Depending on your app, UlKit controls and gesture recognizers might be sufficient for all of your app's touch 

event handling. Even if your app has custom views, you can use gesture recognizers. As a rule of thumb, you 

write your own custom touch-event handling when your app's response to touch is tightly coupled with the 

view itself, such as drawing under a touch. In these cases, you are responsible for the low-level event handling.  

You implement the touch methods, and within these methods, you analyze raw touch events and respond 

appropriately.  
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About Events in 105S 
Prerequisites 

Reevant Chapter: MulTtuch Events (page 38) 

An App Receives Motion Events When U.sers Move Their Devices 

Motion events provide information about the device's location, orientation, and movement. By reacting to 

motion events, you can add subtle, yet powerful features to your app. Accelerometer and gyroscope data allow 

you to detect tilting, rotating, and shaking.  

Motion events come in different forms, and you can handle them using different frameworks. When users 

shake the device, UlKit delivers a UIEvent object to an app. If you want your app to receive high-rate, continuous 

accelerometer and gyroscope data, use the Core Motion framework, 

Revnt Chtr: Motin Ets (page 56) 

An App Receives Remote Control Events When Users Manipulate Multirnedia 
Controls 

iOS controls and external accessories send remote control events to an app. These events allow users to control 

audio and video, such as adjusting the volume through a headset. Handle multimedia remote control events 

to make your app responsive to these types of commands.  

Reevantl Chapter: R t ntroz Event-s (page 70) 

Prerequisites 
This document assumes that you are familiar with: 

" The basic concepts of iOS app development 

" The different aspects of creating your app's user interface 

" How views and view controllers work, and how to customize them 

If you are not familiar with those concepts, start by reading Start Developing iOS Apps Today. Then, be sure to 

read either View Programming Guide for iOS or View Controller Programming Guide for iOS, or both.  
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About Events in 105S 
See Also 

SeeNAso 
In the same way that iOS devices provide touch and device motion data, most iOS devices have GPS and 

compass hardware that generates low-level data that your app might be interested in. Location and Maps 

Programming Guide discusses how to receive and handle location data.  

For advanced gesture recognizer techniques such as curve smoothing and applying a low-pass filter, see WWDC 

Many sample code projects in the iOS Reference Library have code that uses gesture recognizers and handles 

events. Among these are the following projects: 

Simple Gesture Recognizers is a perfect starting point for understanding gesture recognition. This app 

demonstrates how to recognize tap, swipe, and rotate gestures. The app responds to each gesture by 

displaying and animating an image at the touch location.  

Handling Touches Using Responder Methods andGesture Recognizers includes two projects that demonstrate 

how to handle multiple touches to drag squares around onscreen. One version uses gesture recognizers, 

and the other uses custom touch-event handling methods. The latter version is especially useful for 

understanding touch phases because it displays the current touch phase onscreen as the touches occur.  

* MoveMe shows how to animate a view in response to touch events. Examine this sample project to further 

your understanding of custom touch-event handling.  
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Gesture Recognizers 

SwiftObjective-C 
Gesture recognizers convert low-level event handling code into higher-level actions. They are objects that you 

attach to a view, which allows the view to respond to actions the way a control does. Gesture recognizers 

interpret touches to determine whether they correspond to a specific gesture, such as a swipe, pinch, or 
rotation. if they recognize their assigned gesture, they send an action message to a target object. The target 

object is typically the view's view controller, which responds to the gesture as shown in Figure 1 -1. This design 
pattern is both powerful and simple; you can dynamically determine what actions a view responds to, and you 

can add gesture recognizers to a view without having to subclass the view. Figure 1-1 of this appendix has been 
moved to Figure 25.  

Use Gesture Recognizers to Simplify Event Handling 
The UlKit framework provides predefined gesture recognizers that detect common gestures. It's best to use a 

predefined gesture recognizer when possible because their simplicity reduces the amount of code you have 

to write. In addition, using a standard gesture recognizer instead of writing your own ensures that your app 
behaves the way users expect, 
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Gesture Recoginizers 

Use Gesture Recognizers to Simplify Event Handling 

If you want your app to recognize a unique gesture, such as a checkmark or a swirly motion, you can create 

your own custom gesture recognizer. To learn how to design and implement your own gesture recognizer, 

see craig a custtr Gesture Reconizer (page 28).  

Built-in Gesture Recognizers Recognize Common Gestures 

When designing your app, consider what gestures you want to enable. Then, for each gesture, determine 

whether one of the predefined gesture recognizers listed in Table 1-1 is sufficient.  

Table 1-l Gesture recognizer classes of the UlKit framework 

Tapping (any number of taps 

Pinching in and out (for zooming a view) Uih tur g e r 

Panning or dragging UIPanGestureReognizer 

Swiping (in any direction) UIwilpeestureFecogniZ'er 

Rotating (fingers moving in opposite directions) UIRotat ionestu rPee cgiz"er 

Long press (also known as "touch and hold") UILsoeP ressfestureRecogri.zer 

Your app should respond to gestures only in ways that users expect. For example, a pinch should zoom in and 

out whereas a tap should select something. For guidelines about how to properly use gestures, see Apps 

Respond to Gestures, Not Clicks.  

Gesture Recognizers Are Attached to a View 

Every gesture recognizer is associated with one view. By contrast, a view can have multiple gesture recognizers, 

because a single view might respond to many different gestures. For a gesture recognizer to recognize touches 

that occur in a particular view, you must attach the gesture recognizer to that view. When a user touches that 

view, the gesture recognizer receives a message that a touch occurred before the view object does. As a result, 

the gesture recognizer can respond to touches on behalf of the view.  

Gestures Trigger Action Messages 

When a gesture recognizer recognizes its specified gesture, it sends an action message to its target. To create 

a gesture recognizer, you initialize it with a target and an action.  
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Gesture Recognizers 

Responding to Events with Gesture Recognizers 

Discrete and Continuous Gestures 

Gestures are either discrete or continuous. A discrete gesture, such as a tap, occurs once. A continuous gesture, 

such as pinching, takes place over a period of time. For discrete gestures, a gesture recognizer sends its target 
a single action message. A gesture recognizer for continuous gestures keeps sending action messages to its 
target until the multitouch sequence ends, as shown in Figure 1-2. Figure 1-2 of this appendix has been moved 
to Figure 26.  

Responding to Events with Gesture Recognizers 
There are three things you do to add a built-in gesture recognizer to your app: 

1. Create and configure a gesture recognizer instance.  

This step includes assigning a target, action, and sometimes assigning gesture-specific attributes (such as 
the numberOfTapsRequired).  

2. Attach the gesture recognizer to a view.  

3. Implement the action method that handles the gesture.  
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Gesture Reconi zers 
Responding to Events with Gesture Recognizers 

Using Interface Buile r to Adld a Gesture Recognizer to Yrour App 
Within Interface Builder in Xcode, add a gesture recognizer to your app the same way you add any object to 

your user interface-drag the gesture recognizer from the object library to a view. When you do this, the 

gesture recognizer automatically becomes attached to that view. You can check which view your gesture 

recognizer is attached to, and if necessary, change the connection in the nib file.  

After you create the gesture recognizer object, you need to create and connect an action method. This method 

is called whenever the connected gesture recognizer recognizes its gesture. If you need to reference the gesture 

recognizer outside of this action method, you should also create and connect an outlet for the gesture recognizer.  

Your code should look similar to Listing 1-1.  

Listing 1-1 Adding a gesture recognizer to your app with Interface Builder 

@interface APLGestureRecognizerViewController () 

@property (nonatomic, strong) IBOutlet UITapGestureRecognizer *tapRecognizer; 

@end 

@implementation 

- (IBAction)displayGestureForTapRecogIizer: (UITapGestureRecognizer *)recognizer 

/ Will implement method later...  

@end 

Adding a Gestu .,re Recognizer Porm aial 
You can create a gesture recognizer programmatically by allocating and initializing an instance of a concrete 

Ues tureecogniz -r subclass, such as U1Pinch estureRecognize r. When you initialize the gesture 

recognizer, specify a target object and an action selector, as in Listing 1-2. Often, the target object is the view's 

view controller.  

If you create a gesture recognizer programmatically, you need to attach it to a view using the 

addesure~eco~gnize r :method. Listing 1-2 creates a single tap gesture recognizer, specifies that one tap 

is required for the gesture to be recognized, and then attaches the gesture recognizer object to a view. Typically, 

you create a gesture recognizer in your view controller's viewiidLoad method, as shown in Listing 1-2.  

Listing 1-2 Creating a single tap gesture recognizer programmatically 

(void)viewDidLoad { 

[super viewDidLoad]; 
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Gesture Recognizers 
Responding to Events with Gesture Recognizers 

// Create and initialize a tap gesture 

UITapGestureRecognizer *tapRecognizer [[UITapGestureRecognizer alloci 

initWithTarget: self action: @selector ( respondToTapGesture: )]; 

// Specify that the gesture must be a single tap 

tapRecognizer.numberOfTapsRequired =; 

// Add the tap gesture recognizer to the view 

[self. view addGestureRecognizer: tapRecognizer] ; 

/ Do any additional setup after loading the view, typically from a nib 

Responding to Discrete Gesutures 
When you create a gesture recognizer, you connect the recognizer to an action method. Use this action method 

to respond to your gesture recognizer's gesture. Listing 1-3 provides an example of responding to a discrete 

gesture. When the user taps the view that the gesture recognizer is attached to, the view controller displays 

an image view that says "Tap." The sr how's t ur tapeconize-r : method determines the location of 

the gesture in the view from the recognizer's loncat icnnView: property and then displays the image at 

that location.  

NeT next t c x ar rs cdep 

Listing 1-3 Handling a double tap gesture 

(IBAction)s howGestureForTapRecognizer: (UITapGestureRecognizer *) recognizer { 

// Get the location of the gesture 

CGPoint location = [recognizer locationInView:self.view]; 

// Display an image view at that location 

[self drawimageForGestureRecognizer: recognizer atPoint:location]; 

// Animate the image view so that it fades out 
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Gesture Recognizers 

Responding to Events with Gesture Recognizers 

[UIView animateWithDuration:0.5 anrimations:^{ 

self. imageView.alpha 0.0; 

}] 

Each gesture recognizer has its own set of properties. For example, in Listing 1-4, the 

shoes ureo re wip ecgne r:. method uses the swipe gesture recognizer's direc ion property to 

determine if the user swiped to the left or to the right. Then, it uses that value to make an image fade out in 

the same direction as the swipe.  

Listing 1-4 Responding to a left or right swipe gesture 

// Respond to a swipe gesture 

- (IBAction) showGestureForSwipeRecognizer: (UISw ipeGestureRecognizer *)recognizer 

// Get the location of the gesture 

CGPoint location = [recognizer locationInView: self. view]; 

// Display an image view at that location 

[self drawImageForGestureRecognizer:recognizer atPoint: location]; 

// If gesture is a left swipe, specify an end location 

// to the left of the current location 

if (recognizer.direction == UISwipeGestureRecognizerDirectionLeft) { 

location.x -= 220.0; 

} else { 

location.x += 220.0; 

} 

// Animate the image view in the direction of the swipe as it fades out 

[UIView animateWithDuration:0.5 animations:^{ 

self.imageView.alpha = 0.0; 

self.imageView. center= location; 
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Gesture Recognizers 

Responding to Events with Gesture Recognizers 

Responding to C nu o us Ge,"stres 
Continuous gestures allow your app to respond to a gesture as it is happening. For example, your app can 

zoom while a user is pinching or allow a user to drag an object around the screen.  

Listing 1-5 displays a "Rotate" image at the same rotation angle as the gesture, and when the user stops rotating, 

animates the image so it fades out in place while rotating back to horizontal. As the user rotates his fingers, 

the s howRGes e. ttoRconiz r method is called continually until both fingers are lifted.  

Listing 1-5 Responding to a rotation gesture 

// Respond to a rotation gesture 

(IBAction) showGestureForRotationRecognizer : (UIRotationGestureRecognizer 
*)recognizer { 

// Get the location of the gesture 

CGPoint location = [recognizer locationInView:self.view] 

// Set the rotation angle of the image view to 

// match the rotation of the gesture 

CGAffineTransform transform = CGAffineTransformMakeRotation( [recognizer 
rotation] ); 

self. imageView.transform = transform; 

Display an image view at that location 

[self drawImageForGestureRecognizer:recognizer atPoint:location]; 

// If the gesture has ended or is canceled, begin the animation 

// back to horizontal and fade out 

if (([recognizer state] == LJIGestureRecognizerStateEnded) || ([recognizer 
state] UIGestureRecognizerStateCancelled)) { 

[UIView animateWithDuration:0.5 animations:^{fL 

self.imageView.alpha = 0.0; 

self.imageView.transform = CGAffineTransformIdentity; 

}] 

} 

} 
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Defining How Gesture Recognizers Interact 

Each time the method is called, the image is set to be opaque in the drawImaForGsturecogier: 

method. When the gesture is complete, the image is set to be transparent in the anit thDration 

method. The showGestu retor-otatioRecognize r method determines whether a gesture is complete 

by checking the gesture recognizer's state. These states are explained in more detail in su RecOnizers 

Opeat n nte S a Machine (page 18).  

De fining How estur ecognzers Interact 
Oftentimes, as you add gesture recognizers to your app, you need to be specific about how you want the 

recognizers to interact with each other or any other touch-event handling code in your app. To do this, you 

first need to understand a little more about how gesture recognizers work.  

Gesture Recognizers Operate in a Finite State Machine 

Gesture recognizers transition from one state to another in a predefined way. From each state, they can move 

to one of several possible next states based on whether they meet certain conditions. The exact state machine 

varies depending on whether the gesture recognizer is discrete or continuous, as illustrated in Figure 1-3, All 

gesture recognizers start in the Possible state (UIGesture i a i.e). They analyze any 
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Gesture Recognizers 

Defining How Gesture Recognizers Interact 

multitouch sequences that they receive, and during analysis they either recognize or fail to recognize a gesture.  

Failing to recognize a gesture means the gesture recognizer transitions to the Failed state 

(UIGestu reRecognize rStateFailed). Figure 1-3 of this appendix has been moved to Figure 27.  

When a discrete gesture recognizer recognizes its gesture, the gesture recognizer transitions from Possible to 

Recognized (UIGestu reRecognize rStateRecognized) and the recognition is complete.  

For continuous gestures, the gesture recognizer transitions from Possible to Began 

(UIGestureRecognize rStateBegan) when the gesture is first recognized. Then, it transitions from Began 

to Changed (UIGestureRecognize rStateChanged), and continues to move from Changed to Changed as 

the gesture occurs. When the user's last finger is lifted from the view, the gesture recognizer transitions to the 

Ended state (UIGestureRecognizerStateEnded) and the recognition is complete. Note that the Ended 

state is an alias for the Recognized state.  

A recognizer for a continuous gesture can also transition from Changed to Canceled 

(UIGestu reRecognize rStateCancelled) if it decides that the gesture no longer fits the expected pattern.  
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Defining How Gesture Recognizers Interact 

Every time a gesture recognizer changes state, the gesture recognizer sends an action message to its target, 

unless it transitions to Failed or Canceled. Thus, a discrete gesture recognizer sends only a single action message 

when it transitions from Possible to Recognized. A continuous gesture recognizer sends many action messages 

as it changes states, 

When a gesture recognizer reaches the Recognized (or Ended) state, it resets its state back to Possible. The 

transition back to Possible does not trigger an action message.  

Interacting with Other Gestu-,re Recognizers 

A view can have more than one gesture recognizer attached to it. Use the view's gestureoniers 

property to determine what gesture recognizers are attached to a view. You can also dynamically change how 

a view handles gestures by adding or removing a gesture recognizer from a view with the 

addGestureRecognizer and r mcogizer methods, respectively.  

When a view has multiple gesture recognizers attached to it, you may want to alter how the competing gesture 

recognizers receive and analyze touch events. By default, there is no set order for which gesture recognizers 

receive a touch first, and for this reason touches can be passed to gesture recognizers in a different order each 

time. You can override this default behavior to: 

" Specify that one gesture recognizer should analyze a touch before another gesture recognizer.  

" Allow two gesture recognizers to operate simultaneously.  

* Prevent a gesture recognizer from analyzing a touch.  

Use the UestureRecognize r class methods, delegate methods, and methods overridden by subclasses 

to effect these behaviors.  

Declar ing a Specific Ordern for Twvo Gestu.re Recognizer-n-s 

Imagine that you want to recognize a swipe and a pan gesture, and you want these two gestures to trigger 

distinct actions, By default, when the user attempts to swipe., the gesture is interpreted as a pan.This is because 

a swiping gesture meets the necessary conditions to be interpreted as a pan (a continuous gesture) before it 

meets the necessary conditions to be interpreted as a swipe (a discrete gesture).  

For your view to recognize both swipes and pans, you want the swipe gesture recognizer to analyze the touch 

event before the pan gesture recognizer does. If the swipe gesture recognizer determines that a touch is a 

swipe, the pan gesture recognizer never needs to analyze the touch. If the swipe gesture recognizer determines 

that the touch is not a swipe, it moves to the Failed state and the pan gesture recognizer should begin analyzing 

the touch event.  
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Defining How Gesture Recognizers Interact 

You indicate this type of relationship between two gesture recognizers by calling the 

requireestureecgnizerri : method on the gesture recognizer that you want to delay, as in 

Listing 1-6. In this listing, both gesture recognizers are attached to the same view.  

Listing 16 Pan gesture recognizer requires a swipe gesture recognizer to fail 

(void)viewDidLoad { 

[super viewDidLoad]; 

// Do any additional setup after loading the view, typically from a nib 

[self. panRecognizer requireGestureRecognizerToFail:self.swipeRecognizer] 

} 

The requireGestur eRecognize roail: method sends a message to the receiver and specifies some 

otherGestureRecognizer that must fail before the receiving recognizer can begin. While it's waiting for the other 

gesture recognizer to transition to the Failed state, the receiving recognizer stays in the Possible state. If the 

other gesture recognizer fails, the receiving recognizer analyzes the touch event and moves to its next state.  

On the other hand, if the other gesture recognizer transitions to Recognized or Began, the receiving recognizer 

moves to the Failed state. For information about state transitions, see G R ners Opt n a 

State Mahine (page 18), 

You te thf ap recognized by d as and your obje tapoyu gesture recognized 

dos ne aperocol gvize a foafw ten you dexp to reeve stue ap 

frmalziong teouesou usp etosee whhte userdoubl taps, Thi b~ehaviehdor isi t heioa 

eus cthe esuser'- exethod-botheae otipl ths of th 

18 

Preventing Gie-stur-e Reonzr from- Analyzinig Tokuches 

You can alter the behavior of a gesture recognizer by adding a delegate object to your gesture recognizer. The 

UI6 es tu r eRe oni ~lgt protocol provides a Couple of ways that You can prevent a gesture recognizer 
from a nalyzi ng touches. YOU use either the g e stue Cogiz r, huld"' e.Cei ,ve~uh metho or the-h 

ge-,s t ureRe-,Cog nize r,3h o uldBegi".n : method- both a re optional methods of the 

UI es tu re.D4ecognizeDel ega-.t e protocol.  
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Defining How Gesture Recognizers Interact 

When a touch begins, if you can immediately determine whether or not your gesture recognizer should consider 

that touch, use the gesture:ecogn ze rshud.ece iveTouch: method. This method is called every time 

there is a new touch. Returning NO prevents the gesture recognizer from being notified that a touch occurred.  

The default value is YES. This method does not alter the state of the gesture recognizer.  

Listing 1-7 uses the ges tur e cognz Jer : s houlcReceiveTouch : delegate method to prevent a tap gesture 

recognizer from receiving touches that are within a custom subview. When a touch occurs, the 

ges tureRecognizer: shou .eceiveouch : method is called. It determines whether the user touched 

the custom view, and if so, prevents the tap gesture recognizer from receiving the touch event.  

Listing 1-7 Preventing a gesture recognizer from receiving a touch 

(void)viewDidLoad { 

[super viewDidLoad]; 

// Add the delegate to the tap gesture recognizer 

self.tapGestureRecognizer.delegate self; 

} 

// Implement the UIGestureRecognizerDelegate method 

-(B00L)gestureRecognizer: (UIGestureRecognizer *)gestureRecognizer 
shoildReceiveTouch:(iJITouch *)touch { 

// Determine if the touch is inside the custom subview 

if ([touch view] == self.customSubview){ 

/ If it is, prevent all of the delegate's gesture recognizers 

// from receiving the touch 

return NO; 

} 
return YES; 

If you need to wait as long as possible before deciding whether or not a gesture recognizer should analyze a 

touch, use the geis t ureR co ie r Shou 1 dBeg i : delegate method. Generally, you use this method if you 

have a UIView or U ont ro subclass with custom touch-event handling that competes with a gesture 

recognizer. Returning N0 causes the gesture recognizer to immediately fail, which allows the other touch 

handling to proceed. This method is called when a gesture recognizer attempts to transition out of the Possible 

state, if the gesture recognition would prevent a view or control from receiving a touch.  
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You can use the gestureR3cognize reouldegin: UIView method if your view or view controller cannot 

be the gesture recognizer's delegate. The method signature and implementation is the same.  

Perrnitting Simultaneous Gesture Rcognition 

By default, two gesture recognizers cannot recognize their respective gestures at the same time. But suppose, 

for example, that you want the user to be able to pinch and rotate a view at the same time. You need to change 

the default behavior by implementing the 

g e st u re ecogn i ze r, : shoulde ognizeiS m n LyWithS.YestuNeORecgni zer method, an optional 

method of the UIGest;ureecognize rDelegate. protocol. This method is called when one gesture recognizer's 

analysis of a gesture would block another gesture recognizer from recognizing its gesture, or vice versa. This 

method returns NO by default. Return YES when you want two gesture recognizers to analyze their gestures 

simultaneously.  

NoteYu need -et YES on onl ne' of ugetu recogn izer 
s' AZC00 0 v e 

prevent4x siultaneous recogniton because& t ther getrrgier' deegt couldretnYE, 

, .: - N- ,- 1" 

SpecifyingaOne-WayRep Between Two Ge sture Recognizers 

If you want to control how two recognizers interact with each other but you need to specify a one-way 

relationship, you can override either the canPr events turefecognize r: or 

can e 7.reVn t ur"' E. ogni 0 ze r : subclass methods to return NO (default is YES). For example, if 

you want a rotation gesture to prevent a pinch gesture but you don't want a pinch gesture to prevent a rotation 

gesture, you would specify: 

[rotationGestureRecognizer canPreventGestureRecognize r: pinchGes tureRecognizer]; 

and override the rotation gesture recognizer's subclass method to return NO. For more information about how 

to subclass U IGestu reecoriI.ze r, see ,r.ainga Custom Gestue Rcgze (page 28).  

If neither gesture should prevent the other, use the 

gestureRecogni er: shoul decognizeSiu l neou s WithGst ureRecognizer : method, as 

described in Permiting Srutneous GsreRecogniton (page 23). By default, a pinch gesture prevents a 

rotation and vice versa because two gestures cannot be recognized at the same time.  
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Inerctin g with Other Uer Interface Controls 
In iOS 6,0 and later, default control actions prevent overlapping gesture recognizer behavior. For example, the 

default action for a button is a single tap. If you have a single tap gesture recognizer attached to a button's 

parent view, and the user taps the button, then the button's action method receives the touch event instead 

of the gesture recognizer. This applies only to gesture recognition that overlaps the default action for a control, 

which includes: 

A single finger single tap on a UIutton, UISwitch, UISteppe3r, UISegmentedCont r ol, and 

UIJagel'ont rol.  

A single finger swipe on the knob of a UI.1ide r, in a direction parallel to the slider.  

A single finger pan gesture on the knob of a UISwitch, in a direction parallel to the switch.  

If you have a custom subclass of one of these controls and you want to change the default action, attach a 

gesture recognizer directly to the control instead of to the parent view. Then, the gesture recognizer receives 

the touch event first. As always, be sure to read the 105 Human Interface Guidelines to ensure that your app 

offers an intuitive user experience, especially when overriding the default behavior of a standard control, 

Geture Recognizers Interpret Raw Touch Events 
So far, you've learned about gestures and how your app can recognize and respond to them. However, to 

create a custom gesture recognizer or to control how gesture recognizers interact with a view's touch-event 

handling, you need to think more specifically in terms of touches and events.  

An, Event Contains All the Touchesfor the Current Multitouch Sequence 

In iOS, a touch is the presence or movement of a finger on the screen. A gesture has one or more touches, 

which are represented by UIVouch objects. For example, a pinch-close gesture has two touches-two fingers 

on the screen moving toward each other from opposite directions.  

An event encompasses all touches that occur during a multitouch sequence. A multitouch sequence begins 

when a finger touches the screen and ends when the last finger is lifted. As a finger moves, iOS sends touch 

objects to the event. An multitouch event is represented by a UlE vent object of type UIvent Typeiouches.  

Each touch object tracks only one finger and lasts only as long as the multitouch sequence. During the sequence, 

UlKit tracks the finger and updates the attributes of the touch object. These attributes include the phase of 

the touch, its location in a view, its previous location, and its timestamp.  
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The touch phase indicates when a touch begins, whether it is moving or stationary, and when it ends -that is, 
when the finger is no longer touching the screen. As depicted in Figure -4, an app receives event objects 

during each phase of any touch. Figure 1-4 of this appendix has been moved to Figure 28, 

contact2is acua" eltical and teZndst b' lihlylwr than theU E user xpecs i "contact pach 

An App Receives Toiuches in the Tou.,ch:-Handling Methods 

During a multitouch sequence, an app sends these messages when there are new or changed touches for a 

given touch phase; it calls the 

Stouches Bega'n: ihvn method when one or more fingers touch down on thea screen.  

0 to u h es M oved; w i t h vein t : method when one or more fingers move.  

*~~w toceIdd with,,vent : method when one or more fingers lift tip from the screen, 

D uringhaemutituC eqence: aniend mtheeodme when thequence iscancele byasystem evert, 

such as an incoming phone call 

Each of these methods is associated with a touch phase; for example, the touchesdegan:with8vent 

method is associated with Uli chPhase~egan. The phase of a touch object is stored in its phase property, 
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Note: These methods are not associated with gesture recognizer states, such as 

UIGestu reRecognizerStateBegan and UIGestu reRecognizerStateEnded. Gesture recognizer 

states strictly denote the phase of the gesture recognizer itself, not the phase of the touch objects 

that are being recognized.  

Regulating the Delivery of Touches to Views 
There may be times when you want a view to receive a touch before a gesture recognizer. But, before you can 

alter the delivery path of touches to views, you need to understand the default behavior. In the simple case, 

when a touch occurs, the touch object is passed from the UIApplicat ion object to the UIWindow object.  

Then, the window first sends touches to any gesture recognizers attached the view where the touches occurred 

(or to that view's superviews), before it passes the touch to the view object itself. Figure 1-5 of this appendix 

has been moved to Figure 29.  

Gesture Recognizers Get the First Opportunity to Recognize a Touch 
A window delays the delivery of touch objects to the view so that the gesture recognizer can analyze the touch 

first. During the delay, if the gesture recognizer recognizes a touch gesture, then the window never delivers 

the touch object to the view, and also cancels any touch objects it previously sent to the view that were part 

of that recognized sequence.  
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For example, if you have a gesture recognizer for a discrete gesture that requires a two-fingered touch, this 

translates to two separate touch objects. As the touches occur, the touch objects are passed from the app 

object to the window object for the view where the touches occurred, and the following sequence occurs, as 

depicted in Figure 1-6. Figure 1-6 of this appendix has been moved to Figure 30.  

1. The window sends two touch objects in the Began phase-through the touchesBegan: withEvent: 

method-to the gesture recognizer. The gesture recognizer doesn't recognize the gesture yet, so its state 

is Possible. The window sends these same touches to the view that the gesture recognizer is attached to.  

2. The window sends two touch objects in the Moved phase-through the touchesMoved: wit hEvent: 

method-to the gesture recognizer. The recognizer still doesn't detect the gesture, and is still in state 

Possible. The window then sends these touches to the attached view.  

3. The window sends one touch object in the Ended phase-through the touchesEnded: withEvent: 

method-to the gesture recognizer. This touch object doesn't yield enough information for the gesture, 

but the window withholds the object from the attached view.  

4. The window sends the other touch object in the Ended phase. The gesture recognizer now recognizes its 

gesture, so it sets its state to Recognized. Just before the first action message is sent, the view calls the 

touchesCancelled: withEvent: method to invalidate the touch objects previously sent in the Began 

and Moved phases. The touches in the Ended phase are canceled.  

Now assume that the gesture recognizer in the last step decides that this multitouch sequence it's been 

analyzing is not its gesture. It sets its state to UIGestu reRecogn ize r Stat eFailed. Then the window sends 

the two touch objects in the Ended phase to the attached view in a touchesEnded: withEvent: message.  

A gesture recognizer for a continuous gesture follows a similar sequence, except that it is more likely to 

recognize its gesture before touch objects reach the Ended phase. Upon recognizing its gesture, it sets its state 

to UIGest ureRecogn ize rStateBegan (not Recognized). The window sends all subsequent touch objects 

in the multitouch sequence to the gesture recognizer but not to the attached view.  

Affecting the Delivery of Touches to Views 
You can change the values of several UIGest u reRecognize r properties to alter the default delivery path in 

certain ways. If you change the default values of these properties, you get the following differences in behavior: 
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edaTouchesBegan (default of NO)-Normally, the window sends touch objects in the Began and 

Moved phases to the view and the gesture recognizer. Setting deaysouchesean to YES prevents 

the window from delivering touch objects in the Began phase to the view. This ensures that when a gesture 

recognizer recognizes its gesture, no part of the touch event was delivered to the attached view. Be 

cautious when setting this property because it can make your interface feel unresponsive.  

This setting provides a similar behavior to the delaysContent TOuches property on lI[ Sc ro1Lv ew; in 

this case, when scrolling begins soon after the touch begins, subviews of the scroll-view object never 

receive the touch, so there is no flash of visual feedback.  

1e dayws TuchesEnded (default of YES)-When this property is set toYES, it ensures that a view does not 

complete an action that the gesture might want to cancel later. When a gesture recognizer is analyzing a 

touch event, the window does not deliver touch objects in the Ended phase to the attached view. If a 

gesture recognizer recognizes its gesture, the touch objects are canceled. If the gesture recognizer does 

not recognize its gesture, the window delivers these objects to the view through a 

toucUhesEnded: withvent : message. Setting this property to NO allows the view to analyze touch 

objects in the Ended phase at the same time as the gesture recognizer.  

Consider, for example, that a view has a tap gesture recognizer that requires two taps, and the user double 

taps the view. With the property set to Yi S, the view gets touchesEegan: withEven t:, 

touchesBegan:. Event : hes anceled:wihEvent :, and to, uches ancel led withEvent: 

If this property is set to Ni, the view gets the following sequence of messages: 

touchesBegan :,, touc hesEnded: withEvent , touch segan: withE"ven :, and 

tou ches1ancelld wi hEvent. ,which means that in touchesBegan: withEvent :, the view can 

recognize a double tap.  

If a gesture recognizer detects a touch that it determines is not part of its gesture, it can pass the touch directly 

to its view. To do this, the gesture recognizer calls igncreTouch: fo rEvent : on itself, passing in the touch 

object.  

To implement a custom gesture recognizer, first create a subclass of U1GestureRecognize r in Xcode, Then, 

add the following import directive in your subclass's header file: 

#import <UIKit/UiGestureRecognizerSubc1lass.h> 

Next, copy the following method declarations from UIGes turas sh to your header file; 

these are the methods you override in your subclass: 
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- (void)reset; 

- (void)touchesBegan: (NSSet *)touches withEvent: (UIEvent *)event; 

- (void)touchesMoved: (NSSet *)touches withEvent: (UIEvent *)event; 

- (void)touchesEnded: (NSSet *)touches withEvent: (UIEvent *)event; 

- (void)touchesCancelled:(NSSet *)touches withEvent:(UIEvent *)event; 

These methods have the same exact signature and behavior as the corresponding touch-event handling 

methods described earlier in An App Reve ohs in thouch-Ha g M (page 25). In all of the 

methods you override, you must call the superclass implementation, even if the method has a null 

implementation, 

Notice that the state property in UIGeCs ture eognze rSUbclass , h inwr wie instead of 

readonlY, as it is in UlGestu reRegizer, h. Your subclass changes its state by assigning 

UI1estureRecogizerSta-te constants to that property.  

Imnplemnentin~g the 'ITuch -Event Handling Methods for a Customn Gesture 
Recognizer 
The heart of the implementation for a custom gesture recognizer are the four methods: 

touCestou sod withvent :, touchesEnded: withEvent , and 

touches ancelld : w ihEvent . Within these methods, you translate low-level touch events into gesture 

recognition by setting a gesture recognizer's state. Listing 1-8 creates a gesture recognizer for a discrete 

single-touch checkmark gesture. It records the midpoint of the gesture-the point at which the upstroke 

begins-so that clients can obtain this value.  

This example has only a single view, but most apps have many views. In general, you should convert touch 

locations to the screen's coordinate system so that you can correctly recognize gestures that span multiple 

views.  

Listing 1-8 Implementation of a checkmark gesture recognizer 

#imp ort <UIKit /UiGestureRecognizerSubclass. . h> 

// Implemented in your custom subclass 

- (void)touchesBegan:(NSSet *)touches withEvent:(UIEvent *)event { 

[super touchesBegan: touches withEvent: event]; 

if ([touches count] != 1) { 

self. state = UIGestureRecognizerStateFailed; 

return; 
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} 

- (void)touchesMoved: (NSSet *)touches withEvent: (UIEvent *)event { 

[super touchesMoved:touches withEvent:event]; 

if (self. state == UIGestureRecognizerStateFailed) return; 

UIWindow *win = [self.view window]; 

CGPoint nowPoint = [touches.anyObject locationInView:win]; 

CGPoint nowPoint = [touches. anyObj ect locationInView: self. view]; 

CGPoint prevPoint [toLIches. anyObj ect previousLocationInView: self. view] 

// strokeUp is a property 

if (!self.strokeUp) { 

// On downstroke, both x and y increase in positive direction 

if (nowPoint.x >= prevPoint.x && nowPoint.y >= prevPoint.y) { 

self. midPoint = nowPoint; 

// Upstroke has increasing x value but decreasing y value 

} else if (nowPoint.x >= prevPoint.x && nowPoint.y <= prevPoint.y) { 

self.strokeUp = YES; 

} else { 

self. state =U IGestureRecognizerStateFailed; 

} 

-- (void)touchesEnded: (NSSet *)touches withEvent: (UIEvent *)event { 

[super touchesEnded:touches withEvent:event]; 

if ((self.state == iGestureRecognizerStatePossible) && self.strokeUp) { 

self. state = UIGestureRecognizerStateRecognized; 

(void)touchesCancelled:(NSSet *)touches withEvent:(UIEvent *)event { 

[super touchesCancelled:touches withEvent:event]; 
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self.midPoint = CGPointZero; 

self.strokeUp = NO; 

self.state UIGestureRecognizerStateFailed; 

} 

State transitions for discrete and continuous gestures are different, as described in Gesture Recognizers O 

a tee Mahie (page 18). When you create a custom gesture recognizer, you indicate whether it is 

discrete or continuous by assigning it the relevant states. As an example, the checkmark gesture recognizer 

in Listing 1-8 never sets the state to Began or Changed, because its discrete.  

The most important thing you need to do when subclassing a gesture recognizer is to set the gesture recognizer's 

state accurately. iOS needs to know the state of a gesture recognizer in order for gesture recognizers to 

interact as expected. For example, if you want to permit simultaneous recognition or require a gesture recognizer 

to fail, iOS needs to understand the current state of your recognizer.  

For more about creating custom gesture recognizers, see 20WDC.20: Bu!ain Advaced{Gture Recgnzers.  

Resetnting a Gesture Recognizer's State 
If your gesture recognizer transitions to Recognized/Ended, Canceled, or Failed, the UIGestureRecognieer 

class calls the reset method just before the gesture recognizer transitions back to Possible.  

Implement the reset method to reset any internal state so that your recognizer is ready for a new attempt 

at recognizing a gesture, as in Listing 1-9. After a gesture recognizer returns from this method, it receives no 

further updates for touches that are in progress.  

Listing 1-9 Resetting a gesture recognizer 

(void)reset { 

[super reset]; 

self.[ridPoirt = CGPointZero; 

self.strokeUp = NO; 
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SwiftObjective-C 

When you design your app, it's likely that you want to respond to events dynamically. For example, a touch 

can occur in many different objects onscreen, and you have to decide which object you want to respond to a 

given event and understand how that object receives the event.  

When a user-generated event occurs, UlKit creates an event object containing the information needed to 

process the event. Then it places the event object in the active app's event queue. For touch events, that object 

is a set of touches packaged in a UIEvent object. For motion events, the event object varies depending on 

which framework you use and what type of motion event you are interested in.  

An event travels along a specific path until it is delivered to an object that can handle it. First, the singleton 

UIApplicationr. object takes an event from the top of the queue and dispatches it for handling. Typically, it 

sends the event to the app's key window object, which passes the event to an initial object for handling. The 

initial object depends on the type of event.  

* Touch events. For touch events, the window object first tries to deliver the event to the view where the 

touch occurred. That view is known as the hit-test view. The process of finding the hit-test view is called 

hit-testing, which is described in HTthe a Touchd Occurre (page 32).  

* Motion and remote control events. With these events, the window object sends the shaking-motion or 

remote control event to the first responder for handling. The first responder is described in T 

C oe O'bject.s (page 34).  

The ultimate goal of these event paths is to find an object that can handle and respond to an event. Therefore, 
UlKit first sends the event to the object that is best suited to handle the event. For touch events, that object 

is the hit-test view, and for other events, that object is the first responder. The following sections explain in 

more detail how the hit-test view and first responder objects are determined.  

Hit-Teisting Returns the Vie Where a' Tuch Occurred 
iOS uses hit-testing to find the view that is under a touch. Hit-testing involves checking whether a touch is 

within the bounds of any relevant view objects, If it is, it recursively checks all of that view's subviews. The 

lowest view in the view hierarchy that contains the touch point becomes the hit-test view. After iGS determines 

the hit-test view, it passes the touch event to that view for handling.  
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Hit-Testing Returns the View Where a Touch Occurred 

To illustrate, suppose that the user touches view E in Figure 2-1. iOS finds the hit-test view by checking the 
subviews in this order: 

1. The touch is within the bounds of view A, so it checks subviews B and C.  

2. The touch is not within the bounds of view B, but it's within the bounds of view C, so it checks subviews 

D and E.  

3. The touch is not within the bounds of view D, but it's within the bounds of view E.  

View E is the lowest view in the view hierarchy that contains the touch, so it becomes the hit-test view.  

Figure 2-1 of this appendix has been moved to Figure 31.  

The hitTest: withEvent: method returns the hit test view for a given CGPoint and UIEvent. The 

hitTest: withEvent: method begins by calling the pointInside: withEvent: method on itself. If the 

point passed into hitTest:withEvent: is inside the bounds of the view, pointInside:withEvent: 

returns YES. Then, the method recursively calls hitTest :withEvent: on every subview that returns YES.  

If the point passed into hitTest : wit hEvent: is not inside the bounds of the view, the first call to the 

pointIns ide: withEvent: method returns NO, the point is ignored, and hitTest : withEvent: returns 

nil. If a subview returns NO, that whole branch of the view hierarchy is ignored, because if the touch did not 

occur in that subview, it also did not occur in any of that subview's subviews. This means that any point in a 

subview that is outside of its superview can't receive touch events because the touch point has to be within 

the bounds of the superview and the subview. This can occur if the subview's clipsToBounds property is 

set to NO.  
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Nt:A toc obec ssocate wit it htet view fo is lieimevni the tuch lae mo~ves 

The hit-test view is given the first opportunity to handle a touch event. If the hit-test view cannot handle an 

event, the event travels up that view's chain of responders as described in The Responder Cis M Up 

ofRpd ject (page 34) until the system finds an object that can handle it.  

Many types of events rely on a responder chain for event delivery. The responder chain is a series of linked 

responder objects. It starts with the first responder and ends with the application object. If the first responder 

cannot handle an event, it forwards the event to the next responder in the responder chain.  

A responder object is an object that can respond to and handle events. The .Ie spond r class is the base 

class for all responder objects, and it defines the programmatic interface not only for event handling but also 

for common responder behavior. Instances of the UIAppli ct io, UIViewntro r,and UIVw classes 

are responders, which means that all views and most key controller objects are responders. Note that Core 

Animation layers are not responders.  

The first responder is designated to receive events first. Typically, the first responder is a view object. An object 

becomes the first responder by doing two things: 

1. Overriding the can~eir p r method to return YES.  

2. Receiving a bco meFirst Responder message. If necessary, an object can send itself this message.  

Note: Make sure t',hat yOp hst e i jc ra ph before asg a o t be 

hefirst responder, For exa you ypicy cl the eco r stsonder mehod 

o'verride of t-he-_ viewi~pa hd i;f you try to a"ssig the: fist responding 

veiHper :, ur objetgahio yet, estabised soteeome FiJrst espiond e r 

method~Nn return N 

Events are not the only objects that rely on the responder chain, The responder chain is used in all of the 

following: 

* Touch events. If the hit-test view cannot handle a touch event, the event is passed up a chain of responders 

that starts with the hit-test view.  
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* Motion events. To handle shake-motion events with UlKit, the first responder must implement either the 

Bga withEvent :or motionnded: wtvent: method of the UIResponde r class, as 

described in Deecing ha-Motion E Ui:vent (page 58).  

* Remote control events. To handle remote control events, the first responder must implement the 

r emotelCont ro 1R ce ive ivent : method of the UI Res onder class.  

* Action messages. When the user manipulates a control, such as a button or switch, and the target for the 

action method is ni, the message is sent through a chain of responders starting with the control view.  

Editing-menu messages. When a user taps the commands of the editing menu, iOS uses a responder 

chain to find an object that implements the necessary methods (such as cut :, copy:, and paste:). For 

more information, see Displaying and Managing the Edit Menu and the sample code project, CopyPasteTile.  

* Text editing. When a user taps a text field or a text view, that view automatically becomes the first 

responder. By default, the virtual keyboard appears and the text field or text view becomes the focus of 

editing. You can display a custom input view instead of the keyboard if it's appropriate for your app. You 

can also add a custom input view to any responder object. For more information, see Custom Views for 

Data Input.  

UlKit automatically sets the text field or text view that a user taps to be the first responder; Apps must explicitly 

set all other first responder objects with the becomeFirstResponder method.  

TheResond r C ainFollows a Specifich E-Dlvr Path 
If the initial object-either the hit-test view or the first responder-doesn't handle an event, UlKit passes the 

event to the next responder in the chain. Each responder decides whether it wants to handle the event or pass 

it along to its own next responder by calling the next.Repon-der method.This process continues until a 

responder object either handles the event or there are no more responders.  
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The Responder Chain Follows a Specific Delivery Path 

The responder chain sequence begins when OS detects an event and passes it to an initial object, which is 

typically a view. The initial view has the first opportunity to handle an event. Figure 2-2 shows two different 

event delivery paths for two app configurations. An app's event delivery path depends on its specific 

construction, but all event delivery paths adhere to the same heuristics.  

Figure 2-2 of this appendix has been moved to Figure 32.  

For the app on the left, the event follows this path: 

1. The initial view attempts to handle the event or message. If it can't handle the event, it passes the event 

to its superview, because the initial view is not the top most view in its view controller's view hierarchy.  

2. The superview attempts to handle the event. If the superview can't handle the event, it passes the event 

to its superview, because it is still not the top most view in the view hierarchy.  

. The topmost view in the view controller's view hierarchy attempts to handle the event. If the topmost 

view can't handle the event, it passes the event to its view controller.  

4. The view controller attempts to handle the event, and if it can't, passes the event to the window.  

5. If the window object can't handle the event, it passes the event to the singleton app object.  

6. If the app object can't handle the event, it discards the event.  

The app on the right follows a slightly different path, but all event delivery paths follow these heuristics: 

1. A view passes an event up its view controller's view hierarchy until it reaches the topmost view.  
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2. The topmost view passes the event to its view controller.  

3, The view controller passes the event to its topmost view's superview.  

Steps 1-3 repeat until the event reaches the root view controller.  

4. The root view controller passes the event to the window object.  

5. The window passes the event to the app object.  

Important: If you implement a custom view to handle remote control events, action messages, shake-motion 

events with UlKit, or editing-menu messages, don't forward the event or message to nextesonde r 

directly to send it Lp the responder chain. Instead, invoke the superclass implementation of the current 

event handling method and let UlKit handle the traversal of the responder chain for you.  
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Objective-CSwift 
Generally, you can handle almost all of your touch events with the standard controls and gesture recognizers 

in UlKit. Gesture recognizers allow you to separate the recognition of a touch from the action that the touch 

produces. In some cases, you want to do something in your app-such as drawing under a touch-where 

there is no benefit to decoupling the touch recognition from the effect of the touch. If the view's contents are 

intimately related to the touch itself, you can handle touch events directly. You receive touch events when the 

user touches your view, interpret those events based on their properties and then respond appropriately.  

Creating a Subdass of UI "esponder 
For your app to implement custom touch-event handling, first create a subclass of a responder class. This 

subclass could be any one of the following: 

U ie Subclass UIVie to implement a custom drawing view.  

UieC tr - Subclass UIViewiCcnt rolle r if you are also handling other types of 
events, such as shake motion events.  

Subclass UICnt rol to implement custom controls with touch 
behavior 

UI-pplcatio r This would be rare, because you typically do not subclass 
U IWindow UI pplication or UIWindow.  

Then, for instances of your subclass to receive multitouch events: 

1. Your subclass must implement the UIResonder methods for touch-event handling, described in 

ii t hEven Had eds i Sucass (page 39).  

2. The view receiving touches must have its usrInte ractionFnabled property set to YES, If you are 

subclassing a view controller, the view that it manages must support user interactions.  

3. The view receiving touches must be visible; it can't be transparent or hidden.  
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Lmlmetn the' To0Uch-Evet Handling Mv~ethodus in Yo0Ur SUbdass,31 
iOS recognizes touches as part of a multitouch sequence. During a multitouch sequence, the app sends a series 

of event messages to the target responder. To receive and handle these messages, the responder object's class 

must implement the following UIeponder methods: 

- (void)touchesBegan: (NSSet *)touches withEvent: (UIEvent *)event; 

- (void)touchesMoved: (NSSet *)touches withEvent: (UIEvent *)event; 

- (void)touchesEnded: (NSSet *)touches withEvent: (UIEvent *)event; 

- (void)touchesCancelled: (NSSet *)touches withEvent: (UIEvent *)event; 

Note: Thcse ethcds havieths siturce sthe mevhod u overrde oreea 

g e isc-ussed in ran Cu (page 28).  

Each of these touch methods correspond to a touch phase: Began, Moved, Ended, and Canceled. When there 

are new or changed touches for a given phase, the app object calls one of these methods. Each method takes 

two parameters: a set of touches and an event.  

The set of touches is a set (NSSet) of UITouch objects, representing new or changed touches for that phase.  

For example, when a touch transitions from the Began phase to the Moved phase, the app calls the 

touchesoved:withEvent : method. The set of touches passed in to the touches , ve: WithEvent : 

method will now include this touch and all other touches in the Moved phase. The other parameter is an event 

(UI Even t object) that includes all touch objects for the event. This differs from the set of touches because 

some of the touch objects in the event may not have changed since the previous event message.  

All views that process touches expect to receive a full touch-event stream, so when you create your subclass, 

keep in mind the following rules: 

* If your custom responder is a subclass of UlView or UIVie.Cotro.e r, you should implement all of 

the event handling methods, 

e If you subclass any other responder class, you can have a null implementation for some of the event 

methods.  

In all methods, be sure to call the superclass implementation of the method.  

If you prevent a responder object from receiving touches for a certain phase of an event, the resulting behavior 

may be undefined and probably undesirable.  

If a responder creates persistent objects while handling events, it should implement the 

toujchesCance.ted w h~vent: method to dispose of those objects if the system cancels the sequence.  

Cancellation occurs when an external event-for example, an incoming phone call-disrupts the current app's 
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event processing. Note that a responder object should also dispose of any persistent objects when it receives 

the last touchesEnded: withEvent: message for a multitouch sequence. See Forwarding Touch Events (page 

52) to find out how to determine the last UITouchPhaseEnded touch object in a multitouch sequence.  

Tracking the Phase and Location of a Touch Event 
iOS tracks touches in a multitouch sequence. It records attributes for each of them, including the phase of the 

touch, its location in a view, its previous location, and its timestamp. Use these properties to determine how 
to respond to a touch.  

A touch object stores phase information in the phase property, and each phase corresponds to one of the 

touch event methods. A touch object stores location in three ways: the window in which the touch occurred, 

the view within that window, and the exact location of the touch within that view. Figure 3-1 (page 40) shows 

an example event with two touches in progress. Figure 3-1 of this appendix has been moved to Figure 33.  

When a finger touches the screen, that touch is associated with both the underlying window and the view for 

the lifetime of the event, even if the event is later passed to another view for handling. Use a touch's location 

information to determine how to respond to the touch. For example, if two touches occur in quick succession, 

they are treated as a double tap only if they both occurred in the same view. A touch object stores both its 

current location and its previous location, if there is one.  

Retrieving and Querying Touch Objects 
Within an event handling method, you get information about the event by retrieving touch objects from: 

e The set object. The passed-in NSSet contains all touches that are new or have changed in the phase 

represented by the method, such as UITouch PhaseBegan for the touchesBegan withEvent: method.  

* The event object. The passed-in UIEvent object contains all of the touches for a given multitouch 

sequence.  
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The muIt iplel ouchEnabled property is set to NO by default, which means that a view receives only the first 

touch in a multitouch sequence. When this property is disabled, you can retrieve a touch object by calling the 

anyObj ect method on the set object because there is only one object in the set.  

If you want to know the location of a touch, use the locationInView: method. By passing the parameter 

self to this method, you get the location of the touch in the coordinate system of the receiving view. Similarly, 

the previousLocationInView: method tells you the previous location of the touch. You can also determine 

how many taps a touch has (tapCount), when the touch was created or last mutated (times tamp), and what 

phase the touch is in (phase).  

If you are interested in touches that have not changed since the last phase or that are in a different phase than 

the touches in the passed-in set, you can find those in the event object. Figure 3-2 depicts an event object 

that contains touch objects. To get all of these touch objects, call the allTo uc hes method on the event object.  

Figure 3-2 of this appendix has been moved to Figure 34.  
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If you are interested only in touches associated with a specific window, call the touches Fo rWindow: method 

of the UIEvent object. Figure 3-3 shows all the touches for window A. Figure 3-3 of this appendix has been 
moved to Figure 35.  

If you want to get the touches associated with a specific view, call the touches Fo rView: method of the event 

object. Figure 3-4 shows all the touches for view A. Figure 3-4 of this appendix has been moved to Figure 36.  
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Besides being able to recognize a tap gesture in your app, you'll probably want to distinguish a single tap, a 

double tap, or even a triple tap. Use a touch's t property to determine the number of times the user 

tapped a view.  

The best place to find this value is the toucsEnded: whEvent : method, because it corresponds to when 

the user lifts a finger from a tap. By looking for the tap count in the touch-up phase-when the sequence has 

ended you ensure that the finger is really tapping and not, for instance, touching down and dragging. Listing 

3-1 shows an example of how to determine whether a double tap occurred in one of your views.  

Listing 3-1 Detecting a double tap gesture 

(void)touchesBegan: (NSSet *)touches withEvent: (UIEvent *)event { 

(voi d)touchesMoved: (NSSet *)touches withEvent: (UIEvent *)event { 

- (void)touchesEnded: (NSSet *)touches withEvent: (UIEvent *)event { 

for (UILTouch *aTouch in touches) { 

if (aTouch. tapCount >= 2) { 

// The view responds to the tap 

self respondToDoubleTapGesture:aTouch]; 

} 

- (void)touchesCancelled:(NSSet *)touches withEvent:(UIEvent *)event { 

Handlin Swip and , Drg etures 

Horizontal and vertical swipes are a simple type of gesture that you can track. To detect a swipe gesture, track 

the movement of the user's finger along the desired axis of motion. Then, decide whether the movement is a 

swipe by examining the following questions for each gesture: 

* Did the user's finger move far enough? 
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* Did the finger move in a relatively straight line? 

* Did the finger move quickly enough to call it a swipe? 

To answer these questions, store the touch's initial location and compare its location as the touch moves.  

Listing 3-2 shows some basic tracking methods you could use to detect horizontal swipes in a view. In this 

example, a view has a startTouc hPositicn property that it uses to store a touch's initial location. In the 
touchesnded: method, it compares the ending touch position to the starting location to determine if it is 

a swipe. If the touch moves too far vertically or does not move far enough, it is not considered to be a swipe.  

This example does not show the implementation for the yProces ight Swipe : or myPrce:ss Le twipe 

methods, but the custom view would handle the swipe gesture there.  

Listing 3-2 Tracking a swipe gesture in a view 

#define HORIZSWIPEDRAGMIN 12 

#define VERT SWIPE DRAG MAX 4 

- (void)touchesBegan: (NSSet *)touches withEvent: (UIEvent *)event { 

UITouch *aTouch = [touches any0bject]; 

// startTouchPosition is a property 

self. startTouchPosition = [aTouch locationInView: self]; 

} 

- (void)touchesMoved: (NSSet *)touches withEvent: (UIEvent *)event { 

} 

- (void)touchesEnded: (NSSet *)touches withEvent: (UIEvent *)event { 

UITouch *aTouch = [touches anyObject]; 

CGPoint currentTouchPosition = [aTouch locatiorilnView:self]; 

// Check if direction of touch is horizontal and long enough 

if (fabsf(self.startTouchPosition.x - currentTouchPosition.x) >= 
HORIZSWIPEDRAGMIN && 

fabsf(self.startTouchPosition.y - currentTouchPosition.y) <= 
VERT_SWIPEDRAGMAX) 

/ If touch appears to be a swipe 
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if (self.startTouchPosition.x < currentTouchPosition.x) 

[self myProcessRightSwipe: touches withEvent: event] 

} else { 

[self myProcessLeftSwipe:touches withEvent:event]; 

self. startTouchPosition = CGPointZero; 

} 

- (void)touchesCancelled:(NSSet *)touches withEvent:(UIEvent *)event 

self. startTouchPosition = CGPointZero; 

Notice that this code does not check the location of the touch in the middle of the gesture, which means that 

a gesture could go all over the screen but still be considered a swipe if its start and end points are in line. A 

more sophisticated swipe gesture recognizer should also check middle locations in the 

touce ed:ithvent: method. To detect swipe gestures in the vertical direction, you would use similar 

code but would swap the x and y components.  

Listing 3-3 shows an even simpler implementation of tracking a single touch, this time the user is dragging a 

view around the screen. Here, the custom view class fully implements only the toucheM'ved: WithE vent 

method. This method computes a delta value between the touch's current and previous locations in the view.  

It then uses this delta value to reset the origin of the view's frame.  

Listing 3-3 Dragging a view using a single touch 

(void)touchesBegan: (NSSet *)touches withEvent: (UIEvent *)event { 

} 

- (void)touchesMoved:(NSSet *)touches withEvent:(UIEvent *)event { 

UITouch *aTouch = [touches any0bject]; 

CGPoint loc = [aTouch locationInView:self]; 

CGPoint previoc = [aTouch previousLocationInView: self]; 

CGRect miyFrame = self. frame; 

float deltaX = loc.x - prevloc.x; 

float deltaY = loc.y - prevloc.y; 

myFrame.origin.x -= deltaX; 
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myFrame.origin.y i= deltaY; 

[self setFrame:myFrame] 

} 

- (void)touchesEnded: (NSSet *)touches withEvent: (UIEvent *)event { 

} 

- (void)touchesCancelled:(NSSet *)touches withEvent:(UIEvent *)event { 

handling a Comple*x M LtoUCh Sequence 
Taps, drags, and swipes typically involve only one touch and are simple to track. Handling a touch event 

consisting of two or more touches is more challenging. You may have to track all touches through all phases, 

recording the touch attributes that have changed and altering internal state appropriately, To track and handle 

multiple touches, you need to: 

" Set the view's mu.tiple uchlnlt ed property to YES 

" Use a Core Foundation dictionary object (cFDc tionaryRef) to track the mutations of touches through 

their phases during the event 

When handling an event with multiple touches, you often store information about a touch's state so that you 

can compare touches later. As an example, say you want to compare the final location of each touch with its 

original location. In the touchesBegan:n t-hEvent : method, you get the original location of each touch 

from the locationinView: method and store those in a CF7iC t"onaryef object using the addresses of 

the UlTouch objects as keys. Then, in the touchesEnded: withEver'nt method, you can use the address of 

each passed-in touch object to get the object's original location and compare it with its current location.  

Important: Use a CFictionar yRef data type rather than an NSDictionary object to track touches, 

because NSDic tionary copies its keys. The UITouch class does not adopt the NSCopy ing protocol, which 

is required for object copying.  

Listing 3-4 illustrates how to store the starting locations of UIouch objects in a Core Foundation dictionary.  

The cacheieginPointForTouches method stores the location of each touch in the superview's coordinates 

so that it has a common coordinate system to compare the location of all of the touches.  
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Listing 3-4 Storing the beginning locations of multiple touches 

- (void)touchesBegan: (NSSet *)touches withEvent: (UIEvent *)event { 

[self cacheBeginPointForTouches:touchesl; 

- (void)cacheBegiinPointForTouches: (NSSet *)touches { 

if ( [touches count] > 0) { 

for (UITouch *toLch in touches) { 

CGPoint *point = (CGPoint *)CFDictionaryGetValue(touchBeginPoints, 
touch); 

if (point NULL) { 

point = (CGPoint *)malloc(sizeof(CGPoint)); 

CFDictionarySetValue(touchBeginPoints, touch, point); 

} 
*point = [touch locationInView:view.superview]; 

Listing 3-5 builds on the previous example. It illustrates how to retrieve the initial locations from the dictionary.  

Then, it gets the current locations of the same touches so that you can use these values to compute an affine 

transformation (not shown).  

Listing 3-5 Retrieving the initial locations of touch objects 

- (void)touchesEnded: (NSSet *)touches withEvent: (UIEvent *)event { 

CGAffineTransform newTrans form = [self incrementalTrans formWithTouches: touches] 

(CGAffineTransform)incrementalTransformWithTouches: (NSSet *)touches { 

NSArray *sortedTouches = [[touches allObjects] 
sortedArray isinciSelector:@selector(compareAddress:)I; 

/ Other code here 

CGAffineTransform transform = CGAffineTransformidentity; 

UITouch touchi = [sortedTouches objectAtIndex:0]; 
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UITouch *touch2 = [sortedTouches objectAtIndex:1]; 

CGPoint beginPoint1 = *(CGPoint *)CFDictionaryGetValue(touchBeginPoints, 
touchl; 

CGPoint currentPointl = touch1 locationInView:view.superview]; 

CGPoint beginPoint2 = *(CGPoint *)CFDictionaryGetValue(touchBeginPoints, 
touch2); 

CGPoint currentPoint2 [touch2 locationInView:view.superview]; 

// Compute the affine transform 

return transform; 

The next example, Listing 3-6, does not use a dictionary to track touch mutations; however, it handles multiple 

touches during an event. It shows a custom U"iV ienw object responding to touches by animating the movement 

of a "Welcome" placard as a finger moves it around the screen. It also changes the language of the placard 

when the user double taps. This example comes from the MoveMe sample code project, which you can examine 

to get a better understanding of the event handling context.  

Listing 3-6 Handling a complex multitouch sequence 

(void)touchesBegan:(NSSet *)touches withEvent:(UIEvent *)event { 

/ App supports only single touches, so any0bject retrieves just 

// that touch from touches 

UITouch *touch [touches anyObject]; 

// Move the placard view only if the touch was in the placard view 

if ([touch view] != placardView) { 

// In case of a double tap outside the placard view, update 

// the placard's display string 

if ([touch tapCount] == 2) { 

[placardView setupNextDisplaySt ring]; 

} 
return; 
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} 

// Animate the first touch 

CGPoint touchPoint = [touch locationinView:self]; 

[self animateFirst-TouchAtPoint:touchPoint]; 

} 

- (void)touchesMoved: (NSSet *)touches withEvent: (UIEvent *)event { 

UITouch *touch [touches anyOb-ject]; 

// If the touch was in the placardView, move the placardView to its location 

f ([touch view] == placardView) { 

CGPoint location = [touch locationinView: self]; 

placardView.center = location; 

} 

- (void)touchesEnded: (NSSet *)touches withEvent: (UIhvent *)event { 

UITouch *touch = [touches anyObject]; 

// If the touch was in the placardView, bounce it back to the center 

if ([touch view] == placardView) { 

// Disable user interaction so subsequent touches 

// don't interfere with animation 

self.userInteractionEnabled = NO; 

[self animatePlacardViewToCenter]; 

} 
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(void)touchesCancelled:(NSSet *)touches withEvent:(UIEvent *)event { 

// To impose as little impact on the device as possible, simply set 

// the placard view's center and transformation to the original values 

placardView. center = self.center; 

placardView.transform = CGAffineTransformIdentity; 

} 

To find out when the last finger in a multitouch sequence is lifted from a view, see how many touch objects 

are in the passed-in set and how many are in the passed-in vent object. If the number is the same. then 

the multitouch sequence has concluded. Listing 3-7 illustrates how to do this in code.  

Listing 3-7 Determining when the last touch in a multitouch sequence has ended 

- (void)touchesEnded: (NSSet*)touches withEvent : (UIEvent*)event { 

if ([touches count] == [[event touchesForView:self] count]) { 

// Last finger has lifted 

} 

} 

Remember that a passed-in set contains all touch objects associated with the view that are new or changed 

for a given phase, whereas the touch objects returned from the touched ForView method includes all 

objects associated with the specified view.  

Specifyin Cuto To h Ev e nt Behavio 
Customize the way your app handles touches by altering the behavior of a specific gesture, a specific view, or 

all of the touch events in your app. You can alter the stream of touch events in the following ways: 

* Turn on delivery of multiple touches. By default, a view ignores all but the first touch during a multitouch 

sequence. If you want the view to handle multiple touches, you must enable this capability for the view 

by setting the related attribute in Interface Builder or by programmatically setting the 

mtplea ou0 ch::.nabledi property of your view to YES.  
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" Restrict event delivery to a single view. By default, a view's exclus iveTouch property is set to NO, 

which means that one view does not block other views in a window from receiving touches. If you set the 

property to YES for a specific view, then that view receives touches if-and only if-it is the only view 

tracking touches.  

If your views are nonexclusive, a user can touch one finger in one view and another finger in another view, 

and each view can track its touch simultaneously. Now imagine that you have views set up as in Figure 

3-5 and that view A is an exclusive-touch view. If the user touches inside A, it recognizes the touch. But if 

a user holds one finger inside view B and also touches inside view A, then view A does not receive the 

touch because it was not the only view tracking touches. Similarly, if a user holds one finger inside view 

A and also touches inside view B, then view B does not receive the touch because view A is the only view 

tracking touches. At anytime, the user can still touch both B and C, and those views can track their touches 

simultaneously. Figure 3-5 of this appendix has been moved to Figure 37.  

* Restrict event delivery to subviews. A custom UIView class can override h itTest : withEvent: so that 

multitouch events are not delivered to a specific subview. See Intercepting Touches by Overriding 

Hit-Testing (page 52) for a discussion of this technique.  

You can also turn off touch-event delivery completely, or just for a period of time: 

e Turn off delivery of touch events. Set a view's userInteract ionEnabled property to NO to turn off 

delivery of touch events. Note that a view also does not receive touch events if it's hidden or transparent.  
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* Turn off delivery of touch events for a period. Sometimes you want to temporarily turn off event 

delivery-for example, while your code is performing animations. Your app can call the 

beg.'i, no ring ritie t.i.onven s method to stop receiving touch events, and then later call the 

endignorinit ractionEvent s method to resume touch-event delivery.  

I nt er c eptng1' Tulche S by Overiin Hit T 'IIUM esting 
If you have a custom view with subviews, you need to determine whether you want to handle touches at the 
subview level or the superview level. If you chose to handle touches at the superview level-meaning that 

your subviews do not implement the touchs ega.n: Iven t:, touc.hesEnded: w.ithEvent :, or 

touchesoved :withEvent~ :methods-then the superview should override hiTet :withEvent to 

return itself rather than any of its subviews.  

Overriding hit-testing ensures that the superview receives all touches because, by setting itself as the hit-test 

view, the superview intercepts and receives touches that are normally passed to the subview first. If a superview 

does not override hitTest it~vn.,touch events are associated with the subviews where they first 

occurred and are never sent to the superview.  

Recall that there are two hit-test methods: the hitTet itEvent: method of views and the hitTest: 

method of layers, as described in -- tin Reun t Vew ere a hOcr (page 32). You rarely 

need to call these methods yourself. It's more likely that you will override them to intercept touch events from 
subviews. However, sometimes responders perform hit-testing prior to event forwarding (see F 

h (page 52)).  

Forwardingy To6uch Eent 
To forward touch events to another responder object, send the appropriate touch-event handling messages 

to that object. Use this technique with caution because UlKit classes are not designed to receive touches that 

are not bound to them. For a responder object to handle a touch, the touch's view property must hold a 

reference to the responder. If you want to conditionally forward touches to other responders in your app, all 
of the responders should be instances of your own UiView subclass.  

For example, let's say an app has three custom views: A, B, and C. When the user touches view A, the app's 

window determines that it is the hit-test view and sends to it the initial touch event. Depending on certain 

conditions, view A forwards the event to either view B or view C. In this case, views A, B, and C must be aware 

of this forwarding, and views B and C must be able to deal with touches that are not bound to them.  

Event forwarding often requires analyzing touch objects to determine where they should be forwarded. There 

are a couple of approaches you can take for this analysis: 
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* With an "overlay" view, such as a common superview, use hit-testing to intercept events for analysis prior 

to forwarding them to subviews (see ir n ThbOvrridin Hi-Tsn (page 52)).  

* Override sndEvent in a custom subclass of UIWindow, analyze touches, and forward them to the 

appropriate responders.  

Overriding the sendEve.nt : method allows you to monitor the events your app receives. Both the 

LUplication object and each UIWindow object dispatch events in the send~vnt method, so this 

method serves as a funnel point for events coming in to an app. This is something that very few apps need to 
do and, if you do override sendEvem nt , be sure to invoke the superclass implementation --- su 

sendEvent theEventb Never tamper with the distribution of events.  

Listing 3-8 illustrates this technique in a subclass of UIWindow, In this example, events are forwarded to a 

custom helper responder that performs affine transformations on the view that it is associated with.  

Listing 3-8 Forwarding touch events to helper responder objects 

- (void)sendEvent:(UIEvent *)event { 

for (TransformGesture *gesture in transformGestures) { 

/ Collect all the touches you care about from the event 

NSSet *touches = [gesture observedTouchesForEvent:event]; 

NSMutableSet *began = nil; 

NSMutableSet *moved = nil; 

NSMutableSet *ended = nil; 

NSMutableSet *canceled = nil; 

// Sort touches by phase to handle--similar to normal event dispatch 

for (UITouch *touch in touches) { 

switch ([touch phase]) { 

case UITouchPhaseBegan: 

if (!began) began = [NSMutableSet set]; 

[began addObject:touch]; 

break; 

case UITouchPhaseMoved: 

if (!moved) moved = [NSMutableSet set]; 

[moved addObject:touch]; 

break; 

case UITouchPhaseEnded: 
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if (!ended) ended = [NSMutableSet set]; 

[ended addObject:touch]; 

break; 

case UITouchPhaseCancelled: 

if (!canceled) canceled [NSMutableSet set]; 

[canceled addObject:touch] 

break; 

default: 

break; 

// Call methods to handle the touches 

if (began) [gesture touchesBegan:began withEvent:event]; 

if (moved) [gesture touchesMoved:moved withEvent:eventi; 

if (ended) [gesture touchesEnded:ended withEvent:eventi; 

if (canceled) [gesture touchesCancelled:canceled withEvent:event]; 

} 
[super sendEvent:event] 

} 

Notice that the overriding subclass invokes the superclass implementation of the sendEvent method. This 

is important to the integrity of the touch-event stream.  

eSt Practices for Handlin Multitouch Ev 
When handling both touch and motion events, there are a few recommended techniques and patterns you 

should follow: 

Always implement the event cancelation methods.  

In your implementation, restore the state of a view to what it was before the current multitouch sequence.  

If you don't, your view could be left in an inconsistent state, or in some cases, another view could receive 

the cancelation message.  

If you handle events in a subclass of UI Vie, UIViewC ont roe r, or UlResponde r: 

* Implement all of the event handling methods, even if your implementations of those methods do 

nothing.  
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e Do not call the superclass implementation of the methods.  

* If you handle events in a subclass of any other UlKit responder class: 

" You do not have to implement all of the event handling methods, 

" In the methods you do implement, be sure to call the superclass implementation. For example, [s u-per 

withventev 

* Do not forward events to other responder objects of the UlKit framework, 

Instead, forward events to instances of your own subclasses of UIVie. Additionally, make sure these 

responder objects are aware that event forwarding is taking place and that they can receive touches that 

are not bound to them.  

* Do not explicitly send events up the responder chain through the nextResnder method; instead, 

invoke the superclass implementation and let UlKit handle responder-chain traversal.  

* Do not use round-to-integer code in your touch handling because you lose precision.  

iOS reports touches in a 320x480 coordinate space to maintain source compatibility. However, on 

high-resolution devices, the resolution is actuallytwice as high in each dimension (640x960), which means 

that touches can land on half-point boundaries on high-resolution devices. On older devices, touches land 

only on full-point boundaries.  
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Users generate motion events when they move, shake, or tilt the device, These motion events are detected 

by the device hardware, specifically, the accelerometer and the gyroscope.  

The accelerometer is actually made Lp of three accelerometers, one for each axis-x, y, and z. Each one measures 

changes in velocity over time along a linear path. Combining all three accelerometers lets you detect device 

movement in any direction and get the device's current orientation. Although there are three accelerometers, 

the remainder of this document refers to them as a single entity. The gyroscope measures the rate of rotation 

around the three axes.  

All motion events originate from the same hardware. There are several different ways that you can access that 

hardware data, depending on your app's needs: 

* If you need to detect the general orientation of a device, but you don't need to know the orientation 

vector, use the UI iev ice class. See G he CurnDevce Oe i with UiDevce (page 56) for 

more information.  

* If you want your app to respond when a user shakes the device, you can use the UlKit motion-event 

handling methods to get information from the passed-in UIEve.nt object. See Detectin S 

wth Uvent (page 58) for more information.  

e If neither the UIDev ice nor the UI Even t classes are sufficient, it's likely you'll want to use the Core Motion 

framework to access the accelerometer, gyroscope, and device motion classes. See Capturin Device 

Movement wh Core M n (page 60) for more information.  

G~,etting the Curnt DeieOinainwt mIevice 
Use the methods of the UIDevice class when you need to know only the general orientation of the device 

and not the exact vector of orientation, Using UIDevi ce is simple and doesn't require you to calculate the 

orientation vector yourself.  

Before you can get the current orientation, you need to tell the UDev ice class to begin generating device 

orientation notifications by calling the beginener tingDev iceo riettin i. f i.cat:icns method.  

This turns on the accelerometer hardware, which may be off to conserve battery power, Listing 4-1 demonstrates 

this in the view,,idLoad method.  
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After enabling orientation notifications, get the current orientation from the -r ienta tion property of the 

UIDevice object. If you want to be notified when the device orientation changes, register to receive 

U I vice tion notifications. The device orientation is reported using 

UI~eviceO rientatin constants, indicating whether the device is in landscape mode, portrait mode, 

screen-side up, screen-side down, and so on, These constants indicate the physical orientation of the device 

and don't necessarily correspond to the orientation of your app's user interface.  

When you no longer need to know the orientation of the device, always disable orientation notifications by 

calling the UI ev method, end ene r'at i ngeviCeO-rientatonN.tficatns. This gives the system 

the opportunity to disable the accelerometer hardware if it's not being used elsewhere, which preserves battery 

power.  

Busting 4-1 Responding to changes in device orientation 

-(void) viewDidLoad { 

// Request to turn on accelerometer and begin receiving accelerometer events 

[[UIDevice cur rentDevice] beginGeneratingDeviceOrieritationNotifications]; 

[[NSNotificationCenter defaultCenteri addObserver: self 
selector:@selector( orientationChanged:) name:UIDevicerientationDidChangNotification 
obj ect: nil] 

} 

(voi d) orientationChanged: (NSNotification *)notification { 

/ Respond to changes in device orientation 

} 

(void) viewDidDisappear { 

/ Request to stop receiving accelerometer events and turn off accelerometer 

[[NSNotificationCenter defaultCenter) removelbserver: self]; 

[[UIDevice currentDevice] endGeneratingDevicerientationNotifications]; 

For another example of responding to U IDevice orientation changes. see the Alternate Views sample code 

project.  
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Detecing Sake-otionEvent wit UIEven 
When users shake a device, iOS evaluates the accelerometer data. If the data meets certain criteria, iOS interprets 

the shaking gesture and creates a UIEven t object to represent it. Then, it sends the event object to the currently 

active app for processing. Note that your app can respond to shake-motion events and device orientation 

changes at the same time.  

Motion events are simpler than touch events. The system tells an app when a motion starts and stops, but not 

when each individual motion occurs. And, motion events include only an event type (UIEventTyp.eotion), 

event subtype (UIvent btypetinSake), and timestamp.  

Designatinig a First Responderifor Motion Events 

To receive motion events, designate a responder object as the first responder. This is the responder object 

that you want to handle the motion events. Listing 4-2 shows how a responder can make itself the first responder.  

Listing 4-2 Becoming first responder 

- (BOOL)canBecomeFirstResponder { 

return YES; 

} 

(void)viewDidAppear:(BOOL)aninated { 

[self becomeFirstResponder]; 

} 

Motion events use the responder chain to find an object that can handle the event. When the user starts 

shaking the device, iOS sends the first motion event to the first responder. If the first responder doesn't handle 

the event, it progresses up the responder chain. See LheRpd C AThan lo Specfc Devery Path (page 

35) for more information. If a shaking-motion event travels up the responder chain to the window without 

being handled and the app icat ionSuqpp rts ShakeToEdit property of UiAppl icat ion is set to YE S (the 

default), iOS displays a sheet with Undo and Redo commands.  

Imnplemnentin~g the Motion,,Handling Methods 

There are three motion-handling methods: motionuBegan: whEvent :, tionEnded: ith vent :, and 

motionCancel led: wihvent :. To handle motion events, you must implement either the 

oti onB ega n ithEvent : method or the moton iEnied wi th~vet method, and sometimes both. A 
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responder should also implement the mot ionCance lled: wit-hv :e method to respond when iOS cancels 

a motion event. An event is canceled if the shake motion is interrupted or if iOS determines that the motion 

is not valid after all-for example, if the shaking lasts too long.  

Listing 4-3 is extracted from the sample code project, GLPaint. In this app, the user paints on the screen, and 

then shakes the device to erase the painting. This code detects whether a shake has occurred in the 

m ~tnEdd: wi'thEvent :method, and if it has, posts a notification to perform the shake-to-erase 

functionality.  

Listing 4-3 Handling a motion event 

- (void)motionEnded: (UIEventSubtype)motion withEvent: (UTEvent *) event { 

if (motion == UIEventSubtypeMotionShake) 

{ 
// User- was shaking the device. Post a notification named "shake.' 

[[NSNotificationCenter defaultCenter] postNotificationName:@"shake" 
obj ect: self]; 

} 

a3 0S Ot> 

a.p about OS Smulaor, se OS Sm tor User Gu k IDtide 

Before your app can access device-related features, such as accelerometer data, you must add a list of required 

capabilities to your app. Specifically, you add keys to your app's In f o. pls file. At runtime, iOS launches 

your app only if the device has the required capabilities. For example, if your app relies on gyroscope data, list 

the gyroscope as required so that your app doesn't launch on devices without a gyroscope. The App Store 

also uses this list to inform users so that they can avoid downloading apps that they can't run.  

Declare your app's required capabilities by adding keys to your app's property list. There are two 

UIhequi readbevic apabiities keys for motion events, based on hardware source: 
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Note:~~~~~ You don' nee Mo Snld Sh acelrmee ky if your ap p deetI nl.eieoretto 

changes 

You can use either an array or a dictionary to specify the key-values. If you use an array, list each required 

feature as a key in the array. If you use a dictionary, specify a Boolean value for each required key in the 

dictionary. In both cases, not listing a key for a feature indicates that the feature is not required. For more 

information, see UlRequiredDeviceCapabilities, 

If the features of your app that use gyroscope data are not integral to the user experience, you might want to 

allow users with non-gyroscope devices to download your app. If you do not make gyroscope a required 

hardware capability, but still have code that requests gyroscope data, you need to check whether the gyroscope 

is available at runtime. You do this with the gyreAvailable property of the Mt iomanager class.  

Catrn Deic MoUt-V t';Vemen:t-kt w ithI' Core M1oti on 
The Core Motion framework is primarily responsible for accessing raw accelerometer and gyroscope data and 

passing that data to an app for handling. Core Motion uses unique algorithms to process the raw data it collects, 

so that it can present more refined information. This processing occurs on the framework's own thread.  

Core Motion is distinct from UlKit, It is not connected with the UI~ven t model and does not use the responder 

chain. Instead, Core Motion simply delivers motion events directly to apps that request them.  

Core Motion events are represented by three data objects, each encapsulating one or more measurements: 

C A CMAcce rometerData object captures the acceleration along each of the spatial axes.  

C A CMGy roDa- a object captures the rate of rotation around each of the three spatial axes.  

C A CM2viceMotion object encapsulates several different measurements, including attitude and more 

useful measurements of rotation rate and acceleration.  

The C.MMotio Manager class is the central access point for Core Motion. You create an instance of the class, 

specify an update interval, request that updates start, and handle motion events as they are delivered. An app 

should create only a single instance of the CMMotinanager class. Multiple instances of this class can affect 

the rate at which an app receives data from the accelerometer and gyroscope.  

All of the data-encapsulating classes of Core Motion are subclasses of CMLogItem, which defines a timestamp 

so that motion data can be tagged with a time and logged to a file. An app can compare the timestamp of 

motion events with earlier motion events to determine the true update interval between events.  
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For each of the data-motion types described, the CM1ot ioncaer class offers two approaches for obtaining 

motion data: 

* Pull. An app requests that updates start and then periodically samples the most recent measurement of 

motion data, 

* Push. An app specifies an update interval and implements a block for handling the data. Then, it requests 

that updates start, and passes Core Motion an operation queue and the block. Core Motion delivers each 

update to the block, which executes as a task in the operation queue.  

Pull is the recommended approach for most apps, especially games. It is generally more efficient and requires 

less code. Push is appropriate for data-collection apps and similar apps that cannot miss a single sample 

measurement. Both approaches have benign thread-safety effects; with push, your block executes on the 

operation-queue's thread whereas with pull, Core Motion never interrupts your threads.  

Important: With Core Motion, you have to test and debug your app on a device. There is no support in 

iOS Simulator for accelerometer or gyroscope data.  

Always stop motion updates as soon as your app finishes processing the necessary data. As a result, Core 

Motion can turn off motion sensors, which saves battery power.  

Choosing a Motion Event Update Inte- rval 

When you request motion data with Core Motion, you specify an update interval. You should choose the largest 

interval that meets your app's needs. The larger the interval, the fewer events are delivered to your app, which 

improves battery life. Table 4-1 lists some common update frequencies and explains what you can do with 

data generated at that frequency. Few apps need acceleration events delivered 100 times a second.  

Table 4-1 Common update intervals for acceleration events 

EventV n rqumy(Hz) Usage 

10-20 Suitable for determining a device's current orientation vector.  

30-60 Suitable for games and other apps that use the accelerometer for real-time 
user input.  

70-100 Suitable for apps that need to detect high-frequency motion. For example, 
you might use this interval to detect the user hitting the device or shaking it 
very quickly.  

You can set the reporting interval to be as small as 10 milliseconds (ms), which corresponds to a 100 Hz update 

rate, but most app operate sufficiently with a larger interval.  
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Handling Accelerometer Events Using Core Motion 
The accelerometer measures velocity over time along three axes, as shown in Figure 4-1. With Core Motion, 

each movement is captured in a CMAccelerometerData object, which encapsulates a structure of type 

CMAccele ration. Figure 4-1 of this appendix has been moved to Figure 38.  

To start receiving and handling accelerometer data, create an instance of the CMMotionManager class and 

call one of the following methods: 

" sta rtAccele rometerUpdates -the pull approach 

After you call this method, Core Motion continually updates the accelerometerData property of 

CMMotionManage r with the latest measurement of accelerometer activity. Then, you periodically sample 

this property, usually in a render loop that is common in games. If you adopt this polling approach, set 

the update-interval property (accele romete rUpdateInte rval) to the maximum interval at which Core 

Motion performs updates.  

o sta rtAc cele rometerUpdatesToQueue; withHandler: -the push approach 

Before you call this method, assign an update interval to the accele romete rUpdatelnterval property, 

create an instance of NSOperationQueue and implement a block of type CMAccelerometerHandler 

that handles the accelerometer updates. Then, call the 
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tlper :method on the motion-manager object, 

passing in the operation queue and the block. At the specified update interval, Core Motion passes the 

latest sample of accelerometer activity to the block, which executes as a task in the queue.  

4-4 (page 63) illustrates this approach.  

Listing 4-4 is extracted from the MotionGraphs sample code project, which you can examine for more context.  

In this app, the user moves a slider to specify an update interval. The startUpdatesWithliderValu: 

method uses the slider value to compute the new update interval, Then, it creates an instance of the 
CM1ot ionanager class, checks to make sure that the device has an accelerometer, and assigns the update 

interval to the motion manager. This app uses the push approach to retrieve accelerometer data and plot it 

on a graph. Note that it stops accelerometer updates in the s top"pdates method.  

Listing 4-4 Accessing accelerometer data in MotionGraphs 

static cost NSTimeInterval accelerometerMin = 0.01; 

(void)startUpdatesWithSliderValue: (int)sliderValue { 

/ Determine the update interval 

NSTimeInterval delta = 0.005; 

NSTimeInterval updateInterval accelerometerMin -+ delta * sliderValue; 

// Create a CMMotionManager 

CMMotionManager *mManager = [(APLAppDlegate *) [[UTApplication 
shar edApplication] delegate] sharedManager]; 

APLAccelerometerGraphViewController * weak weakSelf = self; 

// Check whether the accelerometer is available 

f ([mManager isAccelerometerAvailable] == YES) { 

// Assign the update interval to the motion manager 

EmManager setAcce lerometerUpdateInterval: updateInterval]; 

rmManager startAccelerometerUpdatesToQueue: [NSOperationQueue mainQueuel 
withHandler:^(CMAccelerometerData *accelerometerData, NSError *error) { 

[weakSelf.graphView addX:accelerometerData.acceleration.x 

y: accelerometerData. acceleration.y z:accelerometerData.acceleration.z]; 

[weakSelf setLabelValueX:accelerometerData. acceleration.x 
y: accelerometerData. acceleration. y z: accelerometerData. acceleration. zi; 
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} 

self.updateIntervalLabel.text = [NSString stringWithFormat:@"%f, 
updateInterval] 

- (void) stopUpdates { 

CMMotionManager *mManager [(APLAppDelegate *)[[UIApplication 

sharedApplication] delegate] sharedManager] 

if ( [mManager isAccelerometerActive] == YES) { 

[mManager stopAccelerometerUpdates]; 

} 

Handling Rotation Rate Data 
A gyroscope measures the rate at which a device rotates around each of the three spatial axes, as shown in 

Figure 4-2. Figure 4-2 of this appendix has been moved to Figure 39.  
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Each time you request a gyroscope update, Core Motion takes a biased estimate of the rate of rotation and 

returns this information in a CM y roDatai object. CMvy roData has a ro tat n property that stores a 

CMkotat ion~ate structure, which captures the rotation rate for each of the three axes in radians per second.  

Note that the rotation rate measured by a C1Gy rrData object is biased. You can get a much more accurate, 

unbiased measurement by using the CMDevicot ion class. See Hadln rcd Devic Moi Dat (page 

67) for more information.  

When analyzing rotation-rate data-specifically, when analyzing the fields of the CM1oatinat rix 

structure- follow the "right-hand rule" to determine the direction of rotation, as shown in Figure 4-2. For 

example, if you wrap your right hand around the x-axis such that the tip of the thumb points toward positive 

x, a positive rotation is one toward the tips of the other four fingers. A negative rotation goes away from the 

tips of those fingers.  

To start receiving and handling rotation--rate data, create an instance of the CM'tionaagr class and call 

one of the following methods: 

, startGy r-opdates-the pull approach 

After you call this method, Core Motion continually updates the gy ro!ata property of CMTotion~anage r 

with the latest measurement of gyroscope activity. Then, you periodically sample this property. If you 

adopt this polling approach, set the update-interval property (gy dateterval) to the maximum 

interval at which Core Motion performs updates.  

st~z tart.yrvpdatT u with-,andler: -the push approach 

Before you call this method, assign an update interval to the gy roUainte rval property, create an 

instance ofNSGperationQueue, and implement a block of type CMy- randler that handles the 

gyroscope updates. Then, call the startGyrUp e ue7 ue withandler method on the 

motion--manager object, passing in the operation queue and the block. At the specified update interval, 

Core Motion passes the latest sample of gyroscope activity to the block, which executes as a task in the 

queue.  

Listing 4-5 demonstrates this approach.  

Listing 4-5 is also extracted from the MotionGraphs sample code project, and is nearly identical to Listing 4-4.  

The app uses the push approach to retrieve gyroscope data so that it can plot the data onscreen.  

Listing 4-5 Accessing gyroscope data in MotionGraphs 

static const NSTimeInterval gyroMin = 0.01; 

(void)startUpdatesWithSliderValue: (int)sliderValue { 
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/ Determine the update interval 

NSTimeInterval delta = 0.005; 

NSTimeInterval updateInterval = gyroMin + delta * sliderValue; 

// Create a CMMotionManager 

CMMotionManager *mManager = [(APLAppDelegate *) [[UIApplication 
sharedApplication] delegate] sharedManager]; 

APLGyroGraphViewController * __weak weakSelf = self; 

/ Check whether the gyroscope is available 

if ([mManager isGyroAvailable] == YES) { 

// Assign the update interval to the motion manager 

mM anager setGyroUpdateInterval:updateInterval]; 

[mManager startGyroUpdatesToQueue: [NSOperationQueue mainQueue] 
withHandler:^(CMGyroData *gyroData, NSError *error) { 

[weakSelf. graphView addX:gyroData. rotationRate.x 
y:gyroData.rotationRate.y z:gyroData.rotationRate.z]; 

[weakSelf setLabelValueX:gyroData. rotatioriRate.x 

y gyroData.rotationRate.y z:gyroData.rotationRate.z]; 

}] 

self. updateintervalLabel. text = [NSString stringWithFormat:@"%f" 
updateInterval]; 

} 

- (void)stopUpdates{ 

CMMotionManager *mManager = [(APLAppDelegate *) [UlApplication 

sharedApplication] delegate] sharedManager]; 

if ([mManager isGyroActive] == YES) { 

_mManager stopGyroUpdates]; 

} 

} 
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Handling Processed Device Motion Data 

If a device has both an accelerometer and a gyroscope, Core Motion offers a device-motion service that processes 

raw motion data from both sensors. Device motion uses sensor fusion algorithms to refine the raw data and 

generate information for a device's attitude, its unbiased rotation rate, the direction of gravity on a device, 

and the user-generated acceleration. An instance of the C'N,)eviceMcotion class encapsulates all of this data.  

Additionally, you do not need to filter the acceleration data because device-motion separates gravity and user 

acceleration.  

You can access attitude data through a CMDev i"M.t.ion object's a u property, which encapsulates 

a CAttide object, Each instance of the CMAt titude class encapsulates three mathematical representations 

of attitude: 

a quaternion 

a a rotation matrix 

e the three Euler angles (roll, pitch, and yaw) 

To start receiving and handling device-motion updates, create an instance of the CM1otion anage r class 

and call one of the following two methods on it: 

s startDevi etonUpdates-the puIll approach 

After you call this method, Core Motion continuously updates the device, 'tion property of 

Motinaage r with the latest refined measurements of accelerometer and gyroscope activity, as 

encapsulated in a CMevice _otion object. Then, you periodically sample this property. If you adopt this 

polling approach, set the update-interval property (deviceMo tnUpdate1ite rvaI) to the maximum 

interval at which Core Motion performs updates.  

Listing 4-6 illustrates this approach.  

Sstar tDeviceMot'ion pdaesTcQueue: withandler: -the push approach 

Before you call this method, assign an update interval to the devic, o ionU pdate"nte r'vi property, 

create an instance of N&spe rationQueue, and implement a block of the CiDev i.cetot ioHndle r 

type that handles the accelerometer updates. Then, call the 

t ar te viCelotion pdates ueuewithHandl e r method on the motion-manager object, passing 

in the operation queue and the block. At the specified update interval, Core Motion passes the latest 

sample of combined accelerometer and gyroscope activity, as represented by a CMNev iceMot ion object, 

to the block, which executes as a task in the queue.  

Listing 4-6 uses code from the pARk sample code project to demonstrate how to start and stop device motion 

updates. The i- tteviceMotnion method uses the pull approach to start device updates with a reference 

frame. See DneviceAtiud rame (page 68) for more about device motion reference frames.  
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Listing 4-6 Starting and stopping device motion updates 

(void)startDeviceMotion { 

/ Create a CMMotionManager 

motionManager = [[CMMotionManager alloc] init]; 

/ Tell CoreMotion to show the compass calibration HUD when required 

// to provide true north-referenced attitude 

motionManager. showsDeviceMovementDisplay = YES; 

motionManager.deviceMotionUpdateInterval = 1.0 / 60.0 

/ Attitude that is referenced to true north 

[motionManager 
star tDeviceMotionUpdatesUs ingRefe renceF rame: CMAttitudeReferenceFrameXTrueNor thZVer tical]; 

(void)stopDeviceMotion { 

[motionManager stopDeviceMotionUpdates]; 

Device Attitud-e and the R eference-k' Framne 

A C!MDvice otion object contains information about a device's attitude, or orientation in space. Device 

attitude is always measured in relation to a reference frame. Core Motion establishes the reference frame when 

your app starts device-motion updates. Then, CMA t t de gives the rotation from that initial reference frame 

to the device's current reference frame.  

In the Core Motion reference frame, the z-axis is always vertical, and the x- and y-axis are always orthogonal 

to gravity, which makes the gravity vector [0, 0, -1]. This is also known as the gravity reference. If you multiply 

the rotation matrix obtained from a CMAtt itude object by the gravity reference, you get gravity in the device's 

frame. Or., mathematically: 

10 
deviceMotion.gravity = R o 
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You can change the reference frame that CMAtitde uses. To do that, cache the attitude object that contains 

the reference frame and pass it as the argument to mu1.t iplyIve r eO fAtiitude: .The attitude argument 

receiving the message changes so that it represents the change in attitude from the passed-in reference frame.  

Most apps are interested in the change in device attitude. To see how this might be useful, consider a baseball 

game where the user rotates the device to swing. Normally, at the beginning of a pitch, the bat would be at 

some resting orientation. After that, the bat is rendered based on how the device's attitude changed from the 

start of a pitch. Listing 4-7 illustrates how you might do this.  

Listing 4-7 Getting the change in attitude prior to rendering 

--(void) startPitch { 

referenceAttitude is a property 

self. referenceAttitude = self. motionManager.deviceMotion. attitude; 

} 

- (void)drawView { 

CMAttitude *currentAttitude = self.motionManacier. deviceMotion.attitude; 

[currentAttitude multiplyByInverseOfAttitude: self. referenceAttitude]; 

Render bat using currentAttitude 

[self updateModelsWithAttitude: currentAttitudel; 

[renderer render]; 

} 

In this example, after the muI. tpy. yBy Inverse fA t 1iude: method returns., cur rentAt 'itude represents 

the change in attitude from refe renceAtt i tude to the most recently sampled CMAtti tude instance.  
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Remote control events are a way for users to control your app's multimedia, Remote control events originate 

from external accessories or from the transport controls displayed by the system and are delivered to your app 

through the classes of the Media Player framework. Apps that play audio or video content use these events to 

start and stop playback., change tracks, and even rate an item. All media apps should support these events.  

In addition to supporting remote control events, apps can use the Media Player framework to provide playback 

information for tracks, The system displays playback information in appropriate places, such as the lock screen 

and in Control Center.  

For more information about the classes of the Media Player framework, see Media Player Framework Reference.  

Preparing Yeour App for Remonnc.te Control Events 
To receive remote control events, do the following: 

Register handlers for each action you support. Use the shared MPRemoteCommandCenter object to 

register handlers for different types of events, as described in H Rme Cotr-Ol Evens (page 70).  

Begin playing audio. Your app must be the "Now Playing" app. An app does not receive remote control 

events until it begins playing audio.  

If your app also provides Now Playing information containing information about the current track, use an 

e object to update that information at appropriate times. For more information 

about how to provide now playing information, see Prvidin Nw Payinginf rma (page 71).  

Handl.1inrg 1F'1___-Rem te Control Events 
To handle a particular remote control event, register an action handler with the appropriate MPReote mmn 

object. The Media Player framework defines a standard set of MPRemote.ommand objects for handling 

media-related events. When an accessory or iOS interface generates a remote control event, the system notifies 
the corresponding MPemteComand object. That object responds by executing any attached handlers.  
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Providing Now Playing Information 

You retrieve remote command objects from the shared MP emoteCmndCer object. The properties of 

the remote command center contain objects for managing playback, switching tracks, and for rating the track.  

Fetch the object you want to support and attach a handler using either a block or an action method. Typically, 

you register a single handler for each type of command but you can register multiple handlers as needed.  

Listing 5-1 shows how to register a block to be executed when the user wants to play a track. In the example, 

the block plays the currently selected track using a custom player object, In your code, perform whatever 

actions you require to play the track.  

Listing 5-1 Registering a remote control event handler 

MPRemoteComandCenter *commandCenter = [MPRemoteCommandCenter sharedCommandCenter] 

[commandCenter.playCommand addTargetUsingBlock:^(MPRenoteCommandEvent *event) { 

Begin playing the current track.  

[[MyPlayer sharedPlayer) play]; 

} 

If you explicitly do not want to support a given command, fetch the command object and set its enabled 

property to NO. Disabling a remote command lets the system know that it should not display any related UI 

for that command when your app is the Now Playing app.  

Some command objects let you specify other information related to the command. For example, feedback 

commands let you specify a localized string that describes the meaning of the feedback. Be sure to look at the 

reference documentation for information about the specific command you are supporting.  

For more information about adding and removing handlers for remote control events, see MPRemoteCommand 

Class Reference .  

Uli f\ V". I -*~vI C; Y I I 1,0 

When playing audio or video content, use the MP~oPlayingdnfoCenter object to provide descriptive 

information about the content being played. The MPNowl ing nfoCenter object contains a 

ng dictionary whose contents describe the item being played. The system displays the 

information from that dictionary in appropriate places, such as on the lock screen of an iOS device.  

Listing 5-2 shows an example of how to use information in an MPMedialtem object to configure the now 

playing information. The example enumerates over a fixed set of properties and uses the resulting values to 

build a new dictionary that is then assigned to the MP owlayingnfCenter object.  
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Testing Remote Control Events on a Device 

Listin 5-2 Gathering the Now Playing info for a media item 

(void)configureNowPlayinginfo: (MPMediaItem*)item 

{ 
MPNowPayinginfoCenter* info = [MPNowPlayingInfoCenter defaultCenter]; 

NSMutableDictionary* newInfo = [NSMutableDictionary dictionary] 

NSSet* itemProperties = [NSSet setWithObjects:MPMediaItemPropertyTitle, 

MPMediaItemPropertyArtist, 

MPMediaItemPropertyPlaybackDuration, 

MPNowPlayingInfoPropertyElapsedPlaybackTime, 

nil] 

[item enumerateValuesForProperties: itemProper ties 

usingBlock:^(NSString *property, id value, BOOL *stop) { 

[newInfo setObject:value forKey:property]; 

}] 

info. nowPlayinglnfo = newInfo; 

your now.ayinnf d"toayTesmltrue he value f ha key to' upaetepayback 

rog s 4 S of the key 

t"o 0 -ora trac Cha is pase -- r stppd Se h au oapstvubrfratakta s pag 

For more information about the types of information you can provide, see MPNowPlayinginfoCenter Class 

Reference.  

Testing Remote C-ontrol Events on a Device 
Test that your app is properly receiving and handling remote control events with Control Center, which you 

access by swiping up from the bottom edge of your screen. These controls send remote control events to the 

app that is currently or was most recently playing audio, You can also access the playback controls from the 

lock screen of the device.  
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Document Revision History 

This table describes the changes to Event Handling Guide for iCS.  

2015-03-09 Updated the Remote Control Events chapter to reflect the new way of 

handling events and displaying Now Playing Info.  

2013-01-28 Reordered the chapters to present gesture recognizers first and conceptual 

information about event delivery and the responder chain later. Also 

updated content to include the most recent information for iOS 6,0, 

2011-03-10 Made some minor corrections.  

2010-09-29 Made some minor corrections and clarifications.  

2010-08-12 Corrected code snippet in "Remote Control of Multimedia" 

2010-08-03 Corrected code examples and related text in "Remote Control of 

Multimedia" chapter. Made other minor corrections.  

2010-07-09 Changed the title from "Event Handling Guide for iPhone OS" and changed 

"iPhone OS" to "iOS" throughout. Updated the section on the Core Motion 

framework.  

2010-05-18 First version of a document that describes how applications can handle 

multitouch, motion, and other events.  
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What is claimed is: 

1. A computer readable storage medium storing one or more programs, the one or more 

programs comprising instructions, which when executed by an electronic device with a 

display, a touch-sensitive surface, and one or more sensors to detect intensity of contacts 

with the touch-sensitive surface cause the device to: 

display a first user interface; 

while displaying the first user interface, detect an input on the touch-sensitive 

surface; and, 

in response to detecting the input while displaying the first user interface: 

in accordance with a determination that the input satisfies tap criteria 

including that the input ceases to remain on the touch-sensitive surface during a first 

predefined time period since the input was detected, perform a first operation; 

in accordance with a determination that the input satisfies intensity input 

criteria including that the input satisfies, after the first predefined time period, a first 

intensity threshold during a second predefined time period since the input was detected that 

is longer than the first predefined time period, while the input is maintained on the touch

sensitive surface, perform a second operation that is distinct from the first operation as a 

result of the input satisfying the first intensity threshold, even if the second predefined time 

period has not yet been met; and 

in accordance with a determination that the input satisfies long press criteria 

including that the input remains below the first intensity threshold during the second 

predefined time period, perform a third operation that is distinct from the first operation and 

the second operation.  

2. The computer readable storage medium of claim 1, wherein: 

detecting the input on the touch-sensitive surface includes detecting a first portion of 

the input and a second portion of the input that is subsequent to the first portion of the input; 

and 

the one or more programs include instructions, which when executed by the 

electronic device, cause the device to: 

in response to detecting the first portion of the input on the touch-sensitive 

surface, identify a first set of gesture recognizers that correspond to at least the first portion 
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of the input as candidate gesture recognizers, the first set of gesture recognizers including a 

first gesture recognizer and a second gesture recognizer; and, 

in response to detecting the second portion of the input on the touch-sensitive 

surface: 

in accordance with the determination that the input satisfies the 

intensity input criteria, perform the second operation including processing the input with the 

first gesture recognizer; and, 

in accordance with the determination that the input satisfies the long 

press criteria, perform the third operation including processing the input with the second 

gesture recognizer.  

3. The computer readable storage medium of claim 2, wherein the first gesture 

recognizer is an intensity-based gesture recognizer and the second gesture recognizer is a 

long press gesture recognizer.  

4. The computer readable storage medium of any of claims 2-3, wherein the input 

includes a third portion of the input that is subsequent to the second portion of the input, and 

the method includes processing the third portion of the input with the first gesture 

recognizer.  

5. The computer readable storage medium of any of claims 2-4, wherein the one or 

more programs include instructions, which when executed by the electronic device, cause 

the device to: 

detect a second input on the touch-sensitive surface, including detecting a first 

portion of the second input and a second portion of the second input that is subsequent to 

the first portion of the second input; 

in response to detecting the first portion of the second input on the touch-sensitive 

surface, identify a second set of gesture recognizers that correspond to at least the first 

portion of the second input, the second set of gesture recognizers including the second 

gesture recognizer without the first gesture recognizer; and, 

in response to detecting the second portion of the second input on the touch-sensitive 

surface, in accordance with a determination that the second input satisfies second long press 

criteria including that the second input remains on the touch-sensitive surface for a third 
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predefined time period that has a different duration from the second predefined time period, 
process the second input with the second gesture recognizer.  
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