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i nvent i orwpaBaras4s generally to systens wherein 5 an ext ePaalEpsdoavee such
as a scheduler in a network processor can interrupt the processor for
processing a task wherein data/instructions are not related to the
previous task and relates particularly to a nmethod of prefetching
data/instructions related to externally triggered events. 10 Background The
ef fectiveness of nodern m croprocessors and mcroprocessor cores strongly
depends on the effectivity of caches since the instruction cycle tine is
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probabl e to be near previous accesses. The caches contain a nechanism the
cache controller, for |oading selected areas (cache lines) with new
contents, and in order to do so nmake roomfor this action by discarding 20
old entries. The cache controller can currently be activated by software
with a €tackpigpéf&iehdi nstruction (e.g. a Data Cache Bl ock Touch for al
Power PC conpl i ant devices). Furthernore, there are proposals for cache
controllers to recognize regular access patterns |like |inear strides or 25
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2 contents needed In these situations are unrelat to the previous
pr ocessPHQCeFACEUCANa ipdsg rutite Urg ypkaowbedyefor processing a task

wherein data/instructions are not related to the previous
task and relates particularly to a method of prefetching

data/instructions related to externally triggered events.

10 Background

The effectiveness of modern microprocessors and
microprocessor cores strongly depends on the effectivity of
caches since the instruction cycle time is much smaller than
the memory access time. The caches exploit the locality of
15 the memory accesses, that is the fact that a memory access

is more probable to be near previous accesses.

The caches contain a mechanism, the cache controller, for
loading selected areas (cache lines) with new contents, and
in order to do so make room for this action by discarding
20 old entries. The cache controller can currently be activated
by software with a catch prefetch instruction (e.g. a Data
Cache Block Touch for all PowerPC compliant devices).
Furthermore, there are proposals for cache controllers to
recognize regular access patterns like linear strides or
25 linked data structures. Unfortunately, the present methods

do not cover externally triggered events wherein the memory



about the needed nenory contents is the source of the event |ike interrupt
sources, schedulers or other processors which 5 assign the task. In a

syst em wwp@B07:aM ext ernal source such as a schedul er i nPETMEPOHEAIR3
processor can interrupt the processor for processing data which are

unrel ated to the previous processed gata, the processor generates a cache
m ss. This 10 neans that the processor stops processing until the data it
needs is |oaded fromthe nmenory into the cache. This wastes a considerable
anmount @intémes Tegsedw th dlvesent skBrBEjonBechiR| dgyedided pEecds®r cl ock
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i fvent iamsign tithactisgve a nmethod of prefetching data/instructions rel ated
to externally triggered events in order to avoid the cache m sses on data
for which addresses can be determ ned easily. 25 The invention rel ates

t her ef dirte & o sgstretthodheofe ipr edet eRitrgnadatsaiintst raicth oas eelsatreeitier
externally triggered events in_ a _systemingl udi n i ct havi ng
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for processs nghat teasprseessofr tdtwpdabtadiceastinugtuons]l the pladeessor
haVingﬁ%é:ghfs 858&3 %ng the memory into the cache. This wastes
a considerable amount of time. Thus, with current memory
technology and a processor clock speed of 400 MHz, every
cache miss relates to 36 processor clock cycles, that means
15 about 40 instructions. As the current technology trends show
a stronger increase of the processor instruction rate than

the memory latency, there is an increase of the number of

lost instructions per cache miss.

20 Summary of the invention

Accordingly, the main object of the invention i1s to achieve
a method of prefetching data/instructions related to
externally triggered events in order to avoid the cache

misses on data for which addresses can be determined easily.

25 The invention relates therefore to a method of prefetching
data/instructions related to externally triggered events in
a system including an infrastructure having an input
interface for receiving data/instructions to be handled by
the infrastructure and an output interface for transmitting
30 data after they have been handled, a memory for storing

data/instructions when they are received by the input



data/instructions are stored before being processed, and an external
source for assigning sequential tasks to the 5 processor. The nethod
conpri seswDhlg/0fxabd owi ng steps which are perforned whil e Phe/EPO®E®TOr is
perform ng a previous task: determning the locations in nmenory of
data/instructions to be processed by 3he processor, indicating to the
cache the addresses of these nenory 10 | ocations, Fetching the contents of
the menory locations and witing theminto the cache and assigning the
task ofintmfassi ng PHOcEasak st ueTPenssingt Re dretﬁﬁ%sépmequfefthe
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processing the data/instructions to the processor.

Brief description of the drawings

The above and other objects, features and advantages of the
15 invention will be better understood by reading the following
more particular description of the invention in conjunction

with the accompanying drawings wherein :
*Fig. 1 is a block-diagram of a network processing system
wherein the method according to the invention 1is

20 implemented.

»Fig. 2 1s a flow chart representing the steps of the

method according to the invention.

Detailed description of the invention

Such a system includes a processor core 10 such as a
25 PowerPC processor core equipped with a data/instructions
cache. The system is structured by a high-performance bus 12
such as a Processor Local Bus (PLB) which provides the
connection to an external memory 14 (e.qg. A SDRAM)

containing data as well as instructions by the intermediary



Bus 12 and nenory 14 are also used by an infrastructure 18 5 which handl es
the data packets which are received fromthe network on an input interface
20. The iwbriastyisct ure 18 nanages the reception and trangeirgeodmencl udi ng
assenbly of packets, nenory allocation and deallocation as well as
insertion and del etion from packet queues. 10 Sone of the packets do not
require to be processed and are transmtted directly over the network by
an output interface 22. Qher packets have to be processed by processor
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24. In order to process a data packet, rocessor 10 needs several

i nf or TeREOASSEEY ERNENg/t rAfsesb sacvads efie-header of the packet and the
additional information generated in the infrastructure 18. For instance,
the infrastructure m ght have several ports where 20 packets can arrive and
the proBessdl rmewtismemery nlér matei enlsavhesedt by packietf cosesudtone A8

schedul o1; 2ff handhes aéﬂet$§t£f'a %c&%%‘ée%nl |ch. e %ce%%%lesﬁil%w g}{et he
processor in one or several queues. These  queles do not need to be
physi cahéywprksemt ian t hep25 sthedufece A0 edSte t heffreentruenturg ofi8each

queue nﬂgngge??thEF%E%gaﬁgb%hB%d @y§%§%¥g%#g§Hi*%%ﬁﬁ%ﬁ%aggs8&bigeof
processor ctivities. en 't he processor has finished processing a
packet ,patkeeguesinsmbheg szhedobeiohorabtie dewnliasktiBuot, asf weeélerak queues

W th dii%g%ﬁgiogrggaiagfggggﬁhgggﬁ?ggckgge 30.schedul er 26 could al so

interrup € processing cessorngugsrom/priority task in favor
of a higher priority one. WD 03/075154 PCT/ EP03/02923 5 In any case, the

S?@ed“'§£m§60%a%ﬂ%“%%§%§%%388“%o%h%égﬂgre to be processed and are
transmitted directly over the network by an output interface

22. Other packets have to be processed by processor 10. The
decision whether a packet needs to be processed and which

kind of processing has to be performed is done by a look-up

15 and classify unit 24. In order to process a data packet,
processor 10 needs several information. For this, it has to
access the header of the packet and the additional
information generated in the infrastructure 18. For
instance, the infrastructure might have several ports where

20 packets can arrive and the processor needs the information

where the packet comes from.

A scheduler 26 handles all the data packets which need
processing by the processor in one or several gueues. These
queues do not need to be physically present in the
25 scheduler. At least the front entry of each queue has to be
stored on-chip. This scheduler keeps track of the processor
activities. When the processor has finished processing a
packet, it requests the scheduler for the new task. But, if
several queues with different priorities are managed, the
30 scheduler 26 could also interrupt the processing by the
processor of a low priority task in favor of a higher

priority one.



task the processor 10 is going to process. The selected task determ nes
which data will be accessed. In the case of a network processor as

descri bedwbes@7516he rel ati on between 5 the task (the entryCofEPOhE9pIeue)
and the addresses first accessed, nanely the packet header and the
additional information is very sinplg. This translation froma queue

entry into a set of addresses is done by an address calculation unit. 10
When the processor 10 processes a new packet and accesses data such as the
packet header, it normally generates a cache miss if the invention is not

used. Taj Sogga?aféé‘attﬁ@escﬂé%%éorzé"qlrég §58ﬁ1@& 86%%0%51: L#{}Hé'nél&’é‘ needed
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into thentayheintéfter seﬂplefloaddfeshes wist i dgneeibheratheaddhedsl er
interru Pl s f Eroces5ﬁr and assigns the new packet for processing when
t he nem/?a%% %55 a ng priority than the 30 previous task, or the
schedul er waits for the conpletion of the previous task before delivering
t ll"& ne%llggr?k%th'e Vg:ggésoggrl%opcw El:)os?’s/eos2923 neGW packet and accesses
data such as the packet header, 1t normally generates a
cache miss if the invention is not used. This means that the
processor would stop processing until the needed data is
loaded from external memory 14 into the cache, which wastes
15 a considerable amount of time as already mentioned. The
cache prefetching according to the invention avoids the
cache misses on data access which are sure to occur and

whose addresses can be determined easily.

To work, the cache must be instructed to load the required
20 data before the access happens. The initiation of this
action comes from the scheduler which wuses a direct
connection 28 to the cache. After having determined the
locations in memory wherein the packet header and the
additional information have been stored, the scheduler
25 assigns the addresses to fetch to the cache and the cache
controller fetches the data from memory into the cache.
After completion of this writing, either the scheduler
interrupts the processor and assigns the new packet for
processing when the new task has a higher priority than the
30 previous task, or the scheduler waits for the completion of

the previous task before delivering the new packet.



The nethod according to the invention is represented by the flow chart
illustrated in Fig. 2. First, the infrastructure waits for the reception
of new daw@,03bhas4 i s a data packet in the described exanmpCe/Hpes/e9280). The
header of the packet 5 is used for classification and the header and
additional information resulting fromthe processing by the | ook-up and
classify unit are stored into the external nenory (step 32). The | ook-up
and classify unit deterni nes whet her the packet needs to be processed by
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data (step 30). Wen the data packet requires processing, the schedul er
has towaareulfare thee sedersson nofemsiy détiach thetedpordsiat t hackes data
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dat 1ol ; .38) .
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processi ng, and the %roc Ssor starts processing and T nds T er eVant’ data in
t he cachiee ( stregresks) lobpst malewtpackettras forhi ghesiypinor nkeyw tdabat he 30
previ ougsgge,3ége processor has to conplete the previous processing (step
48) bef or %ro §sing the new one (step 46).

When the data packet requires processing, the scheduler has
to calculate the address in memory which corresponds to the
15 data the processor will access. In the example, it is the
address of the packet header and the address of the
additional information such as classifier result, input port
(step 36). These addresses are then transferred to the data
cache controller of the processor (step 38). The data cache
20 controller writes the corresponding data into the data cache
(step 40). This is done by interleaving the memory accesses

created by the current packet processing.

At this stage, the process depends on whether the packet
which has Jjust arrived 1s of higher priority than the

25 previous one (step 42). If so, the scheduler interrupts the
previous task currently performed by the processor (step 44)
and assigns the new packet for processing, and the processor
starts processing and finds relevant data in the cache (step
46). If the new packet has no higher priority than the

30 previous one, the processor has to complete the previous
processing (step 48) before processing the new one (step
46) .



WO 03/ 075154 PCT/ EP03/ 02923 7 Note that, in case of a packet having a

hi gher priority, the scheduler has to wait for the conpletion of the data
cache fewolslbefisse interrupting the processor. For this, PChEPIFeIesiul er
coul d observe actions on the bus and wait until 5 all assigned accesses
have been conpleted. Alternatively, 7he scheduler could wait a fixed
anount of tinme or a direct feedback fromthe cache controller to the
schedul er could be wused. It nust be also noted that for two packets
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cases on disjoint sections of the cache. "Qherw se, the prefetched data
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processor since the cache 1s usually 1 ndexed using virtual addresses.
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that it "cou e used 1n any System wherein the access to sone data by the
processtredisaskir érom thecoachadcwhbseladdr &osddiec achssludeatrerdnhed Rasi | y.
In all L Lases, an external event is connected with sone data to be
processecﬁ Thus, assuming that a new picture arrives at 25 reqgular tine
intervals in a robot which uses a canera for navigation. The arrival of

dat & wil oh TS pPEr tERed Tt bt be Bof ed hab o Fsr st shagea e o
mMer oprocessos dngt e 36 adtlress garketani be inded maptedt eirmalrsem ceo as it
s alr%%ﬁ%:ess a second higher priority packet as above should
happen in both cases on disjoint sections of the cache.
Otherwise, the prefetched data could be erased from the
cache before it is accessed. This can be achieved by using
15 the mapping from virtual addresses to real addresses in the

processor since the cache is usually indexed using virtual

addresses.

Although the method of the invention has been described in a
network processor environment, it will be clear for the man
20 skilled in the art that it could be used in any system
wherein the access to some data by the processor is sure to
occur and whose addresses can be determined easily. In all
cases, an external event is connected with some data to be
processed. Thus, assuming that a new picture arrives at
25 regular time intervals in a robot which uses a camera for
navigation. The arrival of the picture is the event and the
picture data itself is the associated data which 1is

prefetched.

It must be noted that, for standard microprocessors, the
30 address bus can be used as external source, as 1t is already
observed for the cache coherency. In this case only one

external wire is needed to indicate the prefetch request.



observed for the cache coherency. In this case only one external wre is
needed to indicate the prefetch request. WO 03/075154 PCT/ EP03/ 02923 8
CLAI M5 1IwoMsibihadas of prefetching data/instructions rel at edCr®Poza29es nal |y
triggered events in a systemincluding an infrastructure (18) having an
input interface (20) for 5 receiving data/instructions to be handl ed by the
infrastructure and an output interfaceg(22) for transmtting data after

t hey have been handl ed, a nenory (14) for storing data/instructions when
they are received by said input |ntﬁé]§?§ a processor (10) for processing
at | east sone of 10 said data/instr sai d processor having a cache
wherein the data/instructions are stored before being processed, and an
external source (26) for assigning sequential tasks to said processor;

sai d nethod being characterized in that it conprises the 15 follow ng

steps whi gBtabg perfror mash-aii @Sl d PALELPSREtEact PERE O MrBY 1R oI €VitQUS
task, - determning the |ocation in said nenory of data/instructions to be

pr ocessede§§e§§?&l|¥r odeslrerad | rRVRBEF nglto hi dsyaksie t hBCAHELBSseRbf

sai d menoky rr2Qthocatirens,(13) Feh‘é%ﬂ% the C%tp%%tslafte%%*a@eﬁer@r | gcations
agéj witing theminto sai d cache and - assigning the task of processing
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1, wherei En%%gt%%%%%oran@l% ISt E‘%H@ékf&é&c?%?r £Rd ttr%%s%ttac tRy be
processed are in the header of a data packet received by said
i nfrastruégtipeafter they have been handled, a memory (14) for storing

data/instructions when they are received by said input
interface, a processor (10) for processing at least some of
10 said data/instructions, said processor having a cache
wherein the data/instructions are stored before being
processed, and an external source (26) for assigning
sequential tasks to said processor;
said method being characterized in that it comprises the
15 following steps which are performed while said processor is
performing a previous task,
- determining the location in said memory of
data/instructions to be processed by said processor,
- indicating to said cache the addresses of said memory
20 locations,
- Fetching the contents of said memory locations and writing
them into said cache, and
- assigning the task of processing said data/instructions to

said processor.

25
2. Method according to claim 1, wherein said processor (10) is
a network processor and the data to be processed are in the
header of a data packet received by said infrastructure
(18).
30 3. Method according to claim 2, wherein said external source

is a scheduler (26) directly connected to said cache in said



(18). 30
schedul er

PCT/ EPO3/WD328751%4 pr ocessor (10),

in said

3. Method according to claim2, wherein said external source
(26) directly connected to said cache in said WD 03/075154

menory (14) of data/instructions to be processed and directly

is

sai d schedul er det er m nipeg/EPag0390T at i on

i ndi cating said addresses to said cache. 4. Method according to claim 3,
wherein said scheduler (26) 5 determ fies the |ocations of said
ructions in said nenory (14) by calculating sai d addresses. 5.
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step of assigning the task of processing said prefetched
data/instructions consists in interrupting the processing of
a previous packet and starting the processing of a new

packet which has a higher priority than said previous

packet.

Method according to any one of claims 3 to 5, wherein said
cache is associated with a cache controller which is in
charge of fetching the contents of said memory locations
whose addresses have been determined by said scheduler (26)

and writing them into said cache.

Method according to claim 5, wherein a Processor Local Bus
(PLB) is used by said processor (10) and by said scheduler
(26), said scheduler interrupting said processor after
determining the completion of the data cache fetch by
monitoring said bus and observing precisely when the data

returns from said memory (14).

A system comprising means adapted to achieve the steps of

the method according to claims 1 to 7.

n

a

a



