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SYSTEM AND METHODS FOR EMULATING A l\tIOBILE DEVICE 

APPLICATION EXECUTING IN REAL TIME 

RELATED APPLICATIONS 

[0001] This application is a continuation of US Patent Application Serial 

Number 11/449,958, filed June 9, 2006, which claims priority to US Patent 

Application Serial Number 60/689,101 filed June 10, 2005. Both of the 

aforementioned applications are incorporated herein by reference. 

BACKGROUND 

[0002] It is estimated that the mobile market is evolving at five times the 

speed of the eCommerce market. It is estimated that nearly 700 million new mobile 

devices will be shipped in 2005, with a new handset model being launched every 

other day. This rapid mobile device development requires that applications designed 

to run on these mobile devices also sustain rapid development. Development systems 

targeted at one mobile device may become obsolete and possibly oflittle value to the 

developer at the time it is shipped as well as development life cycles. 

[0003] Many new mobile devices include a display management engine 

called a Flash Player; one example of a Flash Player suitable for mobile devices is 

FlashLite, developed by Macromedia. The Flash Player provides a common 

application platform for playing applications on the mobile devices and allows 

developers to develop applications that may be played on multiple mobile devices that 

include the Flash Player. Applications for mobile devices are typically developed on a 

personal computer (PC) or workstation and target one or more types of mobile device 

that include a Flash Player. These applications require real-time testing of the 

application on all applicable mobile devices. Although a Flash Player application 

may operate correctly on one mobile device model, it may crash when playing on a 

different mobile device model. For example, a NOKIA 6600 has a 16% reduction in 

ARM CPU speed and available memory resources compared to a NOKIA 7610, thus 

an application that plays correctly on the NOKIA 7610 may not play correctly on the 

NOKIA 6600 due to this drop in inherent resources. 
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[0004] Development packages ( e.g., FlashMX by Macromedia) are 

available to run on a PC and allow development of Flash Player applications for one 

or more mobile devices. However, although these development packages may 

simulate operation of the application playing on the targeted mobile device, they do 

not determine if the application will play correctly on the targeted mobile device 

based upon resource usage. Currently, the only way to determine if an application 

plays on a particular mobile device is to transfer the application to the device and play 

it. During development of an application for a mobile device, an application author 

may transfer and play the application hundreds of times (development life cycles) on 

the targeted mobile device before identifying and correcting all system resource 

problems within the application. Where an application is targeted to play on many 

types of mobile device, it must be transferred and tested on a mobile device 

representative of each targeted mobile device type. This transferring and testing 

process is time-consuming and therefore costly for the application author. 

[0005] Further, having accessibility to all available mobile devices in 

targeted geographical markets worldwide as well as real-time interaction with 

network Operators to measure and emulate network characteristics within each market 

is presently not possible. 

SUMMARY OF THE INVENTION 

[0006] In one embodiment, a method emulates and profiles an application 

to play on a mobile device that includes a Flash Player. Characteristics defining 

performance of the mobile device are loaded. The mobile device is emulated using a 

model based upon the characteristics. The application is played and monitored within 

the model to determine resource utilization of the application for the mobile device. 

[0007] In another embodiment, a method authors, emulates and profiles an 

application to play on a mobile device that includes a Flash Player. The application is 

authored using an application development tool and the mobile device is emulated 

using a model based upon the characteristics. The application is played within the 

model and the model is monitored to determine resource utilization of the application 

for the selected mobile device. 
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[0008] In another embodiment, a method authors an application to play on 

a mobile device that includes a Flash Player. The application is authored using an 

application development tool. Resource utilization of the application for the mobile 

device is estimated. The steps of authoring and estimating are repeated until the 

resource utilization is less than or equal to the resources available on the mobile 

device. 

[0009] In another embodiment, a software product has instructions, stored 

on computer-readable media, wherein the instructions, when executed by a computer, 

perform steps emulating and profiling an application to play on a mobile device that 

includes a Flash Player, including: instruction for loading characteristics defining 

performance of the mobile device; instruction for emulating the mobile device using a 

model based upon the characteristics; instruction for playing the application within 

the model; and instruction for monitoring the application playing in the model to 

determine resource utilization of the application for the mobile device. 

[0010] In another embodiment, an emulator profiles an application of a 

mobile device that includes a Flash Player, including: means for generating a model 

of the mobile device based upon mobile device characteristics, and means for playing 

the application within the model to determine resource utilization of the application 

when played by the mobile device. 

[0011] In another embodiment, a method determines whether an 

application of a mobile device is operable. Characteristics are downloaded over 

Internet for one or more mobile devices to be emulated and the application for the 

mobile devices is tested, via the Internet, using an emulator to determine if the 

application is operable on the mobile device. 

BRIEF DESCRIPTION OF THE FIGURES 

[0012] FIG. IA shows one exemplary embodiment of a system for 

emulating, authoring and visually profiling an application playing on a mobile device 

that includes a Flash Player. 

[0013] FIG. IB shows one exemplary embodiment of the system of FIG. 

IA within a computer. 
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[0014] FIG. 2 is a block diagram illustrating detail of an emulator of the 

system ofFIGs. IA and 1B. 

[0015] FIG. 3 is a display showing one exemplary frame based profile 

graph. 

[0016] FIG. 4 is a display showing the modeled mobile device ofFIGs. IA 

and 1B. 

[0017] FIG. 5 shows one exemplary window that includes the display of 

FIG. 3, the display of FIG. 4 and an exemplary user interface. 

[0018] FIG. 6 is a flowchart illustrating a method for modeling and 

profiling an application to play on a mobile device that includes a Flash Player. 

[0019] FIG. 7 is a flowchart illustrating one method for authoring, 

emulating and profiling an application to play on a mobile device that includes a Flash 

Player. 

[0020] FIG. 8 is a block diagram illustrating the emulator of FIG. 1 

interacting with an operator development server via the Internet for simulating 

playing of the application within a mobile device connected to a wireless network. 

[0021] FI Gs. 9, 10, 11 and 12 show exemplary user interface screens for 

interacting with the emulator of FIG. 1 to configure and test operation of the 

application within the model of the mobile device when connected to a wireless 

network. 

[0022] FIG. 13 is a flowchart illustrating one exemplary method for 

configuring network simulation. 

[0023] FIG. 14 is a flowchart illustrating one method for determining 

whether an application of a mobile device is operable. 

DETAILED DESCRIPTION OF THE FIGURES 

[0024] FIG. IA shows one exemplary embodiment of a system 100 for 

emulating and profiling a frame based application 104 playing on a mobile device 114 

that includes a Flash Player 116. System 100 is shown with an emulator 101, a 

profiler 106 and a display 110. Emulator 101 generates a mobile device model 102, 

based upon mobile device characteristics 115 of mobile device 114. Model 102 

emulates mobile device 114 to play frame based application 104 and may, for 
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example, generate an emulated mobile device display 111 that represents mobile 

device 114. Emulated mobile device display 111 may be interactive to allow a user to 

interact (in a manner similar to interacting with device 114) with application 104 

while playing within model 102. 

[0025] Profiler 106 monitors playing of frame based application 104 

within model 102 to estimate resource usage of application 104 and generates a frame 

based profile data display 110. Frame based profile data display 110 may allow a user 

of system 100 to identify areas within application 104 that would exceed resources of 

mobile device 114. 

[0026] Application 104 may be developed using a frame based application 

development tool 112 (indicated in dashed outline). Frame based application 

development tool 112 may, for example, represent Flash MX or Studio 8 from 

MacroMedia (now Adobe Systems). Once the user of system 100 has verified that 

application 104 does not exceed resources of mobile device 114, development tool 

112 may be instructed to publish application 104 to device 114, as shown. 

[0027] In one example of operation, development tool 112 is used to 

develop frame based application 104. Application 104 is transferred to emulator 101 

for playing within mobile device model 102 to estimate resource usage of application 

104 when played on mobile device 114. Upon playing application 104 within model 

102, emulator 101 utilizes profiler 106 to determine resource utilization of application 

104 based upon mobile device characteristics 115. 

[0028] In one embodiment, emulator 101 is integrated with flash 

development tool 112 to form an authoring environment 122 that facilitates 

development and testing of application 104 without the need to continually load 

application 104 into mobile device 114. 

[0029] In another embodiment, emulator 101 is an add-in module that may 

be configured to operate within flash development tool 112. 

[0030] Mobile device 114 is shown with Flash Player 116, display 118 and 

input keys 120. In one embodiment, Flash Player 116 is FlashLite™ from 

MacromediaTM (Adobe Inc). Mobile device 114 may, for example, represent one of: a 

cell phone, a personal digital assistant (PDA), an interactive home appliances and 

other such devices. In one example, display 118 represents a color liquid crystal 
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display (LCD) device for displaying text and images to a user of mobile device 114 

and input keys 120 represent buttons that allow the user to interact with mobile device 

114. 

(0031] FIG. lB shows one exemplary embodiment of system 100 within a 

computer 130. Computer 130 includes memory 132, storage 134 and a processor 136. 

Memory 132 is for example random access memory (RAM) and storage 134 is for 

example a disk drive or other non-volatile storage media. 

[0032) Storage 134 is shown with emulator 101, mobile device 

characteristics 115 and application 104. Storage 134 may also include development 

tool 112, if desired, for developing application 104. Emulator 101 includes model 

algorithms 148 and profiler 106. Model algorithms 148 represent one or more 

algorithms that operate to generate mobile device model 102 to emulate mobile device 

114 while executing application 104. Specifically, model algorithms 148 define 

operation of mobile device 114 based upon mobile device characteristics 115. 

[0033] 

Table 1 :Mobile Device Characteristics 

Parameter 
Name 
Processor 
Processor Speed 
Storage Access Speed 
RAM Size 
Storage Size 
Display Width 
Display Height 
Pixel Depth 
Processor Availability 
RAM Availability 
Storage Availability 

Value 
NOKIA 3650 
ARM4T 
104MHz 
5.88 files/second 
256MB 
512MB 
256 
394 
24 
60% 
60% 
40% 

Table 1 Mobile Device Characteristics shows exemplary 

characteristics that may be used to specify performance of model 102 to emulate 

mobile device 114. For example, in Table 1, the characteristics have the following 

meaning: 'Processor' specifies the type of the processor in mobile device 114; 

'Processor Speed' specifies the clocked speed of the processor within device 114; 

'Storage Access Speed' specifies the rate at which data can be moved from storage to 

memory and/or screen within device 114; 'RAM Size' specifies the size of the RAM 
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in mobile device 114; 'Storage Size' specifies the size of the non-volatile memory in 

mobile device 114; 'Display Width' specifies the number horizontal pixels on display 

118 of device 114; 'Display Height' specifies the number of vertical pixels of display 

118; 'Pixel Depth' specifies the number of bits per pixel (e.g., the color depth) of 

display 118; 'Processor Availability' specifies the percentage of processing resource 

available for use by applications ( e.g., where mobile device 114 represents a cell 

phone, the phone has to maintain 'phone' operations while running any applications, 

thus there may only be a portion of the maximum processing resource available to 

applications); 'RAM Availability' specifies the percentage of RAM available to 

applications; and 'Storage Availability' specifies the percentage of non-volatile 

storage space available to applications. 

[0034] Table 1 may be represented as a data structure ( e.g., shown as 

mobile device characteristics 115 within storage 134) and may be stored in a file (not 

shown) or a database (not shown) within storage 134, or stored remotely. System 100 

may include mobile device characteristics (e.g., mobile device characteristicsl 15) for 

multiple devices ( e.g., device 114 ). For example, characteristics 115 may be included 

for each mobile device type targeted by application 104. A user of system 100 may 

then select one or more target mobile devices from a list based upon available 

characteristics 115. As appreciated, additional or fewer characteristics may be 

included within characteristics 115 to specify perfonnance of mobile device 114 

without departing from the scope hereof. 

[0035] As new mobile device types are created, additional mobile device 

characteristics 115 may be easily created to specify the performance of the new 

device types, allowing application development to start before a physical mobile 

device is available. For example, if a company introduces a new series of six mobile 

phone handsets, six additional mobile device characteristics 115 may be created based 

upon measured ( e.g., by running benchmarks on the new handsets or prototype) or 

determined (e.g., by estimating performance based upon previous models) 

performance thereby allowing emulation and evaluation of applications targeting 

these new devices. 

[0036] In one embodiment, mobile device characteristics 115 may be 

supplied with a device model specific to one mobile device. For example, a 
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manufacturer may supply a combined device model and characteristics for each 

mobile device 114. Emulator 101 may then utilize the combined device model as 

device model 102. 

[0037] In one example, computer 130 may include an interface (not 

shown) that provides communication with mobile device 114 via one or more of: 

USB, Ethernet, infra-red, Bluetooth, WiFi and other similar communication media. 

This interface may, for example, allow application 104 to be deployed on mobile 

device 114 for final testing of application 104. 

[0038] In one example of operation, processor 136 loads at least part of 

emulator 101 into memory 132 for execution. Emulator 101 then generates mobile 

device model 102, based upon characteristics 115, within memory 132. Emulator 101 

then loads and plays application 104 within model 102. Emulator 101 may load all or 

part of profiler 106 into memory 132 to monitor resources and/or performance of 

application 104 within model 102. Specifically, as application 104 is played (i.e., 

utilizing a Flash Player 154) within model 102, profiler 106 monitors and records, as 

profiled data 152, resources utilized by application 104. Profiled data 152 may be 

stored (as shown in dashed outline) within storage 134 and/or displayed as frame 

based profile data 110 on display 140 of terminal 138. In particular, frame based 

profile data 110 may be used to identify areas within application I 04 where upon 

playing of application I 04 within mobile device 114, performance of mobile device 

114 would be stressed. Thus, areas where failure may occur within application I 04 

may be identified prior to running application 104 on mobile device 114. For 

example, emulator 101 may display all or part of profile data 152 on display 140 to 

facilitate development of application 104. 

[0039] FIG. 2 is a block diagram illustrating emulator 101 ofFIGs. IA and 

lB in further detail. In particular, profiler 106, within emulator 101, is shown with a 

processor profile module 202, a memory profile module 204, a graphic profile module 

206 and a system profile module 208. Processor profile module 202 may, for 

example, estimate processor utilization of application 104 within model 102. Memory 

profile module 204 may, for example, estimate memory utilization by application I 04 

within model I 02. Graphic profile module 206 may, for example, estimate utilization 

of 3D fill rate and 3D polygon count of application I 04 within model 102. System 
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profile module 208 may, for example, determine overall system utilization of 

application 104 within model 102. More or fewer profile modules may be included 

within profiler 106 without departing from the scope hereof. 

[0040] Device model 102, within emulator 101, has a modeled display 

210, a modeled processor 212, modeled input keys 214, modeled memory 216 and 

modeled non-volatile storage 218. In this example, modeled display 210 represents 

display 118 of mobile device 114, FIG. 1, processor 212 represents a processor (not 

shown) of mobile device 114, modeled input keys 214 represent input keys 120 of 

mobile device 114, modeled memory 216 represents memory ( e.g., RAM) of mobile 

device 114 and modeled non-volatile storage 218 represents non-volatile storage ( e.g., 

flash memory, disk drive storage) of mobile device 114. Fewer or more elements 

and/or components of mobile device 114 may be modeled within device model 102 

without departing from the scope hereof. 

[0041] Modeled non-volatile storage 218 is shown with Flash Player 154 

that may be the same as, or similar to, Flash Player 116, FIG. 1. In one example, Flash 

Player 154 has similar operation to Flash Player 116, but includes modifications that 

facilitate monitoring of application 104 within model 102 by profiler 106. 

[0042] Flash applications are based upon a timeline of frames that may 

include graphical information and action scripts, FS Commands, network protocols, 

selected frame rate, etc. Flash Player 116 within mobile device 114 thus operates 

upon a time line of frames within application 104 to provide graphical displays ( e.g., 

animations, rich media content) upon display 118. Accordingly, profiled data 152 may 

also be based upon the timeline and frames of application 104 and displayed (e.g., 

frame based profile data 110) as resource utilization related to one or more of: 

timeline, frames and processing performance of action scripts. 

[0043] In FIG. 2, application 104 is shown with a timeline 222 that 

includes frames 223. Each frame of frames 223 may include graphics and/or action 

scripts that generate the graphical image for display. For example, an action script 

may reference one or more graphic files ( e.g., movie file 224) to provide graphical 

images for display 111. Where each frame of frames 223 includes multiple graphic 

elements and/or action scripts that involve image manipulation ( e.g., retrieving data 

from non-volatile storage, Avatar manipulations, animations, etc.), each frame may 
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require differing resources in order to display correctly. For example, where a frame 

includes Avatar ( e.g., an animated character) manipulation, a certain amount of 

processor resource is required, whereas a frame that is based upon movie file 224 may 

simply require data transfer time. If mobile device 114 has insufficient processor 

resources (e.g., because the animation is too complex for the targeted mobile device), 

application 104 may crash (i.e., cease to function correctly). Thus, it is important to 

determine the ·stress' applied by application 104 to resources of mobile device 114. 

[0044] In one example of operation, Flash Player 154 plays application 

104 within model 102. In particular, player 154 processes frames 223 of application 

104 based upon ordering of timeline 222. One or more profiler modules 202, 204, 206 

and 208 within profiler 106 monitor resource utilization of each frame, storing results 

as profiled data 152. Profiled data 152 is then displayed as frame based profile data 

110 on display 140 for review by the user. Profile data 152 may be displayed in real 

time as application 104 is played within model 102. Alternatively, the user may scroll 

through profile data 152 as desired by interacting with data display 110. Alternatively, 

profile data 152 may be output as a report (not shown). The user interacts with 

emulated mobile device display 111 to control application 104 as if application were 

running on device 114. 

[0045] FIG. 3 shows one exemplary display 300 showing a frame based 

display of profiled data 152, FIG. lA, determined by processor profile module 202. In 

particular, display 300 is shown with a time line 302 that represents timeline 222 of 

application 104. In this example, each bar 304 indicates processor resource utilization 

for certain frames 223 of application 104. During play of application 104 within 

model 102, a current position indicator 306 shows the frame (i.e., frame 1 in this 

example) currently displayed by emulated mobile device display 111 (see FIG. 4). A 

capacity line 308 (capout) indicates the maximum processor resource available to 

application 128. Where bars 304 rise above capacity line 308 at locations 310, 

resource utilization for indicated frames of application 104 exceed the available 

processor resources of mobile device 114; thus application 104 may ·capout' or crash 

when playing those frames. Display 300 clearly displays processor resource 

utilization by frame 223 of application 104, thereby facilitating assimilation of 

stresses applied to mobile device 114 when playing application 104. 
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[0046] Other profile modules 204, 206 and 208, may have similar displays 

that clearly indicate resource utilization during playing of application 104 within 

model 102, thereby estimating resource utilization of application 104 when played 

within mobile device 114. 

[0047] FIG. 4 shows one exemplary display 400 generated from device 

model 132 within emulator 120, FIG. 1. In particular, display 400 shows an image 

( e.g., generated from a bitmap of mobile device 114) of mobile device 114 with a 

display area 402 and input keys 404. Display 400 allows the user to see and interact 

with an application running within device model 132. For example, display area 402 

may represent display 118 of mobile device 114 and input keys 404 may represent 

input keys 120 of mobile device 114. 

[0048] FIG. 5 shows one exemplary window 500 that includes display 300 

of FIG. 3 and display 400 of FIG. 4 and an exemplary user interface. In particular, 

window 500 shows selection of a mobile device (i.e., NOKIA 3650 in this example) 

from a pull-down list 502 that results in display of characteristics 504 of the selected 

mobile device. Characteristics 504 may represent characteristics 115 of FIG. IA, for 

example. Window 500 facilitates interaction with model 102 through display 400 and 

monitoring of resource utilization of application 104 through window 300. Further, 

pull-down list 502 allows easy selection of further mobile devices upon which 

application 104 is to be profiled. 

[0049] FIG. 6 is a flowchart illustrating a method 600 for modeling and 

profiling an application playing on a mobile device that includes a Flash Player. 

Method 600 may, for example, be implemented within emulator 101. 

[0050] In step 602, method 600 loads characteristics defining performance 

of the mobile device. In one example of step 602, a user of window 500 selects a 

mobile device using pull-down list 502 and emulator 101 loads mobile device 

characteristics 115 into memory 132. 

[0051] In step 604, method 600 emulates the mobile device using a model 

based upon the characteristics. In one example of step 604, emulator 101 generates 

device model 102 based upon mobile device characteristics 115. 

[0052] In step 606, method 600 loads the application into the model. In 

one example of step 606, emulator 101 loads application 104 into device model 102. 
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[0053] In step 608, method 600 plays the application within the model. In 

one example of step 608, emulator 101 plays application 104 within model 102. 

[0054] In step 610, method 600 monitors the application playing in the 

model to determine resource utilization of the application for the mobile device. In 

one example of step 610, emulator 101 utilized profiler 106 to monitor application 

104 playing within model 102 to determine profiled data 152. 

[0055] In step 612, method 600 displays the resource utilization 

information. In one example of step 612, emulator 101 displays all or part of profiled 

data 152 as frame based profile data 110 on display 140. 

[0056] FIG. 7 is a flowchart illustrating one method 700 for authoring, 

emulating and profiling an application to play on a mobile device that includes a Flash 

Player. Method 700 may be implemented within emulator 101, for example. 

[0057] In step 702, method 700 authors an application for a mobile device. 

In one example of step 702, a user interacts with frame based application development 

tool 112 to author application 104. 

[0058] In step 704, method 700 plays the application within an emulation 

of the mobile device. In one example of step 704, emulator 101 generates model 102 

based upon characteristics 115 of mobile device 114 and then loads and plays 

application 104 within model 102. 

[0059] In step 706, method 700 determines resource utilization of the 

playing application. In one example of step 706, emulator 101 utilizes one or more 

profile modules 202, 204, 206 and 208 of profiler 106 to determine resource 

utilization of application 104 within model 102 and stores the resource utilization 

information as profiled data 152. 

[0060] In step 708, method 700 evaluates resource utilization in view of 

characteristics of the mobile device. In one example of step 708, emulator 101 

evaluates profiled data 152 to determine, based upon characteristics 115, if resource 

utilization is within available resources of mobile device 114. 

[0061] Step 710 is a decision. If in step 710, method 700 detennines that 

the resource utilization of step 708 is within available resources of mobile device 114 

(i.e., OK), method 700 continues with step 714; otherwise method 700 continues with 

step 712. 
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[0062] In step 712, method 700 authors the application to resolve resource 

issues. In one example of step 712, the user modifies application 104, based upon 

determined resource utilization of step 708, using development tool 112. Method 700 

continues with step 704. Steps 704 though 712 thus repeat until the estimated 

resources requirement of the application is within available resources of the mobile 

device. 

[0063] Step 714 is optional and is particularly suited for testing 

applications (e.g., application 104) running on a mobile device (e.g., mobile device 

114) that is a mobile phone. In step 714, emulator 101 interacts with one or more 

operator development servers (e.g., operator development server 808, FIG. 8) to 

configure device model 102 for simulated network operation to allow testing of 

application 104 within a simulated wireless network environment (e.g., a simulated 

mobile phone wireless network environment). Simulated network operation is 

described in further detail below and shown in FIGs. 8 though 13. 

[0064] In step 716, method 700 transfers the application to the mobile 

device. In one example of step 716, emulator 101 instructs development tool 112 to 

publish application 104 to mobile device 114. 

[0065] FIG. 8 is a block diagram illustrating interaction of emulator 101 

with an operator development server 808 via Internet 822 for simulating playing of 

application 104 within a mobile device connected to a wireless network (e.g., a 

mobile phone wireless network). FIGs. 9, 10, 11 and 12 show exemplary windows 

that allow a user to interact with emulator 101 for configuring and testing operation of 

application 104 within model 102 when simulating connection to a wireless network. 

FIGs. 8, 9, 10, 11 and 12 are best viewed together with the following description. 

[0066] Emulator 101 is shown with an operator interface 802 that interacts 

with operator development server 808 via Internet 822. Internet 822 may, for 

example, represent the world wide web (W\VW), an Intranet or any fixed or wireless 

server connection. Operator development server 808 is shown with a simulator 810, 

characteristic data 815 and model data 820. Model data 820 may, for example, 

represent live network profiles. To facilitate connection to operator development 

server 808, a user of emulator 101 purchases a subscription from a provider of 

operator development server 808 ( or from a third party) that allows emulator 101 to 
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connect to operator development server 808 via Internet 822. Upon connection to 

operator development server 808, emulator 101 may download characteristic data 815 

from operator development server 808 for one or more mobile device types supported 

by operator development server 808 (i.e., supported by the operator's wireless 

network). Characteristic data 815 may, for example, represent mobile device 

characteristics 115 of FIG. 1. Further, emulator 101 may download additional model 

data 820 for use within device model 102 for increasing simulated functionality of 

model 102 ( e.g., simulating additional handset functionality and/or network 

functionality). The user of emulator 101 may, for example, purchase data 820 for 

additional mobile device types as they become available, thereby allowing emulator 

101 to include modeling capability for a new pre-release mobile device, scheduled 

release mobile device and current mobile devices. Alternatively, the use of data 815 

and data 820 may be includes within a monthly subscription fee, thereby allowing the 

user to author applications for new mobile devices ( e.g., new mobile phone models 

and live mobile profiles) provided by an operator (e.g., mobile phone wireless 

network operator). 

[0067] In one example of operation, emulator 101 downloads a network 

simulator interface 804 from operator development server 808 into device model 102 

as shown in FIG. 8. Network simulator interface 804 includes functionality that 

allows device model 102 to communicate with simulator 810 to simulate connectivity 

of mobile device 114 with a wireless network. Specifically, network simulator 

interface 804 within model 102 interacts with data provider 812 and event generator 

814 to determine resource utilization resulting from network interaction by model 

102. Thus, as application 104 plays within model 102, the effects of device 114 

interacting with a wireless network are simulated such that frame based profile data 

display 110 shows resource utilization that includes the live or scripted effects of 

interaction with the wireless network. In one embodiment, capacity line 308 of 

display 300 within profile data display 110 is dynamically modified to show actual 

resource availability to application 104 resulting from resource utilization by 

simulated wireless network activity within device model 102. For example, if a 

message is received and/or retrieved by model 102 while playing application 104, 
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certain resources are required to handle the received message, and therefore available 

resources for application 104 is reduced accordingly. 

[0068] Simulator 810 is shown with a data provider 812 and an event 

generator 814. Data provider 812 may, for example, simulate data transfers within a 

wireless network. For example, the data transfer may be cased upon a certain 

bandwidth associated with the wireless network. Event generator 814 may, for 

example, generate certain events ( e.g., incoming calls, incoming text messages, etc) 

that occur within a wireless network. Simulator 810, using data provider 812 and 

event generator 814, thus interacts with network simulator interface 804 to model 

operation of a wireless network ( e.g., a mobile phone network). 

[0069] Operator interface 802 may interact with multiple operator 

development servers 808 to facilitate testing of application 104 with many operators' 

networks. As appreciated, where application 104 is designed to function on multiple 

mobile devices operating on wireless networks worldwide, operator network 

simulation removes the burden of traveling to operator network locations from 

application developers, since application operation on a mobile device connected to a 

network may be simulated by emulator 101 and thus measured back against the 

authoring environment. 

[0070] FIG. 9 shows one exemplary window 900 for selecting operator 

networks based upon geographic location. Window 900 shows a menu item 902 that, 

upon selection by the user, displays a world map 904 that allows the user to select a 

geographical region in which mobile device 114 is to operate. For example, window 

900 shows a mouse pointer 906 selecting the United Kingdom, resulting in a sub-map 

display 908 of the selected location showing available wireless networks 910. Sub­

map display 908 is, for example a 'mouse-over' event. Upon selection of the location, 

world map 904 is replaced by sub-map 908 of the selected location and a pull-down 

list 1004 of available operators within that location as shown in window 1000, FIG. 

10. Alternatively, the use may select menu item 1002 to display pull-down list 1004. 

[0071] Upon selection of an operator within list 1004, emulator 101 

displays a pull-down list 1104 of mobile devices supported by the selected operator, 

as shown in window 1100 of FIG. 11. Alternatively, the use may select the menu item 

1102 to display list 1104. Upon selection of a mobile device from list 1104, window 
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1200, FIG. 12, is displayed to allow the user to select desired network characteristics 

for simulation. 

[0072] Window 1200 shows a pull-down list 1202 of network 

characteristics that may be simulated by simulator 810. For example, simulator 810 

may allow control of scripted events ( e.g., cell tower identification, service message, 

bandwidth, etc.), consumer events (e.g., checking email, checking messages, 

browsing network, available minutes, selecting images, etc.) and incoming events 

( e.g., phone calls, W AP Messages, receiving MMS, receiving SMS, etc.). Based upon 

selection from list 1202, a second list may be presented to allow further simulation 

requirements to be entered. In the example of window 1200, consumer events entry of 

list 1202 was selected, resulting in display of pull-down list 1204 from which check 

messages was selected resulting in the display of pull-down list 1206. In this example, 

the user may select 'send message' from list 1206 to evaluate the performance of 

application 104 while a message is received from the network. 

[0073] In one embodiment, maps 904, 908 and lists 1004, 1104, 1202, 

1204 and 1206 are based upon information received by operator interface 802 from 

one or more operator development servers 808. Thus, functionality of model 102 and 

selectable simulations of simulator 810 may be easily updated by the operator as new 

mobile devices are created without requiring updates to software of emulator 101. 

[0074] Optionally, the user may select menu item 901, FIG. 9, to 

immediately locate, download and import modeling characteristics into emulator 101. 

These characteristics may be stored within storage 134 of computer 130, FIG. lB. 

[0075] FIG. 13 is a flowchart illustrating one exemplary method 1300 for 

configuring wireless network simulation. 

[0076] In step 1302, method 1300 selects a geographic location of the 

wireless network. In one example of step 1302, emulator 101 displays window 900 

and the user selects the United Kingdom as the wireless network location. 

[0077] In step 1304, method 1300 selects a network operator from within 

the selected location. In one example of step 1304, emulator 101 displays window 

1000 including pull-down list 1004 of network operators within the location selected 

in step 1302. 
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[0078] In step 1306, method 1300 connects to the selected network 

operator's development server. In one example of step 1306, emulator 101 utilizes 

operator interface 802 to connect to operator development server 808 based upon the 

operator selected in step 1304. 

[0079) In step 1308, method 1300 downloads a list of mobile devices 

supported by the simulator of the operator selected in step 1304. In one example of 

step 1308, emulator 101 downloads characteristic data 815 from server 808 to 

determine mobile devices supported by simulator 810 and populates list 1104 of 

window 1100. Of note, an operator may add functionality to simulator 810 based 

upon a new mobile device prior to supporting the device within the operator's 

wireless network, thereby encouraging development of applications for the new 

device before its launch, increasing operator and/or author revenues. 

[0080] In step 1310, method 1300 selects a mobile device from the list of 

supported mobile devices. In one example of step 1310, the user selects a mobile 

device for emulation from list 1104 of window 1100. In another example, where the 

user has already selected a mobile device from pull-down list 502, emulator 101 

automatically selects the same device, if available, from list 1104. 

[0081] In step 1312, method 1300 downloads a network simulator 

interface for the selected mobile device. In one example of step 1312, emulator 101 

instructs operator interface 802 to download network simulator interface 804 from 

server 808. 

[0082] In step 1314, method 1300 loads the network simulator interface 

into the mobile device model. In one example if step 1314, emulator 101 loads 

network simulator interface 804 into model 102. 

[0083) In step 1316, method 1300 selects network characteristics to 

simulate. In one example of step 1316, the user utilizes lists 1202, 1204 and 1206 of 

window 1200 to specify network characteristics for simulation by simulator 810. 

[0084) In step 1318, method 1300 models the application running within a 

mobile device connected to a wireless network. In one example of step 1318, model 

102 interacts with simulator 110 via network simulator interface 804 and internet 822 

while playing application 104 and displaying profile data display 110. 
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[00851 In one embodiment, the user may purchase and download simulator 

810 from operator development server 808 to facilitate local simulation of the 

wireless network (i.e., without utilizing Internet 822). In this embodiment, simulator 

810 may operate within emulator 101, within authoring environment 122 or within 

computer 130 to provide interaction with model 102. 

[0086] Emulator 101 may utilize operator interface 802 to interact with 

one or more operator development servers 808 to download characteristics ( e.g., 

characteristic data 815) and modeling data ( e.g., model data 820) for generating 

mobile device model 102. As new mobile devices are made available, each 

application author (i.e., user) is able to download these modeling characteristics and 

test applications for the new mobile device. As mobile devices become more 

sophisticated and include additional hardware and functionality, emulator 101, though 

a subscription service with an operator, for example, may download this additional 

functionality for use in model 102. These characteristics ( e.g., characteristic data 815) 

may include bitmaps, characteristics handset profiles, modeling algorithms, complete 

mobile device models, bandwidths etc. thereby automatically updating functionality 

of authoring environment 122. Wireless network operators participate by updating 

their development servers ( e.g., development servers 808) to provide the latest 

emulation information and functionality for each supported mobile device ( e.g., 

mobile phone handset) and by updating their network simulators (e.g., simulator 810) 

to includes functionality and/or proposed functionality of their wireless networks. 

[0087] Application authors ( e.g., users of emulator 101) are provided with 

a visual authoring environment in which the authored application may be emulated as 

operating within one or more modeled mobile devices (that are optionally connected 

to a simulated wireless network) without leaving the authoring environment. 

[0088] The emulator (e.g., emulator 101) may be provided as part of the 

authoring environment, or as an add-on to an existing development tool. In an 

embodiment, characteristics for each mobile device to be emulated are downloaded 

from a server for a determined price or subscription fee. Since new mobile devices are 

continually being produced, application authors continually require new modeling 

characteristics to be able to test their applications. For example, a subscribed charge 

of $10-15 dollars per handset saves each developer from purchasing a mobile device 
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($100-200 dollars) and alleviates the need to travel to a wireless network location 

when testing each mobile device. Thus, the wireless network operator may receive 

revenue from developers by providing the developers with online network simulation 

capability. The application authors, via the Internet, are then able to test applications 

for mobile devices running on wireless networks worldwide. 

[0089] Characteristics for each mobile device to be emulated may be 

downloaded from a server for a determined price, licensing or subscription fee. It is 

estimated that nearly 700 million new mobile devices will be shipped in 2005, with a 

new handset model being launched every other day. This rapid mobile device 

development requires that applications designed to run on these mobile devices also 

sustain rapid development. Development systems targeted at one mobile device may 

become obsolete and possibly of little value to the developer at the time it is shipped. 

Since a new mobile device is being launched every other day, application authors 

continually require purchasing all addressable targeted devices prior to consumer 

release. For example, a charge of$10-15 dollars per modeled handset would save 

each developer purchasing each target mobile device ($100-200 dollars) as well as 

alleviating the need to travel to a wireless network location whilst testing each mobile 

device before public release, two substantial development and release costs. 

[0090] During development of an application for a mobile device, an 

application author may transfer and play the application hundreds of times 

(development life cycles) on the targeted mobile device before identifying and 

correcting all system resource problems within the application. Live server and profile 

updates would substantially reduce and alleviate a high churn rate of development life 

cycles, enabling a more cost effective authoring model for the developer. As well, 

although the purchase of a 'static' PC authoring environment may become obsolete 

due to the ongoing release of new mobile handsets (the target release platform) 

emulator 101 and operator development server 808 maintains a live and continually 

updatable business model and authoring platform long after the initial authoring 

platform has released to the market. 

[0091] FIG. 14 is a flowchart illustrating one method for determining 

whether an application of a mobile device is operable. In step 1402, method 1400 

downloads characteristics over Internet for one or more mobile devices to be 
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emulated. In step 1404, method 1400 tests the application for the mobile devices, via 

the Internet, using an emulator to determine if the application is operable on the 

mobile device. 

[0092] Changes may be made in the above methods and systems without 

departing from the scope hereof. It should thus be noted that the matter contained in 

the above description or shown in the accompanying drawings should be interpreted 

as illustrative and not in a limiting sense. The following claims are intended to cover 

all generic and specific features described herein, as well as all statements of the 

scope of the present method and system, which, as a matter of language, might be said 

to fall there between. 

20 
Docket No.: 501304 



CLAIMS 

What is claimed is: 

1. A method for emulating an application executing in real time in a 

mobile device, the method comprising: 

emulating the mobile device in real time using a model running on a processor 

extrinsic to the mobile device, wherein the model is based on 

characteristics indicative of performance of the mobile device; 

executing the application in real time within the model; 

monitoring the application executing in the model to determine resource 

utilization information by the application for the mobile device; and 

displaying the resource utilization infom1ation for the mobile device. 

2. The method of claim 1, wherein the step of displaying comprises 

displaying the resource utilization information graphically using a timeline indicating 

points in time during the execution of the application. 

3. The method of claim 1, wherein step of emulating comprises: 

determining, based upon the characteristics, for the mobile device: 

the display size of the mobile device; 

the amount of random access memory (RAM); 

the amount of non-volatile memory; and 

the processor speed; and 

generating the model based upon one or more of the display size, the amount 

of RAM, the amount of non-volatile memory, and the processor type. 

4. The method of claim 1, further comprising identifying one or more 

time points in the application where resource utilization of the application exceeds a 

maximum resource availability threshold of any one of the mobile devices. 

5. The method of claim 4, further comprising displaying the first 

identified time point in the application to indicate a crash of the application on the 

emulated mobile device. 
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6. The method of claim 1, further comprising identifying one or more 

time points in the application where resource utilization of the application exceeds a 

maximum resource availability threshold of the mobile device, wherein the threshold 

defaults to a maximum resource availability for the emulated mobile device. 

7. The method of claim 1, further comprising identifying one or more 

time points in the application where resource utilization of the application exceeds a 

maximum resource availability threshold of any one of the mobile devices, wherein 

the threshold is modified to dynamically adjust resource availability to the 

application. 

8. The method of claim 1, wherein the step of displaying comprises 

displaying the resource utilization information graphically using a timeline indicating 

points in time during execution of the application. 

9. The method of claim 1, wherein the resource utilization information is 

displayed is displayed relative to execution of a numbered frame. 

10. A method for emulating an application executing on a mobile device 

comprising: 

emulating the mobile device using a model based upon performance 

characteristics of the mobile device; 

executing the application in real time within the model; 

monitoring the model to determine resource utilization of the application 

executing on the mobile device; and 

displaying the resource utilization information. 

11. A method for emulating an application executing on a mobile device, 

the method comprising: 

emulating, on a processor extrinsic to the mobile device, the mobile device as 

a model based upon characteristics indicative of performance of the 

mobile device; 

executing the application in real time within the model; 
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monitoring the application executing in the model to determine utilization of 

the mobile device's resources by the application; 

identifying a time point in the application where resource utilization by the 

application exceeds a maximum resource availability threshold of the 

mobile device; and 

displaying the identified time point to indicate a crash of the application on the 

emulated mobile device. 

12. The method of claim 11, wherein the time point is displayed in terms 

of a numbered frame of the application. 

13. A method for developing an application to execute on a mobile device, 

the method comprising: 

determining resource utilization of the application when executed on the 

mobile device by: 

emulating the mobile device on a processor extrinsic to the mobile 

device using a model based on characteristics indicative of 

performance of the mobile device; 

loading the application into the model; and 

monitoring the application executing in real time within the model to 

determine resource utilization of the application for the mobile 

device; and 

repeating the steps of receiving and determining until the resource utilization 

when running the application is no greater than resource availability of 

the mobile device. 

14. A system for developing an application to execute on a mobile device 

comprising: 

a software authoring interface configured to simultaneously visually emulate, 

via one or more profile display windows, a plurality of hardware 

characteristics indicative of performance of the mobile device when 

executing the application; and 
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a system information window configured to display mobile device hardware 

characteristics. 

15. The system of claim 14, wherein the relative positions of maximum 

and minimum operational thresholds of the application are displayed in real time 

while the application is executing. 

16. The system of claim 14, wherein the maximum and minimum 

operational thresholds are adjustable by a system user. 

17. The system of claim 14, wherein the frame executed by the application 

is displayed for each of the thresholds. 

18. The system of claim 14, wherein each of the windows can be docked 

and undocked to simultaneously display one or more of the windows. 

19. The system of claim 14, further including a module configured to 

allow user control of at least one of the hardware characteristics via an image of the 

mobile device. 

20. The system of claim 14, wherein the windows can be scrolled to 

display the contents thereof at any given position of the executing application. 

21. The system of claim 14, wherein movement of a respective scroll bar 

enables display of a static runtime position of each of a plurality of said profile 

windows displaying said characteristics of the mobile device. 

22. The system of claim 14, wherein the percentage CPU and memory 

usage of the mobile device is indicated in one of the profile windows when executing 

the application. 
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ABSTRACT 

A system and methods emulate an application executing in real time in a 

mobile device. The mobile device is emulated in real time using a model running on 

a processor extrinsic to the mobile device. The model is based on characteristics 

indicative of performance of the mobile device. The application is executed in real 

time within the model and the application executing in the model is monitored to 

determine resource utilization information by the application for the mobile device. 

The resource utilization information for the mobile device is displayed. 
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