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DEVICE AND METHOD FOR ENHANCING ITEM ACCESS
BANDWIDTH AND ATOMIC OPERATION

TECHNICAL FIELD

The disclosure relates to an item management témiyoand in particular to
a device and method for improving an item accesslwalth and atomic operation,

and a computer storage medium.

BACKGROUND

A Network Processor (NP) is an Application Speclfistruction Processor
(ASIP) designed for network applications; the ASHas its own structure
characteristics and specialized circuit designapoly to network packet processing;
besides, it is a software programmable chip. Theshibles a network system to have
high performance and flexibility.

The NP is applied to different situations. Types table lookup, item
capacities, sizes of item entry and requirementsabie lookup performance have
great difference, so the technical problems to digesl include the following two
aspects:

1. the NP manages items, requiring seamless artiefaulookup under the
condition of realizing a certain update performarfeer the storage of an item with
big single entry width, multiple memory addressemyrbe needed to store a single
entry; so, in an item update process, it is esfigaimportant to ensure an atomic
operation of the item; and

2. when the item is stored in an off-chip memonye do the influence of its
own structure, an access bandwidth in an item lpgkwcess is also the problem to

be solved.
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In view of this, the disclosure is intended to pdeva device and method for
improving an item access bandwidth and atomic dijgeraand a computer storage
medium, which at least improves an access bandwligling item lookup and ensures
that the atomic operation can realize a seamled$aattless lookup.

The technical solutions of the disclosure are imyaeted as follows.

The disclosure provides a device for improving temiaccess bandwidth and
atomic operation, which includes: a comparison nfmda cache, and a distribution
module;

the comparison module is arranged to: after a Ipaleguest is received from
a service side, determine whether an address poiotdy the lookup request is
identical to an item address stored in the cadhéhey are identical, and a valid
identifier vld is currently valid, directly returitem data stored in the cache to the
service side without initiating a request for laakiup an off-chip memory, so as to
reduce accessing the off-chip memory; and if theyret identical, initiate a request
for looking up the off-chip memory, so as to pragesccording to a preset rule, item
data returned by the off-chip memory in such a Wet an atomic operation existed
in item updating can realize a seamless and faslt®okup in an item lookup process;

the cache is arranged to store the item data anitetin address; and

the distribution module is arranged to identify wWier the data to be returned
to the service side is the item data in the cachbeditem data in the off-chip memory,
and then return the data to the service side.

In the above solution, the comparison module ith&rrarranged to determine,
according to the first preset rule, whether thereskl pointed to by the lookup request
is identical to the address stored in the caclodyding any one of the following ways:

way 1: if a vid corresponding to a low first-thresihM bit address is
completely valid, and the high second-thresholdiN adldress is identical to the
address stored in the cache, returning data ircdlebe to the service side, and not
updating the data in the cache; if the addressesatridentical, not updating the data
in the cache, and sending the data returned bgffiehip memory to the service side;

way 2: if the vld corresponding to the low firstéshold-M bit address is
partially valid, not updating the data in the caded sending the data returned by the
off-chip memory to the service side; and

way 3: if the vld corresponding to the low firstéshold-M bit address is
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invalid, updating the data in the cache, and senthie data returned by the off-chip
memory to the service side;

herein both M and N are natural numbers, and tine auM and N is a bit
width requested by the service side.

In the above solution, the device further includes:

a first mediation module arranged to perform meaiabetween writing data
into the cache by a central processing unit antingrithe item data returned by the
off-chip memory into the cache;

a control module arranged to manage vld bits arneragne when to initiate
an update operation on the off-chip memory; and

a central processing unit arranged to configureragice item, and for the case
of single-burst item update, give an instructionwsiting a single-burst item; the
central processing unit is arranged to, after trediation by the first mediation
module, write the high second-threshold-N bit addref the item or the item data
into the cache by taking the low first-thresholdeM address as an address, set a vid
register corresponding to the address through thra@ module, and give an
instruction of updating the off-chip memory to cdetp the item update; herein both
M and N are natural numbers, and the sum of M arisl tRe bit width requested by
the service side.

In the above solution, the device further includes:

the first mediation module arranged to perform ragdn between writing, by
the central processing unit, data into the caclikveniting the item data returned by
the off-chip memory into the cache;

the control module arranged to manage the vld doid determine when to
initiate the update operation on the off-chip meynor

the central processing unit arranged to configheeservice item, and for the
case of multiple-burst item update, give an ingtamcof writing a multiple-burst item;
after the mediation by the first mediation modullee first burst writes the high
second-threshold-N bit address of the item or tiwa idata into the cache by taking a
value obtained by left shifting the low first-thhedd-M bit address for 2°S bits as an
address, the vid corresponding to the address i® sethrough the control module,
and the instruction of updating the off-chip memdynot given; the second burst

writes the high second-threshold-N bit addresshefitem or the item data into the
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cache by taking the value obtained by left shiftihg low first-threshold-M bit
address for 2”°S bits plus 1 as an address; theovtdsponding to the address is set to
0 through the control module, and the instructibmpdating the off-chip memory is
not given; at the same time, the vid of the finstdb is set to 1, and an instruction of
updating a vid item is given; by analogy, when &uegress of the penultimate burst
returned by the off-chip memory matches the addrelstined by left shifting the
low first-threshold-M bit address for 2°S bit, +StBe vid corresponding to the last
burst is set to 1, and the instruction of updating off-chip memory is given to
complete the item update; herein both M and N ateral numbers, and the sum of
M and N is the bit width requested by the servide.s

In the above solution, the device further includes:

a lookup information storage module arranged toeséotable lookup request
and multiple-burst flag information;

the comparison module is further arranged to,Herdase of single-burst item,
determine whether the vld corresponding to the fiost-threshold-M bit address of
the lookup request is valid, and if it is validitizite a lookup of the cache by using the
low first-threshold-M bit address of the lookup wegt, and obtain a lookup result; the
comparison module is further arranged to parsdableup result, compare the found
address with the high second-threshold-N bit addoésthe lookup request, and if
they are identical, directly return the result framche lookup to the service side
through the distribution module, not initiate trexuest for looking up the off-chip
memory, and read and discard data in the lookugrnmdition storage module; herein
both M and N are natural numbers, and the sum ahMN is the bit width requested
by the service side; and

a second mediation module arranged to perform rtiedidetween reading
the cache by the service side and returning readfnthe cache by the off-chip
memory;

the off-chip memory is arranged to store a lookemi

In the above solution, the device further includes:

the lookup information storage module arranged ttiresa table lookup
request and multiple-burst flag information;

the comparison module is further arranged to, lier ¢ase of multiple-burst

item, and when there are 2"S multiple-burst iteneteminine through the control
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module whether the vids corresponding to 2*S contiguaddresses after the low
first-threshold-M bit address of the lookup requesteft shifted for S bits are valid,
and if all of them are valid, continuously initi€?&S requests for looking up the cache
after the low first-threshold-M bit address of thekup quest is left shifted for S bits,
and obtain a lookup result; the comparison modsiléuither arranged to parse the
lookup result, compare the found address with tigh Fsecond-threshold-N bit
address of the lookup request, and if they aretickn directly return the spliced
results from cache lookup to the service side,imitibte the request for looking up
the off-chip memory, and read and discard the otathe lookup information storage
module; herein both M and N are natural numberd,tha sum of M and N is the bit
width requested by the service side; S is a natunaiber;

the second mediation module is arranged to perforediation between
reading the cache by the service side and retum@agding of the cache by the off-
chip memory;

the off-chip memory is arranged to store the looitep.

In the above solution, the comparison module ithrrarranged to, when the
lookup request matches none of the addresses inaittee, initiate the request for
looking up the off-chip memory, and after the itelata is returned, take the item
address and multiple-burst information out from tbekup information storage
module; for the case of single-burst item, the cangon module is further arranged
to determine through the control module whetherwkecorresponding to the low
first-threshold-M bit address of the address isdvaind if it is valid, read the cache
after the mediation of the second mediation moduatanpare the high second-
threshold-N bits of the acquired address with tigh Isecond-threshold-N bits of the
taken-out address; if they match, the comparisoduteois further arranged to replace
the data of the corresponding address with the data returned from the off-chip
memory and write the data back into the cache ranan the data to the service side
through the distribution module.

In the above solution, the comparison module ith&urarranged to, when the
lookup request matches none of the addresses inaittee, initiate the request for
looking up the off-chip memory, and after the itelata is returned, take the item
address and multiple-burst information out from tbekup information storage

module; for the case of multiple-burst item, themparison module is further
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arranged to first determine through the control uoied whether the vids
corresponding to 2°S contiguous addresses aftdothérst-threshold-M bit address
of the address is left shifted for S bits are vadidd all of them are valid, read the
cache after the mediation of the second mediatiodule, and compare the high
second-threshold-N bits of the acquired addreds th# high second-threshold-N bits
of the taken-out address; if they match, the comparmodule is further arranged to
replace the data of the corresponding addressthatitem data returned from the off-
chip memory and write the data back into the caahd,return the data to the service
side through the distribution module.

In the above solution, the comparison module ithirrarranged to, when the
lookup request is received, according to a mukiplest identifier carried in the
lookup request, determine through the control medutether the vid corresponding
to 27S contiguous requests after the low first-thodd-M bit address of a service
request is left shifted for S bits is valid, anditifis valid, read the data of the
corresponding cache, and determine whether the degbnd-threshold-N bit address
of the service request matches the address inableec the comparison module is
further arranged to, if they match, directly rettine data to the service side, and if
they do not match, initiate the request for lookiqgthe off-chip memory.

In the above solution, the comparison module ithlrrarranged to, after the
item data is returned, read the lookup informasitotage module to acquire a lookup
request address and a multiple-burst identifiererdaine through the control module
whether the vid corresponding to 2°S contiguousuests after the low first-
threshold-M bit address of the service requesfisshifted for S bits is valid, and if it
is valid, read the data of the corresponding caehne, determine whether the high
second-threshold-N bit address of the service queatches a service address
returned to the cache; the comparison module ihdurarranged to, if they match,
return the item data in the cache to the servide girough the distribution module,
not update the item data in the cache, and if tleeyot match, directly return the item
data in the off-chip memory to the service sidetigh the distribution module, and
update the item data in the cache; if the vid spoading to the multiple bursts is
partially valid, it is indicated that the item upelds not completed, the comparison
module is further arranged to return the item datahe off-chip memory to the

service side through the distribution module, aotlupdate the item data in the cache.
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The comparison module, the cache, the distributioodule, the first
mediation module, the control module, and the egrgrocessing unit, the lookup
information storage module, the second mediationluteand the off-chip memory
can be realized by a Central Processing Unit (CBUWDigital Signal Processor (DSP)
or a Field-Programmable Gate Array (FPGA).

The disclosure provides a method for improvingtamiaccess bandwidth and
atomic operation, which is applied to any devicgha above solutions; the method
includes that:

after a lookup request is received from a servide, st is determined whether
the address pointed to by the lookup request istickd to the item address stored in
the cache;

if they are identical, and the valid identifier vicurrently valid, the item data
stored in the cache is directly returned to theiserside without initiating the request
for looking up the off-chip memory, so as to redaceessing the off-chip memory;

if they are not identical, the request for looking the off-chip memory is
initiated, so as to process, according to the pmede, the item data returned by the
off-chip memory in such a way that the atomic operaexisted in item updating can
realize the seamless and faultless lookup in #m Ibokup process.

In the above solution, the first preset rule isdue determining whether the
address pointed to by the lookup request is idehticthe address stored in the cache,
including any one of the following ways:

way 1: if a vld corresponding to a low first-thregihM bit address is
completely valid, and the high second-thresholdiN adldress is identical to the
address stored in the cache, returning data ircdlcbe to the service side, and not
updating the data in the cache; if the addressesatridentical, not updating the data
in the cache, and sending the data returned bgftkehip memory to the service side;

way 2: if the vld corresponding to the low firstéshold-M bit address is
partially valid, not updating the data in the cachred sending the data returned by the
off-chip memory to the service side; and

way 3: if the vld corresponding to the low firstéshold-M bit address is
invalid, updating the data in the cache, and senthie data returned by the off-chip
memory to the service side;

herein both M and N are natural numbers, and the ¢uM and N is the bit
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width requested by the service side.

In the above solution, the method further incluithed:

the central processing unit configures the seritem, and for the case of
single-burst item update, gives an instruction dfimg the single-burst item;

after the mediation by the first mediation modtites high second-threshold-N
bit address of the item or the item data is wriitéa the cache by taking the low first-
threshold-M bit address as an address, the vigtergtorresponding to the address is
set through the control module, and an instructibnpdating the off-chip memory is
given to complete the item update; herein both M Brare natural numbers, and the
sum of M and N is the bit width requested by thwise side.

In the above solution, the method further incluithed:

the central processing unit configures the serities, and for the case of
multiple-burst item update, gives an instructiomoiting the multiple-burst item;

after the mediation by the first mediation modulee first burst writes the
high second-threshold-N bit address of the itentheritem data into the cache by
taking the value obtained by left shifting the léust-threshold-M bit address for 27S
bits as an address, sets the vid correspondingetaddress to 0 through the control
module, and does not give the instruction of updgathe off-chip memory;

the second burst writes the high second-thresholidtEddress of the item or
the item data into the cache by taking the valuaiobd by left shifting the low first-
threshold-M bit address for 2°'S bits plus 1 as alress, sets the vid corresponding to
the address to 0 through the control module, arek dwt give the instruction of
updating the off-chip memory; at the same time,dbeond burst sets the vid of the
first burst to 1, and gives an instruction of upagthe vid item;

by analogy, when the address of the penultimatstivaturned by the off-chip
memory matches the address, obtained by left spitine low first-threshold-M bit
address for 2°S bit, +S-2, the vId correspondinthtolast burst is set to 1, and the
instruction of updating the off-chip memory is givéo complete the item update;
herein both M and N are natural numbers, and tihe suM and N is the bit width
requested by the service side.

In the above solution, the method further incluithed:

for the case of single-burst item, the comparismdule determines whether

the vid corresponding to the low first-thresholdeM address of the lookup request is
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valid, if it is valid, initiates a lookup of the clae by using the low first-threshold-M
bit address of the lookup request, and obtainslulo result;

the lookup result is parsed, and the found addsessmpared with the high
second-threshold-N bit address of the lookup retyjufethey are identical, the result
from cache lookup is directly returned to the smsvside through the distribution
module, the request for looking up the off-chip nogynis not initiated, and data in
the lookup information storage module is read arsdatded; herein both M and N are
natural numbers, and the sum of M and N is thenidth requested by the service
side.

In the above solution, the method further incluithed:

for the case of multiple-burst item, and when thare 2*S multiple-burst
items, the comparison module determines throughctrgrol module whether the
vlds corresponding to 2°S contiguous addresses tifée low first-threshold-M bit
address of the lookup request is left shifted faitS are valid; if all of them are valid,
the comparison module continuously initiates 2"§uessts for looking up the cache
after left shifting the low first-threshold-M bitdress of the lookup quest for S bits,
and obtains a lookup result;

the lookup result is parsed, and the found addsessmpared with the high
second-threshold-N bit address of the lookup refifethey are identical, the spliced
results from cache lookup are directly returnedht® service side, the request for
looking up the off-chip memory is not initiated, darthe data in the lookup
information storage module is read and discardedeih both M and N are natural
numbers, and the sum of M and N is the bit widtiuested by the service side; S is a
natural number.

In the above solution, the method further incluithed:

when the lookup request matches none of the addressthe cache, the
comparison module initiates the request for lookipghe off-chip memory, and after
the item data is returned, takes the item addredsnaultiple-burst information out
from the lookup information storage module;

for the case of single-burst item, it is determitiesbugh the control module
whether the vld corresponding to the low first-gireld-M bit address of the address
is valid; if it is valid, the cache is read aftéetmediation of the second mediation

module, and the high second-threshold-N bits of @abguired address is compared
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with the high second-threshold-N bits of the takem-address; if they match, the data
of the corresponding address is replaced withtdra data returned from the off-chip
memory and the data is written back into the caelné, the data is returned to the
service side through the distribution module.

In the above solution, the method further incluithed:

when the lookup request matches none of the addrdssthe cache, the
comparison module initiates the request for lookipghe off-chip memory, and after
the item data is returned, takes the item addredsnaultiple-burst information out
from the lookup information storage module;

for the case of multiple-burst item, first it istéamined through the control
module whether the vids corresponding to 2"S contiguaddresses after the low
first-threshold-M bit address of the address it $&ifted for S bits are valid; if all of
them are valid, the cache is read after the mediadf the second mediation module,
and the high second-threshold-N bits of the acquaddress is compared with the
high second-threshold-N bits of the taken-out askiréd they match, the data of the
corresponding address is replaced with the itena daturned from the off-chip
memory and the data is written back into the caelnd, the data is returned to the
service side through the distribution module.

In the above solution, the method further incluithed:

when the lookup request is received, the comparismuule determines
through the control module whether the vid corresjing to 2°S contiguous requests
after the low first-threshold-M bit address of thervice request is left shifted for S
bits is valid according to the multiple-burst idéet carried in the lookup request; if
it is valid, the data of the corresponding cachee&d, and it is determined whether
the high second-threshold-N bit address of theisemequest matches the address in
the cache; if they match, the data is directlynegd to the service side; if they do not
match, the request for looking up the off-chip meyris initiated.

In the above solution, the method further incluithed:

after the item data is returned, the comparison utleodeads the lookup
information storage module to acquire the lookuguest address and the multiple-
burst identifier;

it is determined through the control module whetfdrcorresponding to 2°S

contiguous requests after the low first-thresholdyilvaddress of the service request is
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left shifted for S bits is valid; if all of them ewalid, the data of the corresponding
cache is read; it is determined whether the higlorsé-threshold-N bit address of the
service request matches a service address rettongwk cache; if they match, the
item data in the cache is returned to the senide through the distribution module,
and the item data in the cache is not updatetigif lo not match, the item data in the
off-chip memory is directly returned to the servisgle through the distribution
module, at the same time, the item data in the eashupdated; if the vid
corresponding to the multiple-burst is partiallidawhich indicates that the item
update is not completed, the item data in the bipb-anemory is returned to the
service side through the distribution module, amel tem data in the cache is not
updated.

The disclosure also provides a computer storageumedn which a computer
executable instruction is stored; the computer abadate instruction is arranged to
perform the method for improving an item accesdbadith and atomic operation.

The device for improving an item access bandwiditi atomic operation of
the disclosure includes the comparison modulec#iobe, and the distribution module,
herein the comparison module is arranged to: afteokup request is received from
the service side, determine whether the addresgqubio by the lookup request is
identical to the item address stored in the cadhiiey are identical, and the valid
identifier vid is currently valid, directly returtme item data stored in the cache to the
service side without initiating the request forkow up the off-chip memory, so as to
reduce accessing the off-chip memory; and if they @ot identical, initiate the
request for looking up the off-chip memory, so @aptocess, according to the preset
rule, the item data returned by the off-chip memiorysuch a way that the atomic
operation existed in item updating can realize ardess and faultless lookup in an
item lookup process; the cache is arranged to sheréem data and the item address;
and the distribution module is arranged to identfyether the data to be returned to
the service side is the item data in the cachéeitem data in the off-chip memory,
and then return the data to the service side.

By applying the disclosure, because it is not abvageded to initiate the
request for looking up the off-chip memory, the mn@mnof accesses to the off-chip
memory is reduced, and a looking up bandwidth dkiced; moreover, the item data

returned by the off-chip memory is processed adangrtb the preset rule, as such, the
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atomic operation existed in item updating can rzeali seamless and faultless lookup

in an item lookup process.

BRIEF DESCRIPTION OF DRAWINGS

Fig. 1 is a schematic diagram of an item atomicrajpen and a device for
improving an off-chip memory looking up width acdorg to an embodiment of the
disclosure;

Fig. 2 is a schematic diagram of illustrating aenit atomic operation
according to an embodiment of the disclosure;

Fig. 3 is a structure diagram of internal data otaehe according to an
embodiment of the disclosure;

Fig. 4 is a flowchart of improving an item lookupdth performance and an
item atomic operation according to an embodimenhefdisclosure;

Fig. 5 is a flowchart of updating a single-burseénit according to an
embodiment of the disclosure; and

Fig. 6 is a flowchart of updating a multiple-buris¢ém according to an
embodiment of the disclosure.

DETAILED DESCRIPTION

The implementation of the technical solutions igHer elaborated below in
combination with the accompanying drawings.

A device for improving an item access bandwidth atdmic operation
provided by the disclosure includes: a comparisodute, a cache, and a distribution
module,

herein the comparison module is arranged to: afteokup request is received
from a service side, determine whether an addresdeal to by the lookup request is
identical to an item address stored in the cadhéhely are identical, and a valid
identifier vid is currently valid, directly returitem data stored in the cache to the
service side without initiating a request for laukiup an off-chip memory, so as to
reduce accessing the off-chip memory; and if theyreot identical, initiate a request

for looking up the off-chip memory, so as to pragesccording to a preset rule, item
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data returned by the off-chip memory in such a W&t an atomic operation existed
in item updating can realize a seamless and faslt®okup in an item lookup process;
the cache is arranged to store the item data anitetin address; and

the distribution module is arranged to identify wWier the data to be returned
to the service side is the item data in the cachbeditem data in the off-chip memory,
and then return the data to the service side.

In an implementation mode of the disclosure, thengarison module is
further arranged to determine, according to thet fireset rule, whether the address
pointed to by the lookup request is identical te #ddress stored in the cache,
including any one of the following ways:

way 1: if the vid corresponding to a low first-teheld-M bit address is
completely valid, and the high second-thresholdiN adldress is identical to the
address stored in the cache, returning data ircdlcbe to the service side, and not
updating the data in the cache; if the addressesatridentical, not updating the data
in the cache, and sending the data returned bgffrehip memory to the service side;

way 2: if the vid corresponding to the low firste¢shold-M bit address is
partially valid, not updating the data in the caded sending the data returned by the
off-chip memory to the service side; and

way 3: if the vid corresponding to the low firstéshold-M bit address is
invalid, updating the data in the cache, and senthie data returned by the off-chip
memory to the service side;

herein both M and N are natural numbers, and tine auM and N is a bit
width requested by the service side.

In an implementation mode of the disclosure, theagefurther includes:

a first mediation module arranged to perform meoiabetween writing data
into the cache by a central processing unit antingrithe item data returned by the
off-chip memory into the cache;

a control module arranged to manage vld bits arneragne when to initiate
an update operation on the off-chip memory; and

a central processing unit arranged to configureraice item, and for the case
of single-burst item update, give an instructionwaiting a single-burst item; the
central processing unit is arranged to, after thediation by the first mediation

module, write the high second-threshold-N bit addref the item or the item data
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into the cache by taking the low first-thresholdeM address as an address, set a vid
register corresponding to the address through tra@ module, and give an
instruction of updating the off-chip memory to cdetp the item update; herein both
M and N are natural numbers, and the sum of M arisl tRe bit width requested by
the service side.

In an implementation mode of the disclosure, theadefurther includes:

the first mediation module arranged to perform ragdn between writing, by
the central processing unit, data into the caclikveniting the item data returned by
the off-chip memory into the cache;

the control module arranged to manage the vld doid determine when to
initiate the update operation on the off-chip meynor

the central processing unit arranged to configheeservice item, and for the
case of multiple-burst item update, give an ingtamcof writing a multiple-burst item;
after the mediation by the first mediation modullee first burst writes the high
second-threshold-N bit address of the item or tiwa idata into the cache by taking a
value obtained by left shifting the low first-thhedd-M bit address for 2°S bits as an
address, the vid corresponding to the address i® s&through the control module,
and the instruction of updating the off-chip memdsynot given; the second burst
writes the high second-threshold-N bit addresshefitem or the item data into the
cache by taking the value obtained by left shiftihg low first-threshold-M bit
address for 2°°S bits plus 1 as an address; theovtdsponding to the address is set to
0 through the control module, and the instructibmpdating the off-chip memory is
not given; at the same time, the vid of the firstdb is set to 1, and an instruction of
updating a vld item is given; by analogy, when #uelress of the penultimate burst
returned by the off-chip memory matches the addrelstined by left shifting the
low first-threshold-M bit address for 2°S bit, +StBe vid corresponding to the last
burst is set to 1, and the instruction of updating off-chip memory is given to
complete the item update; herein both M and N ateral numbers, and the sum of
M and N is the bit width requested by the servide.s

In an implementation mode of the disclosure, theadefurther includes:

a lookup information storage module arranged teoestotable lookup request
and multiple-burst flag information; the table lapkrequest includes the item address

for table lookup;
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the comparison module is further arranged to,Herdase of single-burst item,
determine whether the vid corresponding to the fiost-threshold-M bit address of
the lookup request is valid, and if it is validitiste a lookup of the cache by using the
low first-threshold-M bit address of the lookup wegt, and obtain a lookup result; the
comparison module is further arranged to parsdableup result, compare the found
address with the high second-threshold-N bit addoésthe lookup request, and if
they are identical, directly return the result fraache lookup to the service side
through the distribution module, not initiate thequest for looking up the off-chip
memory, and read and discard data in the lookugrnmdtion storage module; herein
both M and N are natural numbers, and the sum ahfN is the bit width requested
by the service side; and

a second mediation module arranged to perform rtiedidetween reading
the cache by the service side and returning readfnthe cache by the off-chip
memory;

the off-chip memory is arranged to store a lookemi

In an implementation mode of the disclosure, theagefurther includes:

the lookup information storage module arranged ttresa table lookup
request and multiple-burst sign information; thaedookup request includes the item
address for table lookup;

the comparison module is further arranged to, lier ¢ase of multiple-burst
item, and when there are 2"S multiple-burst iteneteminine through the control
module whether the vids corresponding to 2*S contiguaddresses after the low
first-threshold-M bit address of the lookup requesteft shifted for S bits are valid,
and all of them are valid, continuously initiateS2fequests for looking up the cache
after the low first-threshold-M bit address of thekup quest is left shifted for S bits,
and obtain a lookup result; the comparison modsiléurther arranged to parse the
lookup result, compare the found address with tigh Fsecond-threshold-N bit
address of the lookup request, and if they aretickn directly return the spliced
results from cache lookup to the service side,imitibte the request for looking up
the off-chip memory, and read and discard the olathe lookup information storage
module; herein both M and N are natural numberd,tha sum of M and N is the bit
width requested by the service side; S is a natwalber;

the second mediation module arranged to performatied between reading
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the cache by the service side and returning readinthe cache by the off-chip
memory;

the off-chip memory is arranged to store the looitem.

In an implementation mode of the disclosure, thengarison module is
further arranged to, when the lookup request matatame of the addresses in the
cache, initiate the request for looking up thedadfip memory, and after the item data
is returned, take the item address and multiplstbnformation out from the lookup
information storage module; for the case of sirglest item, the comparison module
is further arranged to determine through the céntmmdule whether the vid
corresponding to the low first-threshold-M bit aglsls of the address is valid, and if it
is valid, read the cache after the mediation ofstaeond mediation module, compare
the high second-threshold-N bits of the acquiredress with the high second-
threshold-N bits of the taken-out address; if tinegtch, the comparison module is
further arranged to replace the data of the coomdipg address with the item data
returned from the off-chip memory and write theadaack into the cache, and return
the data to the service side through the distroiouthodule.

In an implementation mode of the disclosure, thengarison module is
further arranged to, when the lookup request matatame of the addresses in the
cache, initiate the request for looking up thedadfip memory, and after the item data
is returned, take the item address and multiplsthaformation out from the lookup
information storage module; for the case of mudtipurst item, the comparison
module is further arranged to first determine tiglothe control module whether the
vlds corresponding to 2°S contiguous addresses tifée low first-threshold-M bit
address of the address is left shifted for S bitsvalid, and all of them are valid, read
the cache after the mediation of the second mediatiodule, and compare the high
second-threshold-N bits of the acquired addreds thi# high second-threshold-N bits
of the taken-out address; if they match, the comparmodule is further arranged to
replace the data of the corresponding addressthatitem data returned from the off-
chip memory and write the data back into the caahd,return the data to the service
side through the distribution module.

In an implementation mode of the disclosure, thengarison module is
further arranged to, when the lookup request isived, according to a multiple-burst

identifier carried in the lookup request, determimeugh the control module whether
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the vid corresponding to 2°S contiguous requests #lfie low first-threshold-M bit
address of a service request is left shifted foitSis valid, and if it is valid, read the
data of the corresponding cache, and determineh&hdtte high second-threshold-N
bit address of the service request matches theessldn the cache; the comparison
module is further arranged to, if they match, diseeturn the data to the service side,
and if they do not match, initiate the requestdoking up the off-chip memory.

In an implementation mode of the disclosure, thengarison module is
further arranged to, after the item data is retdynead the lookup information storage
module to acquire a lookup request address andligphatburst identifier, determine
through the control module whether the vid corresjiog to 2°S contiguous requests
after the low first-threshold-M bit address of tervice request is left shifted for S
bits is valid, and if it is valid, read the datatbé corresponding cache, and determine
whether the high second-threshold-N bit addresshefservice request matches a
service address returned to the cache; the coropam®dule is further arranged to, if
they match, return the item data in the cache ® gsbrvice side through the
distribution module, not update the item data i ¢lache, and if they do not match,
directly return the item data in the off-chip memao the service side through the
distribution module, and update the item data i@ tache; if a part of the vids
corresponding to the multiple bursts are valid,chindicates that the item update is
not completed, the comparison module is furthearaged to return the item data in
the off-chip memory to the service side through ¢h&ribution module, and not
update the item data in the cache.

A method for improving an item access bandwidth atdmic operation
includes the following steps:

S11: after a lookup request is received from aiserside, it is determined
whether the address pointed to by the lookup regeadentical to the item address
stored in the cache;

S12: if they are identical, and the valid identifidd is currently valid, the
item data stored in the cache is directly returiwethe service side without initiating
the request for looking up the off-chip memory asato reduce accessing the off-chip
memory;

S13: if they are not identical, the request forkiag up the off-chip memory

is initiated, so as to process, according to tlesegtrrule, the item data returned by the
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off-chip memory in such a way that the atomic operaexisted in item updating can
realize the seamless and faultless lookup in #m Ibokup process.

In an implementation mode of the disclosure, tingt foreset rule is used for
determining whether the address pointed to by dlo&up request is identical to the
address stored in the cache, including any onkeofdllowing ways:

way 1: if a vld corresponding to a low first-thregihM bit address is
completely valid, and the high second-thresholdiN adldress is identical to the
address stored in the cache, returning data ircdlebe to the service side, and not
updating the data in the cache; if the addressesatridentical, not updating the data
in the cache, and sending the data returned bgftkehip memory to the service side;

way 2: if the vid corresponding to the low firste¢shold-M bit address is
partially valid, not updating the data in the cacred sending the data returned by the
off-chip memory to the service side; and

way 3: if the vid corresponding to the low firste¢shold-M bit address is
invalid, updating the data in the cache, and senthie data returned by the off-chip
memory to the service side;

herein both M and N are natural numbers, and the guM and N is the bit
width requested by the service side.

In an implementation mode of the disclosure, théhe further includes that:

the central processing unit configures the seritem, and for the case of
single-burst item update, gives an instruction afimg the single-burst item;

after the mediation by the first mediation modtites high second-threshold-N
bit address of the item or the item data is wriitén the cache by taking the low first-
threshold-M bit address as an address, the vigtergtorresponding to the address is
set through the control module, and an instructibnpdating the off-chip memory is
given to complete the item update; herein both M Brare natural numbers, and the
sum of M and N is the bit width requested by thwise side.

In an implementation mode of the disclosure, théefurther includes that:

the central processing unit configures the seritem, and for the case of
multiple-burst item update, gives an instructiomoiting the multiple-burst item;

after the mediation by the first mediation module first burst writes the
high second-threshold-N bit address of the itentheritem data into the cache by
taking the value obtained by left shifting the léwt-threshold-M bit address for 27S
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bits as an address, sets the vid correspondingetaddress to 0 through the control
module, and does not give the instruction of updgthe off-chip memory;

the second burst writes the high second-thresholidtddress of the item or
the item data into the cache by taking the valuaiobd by left shifting the low first-
threshold-M bit address for 2°'S bits plus 1 as alress, sets the vid corresponding to
the address to 0 through the control module, arek dwt give the instruction of
updating the off-chip memory; at the same time,dbeond burst sets the vid of the
first burst to 1, and gives an instruction of uzathe vid item;

by analogy, when the address of the penultimatstivaturned by the off-chip
memory matches the address, obtained by left spitine low first-threshold-M bit
address for 2°S bit, +S-2, the vid correspondingheolast burst is set to 1, and the
instruction of updating the off-chip memory is givéo complete the item update;
herein both M and N are natural numbers, and the auM and N is the bit width
requested by the service side.

In an implementation mode of the disclosure, théhefurther includes that:

for the case of single-burst item, the comparismdule determines whether
the vid corresponding to the low first-thresholdeM address of the lookup request is
valid, if it is valid, initiates a lookup of the clae by using the low first-threshold-M
bit address of the lookup request, and obtain®kulo result;

the lookup result is parsed, and the found addseessmpared with the high
second-threshold-N bit address of the lookup regjufethey are identical, the result
from cache lookup is directly returned to the sm#vside through the distribution
module, the request for looking up the off-chip neeynis not initiated, and data in
the lookup information storage module is read asdatded; herein both M and N are
natural numbers, and the sum of M and N is thenith requested by the service
side.

In an implementation mode of the disclosure, théhefurther includes that:

for the case of multiple-burst item, and when thare 2*S multiple-burst
items, the comparison module determines throughctivdrol module whether the
vlds corresponding to 2°S contiguous addresses tifeelow first-threshold-M bit
address of the lookup request is left shifted f&itS are valid; if all of them are valid,
the comparison module continuously initiates 2"§uessts for looking up the cache
after left shifting the low first-threshold-M bitdress of the lookup quest for S bits,
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and obtains a lookup result;

the lookup result is parsed, and the found addeessmpared with the high
second-threshold-N bit address of the lookup refifethey are identical, the spliced
results from cache lookup are directly returnedht® service side, the request for
looking up the off-chip memory is not initiated, darthe data in the lookup
information storage module is read and discardedeih both M and N are natural
numbers, and the sum of M and N is the bit widtiuested by the service side; S is a
natural number.

In an implementation mode of the disclosure, théefurther includes that:

when the lookup request matches none of the addreéssthe cache, the
comparison module initiates the request for lookipghe off-chip memory, and after
the item data is returned, takes the item addredsnaultiple-burst information out
from the lookup information storage module;

for the case of single-burst item, it is determitiedugh the control module
whether the vld corresponding to the low first-gireld-M bit address of the address
is valid; if it is valid, the cache is read afttetmediation of the second mediation
module, and the high second-threshold-N bits of @abguired address is compared
with the high second-threshold-N bits of the tabem-address; if they match, the data
of the corresponding address is replaced withtdma data returned from the off-chip
memory and the data is written back into the caelng, the data is returned to the
service side through the distribution module.

In an implementation mode of the disclosure, théhefurther includes that:

when the lookup request matches none of the addressthe cache, the
comparison module initiates the request for lookipghe off-chip memory, and after
the item data is returned, takes the item addredsnaultiple-burst information out
from the lookup information storage module;

for the case of multiple-burst item, first it istdemined through the control
module whether the vids corresponding to 2"S contiguaddresses after the low
first-threshold-M bit address of the address it $&ifted for S bits are valid; if all of
them are valid, the cache is read after the mediadif the second mediation module,
and the high second-threshold-N bits of the acquaddress is compared with the
high second-threshold-N bits of the taken-out askird they match, the data of the

corresponding address is replaced with the itena daturned from the off-chip
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memory and the data is written back into the caelné, the data is returned to the
service side through the distribution module.

In an implementation mode of the disclosure, théefurther includes that:

when the lookup request is received, the comparismuule determines
through the control module whether the vid corresiiag to 2°S contiguous requests
after the low first-threshold-M bit address of thervice request is left shifted for S
bits is valid according to the multiple-burst idéet carried in the lookup request; if
it is valid, the data of the corresponding cachesed, and it is determined whether
the high second-threshold-N bit address of theisemequest matches the address in
the cache; if they match, the data is directlynegd to the service side; if they do not
match, the request for looking up the off-chip meyris initiated.

In an implementation mode of the disclosure, théefurther includes that:

after the item data is returned, the comparison uieodeads the lookup
information storage module to acquire the lookuguest address and the multiple-
burst identifier;

it is determined through the control module whetfdrcorresponding to 2°S
contiguous requests after the low first-thresholdyilvaddress of the service request is
left shifted for S bits is valid; if all of them ewalid, the data of the corresponding
cache is read; it is determined whether the higlorsé-threshold-N bit address of the
service request matches a service address rettongwk cache; if they match, the
item data in the cache is returned to the senide through the distribution module,
and the item data in the cache is not updatetigif lo not match, the item data in the
off-chip memory is directly returned to the servisigle through the distribution
module, at the same time, the item data in the ecaishupdated; if the vid
corresponding to the multiple-burst is partiallid#gawhich indicates that the item
update is not completed, the item data in the bipb-anemory is returned to the
service side through the distribution module, amel tem data in the cache is not
updated.

The disclosure is elaborated below by taking atpralcapplication scenario
for example.

An application scenario of item management is ttia:item management is
performed based on a Synchronous Dynamic Randores&ctemory (SDRAM);

because an NP is applied to different situationd, tgpes of lookup, item capacities,
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sizes of item entry and requirements on a tabl&upoperformance have great
difference, on one hand, it is needed to ensuré dag is completely new or
completely old during the item atomic operationtbé NP, so as to achieve an
objective of seamless and faultless lookup; onother hand, it is needed to improve
the access bandwidth during lookup, so as to aehéevobjective of effective item
management.

For this application scenario, the prior art, usimg structure characteristic of
the memory as a starting point, performs multi-beoglications or reduces line feed
operations; that is, it is needed to change thectire of the off-chip memory;
however, the application scenario, adopting theclo$sire, starts from reducing
accessing the external memory SDRAM to improveokup width without changing
the structure of the off-chip memory; it is an e#nt item management solution,
which not only improves a lookup performance of ¢ixéernal memory SDRAM, but
also overcomes the problem of the atomic operatixisted in item updating in a
multiple-burst item lookup process in such a waat tih an item update process, the
objective of ensuring a seamless and faultlessulpok achieved. Moreover, because
this application scenario adopts the disclosumretlis no need to change the structure
of the off-chip memory, so it is more convenientl diexible on design and use, and
the manufacturing cost is low.

Note that, this application scenario includes défg situations of updating the
single-burst item and the multiple-burst item, vwhiill be elaborated subsequently;
the involved technical terms are described below:

1) the single-burst item is that item entries nieeble stored in a single address
of the memory, and the item result is obtainedatliyeaccording to the lookup request
during a table lookup process;

2) the multiple-burst item is that item entries echde be stored in multiple
addresses of the memory, and an item managementienoeleds to convert, during a
table lookup process, the single lookup requestnmiltiple lookup requests to obtain
the item result;

3) the item atomic operation is that: as shown igqn B, in the process of
updating the multiple-burst item, a reading operatnay be included in an operation
process of writing the multiple-burst item, whichuses the returned item results to

appear alternately; for example, when operatioagarformed on the addresses A, B,
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C and D, the obtained returned results are: ACBand D, and this is a situation
where the returned item results to appear altelgndterein A" is a new value, and B,
C, and D are old values; the atomic operationdakilng up to obtain the item results
which are all old values or all new values, andueng a seamless or faultless lookup;
for example, when operations are performed on tresses A, B, C and D, the
obtained returned results are: A', B, C', andaDd this is a situation where the item
results are all new values.

This application scenario adopts the device of tleclosure, which is
specifically advice for efficiently improving aneitn access bandwidth and atomic
operation of the off-chip memory; as shown in Rigthe device mainly includes: the
lookup information storage module 101, the comparisnodule 102, the control
module 104, the second mediation module 105, tis¢ fiediation module 108, the
distribution module 103, the cache 106 and the SMRAO.

The lookup information storage module 101 is areahtp store a table lookup
address and multiple-burst flag information.

The comparison module 102 is arranged to: wherséneice side initiates a
lookup request, and the lookup request is receigetrmine whether the address of
the lookup request is identical to the addressedton the cache; and if they are
identical and the vld is valid, directly return tibem stored in the cache to the service
through the distribution module 103 without iniire a request for looking up the
SDRAM 109; or else, it is indicated that the addref the lookup request is not
identical to the address stored in the cache, reisded to wait, and a request for
looking up the SDRAM 109 is initiated, so as to qgass according to the returned
data; the comparison module 102 is further arrangedvhen the SDRAM 109
returns the data, determine whether the addresiseofookup request is identical to
the address stored in the cache, including theviatig situations:

1) if the vid corresponding to the low M-bit addses completely valid, and
the high N-bit address is identical to the addsgesed in the cache, the data in the
cache 106 is returned to the service side, anddteein the cache 106 is not updated,;
if the addresses are not identical, the data icédobe 106 is not updated, and the data
returned from the SDRAM 109 is sent to the sengicke; herein both M and N are
natural numbers and different values, for reprasgra threshold, and they need to be

set according to actual demands on applicatiort; ihahe low M-bit address is a
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situation about how to process when the addrebsl@v the first threshold, e.g. M
bits; and the high N-bit address is a situationualbow to process when the address is
above the second threshold, e.g. N bits;

2) if the vid corresponding to the low M-bit addsas partially valid (aiming
at the multiple-burst item), the data in the cadl®é is not updated, and the data
returned from the SDRAM 109 is sent to the sergide;

3) if the vid corresponding to the low M-bit addseas invalid, the data in the
cache 106 is updated, and the data returned fremSIDRAM 109 is sent to the
service side.

The distribution module 103 is arranged to identifigether the data to be
returned to the service side is the item data éncliche 106 or the item data in the
SDRAM 109.

The control module 104 is arranged to manage tHebits and determine
when to initiate the update operation on the offgechemory. An operation rule of the
item update vld is as follows:

1) the central processing unit 107 is arrangedpuwate the item to 1 when
writing the single-burst item, and issue an operatdf updating the item in the
SDRAM 109;

2) the vid of the corresponding address is setwd@n the multiple-burst item
is written in the first burst, and the vid of theresponding address is set to 0 when
the multiple-burst item is written in the secondrdtuat the same time, the vid
corresponding to the burst is set to 1, and anatioer of updating the first burst of
the item is issued, by analogy. When the addresegmonding to the data returned
from the external memory SDRAM 109 matches the [tiemate burst in the cache,
the vid corresponding to the last burst is setto domplete the item update;

3) in other situations, the vld remains unchanged.

The second mediation module 105 is arranged taparimediation between
reading the cachel06 by the service side and megumeading of the cache by the
SDRAM 109.

The cache 106 is arranged to store the item dafattzan item address; as
shown in Fig. 3, Fig. 3 shows a structure of indémhata in the cache applying the
disclosure.

The central processing unit 107 is arranged toigorg the service item.
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The first mediation module 108 is arranged to penfenediation between
writing data into the cache 106 by the central essing unit 107 and writing the item
data returned by the SDRAM 109 into the cache 106.

The SDRAM 109 is arranged to store the lookup item.

This application adopts the device of the disclesspecifically a method for
efficiently improving an item access bandwidth atdmic operation of the off-chip
memory; the method mainly includes the followingpexds, all of which include
single-burst processing and multiple-burst procegsi

1) the process of item update of the central pingunit;

2) the process of improving an SDRAM access banidywahd

3) the process of multiple-burst item atomic ogerat

1. For the processing of item update of the cemratessing unit, if it is the
single-burst item update, as the processing flowrim 5, first the first mediation
module 108 performs mediation, and the item tomated and the high N bits of the
corresponding address are spliced and then wiitternthe low M-bit address of the
cache 106; at the same time, the vild of the cooredipg low M-bit address is setto 1
through the control module 104, and the operatibrumdating the item in the
SDRAM 109 is issued; if it is the multiple-bursént sent by the central processing
unit, as the processing flow in Fig. 6, when thestfiburst item is updated, the
operation is the same as the operation of the esimgist item, and the difference is
that the vid of the corresponding low M-bit addrésset to O through the control
module 104, and the operation of updating the iiemot issued; when the central
processing unit issues the second burst item uptletemplementation process is the
same as the processing of the first burst, atpiitst, the vid corresponding to the last
burst is set to 1, and the operation of updatirgglést item in the SDRAM 109 is
issued. By analogy, when the address correspondingpe item returned by the
SDRAM 109 is identical to the address of the pemalte burst item of the multiple-
burst item, the last burst item is updated to tB&RAM 109, so as to complete the
multiple-burst item update.

2. For the processing of improving the SDRAM acdessdwidth, as shown
in Fig. 1, if the request sent from the servicees&received, the table lookup request
and the multiple-burst identifier are stored in thekup information storage module

101; for the single-burst item, it is first detenad whether the vid corresponding to
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the low M-bit address of the lookup request isd;afi so, a request for looking up the
cache 106 is initiated by using the lookup requastl the lookup result is obtained,;
the comparison module compares the found addrekstha high N-bit address of the
lookup request of the service side; if they arenidal, the result from cache lookup
106 is directly returned to the service side thtotige distribution module 103, and
the request for looking up the off-chip memory @& mitiated, at the same time, the
data in the lookup information storage module 18Iead and discarded; for the
multiple-burst item (e.g. 2°S bursts), first it istermined through the control module
104 whether the vlds corresponding to 2°S contigwmltsesses after the low M bits
in the lookup request are left shifted for S bits @alid, if all of them are valid, 2"S
requests for looking up the cache are continuongiyated after the low M bits of the
lookup quest are left shifted for S bits, and &igoresult is obtained; the comparison
module 102 compares the found address with the Nigiit address of the lookup
request of the service side; if they are identitt#, spliced results from cache lookup
106 are directly returned to the service side thhothe distribution module 103, and
the request for looking up the off-chip memory & mitiated; at the same time, the
data in the lookup information storage module X0fead and discarded.

When the lookup request of the service side matobes of the addresses in
the cache 106, the request for looking up the SDRKM is initiated; and after the
item data is returned, the item address and medbplst information is taken out
from the lookup information storage module 101; thoe case of single-burst item, it
is determined through the control module 104 whethe vid corresponding to the
low M-bit address is valid; if it is valid, the dae 106 is read after the mediation of
the second mediation module 105, and the high Bl dfitthe acquired address are
acquired and compared, through the comparison redd@, with the high N bits of
the taken-out address of the lookup informatiomagfe module 101; if they match,
the data of the corresponding address is repladhdthe item data returned from the
SDRAM 109 and the data is written back into theheat06; at the same time, the
data is returned to the service side through tetillution module 103; for the case of
multiple-burst item, first it is determined throutfite control module104 whether the
vlds corresponding to 2°S contiguous addresses thiftetow of the address is left
shifted for S bits are valid; if all of them arelidathe cache 106 is read after the

mediation of the second mediation module 105, thesasquent operation is the same
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as the case of single-burst item.

The item result corresponding to the received Ipokequest of the service
side has been stored in the cache 106, and theipocdsult in the cache 106 is
returned to the service side through the distrdsuthodule 103; at the same time, the
request for accessing the external memory SDRAM is08ot initiated, thereby
improving an item lookup bandwidth.

3. For the processing of multiple-burst item atooperation, as shown in Fig.
1, if the lookup request is received from the sanside, it is determined through the
control module 104 whether the vid correspondin@18 contiguous requests after
the low first-threshold-M bit address of the seeviequest is left shifted for S bits is
valid according to the multiple-burst identifierrgad in the lookup request; if it is
valid, the data of the corresponding cache 10@&aslrand the comparison module
102 determines whether the high N-bit address efdérvice request matches the
address in the cache 106; if they match, the dadaectly returned to the service side;
if they do not match, the request for looking up #xternal memory SDRAM 109 is
initiated. After the item data is returned, thekop information storage module 101
to acquire the lookup request address and thepteshiurst identifier; it is determined
through the control module 104 whether vid corresjing to 2°S contiguous requests
after the low M-bit address of the service requetft shifted for S bits is valid; if all
of them are valid, the data of the correspondingheal06 is read; the comparison
module 102 determines whether the high N-bit addoéshe service request matches
the service address returned to the cache 1Q6gyf match, the item data in the
cache 106 is returned to the service side throhghdistribution module 103, and the
item data in the cache 106 is not updated; if @heyot match, the item data in the
SDRAM 109 is directly returned to the service sideugh the distribution module
103, at the same time, the item data in the cadd i$ updated; if the vid
corresponding to the multiple-burst is partialligawhich indicates that the item
update is not completed, the item data in the SDRAM is returned to the service
side through the distribution module 103, and teenidata in the cache 106 is not
updated.

Corresponding to the above description, Fig. 4fiewachart of improving an
item lookup width performance and an item atomierafion according to an

embodiment of the disclosure; the flow is a comgletinciple flow, including the
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following steps.

In step S21, according to a multiple-burst flagaof item, when all vids
corresponding to 2°S contiguous addresses aftelothéM bits of a service lookup
request is left shifted for 2*S bits are valid, ttaga in the cache is read by using the
2"\S contiguous addresses of the service request;

In step S22, high N bits of the service lookup esjare compared with addrl
in the cache, if they are identical, the data m ¢hche is returned to a service query
module;

In step S23, otherwise, the service lookup reqaedtthe multiple-burst flag
are stored, and the request for looking up thecbi- memory is initiated; after the
data is returned, the service lookup request amanthitiple-burst flag are read; when
all vids corresponding to 2°S contiguous addresies the low M bits of the service
lookup request is left shifted for 2*S bits are dathe data in the cache is read by
using the 2*S contiguous addresses of the sernigest

In step S24, the high N bits of the lookup reqaestcompared with the addrl
in the cache; if they are identical, the data m¢hche is returned to the service query
module; otherwise, the queried data is returnethéoservice query module while
being written into the cache; and

In step S25, if a part of the vids are valid, teguest for looking up the cache
is not initiated, and the data from the SDRAM iedtly returned to the service query
module.

Corresponding to the above description, Fig. 5 ffowchart of updating a
single-burst item according to an embodiment of thsclosure, including the
following steps.

In step S31, a central processing unit gives amucion of writing a single-
burst item; and

In step S32, the central processing unit writeggh N-bit address of the item
or item data into a cache by taking low M bits lo¢ item as an address, sets a vid
register corresponding to the address to 1, anésgan instruction of updating the
external memory to complete the item update;

Corresponding to the above description, Fig. 6 ffoachart of updating a
multiple-burst item according to an embodiment loé tdisclosure, including the

following steps.
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In step S41, a central processing unit gives amrucon of writing a
multiple-burst item;

In step S42, the first burst takes the value obthiny left shifting the low M
bits for 2°S bits as an address, data are writtém ancache corresponding to the
address, a vid corresponding to the address i® $ktand an instruction of updating
the SDRAM is not given;

In step S43, the second burst takes a value obtéynédeft shifting the low M
bits for 27S bits plus 1 as an address, data artewrinto a cache corresponding to
the address, the vid corresponding to the addeesetito O, and the instruction of
updating the SDRAM is not given; at the same tim&|d of a first burst is set to 1,
and the instruction of updating the SDRAM item iizeq);

In step S44, by analogy, when the address of thalpate burst returned by
the SDRAM matches the address, obtained by leftirstpithe low first-threshold-M
bit address for 2S bit, +S-2, a vld correspondmghe last burst is set to 1, and the
instruction of updating the off-chip memory is giM® complete the item update.

In a word, by adopting the solution for efficienilyproving an item access
bandwidth and atomic operation of the SDRAM of thsclosure, this application
scenario overcomes the problem of the atomic operaixisted in item updating in a
multiple-burst item lookup process in such a waat tih an item update process, the
objective of ensuring a seamless and faultlessulpak achieved. At the same time,
because the item data stored in the cache is Wirssturned by the cache in the
lookup process without initiating the requesting feading the SDRAM, the lookup
performance of the SDRAM is improved; the solutiesimple and flexible, so it can
be widely applied to other managements of singlestbar multiple-burst items.

If the integrated modules of the disclosure arelémented by software
function modules, and the software function modalessold or used as independent
products, they can also be stored in a computelatda storage medium. Based on
this understanding, the technical solutions in #@mbodiments of the disclosure
substantially or the part making a contributiorthie traditional art can be embodied
in the form of software product; the computer saitsvproduct is stored in a storage
medium and includes a number of instructions toerakomputer device (which can
be a personal computer, a server or a network édeeic.) perform all or part of the

method in each embodiment of the disclosure. Tlwealstorage medium includes: a
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USB flash disk, a mobile hard disk, an ROM, a maigndisk or a compact disc, and
other media which can store program codes. Inviaig, the disclosure is not limited
to any particular combination of hardware and saftv

Correspondingly, the disclosure also provides amgar storage medium, in
which a computer executable instruction is storélte computer executable
instruction is arranged to perform the method foprioving an item access bandwidth
and atomic operation.

The above is only the preferred embodiment of tkelasure and not intended

to limit the protection scope of the disclosure.

INDUSTRIAL APPLICABILITY

By applying the disclosure, because it is not abvageded to initiate the
request for looking up the off-chip memory, the mn@mnof accesses to the off-chip
memory is reduced, and a looking up bandwidth daiced; moreover, the item data
returned by the off-chip memory is processed adangrtb the preset rule, as such, the
atomic operation existed in item updating can reali seamless and faultless lookup

in an item lookup process.
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CLAIMS

1. A device for improving an item access bandwidth and atomic operation, comprising:
a comparison module, a cache, and a distribution module,

wherein the comparison module is arranged to: after a lookup request is received
from a service side, determine whether an address pointed to by the lookup request is
identical to an item address stored in the cache; if they are identical, and a valid
identifier vid is currently valid, directly return item data stored in the cache to the
service side without initiating a request for looking up an off-chip memory, so as to
reduce accessing the off-chip memory; and if they are not identical, initiate a request
for looking up the off-chip memory, and process, according to a preset rule, item data
returned by the off-chip memory in such a way that an atomic operation existed in item
updating can realize a seamless and faultless lookup in an item lookup process;

the cache is arranged to store the item data and the item address; and

the distribution module is arranged to identify whether data to be returned to the
service side is the item data in the cache or the item data in the off-chip memory, and
then return the data to the service side;
wherein the comparison module is further arranged to determine, according to the first
preset rule, whether the address pointed to by the lookup request is identical to the
address stored in the cache, comprising any one of the following ways:

way 1: if a vld corresponding to a low first-threshold-M bit address is
completely valid, and a high second-threshold-N bit address is identical to the address
stored in the cache, returning data in the cache to the service side, and not updating the
data in the cache; if the addresses are not identical, not updating the data in the cache,
and sending the data returned by the off-chip memory to the service side;

way 2: if the vld corresponding to the low first-threshold-M bit address is
partially valid, not updating the data in the cache, and sending the data returned by the
off-chip memory to the service side; and

way 3: if the vld corresponding to the low first-threshold-M bit address is
invalid, updating the data in the cache, and sending the data returned by the off-chip
memory to the service side;

wherein both M and N are natural numbers, and the sum of M and N is a bit

width requested by the service side.
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2. The device according to claim 1, further comprising:

a first mediation module arranged to perform mediation between writing, by a
central processing unit, data into the cache and writing the item data returned by the
off-chip memory into the cache;

a control module arranged to manage vld bits and determine when to initiate an
update operation on the off-chip memory; and

a central processing unit arranged to: configure a service item, and for the case
of single-burst item update, give an instruction of writing a single-burst item; after the
mediation by the first mediation module, write the high second-threshold-N bit address
of the item or the item data into the cache by taking the low first-threshold-M bit address
as an address, set a vld register corresponding to the address to 1 through the control
module, and give an instruction of updating the off-chip memory to complete the item
update, wherein both M and N are natural numbers, and the sum of M and N is the bit

width requested by the service side.

3. The device according to claim 1, further comprising:

a first mediation module arranged to perform mediation between writing, by the
central processing unit, data into the cache and writing the item data returned by the
off-chip memory into the cache;

a control module arranged to manage the vid bits and determine when to initiate
an update operation on the off-chip memory;

a central processing unit arranged to: configure the service item, and for the case
of multiple-burst item update, give an instruction of writing a multiple-burst item; after
the mediation by the first mediation module, write the high second-threshold-N bit
address of the item or the item data into the cache by taking a value obtained by left
shifting the low first-threshold-M bit address for 2°S bits as an address, set a vid
corresponding to the address to O through the control module, and not give an
instruction of updating the off-chip memory; for a second burst, write the high second-
threshold-N bit address of the item or the item data into the cache by taking a value
obtained by left shifting the low first-threshold-M bit address for 2°S bits plus 1 as an
address, set a vld corresponding to the address to 0 through the control module, not give

the instruction of updating the off-chip memory , at the same time, set the vld of the
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first burst to 1, and give an instruction of updating a vld item; by analogy, when an
address of the penultimate burst returned by the off-chip memory matches an address,
obtained by left shifting the low first-threshold-M bit address for 2°S bit, +S-2, set an
vld corresponding to the last burst to 1, and give an instruction of updating the off-chip
memory to complete the item update, wherein both M and N are natural numbers, and

the sum of M and N is the bit width requested by the service side.

4. The device according to claim 2, further comprising:

a lookup information storage module arranged to store a table lookup request
and multiple-burst flag information;

the comparison module further arranged to: for the case of single-burst item,
determine whether the vld corresponding to the low first-threshold-M bit address of the
lookup request is valid, and if it is valid, initiate a lookup of the cache by using the low
first-threshold-M bit address of the lookup request, and obtain a lookup result; parse
the lookup result, compare the found address with the high second-threshold-N bit
address of the lookup request, and if they are identical, directly return the result from
cache lookup to the service side through the distribution module, not initiate the request
for looking up the off-chip memory, and read and discard data in the lookup information

storage module, wherein both M and N are natural numbers, and the sum of M and N

is the bit width requested by the service side;

a second mediation module arranged to perform mediation between reading the
cache by the service side and returning reading of the cache by the off-chip memory;
and

an off-chip memory arranged to store a lookup item.

5. The device according to claim 3, further comprising:

a lookup information storage module arranged to store a table lookup request
and multiple-burst flag information;

the comparison module further arranged to: for the case of multiple-burst item,
and when there are 2*S multiple-burst items, determine through the control module
whether vlds corresponding to 2°S contiguous addresses after the low first-threshold-
M bit address of the lookup request is left shifted for S bits are valid, and if all of them

are valid, continuously initiate 2S requests for looking up the cache after the low first-
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threshold-M bit address of the lookup quest is left shifted for S bits, and obtain a lookup
result; parse the lookup result, compare the found address with the high second-
threshold-N bit address of the lookup request, and if they are identical, directly return
spliced results from cache lookup to the service side through the distribution module,
not initiate the request for looking up the off-chip memory, and read and discard the
data in the lookup information storage module, wherein both M and N are natural
numbers, and the sum of M and N is the bit width requested by the service side; Sis a
natural number;

a second mediation module arranged to perform mediation between reading the
cache by the service side and returning reading of the cache by the off-chip memory;
and

an off-chip memory arranged to store a lookup item.

6. The device according to claim 4, wherein the comparison module is further arranged
to: when the lookup request matches none of the addresses in the cache, initiate the
request for looking up the off-chip memory, and after the item data is returned, take the
item address and multiple-burst information out from the lookup information storage
module; for the case of single-burst item, determine through the control module whether
the vld corresponding to the low first-threshold-M bit address of the address is valid,
and if it is valid, read the cache after the mediation of the second mediation module,
compare high second-threshold-N bits of the acquired address with high second-
threshold-N bits of the taken-out address; if they match, replace the data of the
corresponding address with the item data returned from the off-chip memory and write
the data back into the cache, and return the data to the service side through the

distribution module.

7. The device according to claim 5, wherein the comparison module is further arranged
to: when the lookup request matches none of the addresses in the cache, initiate the
request for looking up the off-chip memory, and after the item data is returned, take the
item address and multiple-burst information out from the lookup information storage
module; for the case of multiple-burst item, firstly determine through the control
module whether the vids corresponding to 2\S contiguous addresses after the low first-

threshold-M bit address of the address is left shifted for S bits are valid, and if all of
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them are valid, read the cache after the mediation of the second mediation module, and
compare high second-threshold-N bits of the acquired address with high second-
threshold-N bits of the taken-out address; if they match, replace the data of the
corresponding address with the item data returned from the off-chip memory and write
the data back into the cache, and return the data to the service side through the

distribution module.

8. The device according to claim 7, wherein the comparison module is further arranged
to: when the lookup request is received, according to a multiple-burst identifier carried
in the lookup request, determine through the control module whether the vid
corresponding to 2S contiguous requests after the low first-threshold-M bit address
of a service request is left shifted for S bits is valid, and if it is valid, read the data of
the corresponding cache, and determine whether the high second-threshold-N bit
address of the service request matches the address in the cache; if they match, directly
return the data to the service side, and if they do not match, initiate the request for

looking up the off-chip memory.

9. The device according to claim 8, wherein the comparison module is further arranged
to: after the item data is returned, read the lookup information storage module to acquire
a lookup request address and a multiple-burst identifier, determine through the control
module whether the vld corresponding to 2°\S contiguous requests after the low first-
threshold-M bit address of the service request is left shifted for S bits is valid, and if it
is valid, read the data of the corresponding cache, and determine whether the high
second-threshold-N bit address of the service request matches a service address
returned to the cache; if they match, return the item data in the cache to the service side
through the distribution module, not update the item data in the cache, and if they do
not match, directly return the item data in the off-chip memory to the service side
through the distribution module, and update the item data in the cache; if the vid
corresponding to the multiple bursts is partially valid, which indicates that the item
update is not completed, return the item data in the off-chip memory to the service side
through the distribution module, and not update the item data in the cache.
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10. A method for improving an item access bandwidth and atomic operation, which is
applied to a device according to any one of claims 1 to 9, the method comprising:

after a lookup request is received from a service side, determining whether an
address pointed to by the lookup request is identical to an item address stored in a cache;

if they are identical, and a valid identifier vid is currently valid, directly
returning item data stored in the cache to the service side without initiating a request
for looking up an off-chip memory, so as to reduce accessing the off-chip memory;

if they are not identical, initiating a request for looking up the off-chip memory,
and processing, according to a preset rule, item data returned by the off-chip memory
in such a way that an atomic operation existed in item updating can realize a seamless
and faultless lookup in an item lookup process;
wherein the first preset rule is used for determining whether the address pointed to by
the lookup request is identical to the address stored in the cache, comprising any one of
the following ways:

way 1: if a vld corresponding to a low first-threshold-M bit address is
completely valid, and the high second-threshold-N bit address is identical to the address
stored in the cache, returning data in the cache to the service side, and not updating the
data in the cache; if the addresses are not identical, not updating the data in the cache,
and sending the data returned by the off-chip memory to the service side;

way 2: if the vld corresponding to the low first-threshold-M bit address is
partially valid, not updating the data in the cache, and sending the data returned by the
off-chip memory to the service side; and

way 3: if the vld corresponding to the low first-threshold-M bit address is
invalid, updating the data in the cache, and sending the data returned by the off-chip
memory to the service side;

wherein both M and N are natural numbers, and the sum of M and N is a bit

width requested by the service side.

11. The method according to claim 10, further comprising:

configuring, by a central processing unit, a service item, and for the case of
single-burst item update, giving an instruction of writing a single-burst item;

after mediation by a first mediation module, writing the high second-threshold-

N bit address of the item or the item data into the cache by taking the low first-threshold-
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M bit address as an address, setting a vld register corresponding to the address to 1
through a control module, and giving an instruction of updating the off-chip memory
to complete the item update, wherein both M and N are natural numbers, and the sum
of M and N is a bit width requested by the service side.

12. The method according to claim 10, further comprising:

configuring, by a central processing unit, the service item, and for the case of
multiple-burst item update, giving an instruction of writing a multiple-burst item;

after the mediation of by first mediation module, writing, by the first burst, the
high second-threshold-N bit address of the item or the item data into the cache by taking
a value obtained by left shifting the low first-threshold-M bit address for 2°S bits as an
address, setting the vld corresponding to the address to 0 through the control module,
and not giving the instruction of updating the off-chip memory;

for a second burst, writing the high second-threshold-N bit address of the item
or the item data in the cache by taking a value obtained by left shifting the low first-
threshold-M bit address for 2/°S bits plus 1 as an address, setting a vld corresponding to
the address to 0 through the control module, and not giving the instruction of updating
the off-chip memory; at the same time, setting the vld of the first burst to 1, and giving
an instruction of updating a vld item;

by analogy, when an address of the penultimate burst returned by the off-chip
memory matches an address, obtained by left shifting the low first-threshold-M bit
address for 2°S bit, +S-2, setting an vld corresponding to a last burst to 1, and giving
the instruction of updating the off-chip memory to complete the item update, wherein
both M and N are natural numbers, and the sum of M and N is the bit width requested

by the service side.

13. The method according to claim 11, further comprising:

for the case of single-burst item, determining, by a comparison module, whether
the vid corresponding to the low first-threshold-M bit address of the lookup request is
valid, if it is valid, initiating a lookup of the cache by using the low first-threshold-M
bit address of the lookup request, and obtaining a lookup result;

parsing the lookup result, and comparing the found address with the high

second-threshold-N bit address of the lookup request; if they are identical, directly
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returning the result from cache lookup to the service side through a distribution module,
not initiating the request for looking up the off-chip memory, and reading and
discarding data in a lookup information storage module, wherein both M and N are
natural numbers, and the sum of M and N is the bit width requested by the service side.

14. The method according to claim 12, further comprising:

for the case of multiple-burst item, and when there are 2°S multiple-burst items,
determining through the control module, by the comparison module, whether vlds
corresponding to 2°'S contiguous addresses after the low first-threshold-M bit address
of the lookup request is left shifted for S bits are valid; if all of them are valid,
continuously initiating 2°S requests for looking up the cache after left shifting the low
first-threshold-M bit address of the lookup quest for S bits, and obtaining a lookup
result;

parsing the lookup result, and comparing the found address with the high
second-threshold-N bit address of the lookup request; if they are identical, directly
returning the spliced results from cache lookup to the service side, not initiating the
request for looking up the off-chip memory, and reading and discarding the data in the
lookup information storage module, wherein both M and N are natural numbers, and

the sum of M and N is the bit width requested by the service side; S is a natural number.

15. The method according to claim 13, further comprising:

when the lookup request matches none of the addresses in the cache, initiating,
by the comparison module, the request for looking up the off-chip memory, and after
the item data is returned, taking the item address and multiple-burst information out
from the lookup information storage module;

for the case of single-burst item, determining through the control module
whether the vld corresponding to the low first-threshold-M bit address of the address is
valid; if it is valid, reading the cache after the mediation of a second mediation module,
and comparing the high second-threshold-N bits of the acquired address with the high
second-threshold-N bits of the taken-out address; if they match, replacing the data of
the corresponding address with the item data returned from the off-chip memory and
writing the data back into the cache, and returning the data to the service side through

the distribution module.
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16. The method according to claim 14, further comprising:

when the lookup request matches none of the addresses in the cache, initiating,
by the comparison module, the request for looking up the off-chip memory, and after
the item data is returned, taking the item address and multiple-burst information out
from the lookup information storage module;

for the case of multiple-burst item, first determining through the control module
whether the vlds corresponding to 2°S contiguous addresses after the low first-
threshold-M bit address of the address is left shifted for S bits are valid; if all of them
are valid, reading the cache after the mediation of the second mediation module, and
comparing the high second-threshold-N bits of the acquired address with the high
second-threshold-N bits of the taken-out address; if they match, replacing the data of
the corresponding address with the item data returned from the off-chip memory and
writing the data back into the cache, and returning the data to the service side through

the distribution module.

17. The method according to claim 16, further comprising:

when the lookup request is received, determining through the control module,
by the comparison module, whether the vld corresponding to 2°S contiguous requests
after the low first-threshold-M bit address of a service request is left shifted for S bits
is valid according to a multiple-burst identifier carried in the lookup request; if it is
valid, reading the data of the corresponding cache, and determining whether the high
second-threshold-N bit address of the service request matches the address in the cache;
if they match, directly returning the data to the service side; if they do not match,

initiating the request for looking up the off-chip memory.

18. The method according to claim 17, further comprising:

after the item data is returned, reading, by the comparison module, the lookup
information storage module to acquire a lookup request address and a multiple-burst
identifier;

determining through the control module whether vid corresponding to 2°S
contiguous requests after the low first-threshold-M bit address of the service request is
left shifted for S bits is valid; if all of them are valid, reading the data of the

9
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corresponding cache; determining whether the high second-threshold-N bit address of
the service request matches a service address returned to the cache; if they match,
returning the item data in the cache to the service side through the distribution module,
and not updating the item data in the cache; if they do not match, directly returning the
item data in the off-chip memory to the service side through the distribution module,
and updating the item data in the cache; if the vld corresponding to the multiple-burst
is partially valid, which indicates that the item update is not completed, returning the
item data in the off-chip memory to the service side through the distribution module,

and not updating the item data in the cache.
19. A computer storage medium having stored therein computer executable

instructions arranged to perform a method for improving an item access bandwidth and

atomic operation according to any one of claims 10 to 18.
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