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Section 1—Introduction TC "Section 1—Introduction" \f C \l "1"  
This paper will provide a brief analysis of the Palm OS, specifically what differentiates it from other operating systems. This paper will give an overview of the Palm OS, the specific constraints that effect the operating system and applications developed for it, and specific characteristics of the operating system itself. The power system, file manager, and memory manager will specifically be addressed. The newer versions of the operating system will be described as well.  
Section 2—Overview of the Palm OS TC "Section 2—Overview of the Palm OS" \f C \l "1" 
Beginning with the debut of the Pilot 1000 in 1996, Palm OS has come to represent all handheld devices. Palm OS is the most popular platform for handheld devices because it was developed to be a unique system, not a smaller version of an existing desktop system. Palm OS is believed to make up 70% of the handheld computer market. 
Palm OS is an efficient and fast operating system. Even though the operating system has grown with additional features throughout the life of the system, it has remained true to its fundamental values. The operating system gives its licensees extensibility, which allows them to build devices that add specialized features to the core operating system.

Palm OS devices also have the virtue of simplicity. Users have the ability to perform common tasks often with a single button click or tap of the stylus. Handheld devices differ from traditional desktops in that the user often does not have (or is not willing) to devote much time to complete a task. Desktop applications can have many screens for the users to traverse in order to complete a task, such as entering a contact person’s information in an address book. In a handheld device, this situation is ideally completed in one or two screens, with a minimal amount of button-clicking and menu-selecting performed by the user.

Further influencing the efficiency of the operating system is the simple synchronization method for communication between a desktop and the handheld device. The Palm OS includes a HotSync ability that allows for the synchronization of data between a desktop and a handheld to be performed easily with the pressing of a single button. 

Versions 3.1, 3.2 and 3.3 were developed for use on a specific Palm model. Beginning with version 3.5, the operating system has been developed for use with all Palm devices instead of for a limited number of specific devices.

One of the strongest influences on the success of the Palm OS is the manner that it caters to its users. Palm OS supports backwards compatibility with regards to older models. This allows applications that were developed for an older device to work on currently manufactured devices.
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Section 3.1—Overview of Constraints

 TC "Section 3.1—Overview of Contraints" \f C \l "2" 
Applications written for Palm OS devices must take into account specific challenges that are inherent in handheld devices. Just as it is a mistake for an operating system created for a portable device to attempt to mimic a desktop very closely, it is also important for applications to avoid doing so. Palm OS applications are not merely smaller (or more primitive) versions of current desktop applications. The success of any application created for the Palm OS lies in its adherence to the design philosophy of the core operating system. By taking into consideration the specific constraints that working with a portable device imposes on the operating system, an application can be created that works well within the Palm OS paradigm.
Applications written for the Palm OS must account for the fact that the speed and efficiency strongly affect the success of the application. The application must react much quicker than if it were running on a desktop, because of the expectation of the user for an “immediate” response. The application should also make it possible for commands to be selected and executed rapidly. The user interface needs to be simple and easy to use. 
Section 3.2—Power TC "Section 3.2—Power" \f C \l "2"  
The Palm OS is specifically designed to minimize power usage. Handheld devices operate off of batteries and therefore have a finite available amount of energy. Because of the mobile nature of the devices on which Palm OS runs, it is very important that power be managed in a way as to allow for the maximum amount of time between charging times. This is particularly important because if the device loses power completely, all the data stored on the device is lost. Applications must take this into account and make sure not to unduly drain the battery charge of the device.  Older models of Palm OS devices ran on a pair of AAA alkaline batteries. Current Palm OS devices use a rechargeable lithium ion battery. 

A Palm OS system is always on, because of the constant need for power to keep the interrupt system running, data present in RAM and to keep the real-time clock accurate. The on/off button on a device using the Palm OS, switches the modes between low-power mode and active mode.
This is especially important because if a device loses power completely, all the data the user has stored, as well as user-installed devices, is permanently lost. 
The three modes of operation for a Palm OS device are:

· Sleep Mode

· Doze Mode

· Running Mode

What a user would consider “off” is really the device operating in Sleep Mode. All non-critical functions are shut down in order to save power. The display, digitizer and main system clock do not run during this mode. To leave this mode, certain interrupts must occur. When an interrupt occurs, the device turns “on” again and leaves sleep mode. Examples of interrupts that switch the device from sleep to running are: input from the serial port or pressing of a hardware button. Also, the device automatically enters sleep mode after a user-determined amount of time over which there has been no activity. This is typically between one and three minutes. This feature ensures that the device does not waste energy when not in use.
The most commonly occurring state for a Palm OS device is the doze mode. In general, when a user considers the device “on” the device is operating in doze mode. When in doze mode, the device can easily switch between sleep mode after a specified time interval has passed or return to running mode. When operating in doze mode, the main clock, digitizer and LCD screen remain on. The device’s processor is still running, however it is not executing instructions while in doze mode. As with sleep mode, the device will exit doze mode when an interrupt occurs. The transition between doze mode and running mode occurs more quickly than the transition between sleep mode and running mode. This is true because unlike leaving sleep mode, when a device is leaving doze mode, the device’s peripheral hardware is still powered up.
The final mode is the running mode. While in running mode, the processor is actively executing instructions. The Palm OS device only remains in running mode long enough to process the user’s input. After completing the instructions, the device immediately returns to doze mode. Each running mode session is typically less than a second and all together the system is only in running mode approximately five percent of the time for each application.

Section 3.3—Memory TC "Section 3.3—Memory" \f C \l "2"  
The amount of memory available for the device is extremely limited. Palm OS handheld applications must take into account that the applications themselves and the data created must both be stored in RAM. The amount of RAM in a device can reach 16 MB. Even still, only one sixteenth or less is available for dynamic memory allocation. Application stack size is on the average limited to 4 kB or less. Versions of Palm OS before 3.0, have even less memory to work with. Memory is discussed in greater depth in Section 4.
Section 4—Memory Management TC "Section 4—Memory Management" \f C \l "1"  
All available memory is divided into heaps. There exists one dynamic heap and multiple storage heaps. The dynamic heap is of fixed size and is used for memory allocation, global variables and application stacks. 
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Palm operating system’s storage heap uses both RAM and ROM.  The operating system and other built-in applications are stored in ROM. All other data, such as user’s inputted data and installed applications, is stored in RAM. Because of this, the device must always be turned on; otherwise all data stored in RAM would be lost. All information in the storage heap is accessed directly from its place in memory, not through parts of a file stored in a memory buffer like most operating systems.
For Palm OS version 3.x the total dynamic memory area is 96 kB, of which the dynamic heap is 64 kB. 
The dynamic memory of version 3.x is separated into these parts:

· System Globals: approximately 2.5 kB.

· Application Stack: 3 kB.

· (if Applicable) TCP/IP stack: 32 kB.

· Remaining memory: <=36 kB.

Other versions of the Palm OS work with a larger amount of memory, however the largest handheld memory is still much smaller than that of a desktop. The total amount of memory available, including both storage and dynamic, is usually between 512 kB and 8 MB in newer systems.
The memory manager divides and allocates memory in “chunks”. 
The memory manager can do the following to chunks of memory:

· Allocate 

· Dispose of 

· Resize  

· Lock  
Chunks currently have a maximum size of 64kB. There are two types of memory chunks: handles and pointers. Handle can be rearranged in memory in order to use the available space more efficiently. This type of chunk is considered relocatable, because of its ability to be moved to different parts of memory. Handles are automatically rearranged in memory by the Palm OS memory manager in order to avoid defragmentation of the heap. Pointers, unlike handles, are non-relocatable and cannot be rearranged in memory after the creation of a chunk. Though storage memory and dynamic memory are both divided into chunks, they are managed separately. Also, storage memory is write-protected by the operating system and can only be accessed by the Palm OS memory manager. Both of these features exist to keep data from being destroyed accidentally. In addition, the memory storing a handle is temporarily locked when it is being accessed. This prevents undesired changes to the data stored in the handle.
	Dynamic RAM

-Dynamic Allocation
-Global Variables

-Stack
	Storage Ram

Database



	Locked

Locked


	Database Name
Database Attributes

Version

Modification Number

Application Info

Sort Info

Type/Creator

Number of Records

Record ID

Record Attribute
[image: image1]
Record ID

Record Attribute




	Locked


	Locked Relocatable Block
	
	Record

	
	Relocatable Block
	
	

	
	Non Relocatable Block
	
	


Palm OS Memory

(Hansmann et al., 2003) 

Section 5—File Management TC "Section 5—File Management" \f C \l "1" 
Files stored under Palm OS are not stored in a typical manner. The Palm OS uses an atypical filing system. Files are stored in databases instead. The databases are managed by the Database manager. However, the Database Manager uses the functions of the Memory Manager to manipulate records. This overlap in function use takes up less space than if the functions were rewritten in the operating system for both the Memory manager and the Database Manager. Each database is comprised of multiple records. A database holds information about the database itself and the records referenced by the database. Database records are stored as chunks in storage memory and are therefore limited to 64 kB. Every record has a corresponding Record ID and Record Attributes.

The Record Attributes include a bit that indicates the status of the record. 

These bits are:
· Delete bit—indicates that the record is deleted

· Dirty bit—indicates that the record is updated

· Busy bit—indicates that the record is currently locked

· Secret bit—indicates that the record is currently protected
A database is literally just a list of references to chunks of memory that share a relationship. The chunks of memory used for a database are located discontinuously throughout memory, which allows for a more efficient use of memory space. It would be impractical to attempt to store a database in parts of memory that are physically connected to each other.
Section 6—Palm OS 5 TC "Section 6—Palm OS 5" \f C \l "1" 
Palm OS version 5 is very different than the previous Palm OS versions. Version 5 introduced the Palm Compatibility Environment (PACE). This allowed for the backwards compatibility between version 5 and the earlier versions of Palm OS. The majority of the handheld devices that are currently sold use Advanced RISC Machine (ARM) processors. The ARM processor is much more powerful than earlier OS devices.

The PACE allows the operating system to work as if it were using a Motorola 68k series processor instead of an ARM processor. Because of this, applications that were built for older versions of Palm OS can still run on the new version. When using applications built for 68k devices on an ARM device, the ARM processor runs in emulation mode. This mode allows the user to use programs purchased for an older model to still be useful on a newer device. This feature encourages user loyalty. Since the new processor is much more powerful than previous processors, older programs run faster on the new devices than the do on the ones they were developed for. Since PACE allows existing 68K applications to operate on devices with ARM processors, old software does not need to be written in order for it to be used on more modern systems. The manner in which the Palm OS evolved from using 68k processors to the more powerful ARM processors made the transition extremely easy for users. 
Section 7—Palm OS Garnet and Cobalt TC "Section 7—Palm OS Garnet and Cobalt" \f C \l "1" 
Section 7.1—Similarities TC "Section 7.1—Similarities" \f C \l "2"   

The two versions of Palm OS currently under development are Palm OS Garnet and Palm OS Cobalt. Palm OS Garnet is strongly based on Palm OS 5. As discussed in the previous section, Palm OS 5 included many ground breaking changes for the Palm OS series. Prior to version 5, Palm OS operated on Motorola 68k processors. Version 5, Garnet and Cobalt all run on the faster ARM processors.
Another advantage for Palm OS is that more chip manufacturers make ARM processors, so the newer versions of Palm OS have a greater variety of uses than previous versions. Both Cobalt and Garnet contain the PACE environment detailed in the previous section. The existence of PACE means that developers can use the same utilities to create applications for these two operating systems as were used for previous versions. 

Application developers are encouraged to make use of Palm OS existing functions rather than attempt to deal directly with the hardware. This allows programs to continue working on newer models of Palm devices, even after a hardware upgrade during development. Because of this guideline, 68k applications do not suffer emulation overhead when running on Cobalt or Garnet. When a 68k application invokes a Palm OS function call, the PACE executes the ARM version of the call in place of the expected 68k function. This allows older programs to take advantage of the advances existing in current hardware. PACE also converts 68k data structures into the ARM equivalent data structures. Data storage is handled very differently on the two formats. Because of this, Palm OS requires applications work through the OS to modify data.

Section 7.2—Differences TC "Section 7.2—Differences" \f C \l "2" 
Palm OS Garnet and previous versions employ a preemptive multitasking kernel. The User Interface Application Shell (UIAS) however, only runs one application at a time. The UIAS, like its name suggests, is the portion of the OS that is responsible for managing applications that display a user interface. In general, the only task that is running is the UIAS, which in turn calls subroutines—application codes. The UIAS regains control after the application quits. It then calls the next application as a subroutine. Applications also have the ability to launch other applications inside of its self. Applications can be interrupted by a higher priority event, such as a user tapping the stylus on the screen. Applications are not given direct access to the Palm OS multitasking APIs. Instead, the system software is the only way to launch a new task.

Palm OS Cobalt allows for the existence of multithreaded applications. Each thread operates as an independent program/process. Threads have their own stacks, register variables, program counters and data that track the thread’s state. Threads may exist simultaneously, but access to the CPU is determined by the priority of the thread. The kernel determines which thread has higher priority and grants it access to the CPU. Multithreaded applications have the ability to execute lengthy and more complicated tasks than in previous versions. This approach allows this to occur without the device being unresponsive to the user for an inordinate amount of time. Multiple threads can exist inside of a process, which protects all the memory, code and state data needed for the thread to execute. Threads are not allowed to exist in more than one process. Applications are not allowed to create their own processes. Instead they are given a created process when they start. The applications threads will run inside this process.
Section 8—Conclusion TC "Section 8—Conclusion" \f C \l "1"    
The Palm OS has managed to stay at the top of the handheld market by staying true to its founding principles. The OS has always attempted to be as functional for the user as possible, without adding unnecessary features that would slow down the reaction time. The evolution of the Palm OS versions has strived to keep current models backwards compatible with older versions. Because of this, older applications can be used on newer devices. Also, the OS has been developed with maximum efficiency for the user. Applications strive to be as user-friendly as possible and as easy to operate. The OS has been equally amenable to applications developers. By slowly introducing the change of processors, the operating system has avoided alienating developers and users.
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