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ENVI RONWzd81/833864<GROUND OF THE | NVENTI ON Thi s i nventi on r etc/esoos3assead | ock
menory references. Wen a conputer instruction (thread) needs access 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 nmenory 10

| ocation gets granted. SUMVARY OF THE | NVENTI ON According to one aspect of

the inventiopa@ Rthadrds cEescsl PRE AfwRPAS: RS FEIDE Ny 2RERAENFO andom
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access nenory—rnctudes—tetching=a readtock menory 1teference request 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 01/48596 PCT/USOQ 33395 and

the read | ock mss queue gomtad Btorepst PReeieady | ock nmenory reference
request. O her advantages—wr#gggg%one—apparent‘fronrthe

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 regquest 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
DRAW NGSyloassbei S a bl ock di agram of a conmuni cati on syspEmUS@®mRi®yi ng a
har dwar e- based nul tithreaded processor. FIG 2 is a block diagram of 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 %Grrermrdg cqﬁnt roller in the hardwar e;fased nul tithreaded
processoPnd ERG T£5% LGN Fidtardute (IR hdtati o 15 h MeworSAont rol | er
in the hardware-based nmultithreaded processor. 15 DESCRI PTI ON OF THE
PREFERREDOENVBOBIMENT S © fRefedtdd A¢ WG 1, a communi cation system 10

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

har dwar e- base®tingint iadveaddet procdes Swcae iappaeript ebdrem Bhéus such as a
peri pheral component 2 WD 01/48596 - PCT/ US00/ 33395 interconnect (PCl)
bts 14, #&omeworiyngsyeisemild,iandral seondthdusl dins The system 10 i s
especially useful for tasks that can be broken into parallel subtasks or
functions. Specifically, a hardware-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 ti pl ew@odne®egi nes 22a-22f, each with nultiple hardwareTwsod33s9d ed
threads that can be sinultaneously active and i ndependently work on a
task. 10 The hardware-based nultithreaded processor 12 also includes a
central controller 20 that assists in |oading mcrocode control for other
resour ces ?f t he hardwg;g—b sed 4rrultithreaded rocessor 12 and er%orns
ot her gehBFSFCORTFSEse FEdnpitdr typé FINEE Yoy 3ih &y fHKtIF ng” Pret ocol s,
15 exceptions, and extra support for packet processig%{mhere t he

ni cr oengPHés 182a- 38 FySSemd hadck s ller Uasiel f&hitak Hricealssi ng
such as in boundary conditions. In one enbodinent, the processor 20 is a
Strong Acatr Pe( Rrmkies &ntor adarrdilie lofs WS Kshiare d ungiitasts Ki ngdon) based 20
architecture. The general purpose mcroprocessor 20 has an operating
system Sbheeoudh chlié yoper dtaimiy axyestoemeadhenulgriddessgle @ marecabt Tancti ons
to operate on mcroengi nes 22a-22f. The processor 20 can use any supported

operat i ngs- uBe fWD L4856 sSPEHAUSQR 333w iskst emipreferaiyea tieah tine
operating system For the core processor inplenented as a Strong Arm

ar chi t ect Yk gn ORI 84icRY . SY THRH U RS b ML arofttiNh Fpled | e, VXVOrks
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. Thwoardswr e- based nultithreaded processor 12 al so pCmaisSuelsssIs
plurality of function mcroengines 22a-22f. Functional m croengi nes

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

I f th d b | t | ti
gncgggﬁsg%%éggmpﬂgyggggmg 55568 b¢ il FBCoArs ana PE et ukPry Bber ati ng.
at any one tine, ? ment, there_are six mcroen%| nes 22a-22f 15
as shown. ccﬁé%rpﬂ?%?ﬁﬁﬂﬁl ?1188 ??ﬁn’é?? fSs®capablPi frBsaf6P1TEF6EESI ng four

hardware threads. The six mcroengi nes 22a-22f operate with shared
r esour ceCRMA Ut hgSieheRy S4Bt efr 1818RASBEENT nteprLaténe24 VEHOTES. The
menory system 16 includes a Synchronous Dynam ¢ Random Access Menory 20
(SDRAM) cormt ndl¥er 26areadaneStaeret Raadopshevessalkabiy ofSRANhecontrol | er
26b. SDRAM 16a and SDRAM control ler 26a are typically used for processing
| ar geSvollmesrrodt datan be. gsedprocessi ng of network payl oads from network
packets. - 4 WD 01/48596 PCT/US00/33395 SRAM 16b and SRAM control |l er 26b
are used in a et WEKiM8re-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 1is 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 l1l6a 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, RpHBIYssbpr the core processor 20, and so forth. Scieses/s¥ses
m croengi nes 22a-22f access either the SDRAM 16a or SRAM 16b based 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 ﬁ?é%o%%@i Aed 5BaMospnEZRldRECcEtl aFEntERS éfereMEEWaTdiMEti ons t o
either the SDRAM controller 26a or the SRAM control |l er 26b. Advantages of
har dwar e HIPLPTRREAEILAG éan Beveipltansed floytSRAMess SBRAM,menwr.y, accesses.
As an exanple, an SRAM 15 access requested by a Thread-0, froma

m croengi @aece2aifgf lmpklupatsblehe SRAMrgoforolther c2Gle e dduistscat @ @n
access to the SRAM 16b. The SRAM control |l er 26b controls arbitration for
t he SRAM bhs 23, faeersses the SRAM 16b, fetches the data fromthe SRAM
16b, and returns data to the requesting 20 m croengi ne 22a-22f. During an

SRAM E6b aCCGS?heiEikhﬁicﬂBEﬁegﬂgEDQQaEQQf’a%%@sshQQtﬂg&yt%f§i@ﬁ&ﬁﬂthread
that could operate, that m cfoengi ne woul d be dornmant unti ata was
returned Iégn$£h§R§ﬁA@%%6Basggeoﬁaggg@ggtgggg%é%ssg%p%hggdht%.
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 1l6a. 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

- 5 -



WD 01/ 48596 PCT/ USOQ 33395 w thin each of the m croengi nes 22a-22f enabl es
ot her cwotogMg®eW t h uni que program counters to execute | RCTH&00/333¢e
m croengi ne. Thus, another thread, e.g., Thread 1, can function while 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

oper at es .he i ; jaé}%- j td t he SRAM uni t
26b, a ng%qp%geggﬁgwggrg}%%?@:cf 2, clyrﬁlgsﬁ%%ac}_ojp% %@n&t}%}e‘:%&croengi ne 22a.
Thread-2 can o%er at.ecfor a 10 certraimn Aamunt oftti e, u til.it }Qeeds to
access mEROETEST "Pert ofH Ebhe SIHE™ 190G 15t eney Operari of Sidh as making
an access to a . bus interface. Therefore, sinmultaneously, the processor 12
can have S&"SuSiGFaRIidif - SRAMOPERGGT FRAfP QDR oper 2t $3h-ai | bei ng
conpl eted or operated upon by 15 one mi croengi ne 22a and have one nore

t hread a¢anl dvnetiien pitoides Sheorfd 5y KNteache bt a pEtteadHe hbg dwar e
context swapping al so synchroni zes conpletion of tasks. For exanple, two

t hr eals eealidihiot theheresairelastrmrted regsour.ce,Duxigig SRAMIGIN, Each one of 20
t hese separate functional units, e.g., the FBUS interface 28, the SRAM
control | enr26l, 1amchyt ke RRRAMIGOEDRAM efer2Ga; 16shen WHiele cripd£d e1 a

requested task fromone of the

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

-6 -



m croengi ne thread contexts reports back a flag signaling - 6 WD 01/48596
PCT/ USOOA3B@Rfssosconpl et i on of an operation. Wien the fl agpcI/usewadsgsed by
the m croengi ne 22a-22f, the mcroengi ne 22a-22f can determ ne which
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. hardvare;pased, oyl it hr gaded, , processor 12 Loterf ages to
e E
net wor k devices such as a Ia ~access control 'er °device, e.g., a

10/ 100BaseT Cctal MAC. 13a or,g.(ig bi t . Et her net dgéicg %Bb. In general, as
a net wor k-9 THrOLRERDH Pt He? haf dnaF BEbRLEICRIBEPEhFedéd pF8Ressor 12 can

interface to any type of conmunication device or interface that
recei ves/3RIGIRE gih hbubhbsedd Bat BUTNf ONeomuni cation system 10 functi ons
in a networking application, it could receive a plurality of network 15
packets from tore dexacese 184, ann3gpphdcprdonssorhbbe packetse-basadparal l e
manner. Wth the hardware-based nultithreaded processor 12, each network
packet caiubeithrnedepeadenbtyspoocessed. aAnat heewexanpkectesouse ak a
processor 12 is a print 20 engine for a postscript processor or as a
processornd@fofk 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 1l3a
or a Gigabit Ethernet device 13b. 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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storage subsystem i.e., RAID disk storage. A further use is as a matching
engi ne. Wwobthsssecurities industry for exanple, the adverCTaiS0eBsesr oni c
trading requires the use - 7 WD 01/48596 PCT/USOQO 33395 of electronic

mat chi ng engines to match orders between buyers and sellers. These and

ot her parall el types of tasks can be acconplished on the system 10. Each

of the fupgtippal . H..fLi h EBHg Lntertace A e _SRAM
il
controll e([r)1 %g g ;L g%ﬁ%l}/lhgonﬁgo er g argrggug'l ggthoe%one or nore
i nternal buses. g rnal %Eses ar\%a g% 32- b| uses i.e., one bus
for read k&‘ﬁ}ﬂer%nﬁn oP“wr FL8y. THESRafdial -Sﬁsgérﬁﬁ |tljfryé’§ ed’fpr ocessor
12 also is constructed such that the sum of the bandw dths 10 of the
internal Busks FAtRe preeBBsoFNEd ercébEsSYREC™aNdwi dth of external buses
coupled to the processor 12. The processor 12 includes an internal core
processor bus Ed2h efgtheafiuASBibnsl( Adisnced.Syst &meBISYS tilndte rdags es
the processor core 20 to the nenory controller 26a, 26b and 15 to an ASB
t ransbbat 028 30thdheRABBcbusr321es acbubaeti ohet BERABOcoallred 1AMBA days t hat
is used with the Strong Arm processor core. The processor 12 al so includes
a privatesrdusoddréhatocenpl 88 hibeeNigkeendingudBkt s tt@eSRAMernal
buses are dual, 32-bit buses (i.e., one bus for read and
one for write). The hardware-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 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 couplwg dihgsogenory controllers 26a, 26b to the bus inrerigees3’®4 and 28
and nmenory system 16 including a flashrom 16¢c used for boot operations and
so forth. - 8 WD 01/48596 PCTIUSOQO 33395 Referring to FIG 2, the SRAM
controller 26b for the SRAM 16b is shown. The SRAM control |l er 26b incl udes

an address and command qu 120. SRA ntroller, 26b i tim zed based
on the type o erﬁ)rrjyn%p%? :%Jf%h,z?’l tghe I\%&g\dr%%rﬂtlb?l eW%?%f%ﬁe ddress and
command queue 120  includes a high I{)ri ority queue_ 120a (hol ding nenory

r ef er encSPEQULSR LT roR'HR gh Tie otk Tkl ler refll tuetieded28B (hol di ng

read menory reference requests, which are the predom nant nmenory reference
f unct i ongddyats sar ISRAMMG perdwrdss) 1l 2Gand IAMreertyukbler 1202 {Hol ding, in
general, all wites to SRAM 16b and reads that are to be non- optim zed).

Al t hough opati rsilmewh,bd e agddrigss tange cofmesitbr yjusuerd2orcpul dea) se i ncl ude a
write queue. An insert queue control unit 132 of control |ogic determ nes

wher es t 0 (BB quaUE eachdTENDIYE reguesds f4om déhendnargeags neso 22a- 22f . An
arbitration scheme in a renove queue arbitration unit 124 of control logic
determ ng%ctlh'ﬁie%r %Qﬁ%m%ﬁ%tffqﬁg@e 120a (holding memory
reference requests from high priority tasks), a read gueue
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
gueue control unit 132 of control logic determines where to
15 queue each memory request from the microengines 22a-22f.
An arbitration scheme in a remove gqueue 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 ncl udeswepsiigbnés 20 interface logic, e.g., ASB bus 122. PoeuAsBies
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 - 9 WD 01/48596 PCT/ US00/ 33395

accessed to and 16b throu a (mc | ectromechani cal )
ASB dat a HeVite" 2@0 ang?%¥o uffer. ggﬁ gﬂéﬁng apgﬁdeV|ce 128 is a

queue for wite _data. there_is_inc data fromthe core processor 20
5 via ASBWqﬁ%ﬁ?%%%t{%ﬁec?ﬂ%laﬁ}é gah ﬁétetS?gaC?n Re RERI’A3B data device

128 and subsequently renoved fromthe MEM ASB data device 128 through an
SRAM i nt ép¥ialer 140Tg% MrAMASReddEy deBical tRBugh AOEUSHEWAOTt W&isgme queue
structure can be provided for reads. 10 The nenory requests are sent to
SRAM i nt etdtace 1B0D vharecaisubibcphérer ddRé. fThe bkt cpkexerot26sis 20
controlled by an SRAM arbiter 131 which detects the fullness of each of
the gqueuess aasbthecstaits 0P2f heheequest saandef s@areAat ndediedasM priority

based on a programmabl e value stored in a priority 15 service control
register pg).qNCe&PNEE 0L 28 0ahB€subsequently removed from the MEM
ASB data device 128 through an SRAM interface 140 to SRAM
memory 16b. 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 reqguest is sent to a command decoder and
address generator 138 where it is decoded and an address 1is
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 ti pl exer 126 selects a nenory reference request, the nenory reference
request we ¢iR8i96t 0 a command decoder and address gener at BCTARB0/388¢Ye it iS
decoded and an address is generated. 20 The SRAM control |l er 26b mai ntai ns
control of the Menory Mapped off-chip SRAM and Expansi on ROM The SRAM
controller 26b can address, e.g., 16 I\/Byt es, with, e.g., 8 Mytes mapped
for SRAM _16b nd. 8 tes res er ed for 10 V\DOl/48 6 PCT/ 0/ 33395
speci al fslg’n(ﬁl’laglngf 4 né\@/ l %ace Vi a FHAshr om 1 anrauggnSol e port
access for MAC devij ces 13a 13b a d acces to associ at ed (RMON) counters.
The SRAVERS GEEFAr HACal# CI40k LTF (0 €08 St Gubte nhTgePRnE CFEREL | ons,

5 The SRAM control |l er 26b supports the follow n transactions: M croengi ne
request s tovia® sGaAed bRONo/FTwHiSRAM T r &R obesse?d (¥pa ASBabus)
to/from SRAM 10 The SRAM controller 26b perforns nenory reference
sorting tlook-mpmitebldsd arsd (hushid esndgendet pipetiensrom the SRAM
interface 140 to nenory 16b. The SRAM controller 26b does nenory reference
sortismg based Toie t4RRM eathtroller 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 wvalid bit that is examined by subsequent read lock
requests. The address and command gueue 120 also includes
a read lock miss (fail) gqueue 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 wewwusseeevi ce enpl oyed. The SRAM control | er 26b i PCt/uses33a9sl ock

| ook-up device 142, an eight-entry address content addressabl e nenory
(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 command
queue 12 aI SQ | cl,udes mss fall ueue 1 0d. The read | ock
m ss qugcue tlzftf1 |sb%csaeds?o Iflo?d OCk Bt t?/ ?I)(l)u(r:lhre%%rreques s - 11 WO
01/ 48596 PCTI USOQ 33395 't hat fall $ecause 0 anl ock existi ng on.the
portion FENHRhOTSATRYuUedt &Y R He2F eadPnonRt of T et CFoehg Re§232a- 22f

issues a read |lock nenory reference request that is processed in address
and cont PAL qUERe I 20. T & Ret @K i RIOBY FFEf S BONGE nERBEGSF eFeRBNEE request is
processed 51 by the controller 26b. The controller 26b receives 50 a
menory r ¢gferenced aquesidors ei aheércoherof dgreugubai@e. 120c or the read queue
120b. The conmmand decoder and address generator 138 determ nes 52 whet her
the nenory 10 Reffefeinoe t@EEST 35 a meémady refplestice arauéerr eguest, a
"read | ock” request, or a wite unlock ("unlock™) request. If the conmmand
decoder dRAVLES WANErEHONcIBErSELEF MEES 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”) reqguest.
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 regquest 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 @@nAlsgtser 138 enters 54 the lock into 15 the | ockpCwalseus3gevi ce
142 so that subsequent read | ock requests will find the nenory |ocation

| ocked. Lock requests cannot be processed on that | ocked nmenory | ocation
until an unlock request froma mcroengine 22a-22f unlocks 58 that nenory

| ocation. 20 | onnan decoder a ddress _genera 1 det er m nes
52 t hat t?ﬁ?%% g ereng% reaﬁ%s? §g geg%agln ocw F%ﬁﬁé %getﬁg ad
controller 26b wll access 56 | ock Iook p device 142 to deternlne whet her

this menohSEH JeHTDRC %ets19er@Qf@ﬁ¢4§%9%rP%?F@S@OﬁéSﬁ@S rgPfea®¢ K ocked.

The access 56 determ nes whether the read |ock request gets perfornmed 62
or enter $nigws tdee a2 Pdckne AR sETt quelies 1208 Wher @emprifailpsataont ke nenory
| ocation to be unlocked. 5 If the nenory |location is |ocked fromany prior
| ock reduesinldédieedead | ock request fails and gets stored 64 at the end
of the read | ock m ss queue 120d. The controller 26b proceeds to receive
50 the next regtiestie héméhe DEEREyohocLat i68kea vnbackead, ptherl aekk ook-up
10 device 142 checks 60 to see if the read | ock m ss queue
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 gueue 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 gqueue 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
t hat thew%@&ls&o previous read |lock requests awaiting pr&cltlaés%io)gg”sThus,

t he read equest will be processed: the address of the nenory
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. |f the
read | ock iS$s afeife WO | Rard lagl yrequedts 2opnmdicatesethay there is at
| east one prior read | ock request awaiting processing. To ensure a
first-in/tihestreagutl corkderi sf Qreooesisi iy urhel I edde | ookt relluest 36bt he read

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

01/ 48596 PEELUSEY IRBUn unlssciueitidAindResshbd@ckz- s epEesis gonsibHe
gqueuing in the read |lock mss queue 120d until the controller 26b

recei ves a0mamdiyl aWecda@iests anfl JacQ9Zespddatd fo@Sopuch. A nenory
| ocation is unl ocked by operation of a 5 mcrocontrol instructionin a

PLo% o higeokin e S e Lok M A, s I wlagkcorales) L,
in the CA%]é4%.'oc'?‘<f 1:l'x%rs ter}l%elﬁq.l Ocd(nc5e8’tk¥eheunrleoac 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 gqueued 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 queue
120d may be granted its lock. The testing 69 will continue

15 until the read lock miss gqueue 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
gueue 120d) is requesting to read an unlocked memory

location. 1If the read lock request is for a locked
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| ock fail queue 120d becones the highest priority queue 10 120, giving all
queued nRa@1 g0k M sses a chance to issue a nenory | ock rerjusmizigRef erring
to FIG 4, the read |lock mss queue 120d is tested 69 to see if the 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 n re entries in read_l ock. mss, queue 120d.
The i ghdSE apricsin 15 ST Vel th Thes rEhet s HRe i ete it e® 1obat By EPet t 1 ng
it wwn 70 the next arbitration in the renmove queue arbitration unit 124,
The 20 | 688U VT tel 149 BHetRet 72 F9F s2eSFF 109 #Bpve eat™dl ock
request (the one stored first in the read | ock mss queue 120d) is
request i rigpet & ascaicn@nd Urg ket menbf ythe oeead okock freweeseadls| ek request
is for a |locked 14 WD 01/48596 PCT/US00/ 33395 |ocation, the read | ock

m ss queuwe 1bd el arsias, | the saddresnsof ethdendmosy -raféresteout Lor der
descri bed above, and the testing 69 ends 78. If the read | ock request is
for an wel ecked dpcaid wrAN henesitfess Dfo the perbsymref esensrami || 5 be
used by the SRAMinterface 140 to perform 74 an SRAM address read/wite

request LRI VrdObiw A tErr PR O M Nnemory 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 12Q@dimsegpty. If it is enpty, the testing 69 endspc®usti/imsan se,
the testing 69 continues 10 with the read | ock m ss queue 120d wi nning 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/ 48596 PCTI (gg3é§%%a§%gg ig,clained is: 1. A nmethod of nmanagi ng nenory

access to random ~ access nenory conprises: fetching a read | ock nmenory

reference request; and 5 placing the read | ock nennr%ﬁreference request at
the end of alread?’ SEHMILY F¥9 HeSPREY FockS trehdr 2nHefer ence

request is requesting access to an unlocked nenory |ocation and the read
| ock m s@CGfSEfe MM MPRRTL3¥A5t one read | ock nenory reference request.
10 2. The nmethod of claim 1l in which the random access nenory is |ocated
in a parall el fetartdwer er bassetl 1onit tridrigeadeslt preces soequdst Thendet hod of
claiml1 in which the random access nenory conprises a static random access
menory. placing the read lock memory reference request at the

end of a read lock miss gqueue 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



15 4. The nmethod of claim 1l further conprises placing the read | ock

ref erencev@bi1/48se end of a read | ock

reference request is requesting access to a | ocked nenory | ocati on.

met hod of claim1 further conprises renmoving 20 the read |ock nmenory

menory

m ss queue if the reaatT/usok/3s880r Yy

5. The

reference requests fromthe read lock - 16 WO 01/48596 PCIT/US00/ 33395
m SS queug; h@ ﬁg%u%r der t'h]'é YMPd%*}. they, uete tﬁ’l'egﬁ%%fe” hNg.od &ad J,9ck m ss
The edd 1ok

queue. 6
request
the read

The nethod of claiml1l in which the read | ock m ss
of entries equ

| to nunber of _c ,
menory referenge 10T%§q5§§g§dnpﬁu§%6ﬁ@.19?“TW@lﬁ@tﬁ§§ gead didf furt her

t hod of in whichthe
froma read queue. 5 7. The nmethod of claim1l in

clalm (0]

s fetche
F%%§ %8ﬁ%r?lfgf§P§H€é request is fetched froman order queue. 8.
queue contai ns a nunber

ntexts that may execute the read

nmenory rererence

whi ch

ock

conprises placing a read |lock nmenory reference request in a queue that
cont ai ns MAMPERJLPEEK SRERD I} AVEBEr dific & eitededs i rosg@e StEiaty ABESSs t o
same nenory |ocation. 15 10. An article conprising a conputer-readab

nmedi um
5

10

15

20

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

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.

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

place the read lock memory reference request at the

t he
e



whi ch stores conputer-executable instructions for managing nenory access
to randowoaq@aess nenory, the instructions causing a conpeCEeUSKEI3I®Etch a
read-1 ock nmenory reference request; and 20 place the read | ock nenory
reference request at the - 17 WD 01/48596 PCT/ USOQO 33395 end of a read
|l ock m ss queue if the read | ock nenory reference request is requesting

t | ocked | ocati d_the read. | ogk ni
contai ns A Tedst: itk Teat Totk FEWOT v oF 4T cFEa rbATBSPETSZYT. The

article of claim10 in which the random access nenory is |located in a

par al | el TSHETREG-HERE T nbF t TR L processor® a2 urhecketicle of claim
10 in which the random access nenbry conprises a static random access
menory. I@NEFy Precaridn|andiths afead oloek whish greue neerbeindnat furt her
cause a conputer to place the read | ock nmenory reference request at the
end of alreeadt |lock msd pueneniory heefeaentockegeesty reference request is
requesting access to a |ocked nenory location. 15 14. The article of claim
10 in which the instructions further cause a conputer to renove the read

| ock renory 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 1if
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 gueue in the
order in which they were placed in the read lock miss

queue.



reference requests fromthe read | ock m ss queue in the order in which
they wer@gdiaged in the read | ock mss queue. - 18 WO 0kCER59633395

PCT/ US00/ 33395 15. The articl,~ of claim10 in which the read | ock nenory
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 %7. The article of claim10 in which the read lLock m ss
queue cont ai nsta- nulberabFLentr PEsCegl®l 1P oll HOABBEr EREf T€6Rt é9CK t hat may
execute the read | ock nmenory reference requests mnus one. 18. The article
of cl ai mMEPFY WREERr eRee| AsEraeti basfetohedr fhem eafsadadeemputer to pl ace
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 control |&%- f ofheanngi ayecaetessain tandonvhéchsshelBepgndogkconpri ses:
an address content addressable nmenory that supports |ocked |ocations in
menory; amhery eadf¢nekcal ssqgestiel s héétshoedesromnadn! oeckemenmeye .

5 17. The article of claim 10 in which the read lock
miss gueue contains a number of entries egual 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 gqueue contains at least one entry.
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reference requests that request access to nenory |ocations 20 unlocked in
t he addr sasoiespdeent addressabl e nenory when the read | oclPCrIise0/3p308ie
contains at |east one entry. - 19 WD 01/48596 PCT/ US00/ 33395 20. 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

ceess menory. 35, TS CONCPOITSr of STatm 19 in WA-h FRe PEMIFook

access nenory. 22. The contro aim

menory refeégnge éeguestsngre ?tgred at _the ing OL tge rea | ock m ss
queue i f THET2aUCTSEK ABnoPy2FeferBniePPEqusst s PBGHESES 54S8Ss to a

| ocked nennrg,location. 10 23. The controller of claim19 in which the read
| ock merBryt1eREFRTiRE PEGGBSESTare renpved fromthe read |ock miss queue
in the order in which they were placed in the read |lock mss queue. 24.
The controller_of claim19 in which the read lock 15 m ss queue contains a
nunber of entrfts e§hal ceBtachlabePt 6faéBnil8xis Wharhmapeexesgos the read

| ock menory reference requests mnus one. - 20
S5 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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