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MEMORY DEVICES AND METHODS 

 

FIELD 

[0001] The present specification generally relates to memory systems. 

 

BACKGROUND 

[0002] A wide variety of memory devices can be used to maintain and store data and 

instructions for various computers and similar systems.  In conventional computing 

systems, Dynamic Random Access Memory (DRAM) technology has typically been 

employed to operate the dynamic memory of the computer in order for an application to 

operate at high speeds.  However, DRAM used as main memory in computer systems 

is no longer scaling as rapidly as in the past.  As a result, DRAM storage has become a 

limited resource in computing environments.   

 

[0003] To address the limited DRAM, disk drives may be used as swap space to copy 

out infrequently used memory data from DRAM to the disk drive.  The data may then be 

copied back to DRAM the next time it is used.  However, in general, that process has 

severe performance consequences.  Thus, that process is rarely used in modern 

servers.  To address those performance consequences, NAND flash-based solid-state 

drives (SSDs) may be used as the swap space.  However, even the use of NAND flash-

based SSDs may have an undesirable impact on performance.  For example, flash-

based memory has certain limitations which include slower write times for data and 

latency associated with having to update entire sectors instead of individual addresses 

as in conventional systems that employ DRAM entirely for main memory.   

 

SUMMARY 

[0004]  One innovative aspect of the subject matter described in this specification is 

embodied in a memory device that includes a plurality of NAND flash chips, a dynamic 

random access memory (DRAM) portion in data communication with the NAND flash 

chips, and a controller.  Each of the plurality of NAND flash chips includes a memory 
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section, such that each memory section includes a plurality of pages, and each NAND 

flash chip has a first storage capacity.  The DRAM portion has a second storage 

capacity that is at least as large as the first storage capacity of each of the plurality of 

NAND flash chips.  The controller is configured to select one of the NAND flash chips as 

a currently selected NAND flash chip for writing data, and copy all valid pages in the 

currently selected NAND flash chip into the DRAM portion.  The controller is also 

configured to, in response to a write request to a logical memory location that is mapped 

to a particular physical location in one of the NAND flash chips, allocate the currently 

selected NAND flash chip for writing to a particular page that includes the particular 

physical location. 

 

[0005]  In certain implementations, the controller is configured to select another one of 

the plurality of NAND flash chips as a queued NAND flash chip for writing data after the 

currently selected NAND flash chip is identified as full, and to copy all valid pages in the 

queued NAND flash chip into the DRAM portion.  In certain implementations, the 

controller is configured to read in to a main memory comprising DRAM a particular page 

from the plurality of NAND flash chips in response to a request to access the particular 

page stored in the plurality of NAND flash chips. 

 

[0006]  One innovative aspect of the subject matter described in this specification is 

embodied in methods that include the actions of selecting one of a plurality of NAND 

flash chips as a currently selected NAND flash chip for writing data, each NAND flash 

chip having a first storage capacity and including a memory section, and each memory 

section including a plurality of pages; and copying all valid pages in the currently 

selected NAND flash chip into a dynamic random access memory (DRAM) portion that 

is in data communication with the NAND flash chips, the DRAM portion having a second 

storage capacity that is at least as large as the first storage capacity of each of the 

plurality of NAND flash chips; and in response to a write request to a logical memory 

location that is mapped to a particular physical location in one of the NAND flash chips, 

allocate the currently selected NAND flash chip for writing to a particular page that 

includes the particular physical location. 
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[0007]  In general, another aspect of the subject matter described in this specification 

may be embodied in methods that include the actions of selecting another one of the 

plurality of NAND flash chips as a queued NAND flash chip for writing data after the 

currently selected NAND flash chip is identified as full; and copying all valid pages in the 

queued NAND flash chip into the DRAM portion. 

 

[0008] Another aspect of the subject matter described in this specification may be 

embodied in methods that include the actions of reading in to a main memory including 

DRAM a particular page from the plurality of NAND flash chips in response to a request 

to access the particular page stored in the plurality of NAND flash chips. 

 

[0009] Other embodiments of these aspects include corresponding systems, 

apparatus, and computer programs, configured to perform the actions of the methods, 

encoded on computer storage devices. 

 

[0010] These and other implementations may each optionally include one or more of 

the following features.  For instance, the other one of the plurality of NAND flash chips is 

selected as a queued NAND flash chip based on having the fewest number of valid 

pages of the plurality of NAND flash chips.  In certain implementations, the particular 

physical location to write data to the currently selected NAND flash chip is determined 

based on at least one of: (i) least accessed page and (ii) least recently used page.   

 

[0011] In certain implementations, the memory section includes a partition of the 

respective NAND flash chip, and partitions allow the operation of a read in a first 

partition of the respective NAND flash chip during a write operation in another partition 

of the same NAND flash chip.  In certain implementations, the memory section includes 

the respective constituent NAND flash chip.   

 

[0012] In certain implementations, each NAND flash chip includes multiple partitions, 

each partition having a particular storage capacity and the second storage capacity of 
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[0018] FIG. 2C depicts an example of a system including a memory device according 

to implementations of the present disclosure. 

 

[0019] FIG. 3 depicts an example of a NAND flash module according to 

implementations of the present disclosure. 

 

[0020] FIG. 4 depicts an example flowchart for a method according to 

implementations of the present disclosure. 

 

[0021] Like reference numbers and designations in the various drawings indicate like 

elements. 

 

DETAILED DESCRIPTION 

[0022]  The memory system described below includes NAND flash chips that are in 

data communication with a portion of DRAM.  Each NAND flash chip defines a memory 

section having a plurality of pages, and each NAND flash chip has a first storage 

capacity.  The DRAM portion is in data communication with the NAND flash chips.  The 

DRAM portion has a second storage capacity that is at least as large as the first storage 

capacity of each of the NAND flash chips.  

 

[0023]  The memory system also includes a controller that is configured to select one 

of the NAND flash chips as a currently selected NAND flash chip for writing data and 

then copy all valid pages in the currently selected NAND flash chip into the DRAM 

portion. 

   

[0024]  In response to a write request to a logical memory location that is mapped to a 

particular physical location in one of the NAND flash chips, the controller allocates the 

currently selected NAND flash chip for writing to a particular page that includes the 

particular physical location.   
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[0025] In certain implementations, a page may be selected to be removed from main 

memory (e.g., DRAM) and written to the NAND flash chip based on certain metrics, 

such as the least accessed page, the least recently used page, or the like, or any 

combination thereof.   

 

[0026]   These memory systems may be included on a single packaged device, or may 

be distributed within a computer device.  Figs. 1 – 2C are example illustrations of how 

the memory system may be implemented in different variations. 

 

[0027]  FIG. 1 depicts an example of a system 100 including a memory device 

according to implementations of the present disclosure.  The system 100 may include a 

processor, such as a central processing unit (CPU) 110, a DRAM portion 120, an 

input/output (I/O) bus 130, a disk drive 140, such as a hard disk drive (HDD), and a 

NAND flash memory portion 150.  The I/O bus 130 may be the pathway used for input 

and output devices to communicate with the CPU 110.  The I/O bus may be, for 

example, a Peripheral Component Interconnect Express (PCIe).  The disk drive 140 

may be used for long term storage of data. 

 

[0028]  The system 100 may be embodied in an electronic device, such as a 

computing device.  The DRAM portion 120 may be a main memory and may be directly 

accessible to the CPU 110.  The main memory may be primary storage that connects to 

a processor (e.g., CPU 110) using, for example, an address bus, which carries the 

memory address of the desired location, and a data bus, which is used to read or write 

the data. 

 

[0029]  When using flash memory as a swap space device, writing to flash memory 

requires an erase operation followed by a program operation. Those operations are 

typically much slower than read operations and while those operations are occurring, 

read operations are blocked. Thus, the average and the tail latency of reads may be 

detrimentally increased.  
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[0030]  To address the issues described in the preceding paragraph, at any given time, 

one NAND flash chip may be selected for writing.  All valid pages in the selected NAND 

flash chip may be read into the DRAM portion, so that there is no need to read from that 

NAND flash chip. Rather, reads may occur from the DRAM portion into which the valid 

pages in the selected NAND flash chip have been read.  All new writes may be made to 

the selected NAND flash chip. 

 

[0031]  In addition, in some implementations, another NAND flash chip may be queued 

for writing next.  In the case in which a second NAND flash chip is selected as a queued 

NAND flash chip, all valid pages in both the selected NAND flash chip and the queued 

NAND flash chip may be read into the DRAM portion, so that there is no need to read 

from those two NAND flash chips.  All new writes may be made to the first, selected 

NAND flash chip. When that first NAND flash chip is full, subsequent writes may be 

made to the queued NAND flash chip, which then may become the current NAND flash 

chip for writing.  A new NAND flash chip may be selected as the next, queued chip and 

all valid pages in that next, queued NAND flash chip may be read into the DRAM 

portion. 

 

[0032]  The pages from the first selected NAND flash chip, which is no longer written 

to, may be evicted from DRAM, as necessary.  For example, each page may either be 

discarded, if it is not dirty, or written back to the flash memory. 

 

[0033]  When a NAND flash chip is selected for queueing to be the next, queued 

NAND flash chip, the selection may be based on the NAND flash chip with the fewest 

number of valid pages of the plurality of NAND flash chips eligible to be selected. 

Occasionally, for wear leveling reasons, a different choice may be made based on a 

wear leveling policy or procedure. Such techniques for wear leveling are known in the 

art, and include, for example, techniques of dynamic wear leveling and static wear 

leveling. 
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[0034] As described above, the system may have the main memory (e.g., DRAM) 

separate from the NAND flash memory, where the NAND flash memory is connected to 

the I/O bus, and the DRAM is not directly connected to the I/O bus, while the NAND 

flash memory is in data communication with the DRAM.  However, in certain 

implementations, both the NAND flash memory and the DRAM portion serving as cache 

may be connected through the I/O bus separate from the main memory DRAM.  For 

example, in Fig. 2A, the DRAM cache is depicted along with the NAND flash memory 

connected to the I/O bus.   

 

[0035]  FIG. 2A depicts an example of a system including a memory device according 

to implementations of the present disclosure.  As depicted in FIG. 2A, the memory 

device of the present disclosure may be a dual in-line memory module (DIMM) that, for 

example, plugs into a server, similar to the way a normal DRAM DIMM would be used. 

However, the DIMM of the present disclosure may contain a first amount of DRAM 255 

and a second, larger amount of NAND flash memory 250. An example system may 

have 32 GB of DRAM and 128 GB of usable NAND flash memory. 

 

[0036]  Similar to the description above with respect to FIG. 1, the system 200 

depicted in FIG. 2A may also include a processor, such as a central processing unit 

(CPU) 210, a DRAM 220, an input/output (I/O) bus 230, and a disk drive 240, such as a 

hard disk drive (HDD).  The memory device may contain the NAND flash memory 250 

and a DRAM portion 255. 

 

[0037]  The DIMM may also have a controller configured to control both the DRAM 

portion 255 and the NAND flash memory 250. The DIMM and controller may be 

configured to use the NAND flash memory 250 as swap space as described herein.  

The DRAM portion 255 may have a storage capacity approximately equal to the amount 

needed to cache the NAND flash chip that is currently being written.  Alternatively, the 

DRAM portion 255 may have a storage capacity approximately equal to the amount 

needed to cache the NAND flash chip that is currently being written and the queued 

NAND flash chip that is next to be written.  The DRAM 220 may be used to store pages 
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read in from NAND flash memory 250, for example, when the pages are requested.  A 

typical page size may be, for example, 4 KB. 

 

[0038]  In the above example of a system having 32 GB of DRAM and 128 GB of 

usable NAND flash memory, the system may perform in a manner similar to a system 

having 128 GB of DRAM, even though there is only 32 GB of actual DRAM.  That 

performance is created by having 128 GB of flash memory used in the manner 

described herein.   

 

[0039]  A virtual memory (VM) system or manager may control how program memory 

is utilized by one or more programs executing in accordance with an operating system.  

In general, when data is fetched from main memory, a determination is made as to 

whether or not read or write access is detected.  Such determination can be triggered 

off of a page fault mechanism or other event.  When a page is first accessed, the page 

may be copied from the flash memory into DRAM.  The VM system may take a page 

fault when this happens.  Reads and writes to the page may then be served from the 

DRAM copy. When a different page needs to be moved into DRAM, the current page 

may be simply discarded if it is not dirty or written back to the flash memory.  For 

example, when the main memory is full and a new page from the flash memory needs 

to be brought in, a page may be selected based on replacement algorithms and 

discarded or pushed back to the flash if dirty, i.e., modified during its tenure in the main 

memory. 

 

[0040]  When any new memory needs to be allocated, it may be allocated out of the 

flash memory.  It may or may not be cached in DRAM, according to a caching policy.  A 

variety of such caching policies may be used, such as a least accessed page, a least 

recently used page, or the like, or any combination thereof.    The caching may be 

managed by the VM system, which may operate in units of pages. 

 

[0041] Using flash memory may require "copy on write", i.e., each time a logical 

address is written, the data will be at a new physical address.  This requires a mapping 
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table, which is also known.  However, implementations of the present disclosure may 

rely on the virtual memory page table to accomplish this mapping. 

 

[0042] As described with reference to FIG. 2A above, the system may have the DRAM 

cache integrated in the same package as the NAND flash chips.  However, it is not 

necessary that all memory components be included in a same package.  For example, 

in FIG. 2B, the DRAM cache is depicted as being separate from the NAND flash chips, 

but still in data communication with the NAND flash chips.   

 

[0043] In particular, FIG. 2B depicts an example of a system including a memory 

device according to implementations of the present disclosure.  The system 200 

depicted in FIG. 2B may include a processor, such as a central processing unit (CPU) 

210, a DRAM 220, a DRAM portion 225, an input/output (I/O) bus 230, a disk drive 240, 

such as a hard disk drive (HDD), and a NAND flash memory 250.   

 

[0044] As depicted in FIG. 2B, the NAND flash memory 250 is on the I/O bus 230, 

while the DRAM portion 225 may be apportioned from main memory DRAM 220 to be 

utilized as the cache for the NAND flash chip that is currently being written.  In certain 

implementations, the DRAM portion 225 may be dynamically apportioned as needed.  

Further, the DRAM portion 225 may be apportioned from main memory DRAM 220 to 

be utilized as the cache for the NAND flash chip that is currently being written and the 

queued NAND flash chip that is next to be written.  The DRAM 220 may be used to 

store pages read in from NAND flash memory 250, for example, when the pages are 

requested. 

 

[0045] As described with reference to Fig. 2B above, the system may have the DRAM 

cache apportioned from main memory DRAM with the NAND flash memory separately 

connected to the I/O bus.  However, in certain implementations a hybrid DIMM 

containing both NAND flash memory and DRAM may be used separately from main 

memory DRAM.  For example, in FIG. 2C, a DIMM is depicted as having NAND flash 
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memory and a DRAM, where part of the DRAM may be apportioned as the DRAM 

portion to be utilized as the cache. 

 

[0046] FIG. 2C depicts an example of a system including a memory device according 

to implementations of the present disclosure.  The system 200 depicted in FIG. 2C may 

include a processor, such as a central processing unit (CPU) 210, a DRAM 220, an 

input/output (I/O) bus 230, and a disk drive 240, such as a hard disk drive (HDD).  A 

DIMM 280 that includes both a NAND flash memory 250 and a DRAM portion 270 may 

be installed on the memory bus along with main memory DIMMs including DRAM 220.   

 

[0047] The DIMM 280 may include a controller 260 configured to control both the 

DRAM portion 270 and the NAND flash memory 250.  The DRAM portion 270 may have 

only a portion of its storage capacity utilized as the cache for the NAND flash chip that is 

currently being written.  Thus, the portion of the DRAM portion 270 that is not utilized as 

the cache for the NAND flash chip that is currently being written may be utilized as 

normal DRAM.  For example, that portion of DRAM portion 270 not utilized as cache 

may store pages that have been read in from the NAND flash memory 250 swap space. 

 

[0048] In certain implementations, the DRAM portion 270 may have only a portion of 

its storage capacity utilized as the cache for the NAND flash chip that is currently being 

written and for the queued NAND flash chip that is next to be written. Thus, the portion 

of the DRAM portion 270 that is not utilized as the cache for the NAND flash chip that is 

currently being written the queued NAND flash chip that is next to be written may be 

utilized as normal DRAM, as described above. 

 

[0049] The NAND flash memory referenced above with respect to FIGs. 1-2C may 

include several NAND flash chips.  For example, in FIG. 3, NAND flash memory is 

depicted as a memory module that contains several NAND flash chips, where the 

module is connected to the I/O bus. 
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[0050] FIG. 3 depicts an example of a NAND flash module according to 

implementations of the present disclosure.  NAND flash memory portion 150/250 may 

include a controller 160 and a set of n NAND flash chips 170a - 170n.  The NAND flash 

memory portion 150/250 may be in data communication with the DRAM portion 120.  

Any n number of NAND flash chips of any size may be used to achieve the desired 

storage capacity of the NAND flash memory portion 150/250.  To create the desired 

storage space for the NAND flash memory portion 150/250, some overprovisioning may 

be required.  For example, in a particular NAND flash memory portion 150/250, each 

NAND flash chip may be 4 GB.   Thus, if storage space of 128 GB is desired for the 

NAND flash memory portion 150/250, thirty-two of such 4 GB NAND flash chips would 

be required for 128 GB.  Assuming, for example, twenty-five percent overprovisioning, a 

total of forty NAND flash chips may be provided. This ensures that, for example, when 

all 128 GB of memory is used, each NAND flash chip, on average, will be 80% 

occupied, and less otherwise. 

 

[0051]  Each of the n NAND flash chips 170a - 170n may include one or more 

memory sections.  In other words, a memory section may be a respective constituent 

NAND flash chip or each NAND flash chip may include one or more partitions as 

memory sections.  In the case that a NAND flash chip includes partitions, if a write 

operation is in progress in one partition, that write operation does not prevent a read 

operation to any other partition on the same NAND flash chip.  In other words, the 

partitions allow the operation of a read in a first partition of the respective NAND flash 

chip during a write operation in another partition of the respective NAND flash chip. 

 

[0052] In certain implementations, each NAND flash chip includes multiple partitions, 

each partition having a particular storage capacity.  In such implementations, the 

storage capacity of the DRAM portion, e.g. the second storage capacity, may be at least 

as large as the particular storage capacity of each partition but less than the storage 

capacity of the constituent NAND flash chip.  In particular, in certain implementations, 

the second storage capacity of the DRAM portion is either approximately equal to or 

approximately double the size of the particular storage capacity of each partition.   
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[0053] In the case that the NAND flash chips include partitions, a lesser amount of 

DRAM may be needed for the DRAM portion serving as cache than when the NAND 

flash chips do not include partitions.  For example, if each NAND flash chip is 16 GB, 

and is divided into four partitions of 4 GB each, the DRAM portion as cache for the 

NAND flash memory may have a storage capacity of 4 GB, approximately equivalent to 

the size of one partition, or 8 GB, approximately equivalent to the size of two partitions.  

In contrast, without partitions, the DRAM portion may have 16 GB, approximately 

equivalent to the size of one NAND flash chip, or 32 GB, approximately equivalent to 

the size of two NAND flash chips.    

 

[0054] FIG. 4 depicts an example flowchart for a method 400 according to 

implementations of the present disclosure.  In order to implement flash memory as swap 

space, writes to the flash memory at die level may occur in accordance with the 

following process 400.  One of the NAND flash chips that make up the NAND flash 

memory may be selected at 410 as a currently selected NAND flash chip for writing 

data.  As described above, each NAND flash chip may have a particular storage 

capacity and may have a memory section that includes one or more pages.  For 

example, a page size may be 4KB.  Alternatively, a page size may be greater than 4KB, 

for example, any multiple of 4KB, e.g., 8KB, 256KB, 2MB. 

  

[0055] In certain implementations, another one of the NAND flash chips that make up 

the NAND flash memory may be selected, at 420, as a queued NAND flash chip for 

writing data after the currently selected NAND flash chip is identified as full.  In certain 

implementations, a queued NAND flash chip may not be used and the process may not 

include 420.  In a case in which a queued NAND flash chip is selected, all valid pages in 

the currently selected NAND flash chip and the queued NAND flash chip are copied, at 

430, into a DRAM portion that is in data communication with the NAND flash chips.  In a 

case in which a queued NAND flash chip is not used, all valid pages in the currently 

selected NAND flash chip are copied, at 430, into a DRAM portion that is in data 

communication with the NAND flash chips.  As described above, the DRAM portion may 
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have a storage capacity that is at least as large as the storage capacity of each of the 

NAND flash chips.   

 

[0056] In response to a write request to a logical memory location that is mapped to a 

particular physical location in one of the NAND flash chips at 440, the currently selected 

NAND flash chip is allocated, at 450, for writing to a particular page that includes the 

particular physical location.  Thus, reads and write to the pages that were stored in the 

currently selected NAND flash chip and the queued NAND flash chip may be served 

from the DRAM copy, so that no reads need to occur from the currently selected NAND 

flash chip and the queued NAND flash chip.  Rather, all new writes may go to the 

currently selected NAND flash chip, for example, until it is full.  Then subsequent writes 

may go to the queued NAND flash chip, which becomes the NAND flash chip for writing, 

and a new NAND flash chip may be selected as the queued NAND flash chip.  The 

process repeats, with all valid pages in the new queued NAND flash chip read into 

DRAM.  Further, the pages from the first currently selected NAND flash chip, which is 

no longer written to, may be evicted from DRAM, as necessary. 

 

[0057] While the descriptions of implementations of the present disclosure have 

included a single controller and a single assembly, certain implementations may include 

two separate controllers and assemblies.  For example, one assembly with a controller 

may contain flash memory and another assembly with a controller may contain DRAM. 

Further, certain implementations may use existing system DRAM for the DRAM cache 

portion. 

 

[0058]  According to implementations of the present disclosure, NAND flash chips with 

faster access times that may be designed would provide even better performance.  For 

example, by changing the circuit design of the NAND flash chips themselves, access 

times may be improved to 10 microseconds or less.  Further, NAND flash chips may be 

designed with wider and faster interfaces, which allow the page transfer to be 

completed faster in accordance with implementations of the present disclosure. 
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[0059] A number of implementations have been described.   Nevertheless, it will be 

understood that various modifications may be made without departing from the spirit 

and scope of the disclosure.   For example, various forms of the flows shown above 

may be used, with steps re-ordered, added, or removed.    

 

[0060] Implementations of the invention and all of the functional operations described 

in this specification can be implemented in digital electronic circuitry, or in computer 

software, firmware, or hardware, including the structures disclosed in this specification 

and their structural equivalents, or in combinations of one or more of them.   

Implementations of the invention can be implemented as one or more computer 

program products, i.e., one or more modules of computer program instructions encoded 

on a computer readable medium for execution by, or to control the operation of, data 

processing apparatus.   The computer readable medium can be a machine-readable 

storage device, a machine-readable storage substrate, a memory device, a composition 

of matter effecting a machine-readable propagated signal, or a combination of one or 

more of them.   The term “data processing apparatus” encompasses all apparatus, 

devices, and machines for processing data, including by way of example a 

programmable processor, a computer, or multiple processors or computers.   The 

apparatus can include, in addition to hardware, code that creates an execution 

environment for the computer program in question, e.g., code that constitutes processor 

firmware, a protocol stack, a database management system, an operating system, or a 

combination of one or more of them.   A propagated signal is an artificially generated 

signal, e.g., a machine-generated electrical, optical, or electromagnetic signal that is 

generated to encode information for transmission to suitable receiver apparatus. 

 

[0061] While this disclosure contains many specifics, these should not be construed 

as limitations on the scope of the invention or of what may be claimed, but rather as 

descriptions of features specific to particular implementations of the invention.   Certain 

features that are described in this specification in the context of separate 

implementations can also be implemented in combination in a single implementation.   

Conversely, various features that are described in the context of a single 
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implementation can also be implemented in multiple implementations separately or in 

any suitable subcombination.   Moreover, although features may be described above as 

acting in certain combinations and even initially claimed as such, one or more features 

from a claimed combination can in some cases be excised from the combination, and 

the claimed combination may be directed to a subcombination or variation of a 

subcombination. 

 

[0062] Similarly, while operations are depicted in the drawings in a particular order, 

this should not be understood as requiring that such operations be performed in the 

particular order shown or in sequential order, or that all illustrated operations be 

performed, to achieve desirable results.   In certain circumstances, multitasking and 

parallel processing may be advantageous.   Moreover, the separation of various system 

components in the implementations described above should not be understood as 

requiring such separation in all implementations, and it should be understood that the 

described program components and systems can generally be integrated together in a 

single software product or packaged into multiple software products.    

 

[0063] Thus, particular implementations of the present disclosure have been 

described.   Other implementations are within the scope of the following claims.   For 

example, the actions recited in the claims can be performed in a different order and still 

achieve desirable results.  A number of implementations have been described.   

Nevertheless, it will be understood that various modifications may be made without 

departing from the spirit and scope of the disclosure.   For example, various forms of the 

flows shown above may be used, with steps re-ordered, added, or removed.   

Accordingly, other implementations are within the scope of the following claims. 

 














