; e3eel bDDEDFpLA 6<I TI GYI READ LOCK M SS CONTRCOL I N A MULTI THREADED

ENVI RONVENT BACKGROUND OF THE | NVENTI ON This invention relates to read Iock
menory references. Wien a conmputer instruction (thread) needs access to a
nmenory | ocation in the computer, it goes to a nenory contrﬂﬂW#mmwmwmmMFry
reference instruction may request a read |lock on a particu

| ocation. The read | ock prevents other instructions from accesssusg t hat
menory location until a read unlock instruction for that nenory 10 | ocation
gets granted. SUMVARY OF THE | NVENT1 ON According to one aspect of the
invention, a method is descri bed of managi ng nenory access to random access
menory, inclRERR FCEKNMEGS aCOBRROLoEN AeMBEYIFEREADRO: ENBHIRONMENT 15

pl acing the read | ock nenory reference request at the end of a read | ock

m ss queue if the read | ock nmenory reference request is requesting access
to an unl ocked nenory |ocation ' and the read | ock m ss queue contains
at |l east one read | ock nenory reference request. Ot her advantages w ||
becone apparent fromthe BBCKGROBYDJIOECTHEt INNENAGONr om the clains. 5 BRI EF
DESCRI PTI ON OF THE DRAWNGS FIG 1 is a bl ock diagramof a conmuni cation
system enpl oyi ng a hardware-based nultithreaded processor. FIG 2 is a

bl ock di agr anThf sa imeremtyt coontelaltesy forrdat ensyk Inmeméed ppeeatheas.used in
t he hardware-based 10 nmultithreaded processor. FIG 3 is a flowhart of the

operation of fnEBMAr ¥oa@ted li¥fsirudthehardnas £ pasedqsul tit breaded

processor.
5 memory location in the computer, it goes to a memory

controller. A memory reference instruction may request a
read lock on a particular memory location. The read lock
prevents other instructions from accessing that memory

location until a read unlock instruction for that memory

10 location gets granted.

SUMMARY OF THE INVENTION

According to one aspect of the invention, a method is
described of managing memory access to random access memory
includes fetching a read lock memory reference request and

15 placing the read lock memory reference request at the end
of a read lock miss queue if the read lock memory reference

request is requesting access to an unlocked memory location

Si- (T
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FIG 4 is a flowhart of the operation of a nenory controller in the

har dwar e- based nul tithreaded processor. 15 DESCRI PTI ON OF THE PREFERRED
EMBODI MENTS Referring to FIG 1, a conmuni cation system 10 includes a
paral | el , hardware-based nultithreaded processor 12. The har dware- based
nultithreaded processor 12 is coupled to a bus such as a peri pheral
conponent - i nterconnect (PCl) bL.s 14, a nmenpry system 16, and a
second bﬁ%dlﬁheTﬁéa TH 9% BgRRiANiainefat +8RSEasRe ¥RAH can be
broken into parallel subt asks or functions. Specifically, a hardware-based
mul tit hrkadkdmpmesysseferemgqg scamudsti. for tasks that are bandw dt h
oriented rather than |l atency oriented. The hardware-based nultithreaded 10
15 processor Ofhbas acivantzige sriveirlde risg amse 22ppa2ént efebmwehd nmul tipl e
hardware controlled threads that can be sinultaneously active and

i ndependesi | ¥wiREK deB i ifptSlon BHY Ne¥shieg s basgdmgul ti t hreaded processor 12
al so includes a central controller 20 that assists in | oading mcrocode
control for other resources of the hardware-based nmultithreaded processor
12 and perforns other general purpose conputer type functions such as
handl i ng protocol s, exceptions, and extra support for packet processing

wher g the m croengi nespR?er 2Bk sBASPTIBR E@C%@ﬁﬁlﬁ%ﬂwfﬁﬁﬁ more detail ed

processing such as in ment, the processor
20 is a Strong Awn1(Awn1|s a trademark of ARM Llnlted Uni t ed Klngdon)
based 20 archiptget it g Thg10eneldl, UUPOSE L95£8506, 20, BRgya"

operating system hroug the oper ng SYysS en1 € ‘processor can cal

functlons tp o erate on Jmni. cro in
foyg hardware- %eéamultlthreaded processor.

FIG. 2 is a block diagram of a memory controller for
latency limited operations used in the hardware-based
10 multithreaded processor.
FIG. 3 is a flowchart of the operation of a memory
controller in the hardware-based multithreaded processor.
FIG. 4 is a flowchart of the operation of a memory

controller in the hardware-based multithreaded processor.

15 DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring to FIG. 1, a communication system 10
includes a parallel, hardware-based multithreaded processor
12. The hardware-based multithreaded processor 12 is

coupled to a bus such as a peripheral component



22a- 22f. The processor 20 can use any supported operating - 3 system
preferably a real tinme operating system For the core processor inplenented
as a Strong Arm architecture, operating systens such as, M crosoftNT

real -time, VXWrks and uCUS, a freeware operating system avail abl e over the
5 Internet, can be used. The hardware-based multithreaded processor 12 al so
includes a-plurality of function m croengines 22a-22f. Functi onal

m cr oengiimdL 1eaneehgi ReE) bva-24i sampmAtYnsHFhen pbur ahidt ¢ sfegemshr am
counters in hardware and 10 states associated with the program counters.

Ef fecti véluws 1B corTespopdiemy pbuial espeoliadbysuséftbr fadstasksbehat

si mul taneously active on each of the m croengi nes 22a-22f while only one is

actual | y cepensd iv¥orén aﬁﬂt@nﬁaiénﬁeﬂ BubtgsREbedi FRAELibAarLe are six
m croengi nes 22a-22f 15 as shown. Each m croengi nes 22a-22f has

capabi | | fgs%scfﬁcﬁgf,%éi ngéwyfebssgz@@rﬁFEgi@ﬁgéadlagpgliée@s%rf%@gi nes

22a-22f operate wth shared resources I nc I ng nenor stem 16 "and bus
interfaces 24 The ry,system. .16 .includes. a . Synchrongus Dynam c
Rando‘{n AlCest ﬁa\%%o 5‘5"50%%% o%’f? og] P 3?‘”&%59 aRb* &7 EE gt %5%%% %ﬁﬁaﬁ\’cces s
Menory (SRAM) control ler 26b. SDRAM 16a and SDRAM control | er 26a are
typical | y ¥ Rrifeedsi nhh ¢ fyedyereneased Buthithrgadegr ocessing of
network payl oads from network packets. _ 4 _ SRAM 16b and SRAM control | er
26b are PEFOESIFPAr et vivgd Kimgl ¢ Hplenbhcaoenaines Raa-Rafenepchf adthaccess

tasks, e.g., accessing |ook-up tables, nenory for the core processor 20,
and so femflitiple hardware controlled threads that can be

simultaneously active and independently work on a task.

10 The hardware-based multithreaded processor 12 also
includes a central controller 20 that assists in loading
microcode control for other resources of the hardware-based
multithreaded processor 12 and performs other general
purpose computer type functions such as handling protocols,

15 exceptions, and extra support for packet processing where
the microengines 22a-22f pass the packets off for more
detailed processing such as in boundary conditions. In one
embodiment, the processor 20 is a Strong Arm® (Arm is a
trademark of ARM Limited, United Kingdom) based

20 architecture. The general purpose microprocessor 20 has an
operating system. Through the operating system the
processor 20 can call functions to operate on microengines
22a-22f. The processor 20 can use any supported operating
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5 'The six microengi nes 22a-22f access either the SDRAM 16a or SRAM 16b
based on characteristics of the data. Thus, |low | atency, |ow bandw dth data
is stored in and fetched from SRAM 16b, whereas hi gher bandw dth data for
which latency is not as inportant, is stored in and fetched 10 from SDRAM
16a. The m croengi nes 22a-22f can execute nenory reference instructions to

ei t her the C r 26a the SRAM controller 26b. vant ages of
har dwar e >#ill ??@hrperge(:ht nrcg)a]%: e &5h1 BHRR OB R %#WOFY§BQ}5}M mgA r;%F‘ccesses.
As an exanple, an SRAM 15 ccess requested by a Thread 0, froma

ni cr oengFREE2PFOEH/SSKY |1 4R SFAN cOREPRE| BEM2BBTH tiewtliteve an
access to the SRAM 16b. The SRAM controller 26b controls arbitration for

t he SRAVPDEEaXanchEWSSRms tSRCISRM 16bsrde0£hNE rheldatimef,r GiWdrksSRAM 16D,
and returns data to the requesting 20 m croengi ne 22a-22f. During an SRAM

16b acceaad pfCUshe arifirasrgieeoperating2systed anbylabiienghert Riread t hat
coul d operate, that m croengi ne woul d be dormant until data was returned

fromg heygRAMRLRYD. cHie Bwandyed e context swapping - 5 wi thin each of the
m croengi nes 22a-22f enabl es other contexts with uni que program counters to

Functi on whi | SPena R T e ml L e PRl ok BB, Ta R ™ et °"

awai ti n e read
data to ret . i executio Thread 1 na access t S menory 1l16a.
Wi | e ThFBSgU%eﬁpé"r' é’gg‘sraérlst¥ H S%%‘Rﬁh‘?ﬁ’tm’?% CCRHAYPRr 228 grzgl operating
on the SRAM unit 26b, a new thread, e.g., Thread 2, can now operate in the
m cr oengFRBCEAQNATh MG RAEN el REIRIENAD) c32RakRfagdGEM of tine unt |
it needs to access nenory or perform sonme other |ong | atency operation,
such as makhtgian aagdes= lida dluprogearh aceunTaesefor ba redwarlet @amebusl y, the
processor 12 can have a bus operation, SRAM operation, and SDRAM operati on
alliwei ngtaespl atsadddra aenaied tHonp bygddm ogeunit 6 FeENYERE e22d va1d; have one

nore thread available to
a corresponding plurality of sets of threads can be
simultaneously active on each of the microengines 22a-22f
while only one is actually operating at any one time.
In one embodiment, there are six microengines 22a-22f

15 as shown. FEach microengines 22a-22f has capabilities for
processing four hardware threads. The six microengines
22a-22f operate with shared resources including memory
system 16 and bus interfaces 24 and 28. The memory system .
16 includes a Synchronous Dynamic Random Access Memory

20 (SDRAM) controller 26a and a Static Random Access Memory
(SRAM) controller 26b. SDRAM l6a and SDRAM controller 26a
are typically used for processing large volumes of data,

e.g., processing of network payloads from network packets.
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process nore work in the data path. The hardware context swapping al so
synchroni zes conpl etion of tasks. For exanple, two threads could hit the
sanme shared resource, e.g., SRAM 16b. Each one of 20 these separate
functional units, e.g., the FBUS interface 28, the SRAM controller 26b, and
the SDRAM control |l er 26a, when they conplete a requested task from one of
the m croengine thread contexts reports back a flag signaling -~ 6

conpl et i 0SRAM 2BLORBLARAN WhRENe 189 g d ‘i@vﬁd/% by a{ﬁ%@g{xﬁngi ne

22a-22f, the m croengi ne 22a-22f can determ ne ch thre u on. One

exanple o I Lo for I re-hased 5 nultithreaded processor
12 is as %mﬁgte%gka%rﬁtgges'}g& .lokzﬁgqﬁe&%%r%aﬁﬁogaecscsecﬁs, ttai‘isé(ﬁfar%v%'r'e- based
mul tithreaded Froceiso% 12 in&&rfaoes to network devices such as a nedia
access coRtrBPPaPIdePPES P LGRS 1 FPTSGRALOF EMCAICHIRCPERFYSHE & Gabi t
Et hernet device 13b. In general, as a network 10 processor, the

har dwar e- 828 e8°nfiPEiEfhr eaded processor 12 can interface to any type of
comuni cation device or interface that receives/sends | arge anmounts of
dat a. 51 f commuBheasisnmigsbemgifielsuRCai-CRs iarci sreteiaHe e Rp@BDRAY i on, it
could receive a plurality of network 15 packets fromthe devices 13a, 13b

and proceséatb9SBRRECkEbSbuBed par ahlaelactrrier.idy UF e heyiwar e- based
mul tithreaded processor 12, each network packet can be independently

processedph ot ek eX88RLY, f 26uwUBEnAliREACERRE 112 dtp RPN ZP endi ne for
a postscript processor or as a processor for a storage subsystem i.e.,

ot 5 5Ot e SRAIES e .38,y TR BN, L et e

which latency is not as important, is stored in and fetched

10 from SDRAM l6a. The microengines 22a-22f can execute
memory reference instructions to either the SDRAM
controller 26a or the SRAM controller 26b.

Advantages of hardware multithreading can be explained

by SRAM or SDRAM memory accesses. As an example, an SRAM

15 access requested by a Thread 0, from a microengine 22a-22f
will cause the SRAM controller 26b to initiate an access to
the SRAM 16b. The SRAM controller 26b controls arbitration
for the SRAM bus 27, accesses the SRAM 16b, fetches the
data from the SRAM 16b, and returns data to the requesting

20 microengine 22a-22f. During an SRAM 16b access, if the
microengine, e.g., 22a, had only a single thread that could
operate, that microengine would be dormant until data was
returned from the SRAM 16b. The hardware context swapping
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of electronic matching engines to match orders between buyers and sellers.
These and ot her parallel types of tasks can be acconplished on the system
10. Each of the functional units, e.g., the FBUS interface 5 28, the SRAM
controller 26b, and the SDRAM control |l er 26a, are coupled to one or nore
internal buses. The internal buses are.dual, 32-bit buses (i.e., one bus

for readvitigi®neathr ofr ithe) mithechaitear @2kadaF randbidy eselegr processor 12
also is constructed such that the sum of the bandwi dths 10 of the interna

buses incdheeREQCHTRAM u%%q%écﬁ'%@%rfa?\gc_gﬁ'?@@r@ ft&fe@@ﬂ@finbtﬁsé coupl ed

to the processor 12. The processor i ncludes an 1 nternal core processor

bus 32, . ,mf@régﬁgggﬁ'(Agﬁﬁgceg€§¥%%ggqgﬁ?, that_co Ieg?ézgrprocessor

core 20 1o the nenory contr Y t9 % A ator 30.

The ASB bus 32 is,a subpset the so-called AVBA bus that is used with the
Strong A3R ptoReESHR b’grlg.e %8 grlé‘égsggrref?'alesﬁ'i'nc'JI”'tTd’e%d.aopr%%ate bus 39

that couples the mcroengine units to SRAM controller 26b, ASB transl ator
30, and FRUSing ekhgcEeag. dagaatpemstirbus PR rdaipd| e el oRnor y
controllers 26a, 26b to the bus interfaces 24 and 28 and nenory system 16

i ncl udi Mhrxedd ashmam &d6ceasetthEoSDBAME mepwirat ildes. arthisloe fThitdad 19 _
Referring to FIG 2, the SRAM controller 26b for the SRAM 16b is shown. The

SRAM cordpetd ©és 260 thel BdesMannaddress and qemed @uedleodePat SRAM
controller 26b is optim zed based on the type of ménory operation; i.e., a

5 read Qi a Nk id@am TR RASEESS saRdwCORFRAG, dYeye 136, inch usles.a, hjgh
priority queue 120a (hol ding nenory -
operate in the microengine 22a. Thread_2 can operate for a
10 certain amount of time until it needs to access memory or
perform some other long latency operation, such as making
an access to a bus interface. Therefore, simultaneously,
the processor 12 can have a bus operation, SRAM operation,
and SDRAM operation all being completed or operated upon by
15 one microengine 22a and have one more thread available to
process more work in the data path.

The hardware context swapping also synchronizes
completion of tasks. For example, two threads could hit
the same shared resource, e.g., SRAM 1l6b. Each one of

20 these separate functional units, e.g., the FBUS interface
28, the SRAM controller 26b, and the SDRAM controller 26a,
when they complete a requested task from one of the

microengine thread contexts reports back a flag signaling
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reference-requests fromhigh priority tasks), a read queue 120b (hol di ng
read nenory reference requests, which are the predom nant nenory reference
functions that an SRAM 10 perforns), and an order queue 120c (holding, in
general, all wites to SRAM 16b and reads that are to be non optim zed).
Al though not shown, the address and command queue 120 could al so include a

t t t.r ol 13 f trol det
wher o to SSTRAERACRAET Aies ARGEk: PSR (IS i CADer) TRATLDT0Y An

arbitration schene in a renove queue arbitration unit 129 of control |ogic
det er m ne&he HBlpEBERgiNEy 28RIER Tof thife MiEHINgNG TR r23re228 @Bt s in the
queues 120. The SRAM control |l er 26b al so includes core bus 20 interface
| ogi ¢, e.detemsBnpuwhizh. thireadSBobumrimtcerSface | ogic 122 interfaces the
core processor 20 to the SRAM controller 25b. The ASB bus 122 is a bus t hat

includes a 32-bné dabappat bfaad appd-ildtiaddress ot thaddes fatgased
accessed to and fromnenory 16b through an MEM (nlcroelectronechanlcal) ASB

data devige) d28hr8abled BrBRELSLTL }he1¥EMSA%Bﬂ¥¥ﬁ%f¥1$fé%é§g%fs %gugue for

Wite data. If there is incomng data fromthe core ocessor 20 via ASB

interfac h n ice 128 and
subsequeel%%iz\gre]%m rgékgg%?‘f hgﬁﬁEbgﬁ(é%a(faet_tbacfe 1lAjlsz‘Stq‘f %%‘X an SRAM
interface 140 to R@gl 16b. Althou not shomm the same queue

st ruct ur LTI HECH ﬂiBgDF%FCFéaaﬁ ngE AOrSe S eﬂ{Fé%tassaﬁ‘em%‘éh? to
SRAM i nterface 140 via_a nultiplexer 126. The nultiplexer 126 is controlled
by an SRAFEEDT tePREBRLhAFcHCHEEBet & -Che fulUGEOBFsel@rtdl tMRC gldaes and
the status of the requests and fromthat decides priority based on a

progr anmredt ea V@i gebstoEtlekrned gewvadciet W 3b. In general, as a network

10 processor, the hardware-based multithreaded processor 12
can interface to any type of communication device or
interface that receives/sends large amounts of data. If
communication system 10 functions in a networking
application, it could receive a plurality of network

15 packets from the devices 13a, 13b and process those packets
in a parallel manner. With the hardware-based
multithreaded processor 12, each network packet can be
independently processed.

Another example for use of processor 12 is a print

20 engine for a postscript processor or as a processor for a
storage subsystem, i.e., RAID disk storage. A further use
is as a matching engine. In the securities industry for
example, the advent of electronic trading requires.the use
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15 service control register 130. Once control to the nultiplexes 126
selects a nenory reference request, the nenory reference request is sent to
a command decoder and address generator 138 where it is decoded and an
address is generated. 20 The SRAM controller 26b mai ntains control of the
Menory Mapped of f-chi p SRAM and Expansi on ROM The SRAM control |l er 26b can
addr ess, .. 1.6 NByt es ith, e.d.. 8 Myte pped for SRAM 16b, and 8
MBytes r & e%ﬁﬁf%?ﬁniblﬁatghéﬁchaglPﬁﬁcFPoﬁé%Fﬁgﬂﬁﬂ%ﬁi q§iﬁe%ﬂmwe vi a
flashrom 16¢c; and Conspl e port_access for MAC devices 13a, 13b and access

to assocPRYEFS R\ seblfters. ThRgesrRAl pshgsedarad Ledc diyResolefup t abl es
and queue nmanagenent functions. 5 The SRAM control |l er 26b supports the

f ol | owi nfasksnsan i lomsacapwpbéabedeonebessystema 1fr.i vate bus) to/from
SRAM Core Processor (via ASB bus) to/from SRAM 10 The SRAM control |l er 26b
performs nenoBaatefef etice fontthgnhd ohiisi ze.del, athe( FBYY aptdEdde

pi peline fromthe SRAMinterface 140 to nenory 16b. The SRAM control |l er 26b

does grenmpRy hefLrHN0e SORtLHY1bASLELPNahhe thead pRaM %%tcifm-lcf’i bigbl e can
ei ther be one or two cycles depending on the type of nmenory device

I d h LNg I 3 .devi 142,
ci gnt, enPFy SSNPONEY oo 2ht “Sadnezeatrboanad, 86Eay b IR of  ena

| ocks. Each position includes.a 20 valid bit that is exam ned, b ubsequent
read | oc urs&?u@ﬁ%:&ﬁi;’ a%%?laég BRGSEofaRd’ qBBGeP¥S0 tors FSattidnts a read

|l ock mss (fail) queue 120d. The read | ock m ss_queue 120d is used to hold
up to tweReyIPsuMFER) r eqlie8t Bardyare~based multithreaded processor

12 also is constructed such that the sum of the bandwidths
10 of the internal buses in the processor 12 exceeds the
bandwidth of external buses coupled to the processor 12.
The processor 12 includes an internal core processor bus
32, e.g., an ASB bus (Advanced System Bus), that couples
the processor core 20 to the memory controller 26a, 26b and
15 to an ASB translator 30. The ASB bus 32 is a subset of the
so-called AMBA bus that is used with the Strong Arm
processor core. The processor 12 also includes a private
bus 34 that couples the microengine units to SRAM
controller 26b, ASB translator 30, and FBUS intexrface 28.
20 A memory bus 38 couples the memory controllers 26a, 26b to
the bus interfaces 24 and 28 and memory system 16 including

a flashrom 16c used for boot operations and so forth.



that fail because of a |l ock existing on the portion of nmenory requested to
be read. One of the mcroengi nes 22a 22f issues a read | ock nmenory

ref erence request that is processed in address and control queue 120. 5
Referring to FIG 3, a nenory reference request is processed 51 by the
controller 26b. The controller 26b receives 50 a nenory reference request
on either the order queue 120c or the read queue 120b. The command decoder
and address geRefetrainy3&cddtla.mneshs? SHMI lvem tided Ireem¥6b b eflee ence
request is a "read" request, a wite request, a "read |ock" request, or a

wite unl ogkm(iesl eek'showequesthe ISRAME GAPRNG demylan andissdsgss

generator 138 determnes 52 that the request is a read request, then the

command dg&agg £ < a0d qaddlnfen OeAA Aool38 BRPIRmd il oy 4L 0 15 the

| ock | ook-u evi ce SO t ubsequent rea requests wll find the

| ocaton_| acked. Lock t t b d an that_I ocked
Temory | GURt FOR= G PRER GR GO ot PR ARAAIg e ‘2%t 028 unl ocks

58 that nenory location. 20 | f the comrand decoder and address generator
138 det erf§3@s0522t HEL tehe MEFoRAPIrESS Mce GolFEtt queue rl&l | ock request,
the controller 26b will access 56 | ock | ook up device 142 to determ ne

whet her tineludadr§ hdght badordty mmeue g20gadyndleliked melaryaccess 56
determ nes whet her the read | ock request gets perforned 62 or enters 64 the
read | ockrefssengoelueeiied twhdrem hiwh o ifoari tiyherasdkagr,y d acstd aqudwe be

unl ocked. 5 If the nenory location is |ocked fromany prior |ock request,

the read 1pok [REU8Shof @hd RehoI{L T eFlededd b4 Rfuddtes ,enthithh tdiee rerd | ock
m ss queue 120d. The controller
predominant memory reference functions that an SRAM
10 performs), and an order queue 120c (holding, in general,
all writes to SRAM 16b and reads that are to be non-
optimized). Although not shown, the address and command
queue 120 could also include a write queue. An insert
queue control unit 132 of control logic determines where to
15 queue each memory regquest from the microengines 22a-22f.
An arbitration scheme in a remove gueue arbitration unit
124 of control logic determines the processing order of the
memory reference requests in the queues 120.
The SRAM controller 26b also includes core bus
20 interface logic, e.g., ASB bus 122. The ASB bus interface
logic 122 interfaces the core processor 20 to the SRAM
controller 26b. The ASB bus 122 is a bus that includes a

32-bit data path and a 28-bit address path. The data is
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26b proceeds to receive 50 the next request. If the menory location is

unl ocked, the lock | ook-up 10 device 142 checks 60 to see if the read | ock
m ss queue 120d is enpty. If the read |lock mss queue 120d is enpty, that

i ndicates that there are no previous read | ock requests awaiting
processing. Thus, the read |lock request will be processed: the address of

the memoiycsgdesanes dhhl edonbRenseq et e idh auface 140 to perform
62 an SRAM address read/wite requeSt to nenory 16b and subsequently | ock

t he nennréghgggiiggtrgggghggﬁgagpphgblg%t%Gge%g%%%ﬁgébSO t he next request.

2f the re m ss queue IS not enpty, ifidf cat®s that there

is at | egst_pne prior d C equest, awai_ting processing. To ensure a
first4lihq#éEIOUt%ﬁ?dgﬁﬂoéggrEégésgﬁﬁlFﬁg%ggadq(ﬁﬂ@q%%ﬁl ?%, W¥hkeread

| ock request will be stored 64 at the end of the read |lock - 13 m ss
queue 126tRead! fokRereqliesiscenhnondetgudaiony tihe tdnre aaxo¢eskoni 28 queue
120d until the controller 26b receives 50 an unl ock request and recogni zes
52 it5as wieclASH imherfatecafRonthe datackad e opermsdd am ofhe MEM

m crocontrol instruction in a programafter the need for the | ock has

ended. OxgEn tderainie¢kceelpeshniSsuBeegueah Y, it vEIOf Yorh O | @BMI S
unl ocked 58 by clearing the valid bit in the CAM 142. After the unlock 58,

the read Aé%?kdaf@é\|d8{7'f8|§0%g9dt9?88%5a h%@mﬁ%&tem%rim qusueraf 120,

giving all queued read m sses”a chance to 1ssue menory | ock request.

the head e 183y | BEkPERdn' BEE, hE0pa RF 55N ul Tl Rote e |
testing G%AMAé gggéiggg %grugggésthe read | ock m ss queue 120d fails to
provi de & P
10 The memory reguests are sent to SRAM interface 140 via
a multiplexer 126. The multiplexer 126 is controlled by an
SRAM arbiter 131 which detects the fullness of each of the
queues and the status of the requests and from that decides
priority based on a programmable value stored in a priority
15 service control register 130. Once control to the
multiplexer 126 selects a memory reference request, the
memory reference request is sent to a command decoder and
address generator 138 where it is decoded and an address is
generated.
20 The SRAM controller 26b maintains control of the
Memory Mapped off-chip SRAM and Expansion ROM. The SRAM
controller 26b can address, e.g., 16 MBytes, with, e.g., 8

MBytes mapped for SRAM 16b, and 8 MBytes reserved for
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grant or until there are no nore entries in the read | ock m ss queue 120d.
The highest priority is given to the read | ock m ss queue 120d by letting
it win 70 the next arbitration in the renove queue arbitration unit 124.
The 20 | ock | ook-up device 142 checks 72 to see if the top read |ock
request (the one stored first in the read | ock m ss queue 120d) is
requesting tqQ re an .unl ockec nory location. If the_read |ock request is
for a Ioé%@&lﬁll unéﬁ%ﬂﬁﬁi%ﬂéiégiPQ%adﬁTg? %?%%eqﬁ%ﬁefiéﬁ gPerntCris as it
is to ensure the first-in/first-out order described above, and the testing
69 ends #8d Conspde RFY dacasffext NAC rdgvieesinl dekeli3boradi arcetsise
address of the nenory reference will 5 be used by the SRAMinterface 140 to
perform 9 assSRAM tadtr @ON)eaumticxs + edlies t SRAM nksouyedbborAllbenl
perform ng 74, the | ock | ook-up device 192 checks 76 to see if the read
| ock m sgogkeup t2®ddss anptguedd ndndgercspt yEuhdeidgsti ng 69 ends 78.
O herwi se, the testing 69 continues 10 with the read | ock m ss queue 120d
Wi nnigg 70 anghlespipiddrtddn d:n 2418 i8iEYE 4 %Pi&&gazﬁ,on unit 124.
O her enbodi ments are within the scope of the followng clarns. - 15
CLAINE:_%raéFg%EE%%Sqf managi ng nenory access tp random access menory
conprising: fetching a nenory reference request; if the nenory reference
request is of a read type requesting to read a nenory | ocation, processing
the menory reference request; if the nenory reference request is of an
unl ock type requesting to unlock a nmenory | ocation, processing the nmenory
reference reqifésEoenUlige HASURSE S ef dVéACEridgiesblsd b/ ArpmadRP¥ek type
requesting access to a

Core Processor (via ASB bus) to/from SRAM.

10
The SRAM controller 26b performs memory reference
sorting to minimize delays (bubbles) in the pipeline from
the SRAM interface 140 to memory 16b. The SRAM controller
26b does memory reference sorting based on the read
15 function. A bubble can either be one or two cycles
depending on the type of memory device eméloyed.
The SRAM controller 26b includes a lock look-up device
142, an eight-entry address content addressable memory
(CAM) for look-ups of read locks. Each position includes a
20 valid bit that is examined by subsequent read lock
requests. The address and command queue 120 also includes
a read lock miss (fail) queue 120d. The read lock miss
queue 120d is used to hold up to twenty-four read requests
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menory | ocation, determining if the nenory location is |locked; and if the
menory | ocation is |ocked, placing the nenory reference request at the end
of a read |lock mss queue. 2. The nethod of claim1 further conprising if
the nenory location is unlocked, placing the menory reference request at
the end of the read lock mss queue if the read | ock m ss queue contains at
| east o r I e request ., 3...The. net lapm1 further

compri oi COET rEphL BRI Sl aeis Y ol S it ErBE bR Sermor y
reference request if %he reaq | ock m ss qu%gf qﬁgs not contain at |east one
menory rBPREPEACECANGSESA €O <¥Qﬁ§+uxPQﬁ AP BE T REQRNERReRe 228 dom
access nenory includes static random access nenory. - 16 5. The nethod
of clai RALfLPSHEF BoXBRIdsiLNFHMARAEY e ferenge reeeuestethatuast s i ncl uded
in the read |l ock mss queue in the order in which the nenory reference
request spmeces pédced mddressr eadl lcmkt S squpesel2®. An article conprising
a conput er-readabl e nedi um whi ch stores conputer-executable instructions
for panagi ng REABEYiAgCeTS FIE .M FdANMGESSE FeFOFdncd NBegist £ uUEki ONS
causing a conputer to: fetch a nmenory reference request; "if the nmenory

ref er ence s eluesh b3 By RneCabdoiRA IAAURG! | NOrIO L&A 81 [BDE ¥y OCati o,
process e nenory reférence request; 1 f the nmenory r e erence request is of
an unl ock t egHest | to |.0¢ menor ocation rocess _the_nenory
refer encléecf'éeljt'c}(aeeét;gHi13 t"%&or‘?grr%%yf%%n}reeng(?gql%/eeéqtue%’? ?%tlbgr a&P%aar §&k type
requesti ng acce to a nory Jocation, determine if the nenory location is
| ocked:; %‘g%u?flfﬁﬁ REMEPS F6Es i BIFUYS 13 ked, Th a‘&%‘m{‘%gn%%?9eFePéPence
request at the end of a read lock mss queue. 7. The article of claim®6
further addee sy acnashtes t88 idetaiamingmriZ |Weekheon theunemeked, place the
menory reference request at the end of the read | ock m ss queue if the read
| ockOm sse fprecrece onkgupstati sl eastremts’ memrest efernentee r egygesst, 8a The
article of claim6 further causing a machine to, if the nenory location is

unl ockedy r 5 QCESEK Y hecRBBILY 103 &F enGa-d aguesdk | {“hihEosrey FogkeBkSS queue
does not contain at | east one nenory reference request.

If the command decoder and address generator 138 determines
52 that the request is a read request, then the command
decoder and address generator 138 enters 54 the lock into

15 the lock look-up device 142 so that subsequent read lock
requests will find the memory location locked. Lock
requests cannot be processed on that locked memory location
until an unlock request from a microengine 22a-22f unlocks
58 that memory location.

20 If the command decoder and address generator 138
determines 52 that the memory reference request is a read
lock request, the controller 26b will access 56 lock look-

up device 142 to determine whether this memory location is
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9. The article of claim6 in which the random access nenory includes static
random access nenory. 10. The article of claim6 further causing a machi ne
to process nmenory reference requests included in the read | ock m ss queue
in the order in which the nenory reference requests were placed in the read
| ock m ss queue. - 17 11. A method of managi ng nenory access to random
access ne rd sid: S] i i LQn a ucali,ty of
rerory ToRreRe Reaary (RETAReT 28 MEPLHRAbL STV ARERE L Be bBRu Y 2
menory reference request .included in a.read | ock m eue; processing a
read | ock ﬁﬁganqFﬁg% SREE 1 %ﬁm?%cﬁéd%ﬁ %?t%Fﬁeag ggetﬁéaaegackock niss
queue if the read |ock nenory reference request is requesting access to an
unl ocked M8 Fuestaati<fid whRrenkh| Y&t anbehekhaemengryel ecafidenr squest
included in the read | ock m ss queue to be chosen in an i medi ately
subsequenbeanbiliockeidon if the read | ock nenory request is requesting access
to an unl ocked nenory location and if the read | ock m ss queue includes at

| east sone menpOyf nfemencery eppesiion s 1beked heromadniopki BEMBY K
reference request. 12. The nethod of claim 11 further conprising choosing

i n anot hegeghisks atdren ARNA ddie R diadd t¥a Pl s BB Yot 6T SEEPER ERAYESES

anot her nenory reference request if the read | ock nenory reference request

|5 FoiURothRTeRRCEE ik FdAPKRLIRIRGY (06 | Pl TI0CCORLROSI QL o) 81 M

12 further conprising processing the other reference request. 14.

The net ho f claiml1 further, co ising determning in the arbitration to
process agﬁ'gnﬁrr?cre rett?cerer%eq]uvees{g)q n@?%g?e%lx? nr%‘?l’éeﬁg'a plurality of

gueues, one of the queues including the read | ock m ss gueue. 15. The
met hod of cl ai i 1EheuMESmaE YRty It oMM RS hEaReseckrioprkryPto the
read | ock mss queue to enable the read |ock mss queue to be chosen in the
ar bi tllat i daviee. 1fke ohgdksd ©f td sgr 1L ivhewreddt hechl miasi gyeveé queues
i ncludes a read queue. - 18 17. The method of claim 11l in which the
pluralitylpbdqlieuemptycl udes tare aredet Igitekiemiss queue 120d is empty,
that indicates that there are no previous read lock
requests awaiting processing. Thus, the read lock request
will be processed: the address of the memory reference will
15 be used by the SRAM interface 140 to perform 62 an SRAM
address read/write request to memory 16b and subseguently
lock the memory location. Then the controller 26b receives
50 the next request.
If the read lock miss queue 120d is not empty, that
20 indicates that there is at least one prior read lock
request awaiting processing. To ensure a first-in/first-
out order of processing the read lock requests, the read

lock request will be stored 64 at the end of the read lock
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18. An article conprising a conputer-readabl e nedi um whi ch stores
conput er - execut abl e i nstructions for nmanagi ng nenory access to random
access nmenory, the instructions causing a conmputer to: choose in an
arbitration anong a plurality of menory reference requests included in a
plurality of queues to process a nenory reference request included in a
read | ock m ss queue; process a read |ock nenory reference request included
at a headmdfst AEepEad A0sbk Mead dinstle H9auent 3 cernt beke nevenyngefier ence
request is requesting access to an unl ocked nmenory | ocation; and enabl e
anot her neher yerdqdestk miclsudpeuen 12 nesrt 1 ottke kst xpElert @6be chosen in
an i mmedi ately subsequent arbitration if the read | ock nenory request is
requesti ngeaetoss 50 anh wHleWked JRIBYY diif dtd@ymised f52 herr gad shiegk m ss
gueue includes at | east one nenory reference request other than the read

| ock e ymEgbeLeneRatatedls uhl ookl By gl A1 gl abgn 48 further causing
a machine to chodse in another arbitration @anong the plurality of nenory
reference re ot,her, ry r.eference request if_the_read_lock nmenory
r ef ergnceméggg’géb%f:gﬂr é‘&%&gﬁ%gg‘ cdds$ tporoagﬁ%%k%%t%r?bl??/ P88§t f8% 20. The
article of clginklg further causing a machine to process the other nenory
ref er encetReqliSK. R3¢ epdedy, ¢ QDGE Fhec IURYS FeAYey tRuZrR§iNeRachi ne to
determne_ in the arbitration to process a nenory reference request included
in one of5@: pEhramemPryf l9galdon drfe Wilathedliday iekdawing the read | ock
m ss queue. - 19 22. The article of claim18 further causing a machine
to provi deahidi ghéstinprther ICAY tld 2t.he Afesd: 1tdok wiksckjuetle theepallde t he
read | ock m ss queue to be chosen in the arbitration. 23. The article of
claim18 jocuhEeh1t GRepleurloid ye@onite Uase IHIGHEIOS By {1 &AL JUGUBL24. The
article of claim18 in which the plurality of queues includes an order
queugo 2526, SysheRyOL1TRRAGLAG TR Y AGCGHS 44k TANIAMAECESS URIRI L
conprising: a Qqueue“that stores read nmenory reference requests requesting
to read a nenory Ig%atgon i@ menory, unlock nenory reference requests
requestiﬂﬁeT8rﬁn}8 i ﬁ@ﬁ&ry | ocation in nenory, and read | ock nenory

reference requests requesti access . to a ry location in penory; an
arbitration unB?%Fﬁ§PQGeFQr%&ﬁes4a 5?6bé§§gﬁgﬂﬁﬂﬂé?l%ﬁ Feforyle8fertdnce

tested 69 to see if the head of the read lock miss queue
120d may be granted its lock. The testing 69 will continue
15 until the read lock miss queue 120d fails to provide a
grant or until there are no more entries in the read lock
miss queue 120d. The highest priority is given to the read
lock miss queue 120d by letting it win 70 the next
arbitration in the remove gueue arbitration unit 124. The
20 lock look-up device 142 checks 72 to see if the top read
lock reguest (the one stored first in the read lock miss
gueue 120d) is requesting to read an unlocked memory
location. If the read lock request is for a locked
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requests included in the queue; and a controller that processes a read | ock
menory reference request included at a head of the read | ock m ss queue if
the read | ock nmenory reference request is requesting access to an unl ocked
menory | ocation and enables the arbitration unit to choose to process

anot her read | ock nmenory reference request included in the queue if the
read |lock menpry reguest is requesting access to an unlocked nenory

| ocati on ¥PRRF#ORhethBetieapndrgdeniss nugse 3RO camaisuk amritt vis efer ence
request other than the read | ock nmenory reference request. 26. The system
of clai messixetbee EdmpLrénddiantaddtessdeanienic rdddbsdabie, radry that
supports | ocked locations. 27. The system of claim25 in which the menmory
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2. The method of claim 1 further comprising if the memory location is unlocked,
placing the memory reference request at the end of the read lock miss queue if the read

lock miss queue contains at least one memory reference request.
3. The method of claim 1 further comprising if the memory location is unlocked,
processing the memory reference request if the read lock miss queue does not contain at

least one memory reference request.

4. The method of claim 1 in which the random access memory includes static

random access memory.
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the read lock miss queue contains at least one memory reference request.

8. The article of claim 6 further causing a machine to, if the memory location is
unlocked, process the memory reference request if the read lock miss queue does not

contain at least one memory reference request.

9. The article of claim 6 in which the random access memory includes static

random access memory.
10. The article of claim 6 further causing a machine to process memory reference

requests included in the read lock miss queue in the order in which the memory reference

requests were placed in the read lock miss queue.
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to be chosen in an immediately subsequent arbitration if the read lock memory request is
requesting access to an unlocked memory location and if the read lock miss queue
includes at least one memory reference request other than the read lock memory

reference request.

12. The method of claim 11 further comprising choosing in another arbitration
among the plurality of memory reference requests another memory reference request if

the read lock memory reference request is requesting access to a locked memory location.

13. The method of claim 12 further comprising processing the other memory

reference request.

14. The method of claim 11 further comprising determining in the arbitration to
process a memory reference request included in one of a plurality of queues, one of the

queues including the read lock miss queue.

15. The method of claim 11 further comprising providing a highest priority to the

read lock miss queue to enable the read lock miss queue to be chosen in the arbitration.

16. The method of claim 11 in which the plurality of queues includes a read

queue.
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choose in an arbitration among a plurality of memory reference requests included in a
plurality of queues to process a memory reference request included in a read lock miss
queue; i
process a read lock memory reference request included at a head of the read lock
miss queue if the read lock memory reference request is requesting access to an unlocked
memory location; and
enable another memory request included in the read lock miss queue to be chosen
in an immediately subsequent arbitration if the read lock memory request is requesting
access to an unlocked memory location and if the read lock miss queue includes at least

one memory reference request other than the read lock memory reference request.

19. The article of claim 18 further causing a machine to choose in another
arbitration among the plurality of memory reference requests another memory reference
request if the read lock memory reference request is requesting access to a locked

memory location.

20. The article of claim 18 further causing a machine to process the other

memory reference request.
21. The article of claim 18 further causing a machine to determine in the

arbitration to process a memory reference request included in one of a plurality of

queues, one of the queues including the read lock miss queue.
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25. A system of managing memory access to random access memory comprising:

a queue that stores read memory reference requests requesting to read a memory
location in memory, unlock memory reference requests requesting to unlock a memory
location in memory, and read lock memory reference requests requesting access to a
memory location in memory;

an arbitration unit that determines a processing order of memory reference
requests included in the queue; and

a controller that processes a read lock memory reference request included at a
head of the read lock miss queue if the read lock memory reference request is requesting
access to an unlocked memory location and enables the arbitration unit to choose to
process another read lock memory reference request included in the queue if the read lock
memory request is requesting access to an unlocked memory location and if the queue
includes at least one read lock memory reference request other than the read lock memory

reference request.

26. The system of claim 25 further comprising an address content addressable

memory that supports locked locations.

27. The system of claim 25 in which the memory includes static random access

memory.
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