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first processor. The first processor may be associated with a first memory. A
portion of memory may be allocated from the first memory in response to
the application thread requesting memory of a first type. A portion of
memory from a second memory associated with a second processor may be
allocated in response to the application thread requesting memory of a
second type.
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ALLOCATE MEMORY BASED ON MEMORY TYPE REQUESY
BACKGROUND

{0001] New memory technoiogies, such as non-volatile mamory hold the
provise of jundamentally changing the way computing systems operate.
Traditionally, memory was fransient and when a memory system lost power, the
corerts of the memory were lost. New forms of nonvolatile memory, inchuding
resistive based memaory, such as memiisior or phase changes memory, and
other types of nonvolatile, bvte addressable memory hold the promise of
revolutionizing the operation of computing systems. Byle addressable non-
volatile memory may retain the ability 1o be accessed by 3 processor via load
and store commands, while at the same time taking on characieristics of
persistence demonsirated by block devices, such as hard disks and flash

diives.

BRIEF DESCRIPTION OF THE DRAWINGS

fepog) Fia, 1 depicts an example system that may utilize the allocate
memory basad on memaory typs request tschniques deseribad herein.

foqadt FIG, 2 depicts ancther sxample system that may utilize the
aliceats mamary based on memory tvpe regquest tschnigues described hersin.
{0004 FiG. 3 depicts an example flow diagram for instructions
execidable by & processor (o implement the sliccate memory based on merry
fype request lechnigues desanibed herein.

[oDOS] Fia. 4 depicts another example Sow diagram for instructions
exacutable by a processor to implament the allbcate memary based on memory
type reguest techniques described herein.
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[0gos] FIG. 5 depicts an example fow disgram for 3 method
implementing the allocate memory based onvmemory ype request techniques
described herein.

foony} FIG. 8 depicts an example flow diagram for a method
implementing the allocate memaory based on memory type request iechnigues
described herein.

DETAILED DESCRIPTION

{OG0R] Although the new non-volatile memory technologies have the
possibifity (o significantly alter the futurs of computing, those technologies ars
generally not ready for mainstream sdoplion. For example, some naw memory
technoiogies may stitt be experimental and are not available cutside of ressarch
faboratory snvironmments. Qther technologies may be commercially availghls,
but the current cost is oo high to support wide spread adoption. Thus, a
pargdox arises. His difficult o develop new software paradigms that make use
of the new forms of memary without having thoss ypes of memories avsilable
for development use. Al the same fime, the lack of new sofhware paradigms
discourages the economic forces that would cause widespread adoption of the
new memory types, reswdling in greater availability of the new memary types. in
other words, #is difficult o write software T new types of mermary when that
new type of memory s not yet available, while at the same time, there s no
driving force {0 make that new fype of memory more widely available, when
there is oo software capable of using the new type of memory.

{0609} Techniques described heren provide the abilly {o emudate the
naw fypes of memaory without having 1o actually have the new types of memory
available. A computing systen, such a3 3 non-uniform memory access (NUMA}
system may nclude mullipls processors. Each of those processors may be
associated with 2 mamory. i some cases, the memory may be a readily
avaifable memaory technology, such as dynamic random access memory
{DRAM).
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o010} An emulator may be provided. The emulator may cause an
apptication program thread 0 be bound (0 one of the processars {(8.g. sven
though the sysiem may include mulliple processors, the instructions that make
up the applivation Byread will always executs on the processor o which it is
hound}, When the appiication thread allocates memaory that is {o behave as
readily available memory {e.g. DRAM), the meamory may be allocated from the
memory associated with the processor to which the application thread is bound.
{00111 When the application thread wishes 1o allocate the new fype of
memary {8.g. nonvolatile mamory (N}, the srmulator may cause the memaory
i be giiocated from the memory associated with a processor that is different
from the one o which the application thread s bound.  In otherwords, the
memory associated with the different processor may be used o emulate the
new type of memory. When the application thread attempts 1o access the new
type of memory, the emulator 8 aware because the meamory access involves
access to g processor other than the one to which the application is bound. For
axample, the processor (o which the application s bound will know, through
nonmal NUMA mechanisms, when a mamory access 5 {0 memary associated
with a different processor,

o012} The emulator may then introduce charactersiics of the new type
of memory that is being emulated. For example, some types of NVM may have
a latency that is greater than DRAM. When emulaling NVM, the emudator may
introduce a delay whenever memory is accessad that is not associated with the
processor (o which the application thread is bound. The injecied delay may
emiate the additional latency of the NVM. As yet ancther example, some new
types of memory may ba more prone {o errors than DRAM. Similarly, when
accessing the emulated memory on the other processor, the emulator may
indroduce eros to emulale the higher susceptibiiity o arors of the new fype of
memory.

{80133 Whiat should be ungdersicod is that the techniques described
herein may cause requesis for non-emulated memaory o be satisfisd from
memory directly associzted wilth the processor o which the applicalion twead i
bound., Requesis for the emulated new types of memory may be satisfied from



WO 2017/105441 PCT/US2015/066130

a processor o which the application thread is not bound. Thus, any access o
e new type of memory will need to draverse the processor 1o which the
application is bound and be serviced by the other processar, thus providing the
emlator with an indication that emulated memaory is being accessed. The
amuiator may then intraduce any characteristic of the amulated memory that is
desired {e.g. addiionsl latency, addifional errors, &), The techniques
described herein are not limited o any particudar characteristic.

{0014] FIG. 1 depicts an example system that may ulilize the allocate
memary baged on memory type regquest technigques desoribed heyadn:
Computing systerm 100 may be a NUMA computing system. Although
computing system 100 is shown within a singls outling box, it should be
uniderstood that a NUMA system is not limited to any particudar architecture. In
general 3 NUMA systam is one in which sl memory within the system is
accessible by all processors within the system, howaver the amount of time
needed 1o access the memaory may be dependent on the locality of the memory
10 & given processor. The techuiques described hersin are applicable to any
type of NUMA system, regardless of its architectre.

[O015] Computing system 100 may include g first processor 110-1and a
sacond processar 110-2. Although only two processors are shown, i should be
understood that the computing system may also include more than two
processors. Each of the processors 110-1,3 may be associated with @ meamory.
&g showrn, memory 1158-1 is associated with processey 1186-1, while memory
115-2 is associpted with processor 118-2. As previdusly mentioned, i a NUMA
system, sach processor is able {o access all memory in the system, regardiess
of which processor the memory is associated with. For example, for processor
1101, the mamory 115-1 may be referred {© a3 the local memory, while the
memory 115-2 may be referred {o a3 remole memory. The DIrocessor may
access the local memory vig the memaory bus {(not shown) associated with
processor 110~1, However, f the processor 1101 wishes 10 access memory
115-2, the processor 110-1 must send 8 request o processor 110-2, Pracessor
110-2 may then access iy focsl memaory {in this case memory 115-2}.
Processor 110-2 may then send the resuls {o processor 110-1. # should be
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(93]

noted that sach processor is aware of, and may maintain counts of, when a
MBMIONY 3CCess is 10 s beal memory or {0 g remote mesniary,  In ather words,
ach processor knows when a memory access regqueast is 1o ds local or 3 remicte
memory. The processor may make this information available to the operating
system andior emudator. For example, the processor may make this information
availabie via performancs courters.

[0818] Computing system 100 may also include a nondransdary
procassor regdabls medium 120 containing a st of instructions thereon. Ths
medium may ba coupled {o the processors 110-1,2. The medium may conlain
fnstructions thereon which when sxectded by the processors, cause the
grocassors 1o implement the techniques described hersin, For example, ths
medium may include amulator instructions 122, Amaong other things, the
amuiator instructions may cause the processor 10 use the first memory for
regquests io allocate volatile memory and use the seoond memory for requests
to allocate non-volatile memory. Operation of computing system 100 s
described in further detall below.

i R FIG. 2 depicts another example system that may utilize the
aliocale memory based on memory type request techniques desciibed herain,
Many of the components described in FIG. 1 are giso included in FES. 2 and are
simndlarly numbered. For example, computing system 200 is simidlar to
computing system 100, processors 10 are similar 1o processars 110, memaory
215 is similar to memory 115, and medium 220 is similar o mediuny 1280 For
gase of undsrsignding, the descriplions of those slements are nol repaaied
here,

[o018] Non-transitory medium 220 may also include memory allocation
nstructions 224, The meamory alfocation instructions may be executed o
alfocate the memory 215-1,2 as will be described in furthey detall below. The
medium may also include delay injection instructions 226, The delay injection
instnctions may be used {o nject delays o memory accaess in order to emulate
difarent types of memary. Qperation of computing system 200 s described in

farthar detait badow,
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{0619} In operation, a user may wish (o emulate 3 system that includes
both regular memony 85 well as.a new memey lechnoiogy, when the new
memary schnolagy is not vet availahle for inclusion in an actual system. The
user may utilize the emudator and the technigues described herein to amulate
such a system. For purposes of this description, regudar memory may be
referved {6 as volatile mamory, DRAM, or the first memory type., The new
memory lechnology may be referred {0 as non-volatile memory, NVM, emulated
non-volatile memory, o the second memory type. However, # should be
understood that this is for ease of description only. The techniques described
herein gre usable with any type of memaory, regardiess of the memory being
volatile of non-volatile

[O820] For example, the user may wish to emulate the sxecution of an
application thread 250 on a system that includes both DRAM as well as NVM,
however the NVM may not vyt be available. Using the emulator instructions
222, the user may execute the application thread 250 on computing system
200, The smulator instructions may cause the application thread 1o be bound {o
one of the processors in the computing system. As depicted by the dashed ling
surrounding processor 210-1 and application thread 250, the application thvead
may bebound {0 processor 21041, Binding an application thread 1o a8 processor
may maan that all instructions that comprise the application thread are axeculad
by the processor 1o which the application is bound, regardiess of if other
processors in the system exist, in other words, from the perspective of the
application thread, the system consists of only one processor, and that is the
procassor to which it is bound.

[0021} The application thread may desive {o allccate memory. In some
cases he goplication thread may desire o allocate volatiie memory, while in
ather cases, the application thread may wish to allocate non-volatile memory.
The compuling system 200 may provide memory allocation instructions 224 (o
allow the application thread 1o request meamory allocation:. The operalion of
memaory aliocation instructions is describad o further detall delow.

g} I ane implementation, memory allocation instructions 224 may
nclude separate functions for allocating volatile meamory and NYM. in other
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implementations, s single funclion may be provided, with the function sliowing
the-apphcaticn thread (o spaedify the type of memory thatis baing requested.
Regardiess of implementation, the memory gliocation function receives the
request for allocation of memory of a cerlain type. Whan the memory allocation
reguest is for the frst type of memory, the aliocation regquest may be satisfied
from the memory associated with the processor o which the application thread
is bound. As shown, when a mamary allocalion request for volatile mamory 252
is received, the memory i aliocated from the memaory 21851, which is the
msmary associated with processor 210:1, the processor o which the
appitcation thread 250 s bound.

fo023] Likewise, when a memory request for allocation of emudated non-
volatile memary 254 s received, the memory alfocation requeast is fullilled by
allocating memory that is assodated with a process 0 which the application
thread is not bound.  As shown, emulated non-volatile memaory 254 i3 allocated
from memory 215-2, which is associated with processor 216-2, to which
application thread 250 is not bound.

{00241 NLIMA systems include allocator mechanisms thal allow & caller to
specily the locslity of memory used to fulfill a memory request. For example,
the allocation meachanism can spacify that lncal memory is to be uselo satistv a
memory request. Likewise, the allocation mechanism may specify that remote
memory Is 10 be used to satisty the memory request. Thus, when application
thread 250 requests volatile meamuary, the aliocation instructions can specify that
focal memory be gliocated (o satisly the request. Likewise, when NvM is
requasted, the allocation instructions may specify that remote memory is
aliocated.

§0025] Whart the application thread attempis 1o access either the wolatile
or emulated non-volatile memaory, the procassor will know whether that memory
is local or remote based on the NUMA allocstion mechanisms described above,
i the case whers the appdication thvead s accessing ernuiated non-wlatile
memaory, the smulation instructions may inject characteristics that may smudste
fhe characlteristics of NVRL For example, in one implementation, the NVM may
have greater latency than DRAM. In order to emulate this latency, delay
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injection nstructions 228 may be used {o inject a delay for performed non-
volatile memory-accesses at the boundaries of pre-defined ime intervals. v
other implementations, the delay may be fixed, or propartional fo the ratio of
access o the frst and second type of memory. I fact, the characteristic to be
injected need not be limited Yo a delay. For example, i some cases, the
sacond type of memory may have an error rate that is higher than the first type
of memory. in order to emudate the higher error rate, the emudator may inject
arrors when gocessing the memory of the second type. The rate of injection of
rrors may be used {o emudate the second type of memory and the rate of
fnjection allered o emudate different ervor rates. What should be undersiood is
that the techniques described herein allow aocess (o the memory of the second
type {0 be detected. Characieristics of the second type of memory, such as
fadency or error rate, may then be injedted in order to emudate the second type
of mamaory, aven though the systerm is not actually squipped with any of the
second type of memaory. Thus, development of softwars o utilize the second
type or memory may procesd, even though the second type of memory is not
available.

[002s) The preceding description has generally referred o as an
anplication thread, Howsever, ¢ should be understond that the teddwiigques
desoribed herein are not limited Yo any particudar type of application thread., For
axample, the applicalion thread Hself may be some fype of virtua! system, such
as a virtual machineg or container that is under the contrad of @ hypervisar. The
emudator may be used o cause the hypervisor 1o aliocate memory o the
application thread in accordance {0 the techniques describad sbove.

[0027] For example, in 8 virtlual maching implemantation, the memoy
associated with the second Hrocessor may be reserved through configuration of
thes hypervisor, such that the memory associsted with the sescond processor is
not available for allocation by the hypenvisor. Thus, only the local memory 8
made available to the hypervisor, and accordingly 1o the software stack of the
virtual machine running under the control of the hypervisor,

{oges] The remote memory may then be explicilly mapped by the
emulator to a spedcific part of the address space of the virtual machine that is
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designated as representing NVM. For example, the memory could be mapped
2% a character or ook device that represenis the memay, 85 a2 memay based
file system, through direct kems! modification of the virfual machine, or any
agther mechanism. What should be understood is that all memaory thatisto
amuiate the second type of memary s allocated from the remole memeoary. Onge
thig is established, access 10 the remole memory can be detected, and the
desired emulated mamory characterisios may he injected.

{0028] FIG. 3 depicts an example flow diggram for instructions
sxecitable by @ processor o0 implement the allocate memory hasaed on mesmory
type request techniques described herein. For example, the instructions may
be stored on the nondransitory medium desoribed in FIGS. 1 and 2. In block
310, an application thread may be bound o 8 fIirst processor, the first processor
associated with a frst memory. As desaribed above, each processorin g
NUMA type sysiem may be associated with its own memaory. An application
thread may be bound 10 a processor, meaning that the processor executable
instructions that for the application will be executed on the processor 1 which
the application thvesd s bound, regardiess of the tofal number of processors
within the NUMA systen.

0030 rvblock 326G, a portion of memory may be gllocated from the first
mEmory in response o the application thread requesting memory of 8 first ype.
in other words, when the applicalion #wead requesis meamory that is not
intended i have additional characteristics imposed on ¥ {e.g. non-emulated
mamaory), the memory will be allccated from the meamory thal is associated with
the processor o which the application is bound. Thus, access to non-amulated
memaory will not need 10 involve any other processors within the NUMA system.
{0031 iy block 33G, a portion of memory may be allocated from a second
mamory, the second memory associated with a second processor. The
allocstion of the memaory associated with the second processor may be in
response o the application thread reguesting memory of & second type. In
other words, when the apphication thread reguesis memaory that is intended 1o
have additional charactenstics imposed on it {g.g. emulated memory), the
memory will be allocated fom 8 memory associated with a processor that is
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differantfrony the one to which the application thread s bound. Thus, secessio
smdated memory can be detecled, because the aocess will involve
communication behween the processor 1o which the application is bound aad the
procaessor to which the second memory is associated.

{06323 FIG. 4 depicts ancther example flow dlagram for instructions
gxacuiable by a processor o implamant the allocate memaory Dased on memony
type requast techniques described herein. For example, the instructions may
ba stored on the non-fransitory mediun descrtbed in FIGS. 1 and 2. By block
418, just a5 above iy block 310, an gpplication thread may be bound {o g first
PrOCessor.

fo033} in one example implementation, in block 428, 3 first memory
aliceation function may be provided for allocating mermary of the firsttype, For
gxampie, many programming Bnguages indude a funclion, such as malioa(,
that may be called whaen an application thread desires to allocate additional
memory. In block 438, a second memory allocation funclion may be provided to
allocating memory of the second type. For example, a function pmalioc() {i.e.
persistent maliod) may be provided for allocating memaory that is to emuiate
NVML When an application thread wishes {o allocate the first type of memary
(&4, regular memory), the first function is called. When the applivation thread
wishes W allocate he second type of memory {e.g. emulated NVM or other type
amuiated meamory} the second funclion s calied. | should be undersiood that
the function names mentionad above are merely examples, and ave not
intended © be Emiting.

[0034] in ancther example implementation, a memory allocation function
may be provided wherein the function takes as an input the type of memory to
be aifocated, For example, the malloc(} function described above may be
modified o allow the application thread o specify whether the first or second
type of memory i3 being requestad.  Although bwo axample implementations are
sdescribed, {should be understond that these are merely examples. The
techaiques described herein are applicable regardiess of the specaific

mechardsm used o sllocate memory. Any mecharism that aflows an
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apphcation to specify the type of memory {e.g. regular vs. emulated) requested
are sullablefor use,

[0035] in hlock 450, just as above in block 320, 5 portion of memory from
the first memory may be allocated in response 1o the application thread
reguesting memaory of a first fype. For example, it the application thread
regquestad memory of the frst bype using the provided funclion descnbed in
block 420, or spacified the type as in block 44{, ihe reguest is salisfied.
Likewise, in block 480, just as in block 330, a portion of memory form the
second memory may be alfocated in response ta'the spplication hread
requesting memory of the second type. As above, the reguest may come fram
a function provided {0 request the sscond type of memory a8 described in block
4345, or from specifving the type of memory requested as described in block
440,

{0038} it block 470, a ratio of access {o memory of the second typs may
be determined. An injected delay may be proportional to this ratio. For
axample, in some implementations, the characteristic to be imposed on the
smulated memoly may be an additionsl delay. This delay may be used o
sndate the additional lalency causad by the emulated NVM. Inone
implementation; the delay may be delermined hased on each non<paralisel
access {o the second type of memory. in other implementations, the delay may
he basad an a ratio of the amount of memaory accesses 1o the second tvpe of
memory v$ access 1o all memory, and the inbroduced delay may be proportional
o that rgtic. In vel othst implementalions, the delgy may be 3 fixed value, |
should be understood that the lechnigues described herein ave not limiled to
any particular machanism for calculating the delay. The first processor may
include counters, such as performance counters, that may count the number of
P stalt oycles due to memory accesses o the second type of memory
through the second processor. Thase parformances courtters may be used
when calculating the ratico of memory access types.

{0037} in fact, the techniques described herain are not limited o
introducing a delay. As mentioned above, ancther characieristic of the memory
0 be emulated may be that the emulated memory has a bigher error rate.



WO 2017/105441 PCT/US2015/066130

12

Thus, once s determined that a memory access is {0 the second type of
memary {8.g. emulated mamoryd, the desired charactaristic {e.g. higher erroy
rate} may be injectsd by the emudator. The technigues desonibed herein may be
used to determing when the first or sscond type of memaory s bising accessed,
and those techniques are applicable regardiess of the characianistic that is o be
injectsd,

{0038 in block 480, a delay may be injected whan access the second
typs of memary. For example, when emulating NVM with & higher latency than
DRAM, access 10 the second type of memory can cause & delay o be
introduced. However, as mentioned sbove, the techniques desoribed hersin are
not imited o emulating increased latency. Forexample, ifa higher errarrate is
helng emudated, amrors may be injected when accessing the second type of
memory. The technigues desoribed herein are not limited o the injection of any
partioular ype of emulated charactedistic, In addition, as explained above, the
technigues described hersin are not imited to any specific typs of application
thread. B some sxamples, the application thread dself may be a virtual system,
such as g virtual maching, container, or other type of virtlual system that is dssif
smuiating another computing system.

0038 FIG. § depicts an example fow diagram fora method
implementing the allocate memory based on memory vpe request lechriguss
described hersin, The method descnibed may be implemented by the system
described In FIGS. 1 and 2. For example, the methodd wigy be implemented as
ihe nstructions contained on the nontransitory processor readabie medium
described sbove. In block 518, a system comprising & first and second
processor, the first and second processor associated with a first and second
memory respectively, may execute an emulator. For example, the system may
ba g two processar NUMA system, with each processor associaled with its own
memory. The system may exacute an emulsior o emulate characteristics of
different types of memary.

{50481 in hiock 520, an application thread may be pinnsd o the first
processor. As sxplained sbove, binding an application thread 1o a procassor
means that the processor executable instructions that make up the application
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thread are only exscuted by the processor (o which the application thread is
bourkl, regardiess of the nimber of processars available within the NUMA
syatem. Binning an application thread fo g processor may be syaonymous with
binding the application thread to a processor,

fo041] i block 530, the emulator may alfocate memary to the application
thread from the first marmory of the second memorny, based onthe type of
memory requested. As explained above, the application thread may reguest
non-emuiated memory, which is then allocated from the memaory assoctated
with the processor (o which the application thread is pinned. The application
thread may also request smulated memary, which is then aliocsted from the
memory associated with a processor to which the application thread is not
pinned.

{00423 FiG. 8 depicts an example fow diagram for a method
implementing the allocate mamaory based on memory type request technigues
described herein. The method described may be implemented by the system
described in FIGE. 1 and 2. For example, the method may be implemented as
the instructions containgd on the non-transitory processor readable medium
described above. The flow disgram of FIG. 8 is similar to the one described in
FIG. 5. Forexample, Block 810 is sirallar o block 518, i whith g gmulator is
axacuied on g mudtiprocessor system.  Likewise, block 820 is shdlar 1o blogk
52Q, in which an application thread is pinned o a frst processor. Finally, block
830, is similar to block 538, in which the emulator aliccates memary 0 the
application based on the type of memory requesiad by the application.

{0043} in block 840, g delay may be injscted by the emulator when
accessing the sscond memory. As mentionsd above, in ong example
irpementation, the second memory may be used 1 enuiate a memaory with
higher iatency than the firsst memory. An injecited delay may be usad to emulate
that higher iatency. However, it should be undersiood that the technigues
described havain ars not mited o' injecting 8 delay. For exampde, in soms
sxample implementations, srror may be introduced 10 ermuliate g hgher errar

rate of the second type of memorny: The fechniques described herein are not
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limited 1o the injection of any particular type of characteristic on the second type

of memory.
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We Clainy:

1. A pon-fransitory processor readable medium containing instructions thereon
which when executed by a processor cause the procassor o

hind an appiication fhread o g first processor, the first processor
associated with 2 first memonry;

aliocate a portion of memory from the first memory 11 response o the
application thread requasting mamory of a first typs; and

gliocate a portion of memory fram a second meamaory, the second meameary
associzted with g second rocessr, i response {o the application twyead
requesting memary of a second typs.

2. The medium of claim 1 further comprising instrections to:

injgct a delay when accassing the seconyd ype of memaory.

3. The medium of daim 2 whersin the second type of memory emulates non-
volatile mematy and the delay emulalies atency charactenistios of the emulsied
non-volatie memory.

4. The medium of daim 2 further comprising:
determing a ratio of access fo memory of the second type, wherain the
injected delay is proportional to the ratio.

&. The medium of claim 2 wherein the 1atio is determined based on protessor
parformance counters,

&. The medium of claim 1 further comprising:

provide a fisst memory allocation function for sllocating memory of the
firat {ype; and

provide a second memory gliocation funclion for sllocating memary of the

sscond type.
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7. The medium of claim 1 further comprising:
provide & memory alfocation funclion, whearein the funclion {ekes as an

input the type of memory 1o be allocated.

&. The medium of claim 1 whereln the application thread is a vidual machine.

8. A system comprising:

a fivst processor coupled 1o a first memory;

g seoond processor coupled 1o g second memory,; and

smulalor instauclions executable by the frst angd secand processors, the
amulator instructions causing reguests for allocation of volatile memory o uss
the first memory and requests for non-volatile marmary 1o use the second
FSMoTY.

10. The system of claim 8 further comprising:
njecting a delay when accessing the second memory.

1. The system of claim 8 wherein the first and second processors form a non-
uniform memory access systent.

12. A method comprising:

axecuting, by a system comprising a first and second processor, the first
and sscond processor associated with first and second memory respactively, an
ewiaton

pinning an application thread o the first processor; and

allocating, with the emulator, memory © the application thread from the
fist mernory or the second memory, basad on the type of memory requeastad.

13. The method of claim 12 whereln the second memory emulates nonwvalatile

memony.

4. The method of claim 13 further comprising:
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injecting a delay, by the emulator, when accessing the second memary.

15, The method of dlaim 12 wharsin the gpplication thread is a virtual machine.
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