
(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization

International Bureau
(10) International Publication Number

(43) International Publication Date WO 2015/016903 Al
5 February 2015 (05.02.2015) P O P C T

(51) International Patent Classification: BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
G06F 12/02 (2006.01) DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,

HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KN, KP, KR,
(21) International Application Number: KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,

PCT/US20 13/052990 MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,

(22) International Filing Date: OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SC,

31 July 20 13 (31 .07.2013) SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(25) Filing Language: English
(84) Designated States (unless otherwise indicated, for every

(26) Publication Language: English kind of regional protection available): ARIPO (BW, GH,

(71) Applicant: HEWLETT-PACKARD DEVELOPMENT GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,

COMPANY, L.P. [US/US]; 11445 Compaq Center Drive UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,

W., Houston, Texas 77070 (US). TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,

(72) Inventors: LESARTRE, Gregg, B ; 3404 E Harmony Rd., MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
Fort Collins, Colorado 80528-9544 (US). HERRELL, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
Russ, W; 3404 E Harmony Rd., Fort Collins, CO 80528- KM, ML, MR, NE, SN, TD, TG).
9544 (US). MORRIS, Dale, C ; Box 774000, 1815 Central
Park Dr. PMB 346, Steamboat Springs, CO 80477 (US). Declarations under Rule 4.17 :

— as to the identity of the inventor (Rule 4.1 7(Ϊ))
(74) Agents: PINKSTON, Caroline, S. et al; Hewlett-Packard

Comapny, Intellectual Property Administration, 3404 East — as to applicant's entitlement to apply for and be granted a
Harmony Road Mail Stop 35, Fort Collins, Colorado patent (Rule 4.1 7(H))

80528 (US). Published:
(81) Designated States (unless otherwise indicated, for every — with international search report (Art. 21(3))

kind of national protection available): AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,

(54) Title: DATA MOVE ENGINE TO MOVE A BLOCK OF DATA

FIG, 1

o

(57) Abstract: Examples disclosed herein provide moving a block of data between a source address and a target address. The exo amples disclose initiating a data move engine to move the block of data from the source address to the target address. Additionally,
the examples disclose moving the block of data from the source address to the target address in a manner which allows a processor to
concurrently access the block of data during the move.



DATA MOVE TO MOVE A BLOCK OF DATA

BACKGROUND

[000.1 j Non-volatile memories (NVM) a present various challenges to a memory system. For

example, memory wear-out and/at latency issues may be associated with NVM. These issues may

cause corrupt and/or delayed data.

BRIEF DESCRIPTION OF THE DRAWINGS

[0002] i the accompanying drawings, like numerals refer to like components or blocks. The

following detailed description references the drawings, wherein:

[0003] F G . is a block diagram of an example memory controller include a data move engine

to move a block of data from a source address to target address;

[0004] FIG. 2 is a block diagram of an example memory controller including a data move engine

and a map to guide access for a block of data from a source address to a corresponding target

address, the data move engine is further including a tracker to determine whether a line of data

corresponding to the block of data has been moved, unmoved, or in-p og ess of the move;

[0005] FIG. 3 s a flowchart of an example method to initiate a move of a block of data from a

source address to a target address and to move the block of data, accordingly;

[0006] FIG. 4 is a flowchart of an example method to map a block of a target address to a block

of a source address and to move of a block of data from the source address to the target address;

[0007] F G. 5 is a f wchar t of an example method to initiate a move of a block of data from a

source address to a target address, receive a rea or write transaction, and access the block of data,

accordingly; and

[0008] FIG. 6 is a block diagram of a example computing device wit a processor to execute

instructions in a machine-readable storage medium for initiating a move of a block of data a d

moving the block of data from a source address to a target address, accordingly.



RETAILED DESCRIPTION

[0009] Memory systems may include engines for relocating data from a non-volatile memory

when the memory may be experiencing wear-out and/or latency issues. These engines provide

limited access to the data as a program and/or device may wait period of time to complete a

move before accessing the data. This may also create an. additional latency period to acces the

data.

[0010] To address these issues, examples disclosed herein initiate data move engine to

move a block of data fr o a source address to target address. Additionally, the examples

disclosed herein move the block of data from the source address to the target address in a manner

which enables a processor to access the block of data concurrently during the move. This

maintains immediate access to the block of data throughout the moving process. Further, by

moving the block of data from the source address to the target address, the data move engine

transparently migrates data to prevent wear-out and reduce the associated latency. Furthermore,

in allowing immediate access to the block of data being moved, the data move engin offers

increased system performance.

[00 ] n another implementation, the data move engine receives a read operation

corresponding to a ine of data in the block of data. In this implementation, tire data move engine

may reference a tracker to determine whether the line of data has been moved. If the data has not

yet been moved, the data move engine enables the processor read access of tl e block of data at

the source address i the data has bee moved, the data move engine enables the processor read

access of the block of data at the target address. The tracker is an effect e tool to track which

lines o data have been moved and to then direct read access to either the source address or the

target address, accordingly.

[00 ] in a further implementation, the data move engine receives a write operation

corresponding to the line of data. In this implementation, the data move engine utilizes the

tracker to dete ne whether the line of data corresponding to the block of data has been moved.

If the data move engine determines th lin of data has not yet been moved, the data move

engine may write (e.g., modify) the line of data at the source address. If the data move engine

determines the line of data has been moved, the data move engine may write the in e of data at

the target address. Alternatively, if the data move engine determines the line of data is not yet



moved, the data move engine may write the line at the target address an record tha line of dat

as move i the tracker. This implementation provides additional efficiency by enabling the

processor with write access during the data move.

[00 ] In summary, examples disclosed herein provide an effective and transparent manner to

move a block of data by enabling a processor to access the block of data concurrently during the

move.

[00 4 ] Referring now to the figures, FIG. i a block diagram of a example memory controller

02 including a data move engine 04 to move a block of data 8 from source address 106 to a

target address . FIG. 1 illustrates the components within a computing system to move the block

of data. The data ove engine 104 moves the block of data 108 in a manner which enables a

processor 2 to access the block of data 1OS. Access to the bloc of data 8 may include a read

and/or write operation. The processor may access the block of data 108 at either the source

address 106 or the target address 110 depending on whether the block of data 108 has been moved,

unmoved, or in-progress. In this implementation, the data move engine 104 enables the processor

access to the block of data 8 concurrently during the move. This implementation is described

in detail in later figures. The memory controller 02 is a programmable device which manages

functionalities of the dat move engine 104 to move the bloc of data As such,

implementations of the memory controller 102 includes a electronic device, computing device,

microprocessor, microchip, chipset, electronic circuit, semiconductor, microcontroller, central

processing unit (CPU) or other type of electronic device programmed to manage resources and

functions of the data move engine 104.

[00 ] The data move engine 104 is a component within the memory controller 2 which is

configured to move the block of data 108. The data move engine 10 may move the block of

data 08 i cache-line increments. In this implementation, the data move engine 4 may

include a tracker (not illustrated) the data move engine 104 utilizes the tracker to determine

which lines of data corresponding to the block of data 8 have been moved from the source

address 106 to the target address . Utilizing the tracker to determine which lines of data

corresponding to the block of dat 8 have been moved enables the data move engine 04 to

prov ide the processor 2 access to block of data 8 at the source address 106 and/or the target



address 1 concurreniiy during the move in another implementation, the data move engine 4

may include a hardware component intern al to the memory controller 2 to move the block of

data 1 8.

[0 ] The source address 06 is a location of memory in which the block of data 8 may

reside prior to the move y the data move engine 104. The source address 6 s the memory

which stores the block of data 8 and as such, implementations of the source address 6 may

include read-only memory, dynamic random access memory (DRAM), flash memory, phase-

change memory (PCRAM), spin-torque transfer random access memory (STT-RAM), resistive

random-access memory ( eRA ), memristor, or other type of computer memory capable of

retaining the block of data 08 prior to the move. In one implementation, the source address 6

is included as part of a non-volatile memory. The non-volatile memory may become corrupt

over time and/or experience wear-out from multiple writes, etc. Enabling the data move engine

1 4 to move the bloc of data from the source address 6 to the target address 0 prevents

corruption of the block of data 108, and further wear-out of the source address. In another

implementation an operating system (not illustrated) may transmit both the source address 106

and the target address 110 to initiate the move of the block of data 108.

[001 ] The block of data 8 is a sequence of bits a 'or bytes of data values. The block of

data 08 may reside at the source address 106 and upon the move by the data move engine 4

may migrate to the target address 1 During this move, the b loc of data 108 may be accessed

by the processor 112. n one implementation, the block of dat 08 is moved in cache-line

increments by the data ove engine. In this implementation, the processor 2 reads or writes

one cache line at a time, as multiple cache lines of data may correspond to the block of data 8.

Segregating the block of data 108 into the lines of data enables the data move engine 104 to

determine which lines of data have been moved, which lines have not been moved yet (i.e.,

unmoved), or are in-progress of the move.

[00 ] The target address 1 0 is a location of memory associated with the processor 1 into

which the block of data 108 is moved by th data move engine 104. The target addres 1 may

include the location of volatile memory to enable access to the block of data 8 and as such,

implementations of the target address! 0 include random-access memory, dynamic random-

access memory, static memory, or other type of memory capable of storing the block of data 8 .



[0 ] The processor includes tire target address 0 to store the block of data 1 8 The

data move engine may concurrently route the processor 112 access of the data 108 to either the

source address 1 6 or the target address 0 depending on whether the access is a read or write

access and whether the block of data 8 has been moved. The processor i 12 is an electronic

dev ice capable of including the target address .10 and as such, implementations of the processor

2 includes a computing device, microprocessor, microchip, controller, chipset, electronic

circuit, semiconductor, microcontroller, central processing unit (CPU), or other type of electronic

device capable of accessing the target address . in one implementation an operating system

(not. illustrated), associated with the processor , provides both the source address 6 and the

target address 0 to the data move engine 04. Pr v dins both addresses 6 an triaaers

the data move engine 4 to begi moving the block of dat 08 from the source address 106 to

the target address 0 This implementation is discussed in detail in later figures.

[0020] F G. 2 is a block diagram of an example memory controller 2 including a data move

engine 4 and a map 220 to redirect a processor 2 to access a block of dat 108 from a source

address 06 to a corresponding target address 0 . The data move engine 04 includes a tracker

218 to determine whether particular ine of data progression of the move of the block of data 8.

The block of data 108 may include multiple data lines and as such, the lines of data may include

various states of the move progression. For example, the tracker !8 may determine whether the

particular line of data corresponding to the block of data 108 is i the move state, ot- oved state

(i.e., unmoved), or a move-in-progress state. Additionally an operating system 216, associated with

the processor 112, initiates the data move engine 104 to move the block of data 1 8 by transmitting

the source address 06 an the target address .1 0 . another implementation of F G. 2, a cache

214 associated with the processor , flushes a cache line of data corresponding to the block of

data 8 upo completion of the move of that cache li e from the source address 6 to the target

address In this implementation, the line is flushed from the cache once the block of data 108

has been moved to the target address 1 .

[0021 ] The operating system 2 , initiates the move of t data block 108 f om the source

address 106 to the target address 110. In this manner, the operating system 216 provides the

available location into which to move the block of data 108. n this implementation, the operating



system 216 may be aware of the move of the block of ata 08, but may not track the cache-line

increments that are moved line-by-line from the source address 106 to the target address . 0 . The

data move engine 104 may transmit an interrupt when the move is complete. The interrupt signals

the operating system to flush any remaining data fr o the cache 2 4 associated with th processor

112 that may have been used during the move. Alternatively, the data move engine may signal the

cache 2 4 o flush a y remaining data Additionally, the interrupt from the data move engine 104

indicates to the operating system 216 to update a page table so the block of data is associated

with the target address and no longer associated with the source address 106. This provides

direct access to the block of data 8 at the target address 0 . This implementation is described in

detail in later figures.

[0022] In another implementation, the data move engine 104 may write a value to an internal

control register (no illustrated) to initiate the moving of the block of data 108. a further

implementation, the move of the block of data 108 may be initiated by modifying a descriptor

within the map 220. n yet a -further implementation, the move of the data block 08 may be

triggered by a condition. The condition may include wear-out detection at the source address 6,

reaching a threshold number of writes to the source address 106, and/or a policy-based

implementation by the operating system , such as on a write access, as well as other conditions

th at may be appropriate to trigger data ove These conditions are described i detail n later

figures

[00231 T map 220 is utilized to track the location of the dat block 8 given the source

address through a descriptor. In one implementation, a block of address ranges corresponding to the

target address 0 is mapped to a block of address ranges corresponding to the source address 6

The mapping is tracked by descriptors (not illustrated) kept as metadata for each block of the target

address 110. Each block of data 108 may include multiple lines of data (DATA LINE1, DATA

L1NE2, and DATA LINE3) as in the tracker 218. Although FIG. 2 illustrates multiple blocks of

data (DATA BLOCK , DATA BLOCK 2, and DATA BLOCK 3) in the map 220, implementations

should .not be limited as this was done for illustration purposes. The memory controller 102 uses

the map 220 to guide access of the given source address to redirect the data move engine 1.04 to

access the block of data 108 at the target address , when desired. In this implementation, the

memory controller 102 includes 220 to map the source address 106 to the target address 1. 1. to



access the block o f data 0 8 at the target address give the source address 106 Fo example,

the map 220 may include multiple data blocks (DATA BLOCK , DATA BLOCK 2, and DAT

BLOCK 3), the given source addresses (S SA2, arid SA3), and the corresponding target

addresses (TA , TA2, and TAJ ) For example, the r controller 102 ay direct the processor

2 to access the particular block o f data (DATA BLOCK 1 DATA BLOC 2 , or DATA BLOCK

3 } at the corresponding target address (TA , TA2, and/or TA3) given the source address (SA , SA2,

or SA3).

[0024] The tracker 2 is utilized by the data move engine 4 to track the particular hues of

dat ((DATA LINE!, DATA LI E2 an DATA E3) n the various states of the progression of

the move. I this implementation, the block of data 108 includes multiple data in es (DATA

L NE DATA L1NE2, an DATA LINES) for the data move e gine 04 to reference. When the

data move engine 104 may recei ve read or wri te operation for one of the multiple data lines, the

dat ove engine 104 references the tracker 8 to determine whether to direct access to the source

address 06 or the target address 0 . For example, transactions that arrive at the data move engine

104 are checked against moves that have been completed or in progress of occurring. In a further

example, if the transaction is a write transaction, the data move engine 1.04 checks state of the

particular line of data. If the part iculai line of data is in the not-moved yet state, the write may be

directed t the target address 1 10 for the particular l ne of data and the line may be marked as

"moved," in the tracker 2 1 The tracker may he size to keep track of each cache line i each of

the data blocks that can be moving simultaneously.

[0025] In another implementation, the data move engine 104 may determine to move the

block of data 108 from the target address back to the source address 106. In this

implementation, blocks of data . 8 may not be permanently stored at the target address 0 (i.e..

non-permanent) and ay eventually be moved back to the source address 06 . This may be due

to the operating system 6 deciding to free up a portion of the target address 0 and/or if the

block of data 8 is committed to the source address 6 for storage. The operating system 216

ma trigger the data move engine 1.04 to initiate the move. The data move engine 0 4 may

proceed to access each cache-line o f the block of data 108 from the target address 0 and wri te

each line to the source address 6. During this move, a read access request from the processor

may cause the requested line of data corresponding to the b loc o f data 108, to move out o f



sequence of the ove from the target address to the source address 6 and be returned to

the processor . Alternatively, the operating system 21.6 may track permissions to the cache

lines of data corresponding to the block of data 08 and allow read-access to the block of data

1 8. at th target address 10. n this situation, the data move engin 104 signals to the operating

system 216 when the move is complete with an interrupt, then the operating system 216 may re¬

allocate the target address 11 and/or re-enable read and write access.

[0026] FIG. 3 is a flowchart of an example method to initiate a move of a block of data from a

source address to a target address and to move the block of data, accordingly . A data move engine,

under a control of a memory controller is triggered to move the block of data. Moving the data

block from the source address to the tar-get address may prevent data corruption and device wear-out

that may occur at the source address. Additionally, enabling concurrent access to the bloc of data

during the move eliminates delays by allowing immediate access to the data throughout the moving

process. n discussing F G. 3, references may be made to the components in F GS 1-2 to provide

contextual examples. Further, although FIG. 3 is described as implemented by a data move engine

104 and/or memory controller 02 as in FIG. 1, it may be implemented on other suitable

components. For example, FIG. 3 may be implemented in the for of executable instructions on

a machine readable storage medium, such as machine-readable storage medium 604 as in FIG. 6.

[0027] At operation 302, the dat move engine is initiated to move the block of data from the

source address t the target address. The block of dat may be moved in cache-line increments

so the data move engine may track which lines of the block of data have been moved. n one

implementation, the move initiation may be triggered by an operating system. The operating system

provides both the source address and d e target address to the data move engi e n this

implementation, the initiation of the move may be generated by writing one or more values to

internal registers in the data move engine and/or by updating descriptor within the memory

controller. The descriptor is metadata associated with the source address thai may redirect: the

processor to access the block of data at the target address rather than source address. During

operations 302-306, the operating system may continue to use the source address. For example,

the operating system does not change the referenced address of the block of data in its page

tables, but rather continues to point to the source address as the location of the block of data.

The memory control ler may receive the source address of the block of data and, utilizing a table



(i.e., map), the memory controller may determine the target address corresponding to the source

address. During operations 302-306, the operating system may maintain permissions to enable

write accesses to the block of data n another implementation, the move may be triggered b a

condition or event of the source address. In this implementation, the move may be triggered by one

of the following: detection by the memory controller that the source address may be wearing out;

the memory controller detennining a certain number of writes have been reached; a policy

implementation by the operating system h these events, the memory controller and/or the

operating system may transmit an instruction o other indication to the data move engine to move

the block of data r om the source address to the target address.

[0028] At operation 304, the data move engine moves the block of data from the source

address to the target address. Once the move is initiated at operation 302, the data move engine

begins to access the block of data a the source address as indicated by the descriptor and moves

the block of data in cache-line increments to the target address. During this operation, the data

move engine participates in the processor coherency domain to request ownership of each target

address cache line and update it with data from the source address cache line. At operation 304,

the data move engine utilizes a tracker to track; the move of the block of data as it progresses. In

this implementation, the block of data may be moved line by Sine, thus the tracker determines

which Sines have been moved, unmoved, an are m-the-process of being moved. During the

move at operation 304, a processor is enabled access to the block of data a at operation 306.

[0029] At operation 306, the data move engine may enable a processor to concurrently access

the block of data during the move. Enabling concurrent access to the block of data during the

move at operation 304 provides the move in a transparent manner. The transparent manner

enables the processor to read and/or write the block of the data as i is being moved at operation

304. The data move engine utilizes a tracker to determine which lines of data corresponding to

the block of data have bee moved are unmoved, or are in-progress of being moved. In this

implementation, the data move engine may receive a transaction of read and/or write access

corresponding to a particular line of data. The data move engine uses the tracker to reference

whether the line has been moved, is still unmoved and or is in-progress of the move to

appropriately direct the processor to access the line of data from either the target address or the

source address n one implementation, the data move engine may receive the read transaction or



operation requesting read access to the particular i e of data corresponding to the block of data.

this implementation, the data engi e may provide read access to the processor from

either the source address or the target address in another implementation, the data move engine

ay receive a write operation to modif ' th particular line of data. In this implementation, the

data move engine may modify the line of data at either the source address or the target address

depending on whether the l ne of data has been moved. For example, if the line of data is

unmoved (i.e., s still at the source address), the the data move engine may modify the line of

data at the source address. f the in e of data has been moved to the target address, the data move

engine may modify the line of data at the target address. Alternatively, if the ine of data is not

ye moved, or is currently bein moved (i.e., in-progress move), the data move engine may

modify the line of data at the target address and mark that line of data as moved i the tracker.

These implementations are discussed in detail n . later figure.

[0030] FIG. 4 is a flowchart of an example method to map a block of a target: address(es) to a

bloc k of a source address(es) by using descriptors, initiating a move of block of data, moving the

b l ck of data accordingly, and completing the move. Mapping the bloc of the target address(es) to

the block of source address(es) provide a mechanism for the memory controller to generate a

correspondence between the bloc of data from the source address to the target address. This

correspondence enables the memory controller to redirect the processor given the source address to

the target address. In discussing F G. 4, references may be made to the components in FIGS. 1- to

provide contextual examples. Further, although F G. 4 is described as implemented by a data move

engine and/or memory controller 2 as in F G. 1, it may be executed on other suitable

components. For example, F IG. 4 may be implemented in the form of executable instructions on

machine readable storage medium, such as machine-readable storage medium 604 as in FIG. 6

[0031] At operation 402, a memory controller associated with the data move engine, maps

(i.e., associates) the block of the source addresses to the block of the target addresses. The block

of addresses includes range of addresses in the source address space and in the target address

space, respectively. The mapping is tracked by descriptors which are kept as metadata for each

target address block (e.g., range of addresses). The memory controller utilizes the descriptors to



guide access for the processor from the source address to the target address. Alternatively, the

mapping may remain, once modified data is committed to the source address es

[0032] At operation 404, the data move engine is initiated to move the block of data from the

source address to the target address. The initiation of the move may be implemented by at least

one of the operations 406-4 10 Operation 404 .may be similar in functionality to operation 302 as

in FIG. 3

[0033] At least one of the operations 406-41 ma be executed to initiate the move of the data

block from the source address to the target address. In one implementation, one of the operations

406- may occur to trigger the move initiation at operation 404. I another implementation, a

combination of operations 406-410 may occur to trigger the move initiation at operation 404. At

operation 406. the operating system may provide the source address and the target address to the

data move engine. At operation 408, the data move engine may write a value to a control

register. The control register is a processor register, associated w th the data move engine, which

controls the behavior of the data move engine. In one implementation of operation 408, the

control register may receive an instruction, signal, command, or other indication, signaling move

initiation. At operation 410, the descriptor, associated with the source address, ay be modified

to trigger the initiation of the move.

[0034] At operations 12-4 , the data move engine moves the block of data from the source

address to the target address in a manner which enables the processor to access the block of data

during the move n another implementation, the data move engine enables access to the block

of data by redirecting the processor data access to the target address given the source address as

at operation 4 16 Operations 4 - 4 may be similar in functionality to operations 304-306 as in

FIG. 3.

[0035] At operation , the processor may be redirected to access the block of data at the

target address through the descriptor mapped at operation 402. The source address includes the

descriptor which is mapped at operation 402, which provides the guidance to redirect the

processor to access the block of data at the target address.

[0036] At operations 418-422, upon completion of the move, the method may proceed to

operations 420-422. At operation 418, the data move engine may transmit an interrupt to the

processor. At operation 420, the interrupt signals to the processor and operating system to



initiate a flushing of the data from the associated system eac e s) hi this implementation, the

source address may be marked as unreadable as the block of data has been moved to the target

address and the block of data at the source address is an out-of-date copy. At operation 420, the

memory controller may write the descriptor indicating the move has been complete. This

descriptor write triggers the memory controller to recall the cache lines that may have been

accessed from the source block n one implementation, the memory controller may utilize its

bit-vector tracking to determine which cache lines of the block of data may have been accessed.

The data move engine may alternatively begin recalling cache lines from the moved data block

when the interrupt is signaled. The data move engine may view any updates and forward them to

the new address. The descriptor write enables the method to proceed to operation 422. At

operation 422. the operating system may update an entry within a table (e.g., page table) this

operation, the operating system may point to the relevant page table entry to re-enable access to

the block of data directly to the target address.

[0037] another implementation, rather than the method proceeding to operations 418-422

to complete the move, the data move engine may determine that the block of data moved to the

target address may be considered non-permanent. Moving the block of data back to the source

address enables memory space to be available for more active blocks of data in this

implementation, the data move engine initiates the move of the bloc of data from the target

address bac to the source address

[0038] FIG. 5 is a flowchart of an example method to initiate a move of a block of data bo a

source address to a target address, receive a read or write transaction, and access the block of data,

accordingly. Specifically FIG. 5 illustrates the method in which a processor s enabled to access to

the block of data when receiving read and/or write operation. Further, the term transaction," may

refer to an "operation," and as such the two terms may be used interchangeably throughout. n

discussing F G. 5, references may be made to the components in FIGS. 1-2 to provide contextual

examples. Further, although FIG. 5 is described as implemented by a data move engine 4 and or

memory controller 02 as in F G. 1, it may be executed on other suitable components. For

example, FIG 5 may be implemented in the form of executable instructions on machine

readable storage medium, such as .machine-readable storage medium 604 as in FIG. 6 .



[0039] At operation 5 2, the data move engine is initiated t move the block of data from the

source address to the target address. Operation 502 may he similar in functionality to operation 302

and operation 404 as in F GS 3-4

[0040] At operation 504, the data move engine may move the block of data from the source

address to the target address n another implementation, the ove may include a copy-on-write

move. The copy-on-write move may ensure accuracy of the block of data when the block of data

may potentially be modified as the move occurs. After the move, both the source address and the

target address remain active. In this operation, the data move engine may include visibiiity to write

operations so it can complete the .move of the affected cache line of data within t block of data

prior to the modification of that cache line of data. This may be achieved by the data move engine

enabling the processor access to the block of data by at least one of the following: enabling the

processor read access to the source address; enabling the processor read access to the target address;

and enabling the processor read and write access to the source address. O completion of the

move, the modified cache line of data may be directed to the target address.

[0041] At operation 506, the data move engine may receive the read or write operation. Once

receiving the operation, the data move engine may determine whether the operation which includes

the read access or write access at operation 508 to proceed to either operations -5 6 or

operations 510 and 5 , accordingly. The operation may be received by the data move engine

during the process of moving cache-line increments corresponding to the block of data from the

source address to the target address. I a further implementation of operation 506, the data move

engine may receive a block-zero operation. In this implementation, the lines of data at the source

address may be hardcoded to ail zeros, thus requiring all writes to be routed to the target address and

marked as moved by the tracker.

[0042] At operation 508, the data move engine may determine whether the received operation

includes read or write access. I another implementation, operation 508 may also determine

whether the line of data corresponding to the block of data has been moved in this implementation,

the data move engine may reference tracker (e.g., table) to determine if the ine o data has bee

moved. The tracker tracks which cache-lines corresponding to the block of data have been moved,

are unmoved, or are currently being moved (i.e., in-progress moves). This enables the processor to

modify the particular ine of data at either the source address or the target address. f the operation



includes read access, the method proceeds to operations 0 and f the operation includes

write access, ihe method proceeds to operations - 6.

[0043] At operation 5 0, upon dete ir r g that the line of data corresponding to the block of

data has not been moved or alternatively, in the unmoved state from the source address to the target

address. At operation 510, the data move engine enables the processor to access the line of data

from the source address. n this implementation, the processor may transmit a request to the data

move engi ne for a particular line of data corresponding to the block of data. The data move engine

may verify that the line of data is unmoved thus the processor may access that Sine of data from the

source address f the data move engine determines the particular line of data (e.g., cache-line

increment of the block of data) has been move from d e source address to the ta et address the

method proceeds to operation 518

[0044] At operation 5 , upon determining that the line of da t has been moved, d e data engine

allows the processor read access to that particular oe of data from the target address. In this

operation, the data move engine references the tracker to verily that the li e of data corresponding

to the block of data has been moved f the line of data has been moved, the processor may access

the line o f data from the target address.

[0045] At operations 5 12- 6, the processor may modify the line o f data (i.e., write the line of

data) at either the source address or the target address depending o whether the line of data has

been moved. The data ove engine utilizes the tracker to determine which lines of data

corresponding to the block of data have been moved. At operations 2- , the write operation

includes the line of data corresponding to the line of data in which is to he modified. At operation

12 the data move engine may determine that the line of data corresponding to the block of data is

unmoved (i.e., the line of data is still at the source address). In this implementation, the processor

may modify that particular line of data at the source address. At operation , the data move

engine may determine that the particular line of data has been moved previously fr o the source

address to the target address n this implementation, the processor may modify that particular line

of data a the target address. At operation 1 , the data move engine may determine that the

particular line of data is an in-progress move and as such, the processor may modify that particular

line of data at the target address while the data move e gine may mark thai partic ular line of data as

moved in the tracker.



[0046] FIG. is a block diagram of computing device 600 with a processor 602 to execute

instructions 606-630 within a machine-readable storage medium 604. Specifically, the

computing device 60 with the processor 602 s to initiate a move of a block of data and moving

the block of data f om a source address to a target address, accordingly. Although the computing

device 600 includes processor 602 a d machine-readable storage medium 604, it may also include

other components that would be suitable to one skilled in the art. For example, the computing

device 600 may include the data move engine 4 as i FIG. 1. The computing device 600 is an

electronic device with the processor 602 capable of executing instructions 606-630, and as such,

embodiments of the comparing device 600 include a computing device, mobile device, clie t

device, personal computer, desktop computet, laptop, tablet, video game console, or other type of

electronic device capable of executing instructions 606-630. The instructions 606-630 may be

implemented as methods, functions, operations, a d other processes implemented as machine-

readable instructions stored on the storage medium 604, which may be non-transitory, such as

hardware storage devices (e.g., random access memory (RAM), read only memory (ROM), erasable

programmable ROM, electrically erasable ROM. hard drives, and flash memory).

[0047] The processor 602 may fetch, decode, and execute instructions 606-630 to initiate the

move of the block of data and moving the block of data, accordingly. n one implementation, the

processor 602 may execute one of instructions 606- t initiate the block of dat move n

another implementation, o ce executing instruction 606, the processor 60 may then execute

instruction 614-624 to move the block of data as a copy-on- rite move. In a further

implementation, once executing instructions 606 and 614, the processor 602 may execute

instruction 626 to receive a bock-zero transaction h yet another implementation, once executing

instructions 606, 614, 616-624 and/or 626, the processor 602 may execute instructions 628-630 to

complete the move of the block of data. Specifically, he processor 602 executes instructions 606-

6 2 to: initiate the move of the data block, the initiation triggered by one of instructions 608-612;

detect a wear-out at the source address; reach a number of writes at the source address; and a policy

based implementation. The processor may then execute instructions 614 to move the block of data

from the source address to the target address, instruction 614 may include moving the block of data

line by line from the source address to the target address. Additionally, the processor 602 may



execute instructions 6 16-624 and/or instruction 626 to: move the block of data as a eopy-on-write

move; enable the processor to access the block of data by executing one of instructions 620-624;

grant read access of the block of data a the source address; grant read access of the block of data at

the target address; and grant read and write access of the block of data at the source address.

Finally, the processor 602 may execute instructions 628-630 to: complete the move of the block of

data; and upon the move completion, a descriptor associated with t e target address is updated so

the block of data is associated with just the target address rather than with both the source address

and the target address.

[0048] The machine-readable storage mediu 604 includes instructions 606-630 for the

processor to fetch, decode, and execute. n another implementation, the machine-readable storage

medium 604 may be an electronic, magnetic, optical, memory, storage, flash-chive, or other

physical device that contains or stores executable instructions. Thus the machine-readable storage

medium 604 may include, for example. Random Access Memory (RAM), an Electrically Erasable

Programmable Read-Only Memory (EEPROM), a storage drive, a memory cache, network storage,

a Compact Disc Rea Only Memory (CDROM) and the like. As such, the machine-readable

storage medium 604 may include an application and/or firmware which can be utilized

independently and/or in conjunction with the processor 602 to fetch, decode, and/or execute

instructions of the machine-readable storage medium 604. The application and/or firmware may be

stored on the machine-readable storage medium 604 and/or stored on another location of the

computing device 600.

[0049] n summary, examples disclosed herei provide an effective and transparent manner to

move a block of data by enabling a processor access to the block of data concurrently during the

move.



CLAIMS

We claim:

. A method, executable by a computing device to move a block of data between a source

address arid a target address, the method comprising:

initiating a date move engine to .move the block of data from the source address to the

target address; and

moving the block of data from the source address to the target address in a manner which

allows a processor to concurrently access the block of data during the move

2 . The method of claim 1 wherein to allow the processor to concurrently access the block of

data during the move is further comprising:

.mapping a block of the target address to a block of the source address by a descriptor

associated with the target address; a d

redirecting the processor to access the block of data at the target address when the source

address is presented.

3. The method of claim 1 wherein i iating the data move engine to move the b ock of data

from the source address to the target address s further comprising:

providing, by the operating system, the source address and the target address to

the date move engine

4 The method of claim 1 wherein initiating the data move engine to move the block of data

from the source address to the target address is further comprising one of the following:

writing to a control register associated with the data move engine; and

modifying a descriptor associated with the source address.

5. The method of claim .1 further comprising:

receiving a read operation corresponding- o a line of data in the block of data;

accessing the block of dat fro the source address if the line of data has not yet been

moved to the target address; and



accessing the block of data ro m the target address if the line of data lias been moved t

the target address

6 The method of claim I further comprising:

receiving a write operation corresponding to a line of data in the block of date;

modifying the ne of data at the source address upon a determination the line of data

corresponds to an unmoved line of data;

modifying the line of data at the target address upon a determination the line of data

corresponds to an in-progress move wherein the line of data is marked as moved; and

modifying the line of data at the target address upon a detern ation the line of data

corresponds to a oved line of data.

7. The method of claim further comprising:

Hushing data from a cache associated with the target address; a d

updating a table, by the operating system, to reference the block of dat from the target

address rather than the source address upon completion of the move.

8 A memory system comprising:

a data move engine to

receive, from an operating system, a source address and a target address: and

move a block of data from the source address to the target address upo receiving

the addresses, wherein the data move engine enables a processor to access the block of

dat at the target address concurrently during the move by guiding the processor to access

the bloc of data a the target address when given the source address

9. The memory system of claim 8 further comprising:

a memory controller to map the source to target address, wherein the map guides the

processor to access the block of data at the target address g en the source address; and

a cache, associated wit the processor, to flush a line of data corresponding to the block

of data upon the move completion.



The e ory system of claim 8 wherein data engine is further comprising a

tracker to record when a line of data corresponding to the block of data has been moved from the

source address to the target address, further wherein th data move engine is further to:

rece e a wr e operation corresponding to the l ne of data;

utilize t e tracker to determine whether the line of data has been moved;

modify the line of data at the target address based upon the determination the line of data

has bee moved; and

modify the line of data at the target address upon the determination the line of data

corresponds to an in-progress move, wherein tracker records the line of data as moved.

. 1. A non-transitory machine-readable storage medium encoded with instructions executable

by a processor of a computing device, the storage medium comprising instructions to:

initiate a data move engine to move a block of data from a source address to a target

address: and

move the block of data from the source address to the target address in a . manner which

allows a processor to concurrently access the block of data during the move by directing the

processor to access the block of data at the target address given the source address.

12. The non-transitory machine-readable storage medium including the instructions of claim

.1 wherein to initiate the data move engine to move the block of data fi om the source address to

the target address is triggered by one of the following conditions:

wear-out detection at the source address;

reaching a number of writes to the source address;

policy-based implementation by an operating system.

The non-transitory machine-readable storage medium including the instructions of claim

an further comprising instructions to:

upon completion of the move of the block of data, update a descriptor in a memory

controller, the descriptor corresponds to a locatio of the block of data in the target address.



. The non-transitory machine-readable storage medium including the instructions of claim

wherein the move includes a copy-on- rite move a d further wherein the data move engine is

further comprising instructions to enable the processor access to the block of data by one of the

following: enable the processor read access to the source address; enabie the processor read

access to the target address: a d enabie the processor read and write access to the source address.

15. The non-transitory machine-readahie storage medium including the instructions of claim

and further comprising instructions to:

receive a block-zero operation wherein the data move engine restricts read access to

line of data corresponding to the block of data that has bee previously moved.
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