WO 01/ 048596 PCT/ USQQ 33395 READ LOCK M SS CONTRCL I N A MULTI THREADED

ENVI RONVENT BACKGROUND COF THE | NVENTI ON This invention relates to read | ock
menory raf@oemses.  \When a conputer instruction (thread) PepdsoE3s®sss to a
5 menory location in the conputer, it goes to a nenory controller. A nenory
reference instruction may request a read |ock on a particular nenory

| ocation. The read |lock prevents other instructions from accessing that
menory |ocation until a read unlock instruction for that nenory 10

| ocation gets granted. SUMVARY OF THE | NVENTI ON According to one aspect of
the invention, a nethod is described of managi ng nenory access to random
access nenor WEAhJAQide M FSst GUNIRCOL Ihad WMI%&?\%APE& M RONMENAest and
15 placing the read | ock menory reference request at the end of a read

|l ock mss queue if the read | ock nenory reference request is requesting
access to an unl ocked nenory location - 1 WD 01/048596 PCT/ USOQO 33395
and the read | ock m ss queue cont ai ns at Ieast one read |ock nenory
reference request. Other ARAEAERAYAD WF| [THE ENFIONr ent fromthe

This invention relates to read lock memory references.
When a computer instruction (thread) needs access to a
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



foll ow ng description and fromthe clains. 5 BRI EF DESCRI PTI ON OF THE
DRAWNGS FIG 1 is a block diagramof a conmunication system enploying a
har dwar ewwaseaisnl t i t hr eaded processor. FIG 2 is a bl ockpdi/agesssast a
menory controller for Jlatency |limted operations used in the

har dwar e- based 10 nultithreaded processor. FIG 3 is a flowhart of the
operation of a nenory controller in the hardware-based nultithreaded
processorandFtle 4ekd dotkomthar tiuefiet henvpenatabnledsh aeavrgadontrol | er
in the hardware-based nmultithreaded processor. 15 DESCRI PTI ON OF THE
PREFERRED] &YBORENGNY Sre Rekentengeiaebt G 1, a communi cation system 10

i ncludes a parallel, hardware-based nmultithreaded processor 12. The

hardware-basedoﬁyékigaesae eBr QE$SPECdRei Spp&PLRt erbR enbus such as a
peri pheral conponent - 01/ 048596 PCT/USCEY33395 i nt erconnect (PCl)

bus 14, argeQp ¥ yaéggklétlé d,R4SEEQ dthQ“ﬁl&ﬁmsThe system 10 is
espeC|aIIy iseful *for tas can be broken into parallel subtasks or
functions. Specifically, a hardmare based nmultithreaded processor 12 5 is

useful for tasks that are bandwi dth oriented rather than

5 BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram of a communication system
employing a hardware-based multithreaded 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



| at ency oriented. The hardware-based nultithreaded processor 12 has

mul tiple mcroengi nes 22a-22f, each with nultiple hardware controlled

t hreads twavi/e@s9cbe sinultaneously active and i ndependenpPCyUsavis3en a
task. 10 The hardware-based nultithreaded processor 12 also includes a
central controller 20 that assists in |oading mcrocode control for other
resources of the hardware-based nultithreaded processor 12 and perforns
ot her genén&krcpunpeose (E6Apubes flypeaf navbrgnsysteh &§, handl &ngepeontocol s,
15 exceptions, and extra support for packet processing where the

m croengi bas 28a- 22hepagstkhelpadcketspotialdy ube€ul debai tedkpr obassi ng
such as in boundary conditions. In one enbodinent, the processor 20 is a

Strong Arghh) beAbRokendintbagarankef sARVEEKBI bedeuklitgdski ngdom) based 20
architecture. The general purpose nmicroprocessor 20 has an operating

system TQE@HQ@.LEQ?lgpeéahbgaw§¥étgﬁ£€86muEE?EE?@Q&e%OEEBEeg@!ﬂ: {ynctions

to operate on mcroengi nes 22a-22f. The processor an use any supported

operatd ng.; 3..U0) 011048890 PCTLUS00L 33305, . SYSt M o pEgher abluy o fegl 11 me

uF
oper at1 ng 8ySfem ~For t i€ “Core®pr 6¢essor | rong

architecture, operating systens h r real -ti rk
T encypor?entgd y E hg% wa?g basgdoggigyghrggdeé e, VWNW S

processor 12 has multiple microengines 22a-22f, each with
multiple 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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and pCUS, a freeware operating system avail able over the 5 Internet, can be
used. The hardware-based nultithreaded processor 12 also includes a

pl uralitwobi/b4ssamst i on m croengi nes 22a-22f. Functional nPCT/OSME3RESS

(m croengi nes) 22a-22f each maintain a plurality of programcounters in
hardware and 10 states associated with the program counters. Effectively,

a corresponding plurality of sets of threads can be sinultaneously active
on each obybshemp preérghhés 22zec22f timhi bpepatyngneyssemct uBbT ytioper at i ng
at any one tine. In one enbodi nent, there are six mcroengi nes 22a-22f 15

as shown. cGashprbeeeengi hrpleRan?228 Basacapabhyi Atesafenitpeogessi ng four
har dware t hreads. The six m croengi nes 22a-22f operate with shared

resour cesohBehudhpgsyBRBnY sG¥&t 88) 161 aRdsbesnt ntesf acese 24vandr8. The
menory system 16 includes a Synchronous Dynam ¢ Random Access Menory 20

(SORAV) copirgbler 208;a0d.00ShaLic: FandopL AcRessa NEIBIY of SRAM, control | er

26b. SDRA and contro e typica used processi ng
| ar ge volf S oftdata g processi ng of network payloads from net wor k
packet’s. I ASTHD 017048856 BEY US00/ 33305 SRAM 16b and SRAM control | er 26b

are used in a networkin ,
The hardware-based multithreaded processor 12 also

includes a plurality of function microengines 22a-22f.
Functional microengines (microengines) 22a-22f each
maintain a plurality of program counters in hardware and

10 states associated with the program counters. Effectively,
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. Each 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 16a and SDRAM controller 26a
are typically used for processing large volumes of data,
e.g., processing of network payloads from network packets.

- 4 -



i npl enentation for |low | atency, fast access tasks, e.g., accessing | ook-up
tabl es, nenory for the core processor 20, and so forth. 5 The six

m cr oengiwes1/e@s622f access either the SDRAM 16a or SRAMPABUSEESELS on
characteristics of the data. Thus, low |latency, |ow bandwi 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 ARéMoényi ned 2RaAM22Pbntanlérecddbe amenosgdr éheaenetwdnbkingcti ons to
either the SDRAM controller 26a or the SRAM control |l er 26b. Advant ages of
har dwar e mmblehkheadibg cam bewexpkanned fbhytSRAMess GRDRAM nenyry accesses.
As an exanple, an SRAM 15 access requested by a Thread 0, froma

i croengi gecd3aiAdf 18okl-upauseithe ﬁBﬂM?ombzoth@rcaﬁb Bot8ksbat goan
access to the SRAM 16b. The SRAM controller 26b controls arbitration for
the SRAM byg gg,fgggggses the SRAM 16b, fetches the data fromthe SRAM
16b, and returns data to the requesting 20 m croengi ne 22a-22f. During an

SRAM 16b acces if.the. mcroengin e , .22a, _had_only Sj t hr ead
Chat coul d opaPst &1 e nreeSBds a2 ra0r a2 BE8as, BartotnE e “HEfA wae

r rn fromth RAM T har r n i -
eturned 162 o& %REM 16%6gase eonacgggagtggig€§ésSg%pghggdatg.

Thus, low latency, low bandwidth data is stored in and
fetched from SRAM 16b, whereas higher bandwidth data for
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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WO 01/ 048596 PCT/USQOQ 33395 wi thin each of the m croengi nes 22a-22f
enabl es other contexts with unique programcounters to execute in that
same n cvwoengo4ss26 Thus, anot her thread, e.g., Thread-1, panuSurssdson whil e
the first thread, e.g., Thread O, is 5 awaiting the read data to return.
During execution, Thread -1 may access the SDRAM nenory 16a. Wile
Thread-1 operates on the SDRAM unit 26a, and Thread-0 is operating on the
SRAM uni twR2Bhinaeaetw ohrehd, mécgoenThread?2a-2ah esbloperdrerin the

m croengi ne 22a. Thread-2 can operate for a 10 certain anmount of tinme until
it needs tonaeresswirehovuyique pesoam sourtetdero| exgeliad ehcytloper ati on
such as making an access to a bus interface. Therefore, sinultaneously,

the processpe h2ce8BnhaMe.a PHEs PPerathen, t SR PPeI @l j OMhreaddl SDRAM
operation all being conpleted or operated upon by 15 one m croengi ne 22a

and have ong PpRectBhead: ayaihabkertQ tPFOSESSe P! € WOEKad o t hes data path.
The hardware context swapping al so synchroni zes ~“conpl etion of tasks. For

lle, two.th I ' h : : ., SRAM 16b.
Each Ghe BF22b Ao s nararat P urer FoRar an par A8 cEHEERei s i mrort ace
28, the SRANIcggiroller 26b, and éB@@@DRANIcon{ég!Ier 26a, mhqg_{hey

conpl ete ANFBEDest BAYt ASREFFohi'Bn tRgmery While'Threa

operates on the SDRAM unit 26a, and Thread 0 is operating
on the SRAM unit 26b, a new thread, e.g., Thread 2, can now
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 16b. 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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m croengi ne thread contexts reports back a flag signaling - 6 WD 01/048596
PCT/ US00/ 33395 conpl etion of an operation. Wien the flag is received by
the m cr cvemgi/oBs®2a- 22f , the m croengi ne 22a-22f can det peURS®/386895C h
thread to turn on. One exanple of an application for the hardware-based 5
mul tithreaded processor 12 is as a network processor. As a network
processor, the hardware-based nmultithreaded processor 12 interfaces to

net wor k deempkst sochofisam opeiatiarcedthawnthol flag dieviregeiagd bw

10/ 100BaseT Cctal MAC 13a or a G gabit Ethernet device 13b. In general, as
a networ ktH® mtocessoinet hza h2a2 dnatles basetbang ind 2 ZadEf praacessor 12 can
interface to any type of communi cation device or interface that

recei ves/ §epslsml aé ggh apR UL Sc &8 €at@ard fon conmuni cati on system 10 functi ons
in a networking application, it could receive a plurality of network 15

packets fromt edQX%ﬁv\gr% }ﬁé,a&@pﬁﬁﬁcﬂp&@%ﬁ hase packed Se-ddsey paral | el

manner. Wth the har ased Tmultithreaded processor 12, each network

packet. can ge. i ndependent | rocessed. _ Anot her ex e fo se of
processor™ t%%hﬁ?%g?%tpr%% %n%?ngff%ﬁ H pos %%7?%%q%%3¥%§%8$ o#&5§ia
processor for a

network processor, the hardware-based multithreaded
processor 12 interfaces to network devices such as a media
access controller device, e.g., a 10/100BaseT Octal MAC 13a
or a Gigabit Ethernet device 13b. 1In 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. 1In the securities industry for
example, the advent of electronic trading requires the use
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storage subsystem i.e., RAID disk storage. A further use is as a matching
engine. In the securities industry for exanple, the advent of electronic
tradi ng vegui/oasiet he use - 7 WD 01/ 048596 PCT/ US00/ 33395PCUS@l/33645r oni ¢
mat chi ng 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

control | evf26becindni hem&SDRAMhgoabgDhéert@6vatclarerdeupl leelt weerone or nore
internal buses. The internal buses are dual, 32-bit buses (i.e., one bus

for read BagerongnlioseMiete). Thesbastesendasesrauldi thyeasiest processor
12 also is constructed such that the sum of the bandw dths 10 of the

internal pyses LAnthe REEERSEPEndd SXCeRdSs{deembamdwi dth of external buses
coupled to the processor 12. The processor 12 includes an internal core

processor bus p3g, gsgggef‘ﬁuﬁ@%?}{&l(éqi’é‘é‘ceg.éy“ 6 aSndfrg'tgérfé)éjgl es

t he processor core e nenory controll er” 26a, to an ASB
6 Usca wPtn ERE SRRRnGORERD L bFboalioratorBhe 1IN GRetshr i 1P A b | nol udes
aprivate U 3o1en?loCOnR! 82 08 M STOENY NS, Sl S 8 SR rnan
buses are dual, 32-bit buses (i.e., one bus for read and
one for write). The hardware-based multithreaded processor
12 also ié 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 interface 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.



controller 26b, ASB translator 30, and FBUS interface 28. 20 A nenory bus
38 couples the nenory controllers 26a, 26b to the bus interfaces 24 and 28
and nmenowosyessedm 16 i ncluding a flashrom 16¢c used for bpor/Us@e3ads ons and
so forth. - 8 WD 01/048596 PCT/USOQO 33395 Referring to FIG 2, the SRAM
controller 26b for the SRAM 16b is shown. The SRAM control |l er 26b i ncl udes
an address and command queue 120. SRAM controller 26b is optimzed based
on the type of ReEapryngpepafi6n, 2j.ehe SREMreantorlbew 26k. fdhetlaeldr ess and
command queue 120 includes a high priority queue 120a (hol di ng nmenory

ref erencesreguesbsikr enphhgh PheOSRAN tasksdpllearred gueueded28H (hol ding
read nmenory reference requests, which are the predom nant nenory reference

functions;fhatsana SRAMbARaRE! §REHE) 12and eRn@r deft gyeusr 126 {bolding, in
general, all wites to SRAM 16b and reads that are to be non- optim zed).

Al t hough Qgﬁlﬁh}%‘ﬂibéggdaggrﬁﬁé g?g%cemgﬂ%gugg&ée%ﬁouir d.al sg include a

write queu n rnsert queue co | uni control Togit deternines
where to 15 queue_each _neno request fromthe mcroengin 22a-22f . An
arbitF%tiBﬁagcﬂén% Vﬁlgefen%X% aggﬁ%sar%??r%?T%%n%n??e iZif%f control 1ogic
determ nes the processing order of the )

includes a high priority queue 120a (holding memory

reference requests from high priority tasks), a read queue
120b (holding read memory reference requests, which are the
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 gqueue each memory request from the microengines 22a-22f.
An arbitration scheme in a remove queue 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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menory reference requests in the queues 120. The SRAM controller 26b al so

i ncludes core bus 20 interface logic, e.g., ASB bus 122. The ASB bus

i nterfacavOobogisss6122 i nterfaces the core processor 20 to PORUSHALEIS
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 - 9 WD 01/048596 PCT/ USOQO 33395
accessed to and fromnenory 16b through an MEM (m croel ectronechani cal)
ASB dat a deveesecli28o end. fram mefibey. 1Phet VEMASBadalBMdevi ce 128 is a
gqueue for wite data. If there is incomng data fromthe core processor 20
5 via ASB(mhteptaeeti2Rechbheidala B8R bHetstdeedcenlbbe dEYL, ASB data device
128 and subsequently renoved fromthe MEM ASB data device 128 through an

SRAM i nt epfiagerl40The BRAMAsEEABREY d46bicAl thougbh Aojushewmrortheisane queue
structure can be provided for reads. 10 The nenory requests are sent to

SRAM i nt e el ! a;aulti r : t) X J
controlIegggg'anigsékﬁfgré??g%bgéﬁﬁghgéﬁgdggggtEH%th¥§IF%8%§§3?§eggh of

the queugs apdy!he stalus obotheyrequest s, and from Lhal, degl dgs, priority
based on a progrannaBFe val te"storedin a prlorlfy 15 sérvice control

regi ster 130. Once contro

%SB data device EZ%Oaggesubsequently removed from the MEM
ASB data device 128 through an SRAM interface 140 to SRAM
memory l1l6b. Although not shown, the same queue structure
can be provided for reads.

10 The memory requests 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

- 10 -



mul tipl exer 126 selects a nenory reference request, the nenory reference
request is sent to a command decoder and address generator 138 where it is
decoded amooamsasbdr ess is generated. 20 The SRAM cont r ol PeT/UR@IB3B8E Nt ai ns
control of the Menory Mapped off-chip SRAM and Expansi on ROM The SRAM
controller 26b can address, e.g., 16 MBytes, with, e.g., 8 MBytes napped
for SRAM 16b, and 8 MBytes reserved for - 10 WD 01/048596 PCT/ USOQ 33395
speci al f @Réciiehs fupcraanaginBoveinpaceBopa Frashrvimrlbéashaad ThAsol e port
access for MAC devices 13a, 13b and access to associated (RMON) counters.
The SRAM msduSedsbde bocéal ackeek- Giprt HBLedeandeguébe, mhdagendnactansti ons.
5 The SRAM controller 26b supports the followi ng transactions: M croengine
requests ¢wi aspbiyatedbysyong/ tbaAtSRAM TRer sREVOCESEsEd(¥ba ASBabus)
to/from SRAM 10 The SRAM controller 26b perforns nenory reference

sorting t@oBknpi z@pdekaysd( Queeleeﬁ«}maaeﬁléﬁtpf@ﬁ&w@nér om the SRAM
interface 140 to nenory 16b. The SRAM Controller 26b does nenory reference

Sort'ﬂﬂ based QHetE§AMeggntroller 26b supports the following

transactions:
Microengine requests (via private bus) to/from SRAM.
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 employed.
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

- 11 -



15 function. A bubble can either be one or two cycles depending on the
type of nenory device enployed. The SRAM control l er 26b includes a | ock

| ook-up deobress®si2, an eight-entry address content addr eBeHB@/338950r Y
(CAM) for |ook-ups of read | ocks. Each position includes a 20 valid bit
that is exam ned by subsequent read | ock requests. The address and comrand
queue 120 also includes a read lock mss (fail) queue 120d. The read | ock
m ss quetkat20dilsbeasedseochiobhdlapkt exigehny-éouthe epdrieguesfs - 11 WO
01/ 048596 PCT/ USOQ 33395 that fail because of a | ock existing on the
porti on ohemoBpOE¥queguedt ed be beadeadOnénef othé heiorcevengened222a- 22f

i ssues a read |lock nenory reference request that is processed in address

and controbrqueyged28. réaRel 8Eki REMbOY FL&FeBende NEEBLYSE ef @5 €NCE request s
processed 51 by the controller 26b. The controller 26b receives 50 a

menory refer eqHestgPRsEl Lhgr cLhe 91 dgliendueblg, 120c or the read queue
120b. Theﬁcogggggadecoder aﬁd add?essrgeng$%%or 138 determ nes 52 whet her

th 10 . t i " N [ t,
read Jock roREBFELES KOuFite dn cReTeth HERTEhee Bthb S L ER S o ana

decoder aggoggg283559€g$rg grcéggrgf£g£n§gg§ The controller 26b

receives 50 a memory reference request on either the order
queue 120c or the read queue 120b. The command decoder and
address generator 138 determines 52 whether the memory

10 reference request is a “read” request, a write request, a
“read lock” request, or a write unlock (“unlock”) request.
If the command decoder and address generator 138 determines
52 that the request is a read regquest, 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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52 that the request is a read request, then the command decoder and
address generator 138 enters 54 the lock into 15 the |ock | ook-up device
142 so t vao ovutsssquent read | ock requests will find the renosg/i3sesat i on

| ocked. Lock requests cannot be processed on that | ocked nmenory | ocation
until an unl ock request froma m croengi ne 22a-22f unlocks 58 that nenory
| ocation. 20 If the command decoder and address generator 138 determ nes
52 that théreedprjyorkedrentheraqoest P§ detemminé¢pckheehpresthe t head
controller 26b will access 56 |ock | ook- up device 142 to determ ne whet her
this nmenolyckoeatihenti getsler rNdd048586 €T HISCOL 38B95readiready | ocked.
The access 56 determ nes whether the read |ock request gets perfornmed 62

or entersmb4st hgetieatizb@ckhe b sstaneues 128d vherfemdryai sSat 0nthe nenory
| ocation to be unlocked. 5 If the nenory |location is |ocked fromany prior

| ock rqugs%nlﬁggeagad | ock request fails and gets stored 64 at the end
of the read [ock mss queue 120d. The controller 26b proceeds to receive

20 0% 1o soeShe hhubD TR YohoRa LD AT MALROKEY.phls: 2ok ook up
request, the read lock request fails and gets stored 64 at
the end of the read lock miss queue 120d. The controller
26b proceeds to receive 50 the next request.

If the memory location is unlocked, the lock look-up
10 device 142 checks 60 to see if the read lock miss queue
120d is empty. If the read lock miss 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 subsequently
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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120d is enpty. If the read |lock mss queue 120d is enpty, that indicates
that there are no previous read | ock requests awaiting processing. Thus,

t he read wooko4segguest w ||l be processed: the address of POEFUR®IMI3B95
reference will 15 be used by the SRAMinterface 140 to perform 62 an SRAM
address read/wite request to nenory 16b and subsequently |ock the nenory
| ocation. Then the controller 26b receives 50 the next request. If the
read | ockmisssdagaeael2fdd i Bepdt leapt yeaupats Qonthdileagesuihgtinhere is at
| east one prior read | ock request awaiting processing. To ensure a
first-in/thesteadulookdmisef gpeoee$8Ddgunhel rele tockrokhersish the read

| ock request will be stored 64 at the end of the read lock - 13 WD

01/ 048596 P4 YS00683305unibsk guguest28da Readghoeksr 8guest §s conth nue
gqueuing in the read |lock mss queue 120d until the controller 26b

recei ves ROpapovpl eckakeaHest aRdokREQIB Z88epAtiénasssych. A nenory
| ocation is unlocked by operation of a 5 mcrocontrol instructionin a

00" o AR DSRC.SFcuL oot Bepesied e phe walackorenuest 5
in the CAQL%4%bcﬁfkgg Eg8e8?|085c38thgh8n ggg request is received
50, the memory location is unlocked 58 by clearing the
valid bit in the CAM 142. After the unlock 58, the read
lock fail queue 120d becomes the highest priority queue
10 120, giving all queued read lock misses a chance to issue a
memory lock request.

Referring to FIG. 4, the read lock miss queue 120d is
tested 69 to see if the head of the read lock miss gqueue
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 queue arbitration unit 124. The

20 lock look-up device 142 checks 72 to see if the top read
lock request (the one stored first in the read lock miss
queue 120d) is requesting to read an unlocked memory

location. If the read lock request is for a locked
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| ock fail queue 120d becones the highest priority queue 10 120, giving al
queued read |l ock m sses a chance to issue a nenory |ock request. Referring
to FIG ayovhesss®wad | ock m ss queue 120d is tested 69 torPeERESIN3BIFe head
of the read | ock m ss queue 120d nay be granted its | ock. The testing 69
will continue 15 until the read | ock m ss queue 120d fails to provide a
grant or until there are no nore entries in the read | ock mss queue 120d.
The hi ghestcptiionit fhesrgiadenors mhesr angue| beRdniemagneues120dibytbetting
it wwn 70 the next arbitration in the renove queue arbitration unit 124.
The 20 | oekshoekthp deévisteihd4Zicheéekst7@rtersdesctibbe &bpveeadndl ock
request (the one stored first in the read | ock mss queue 120d) is
requesti nghtotesadngneynkaakedgsnmenpEythkoeabdonockf réheeseads| 86k raquUest
is for a locked - 14 WD 01/048596 PCT/US00/ 33395 |ocation, the read |ock

m ss queugni1gPdcHenmBLAsids, 'EhbsaHQreQQSHEetBQeméh6§§ k@fékéﬁ&eOHElQrder
descri bed above, and the testlng 69 ends 78. the" read | ock request is

(2ea"S, (RECEAT HE I POt Pt OB R 5
request tgdg§gggyr%g87w@i e rgaﬁgg%n¥o memory 16b. After performing
74, the lock look-up device 142 checks 76 to see if the
read lock miss queue 120d is empty. If it is empty, the
testing 69 ends 78. Otherwise, the testing 69 continues
10 with the read lock miss queue 120d winning 70 another
arbitration in the remove queue arbitration unit 124.

Other embodiments are within the scope of the

following claims.
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74, the |ock | ook-up device 142 checks 76 to see if the read |lock mss
queue 120d is enpty. If it is enpty, the testing 69 ends 78. O herw se,
the testiwmgob®sswnti nues 10 with the read | ock m ss queuerdP@dooni3sesi ng 70
another arbitration in the renove queue arbitration unit 124. O her
enbodi nents are within the scope of the followng clains. - 15 WO

01/ 048596 PCT/USOQ 33395 What is clained is: 1. A nethod of managi ng
menory access Wbatahdomlaadwedssshenory conprises: fetching a read | ock
menory reference request; and 5 placing the read | ock nenory reference
request at thel.endaochegaho@adf|eakagiss meedey i dcddes readrdoddm menory
reference request is requesting access to an unlocked nenory |ocation and
the read Legksgi semed@uUeogPPi3eHs at | east one read | ock nenory reference
request. 10 2. The method of claim 1l in which the random access nenory is

located in a pagalbliely Hardyar £50RSe8no MYl td EbESaded, PLOCESSOsng 3. The
nmethod of claiml in which the random access nenbry conprises a static
randoglaccess SFQBEXg 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 and the read lock miss queue contains at

least one read lock memory reference request.

10 2. The method of claim 1 in which the random access
memory is located in a parallel, hardware-based

multithreaded processor.

3. The method of claim 1 in which the random access

memory comprises a static random access memory.

15 4. The method of claim 1 further comprises placing
the read lock memory reference at the end of a read lock
miss queue if the read lock memory reference request is

requesting access to a locked memory location.

5. The method of claim 1 further comprises removing

20 the read lock memory reference requests from the read lock
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15 4. The method of claim 1l further conprises placing the read | ock nenory
reference at the end of a read lock mss queue if the read | ock nenory

ref erencavoequssis i s requesting access to a | ocked nmenorpct/oserizess. 5. The
met hod of claim1 further conprises renmoving 20 the read |ock nmenory
reference requests fromthe read lock - 16 WO 01/048596 PCT/ USOQ 33395

m ss queue in the order in which they were placed in the read | ock m ss
gueue. 6.mIhe geehediof tbkapmdéri hnwahtbht hkeyeaeré opkacednbnythef er ence
request is fetched froma read queue. 5 7. The method of claim1l in which
t he read kesd DeoRrryisef guenee request is fetched froman order queue. 8.
The nmethod of claiml1l in which the read | ock mss queue contains a nunber
of entries equal to a nunmber of contexts that nay execute the read | ock
menory referenge 10Theqdeshsdnbhus1eng. 19in Theiskt hied péagl ab8x1 further
conprises placing a read [ock nmenory reference request in a queue that

contains wgnbegd:LockeBAVEYLELE £00EC EEALESEr HRONCELARTGACGESS L0 Lhe

same nenory | ocation. An article conprising a conputer-readabl e
medi um
5 7. The method of claim 1 in which the read lock

memory reference request is fetched from an order queue.

8. The method of claim 1 in which the read lock miss
queue contains a number of entries equal to a number of
contexts that may execute the read lock memory reference

10 requests minus one.

9. The method of claim 1 further comprises placing a
read lock memory reference request in a queue that contains
a read lock memory reference request requesting access to

the same memory location.

15 10. An article comprising a computer-readable medium
which stores computer-executable instructions for managing
memory access to random access memory, the instructions
causing a computer to:

fetch a read lock memory reference request; and

20 place the read lock memory reference request at the
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whi ch stores conputer-executable instructions for managing nenory access
to random access nenory, the instructions causing a conputer to: fetch a
read | ochvoernossyer ef erence request; and 20 pl ace the readp¢Dukowsas y
reference request at the - 17 WD 01/048596 PCT/USOQO 33395 end of a read
|l ock m ss queue if the read | ock nenory reference request is requesting
access to an unlocked nenory |location and the read | ock m ss queue
contai ns athd bfastreaé iPeak hbsk geeveyifetflee eneadrboulestemdril. The
article of claim10 in which the random access nenory is located in a

paral | el , rbae dvare- bagadst nukt Féfueatdety psOcessoto drR.udheckedicle of claim
10 in which the random access nenbry conprises a static random access

menory. 1Qeddry ThEcatibg! 8nQf cebal8ud 0168k WL 68 Lheud nsexpsihonse further
cause a conputer to place the read |ock nmenory freference request at the

end of a {gad,|9gk DLss ?ggggﬁéé%ﬁ%hgefgggnégcgegggg{y reference request is

reqgquesting access to a ry lTocation. 14. The article of claim
10 in which the instructions further cause a conputer to renove the read
| ock reenory

11. The article of claim 10 in which the random
access memory is located in a parallel, hardware-based

multithreaded processor.

12. The article of claim 10 in which the random

access memory comprises a static random access memory.

10 13. The article of claim 10 in which the instructions
further cause a computer to place 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 a locked memory location.

15 14. The article of claim 10 in which the instructions
further cause a computer to remove the read lock memory
reference requests from the read lock miss queue in the
order in which they were placed in the read lock miss

queue.
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reference requests fromthe read | ock m ss queue in the order in which
they were placed in the read | ock mss queue. - 18 WD 01/048596

PCT/ USOOM38D6185%,5. The article of claim 10 in which the pendgséossBISTENDrY
reference request is fetched froma read queue. 16. The article of claim
10 in which the read | ock nenory reference request is fetched from an
order queue. 5 17. The article of claim10 in which the read | ock mss
gueue cont ai nsla.nuffber aafieder oés céqgiaml 10oia whirbRr thef reaat extk t hat may
execute the read | ock nenory reference requests mnus one. 18. The article

of cl ai m &@mbkyWtie€l rbheei Retjndeti aBSfetBnbUr Eheh savsgdagGenputer to place
a read lock nenory reference request in a queue that contains a read | ock
menory reference request requesting access to the same nenory | ocation.

19. A controll ek .forheeaagibdeactessatill 18NIAMACERSEShe 1B ABMEYKCONPT i SES!
an address content addressable nmenory that supports |ocked |ocations in

menory; apdnd ead rhoek ol $3qauste; khat «8hanes rbfiadn! 8EKe FEIREYe .
5 17. The article of claim 10 in which the read lock
miss queue contains a number of entries equal to a number
of contexts that may execute the read lock memory reference

requests minus one.

18. The article of claim 10 in which the instructions
10 further cause a computer to place a read lock memory
reference request in a queue that contains a read lock
memory reference request requesting access to the same

memory location.

19. A controller for managing access to random access
15 memory comprises:
an address content addressable memory that supports
locked locations in memory; and
a read lock miss queue that stores read lock memory
reference requests that request access to memory locations
20 unlocked in the address content addressable memory when the

read lock miss queue contains at least one entry.
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reference requests that request access to nenory |ocations 20 unlocked in
t he address content addressable nenory when the read |ock m ss gqueue

cont ai ns va0 0l/e®s16 one entry. - 19 WD 01/048596 PCT/ USO0/ BGB®S00/33695 The
controller of claim19 in which the random access nenory is located in a
paral |l el, hardware-based nultithreaded processor. 21. The controller of
claim19 in which the random 5 access nenory conprises a static random
access nenory. 292. The controlller of claim 19 in which the readomock

menory reference requests are stored at the end of the read |ock m ss
gqueue i f Bheessadehoclk demipgateberieneepaeglisil, hegdests-hesess to a

| ocked nmenory | ocation. 10 23. The controller of claim19 in which the read
| ock menmpuytieheeanea pegdesksrare renmoved fromthe read | ock mss queue
in the order in which they were placed in the read |lock m ss queue. 24.
The controller of claim19 in which the read ock 15 m ss queue contains a

nunber of entrbes egual cbataonuekebr efagAnioxis LHathMBdceXgrHbR/ the read
| ock menory reference requests mnus one. -

5 access memory comprises a static random access memory.
22. The controller of claim 19 in which the read lock
memory reference requests are stored at the end of the read
lock miss queue if the read lock memory reference request

requests access to a locked memory location.

10 23. The controller of claim 19 in which the read lock
memory reference requests are removed from the read lock
miss queue in the order in which they were placed in the

read lock miss queue.

24. The controller of claim 19 in which the read lock
15 miss queue contains a number of entries equal to a number
of contexts that may execute the read lock memory reference

requests minus one.
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