;e3é, Q| LLM OFr 0Q68QTQYdB MEMORY SHARED BETWEEN PROCESSI NG THREADS
BACKGROUND The invention relates to nenory shared between processing
threads. 5 A conputer thread is a sequence or stream of co r
instructions that perfornms a task. A conputer thread is asgﬂm%wm\wm a
set of resources or a context. SUMVARY 10 In one general a e

i nvention, a nethod includes pushing a datumonto a stack by a"#¥st
processor and poppi ng the datun1off the stack by the second processor.

Advant ages and ot her MEX8 fa TWEENe AROCESSUNG THREA®EOME apparent from
the foll ow ng description and fromthe cl aims. BRI EF DESCRI PTI ON OF THE
DRAWNGS FIG 1 is a block diagram of a system enpl oyi ng a har dwar e- based

mul ti-threaded processor. 20 FILG i ck diagram of a M croEngi ne
enpl oyed in the hardware-based mul t‘%régtiﬁ-g@%gd processor of FIG 1. - FI G

3 Is @ biock di agnamishentDgi feldul ikon 10 Wsady, that are
executed on the M croEngi nes of FIGS. mé@&%y %R %}ﬁ%%% ?lnpllfled bl ock
di agram of thecesstiam Shotads G 1 shomnng sel ected sub-systens of the

processor including a stack nodule. FIG 5A is a block diagram show ng the
nenDr@' A computer thread is a sequence or stream of

computer instructions that performs a task. A computer

thread is associated with a set of resources or a

context.
SUMMARY
10 In one general aspect of the invention, a method

includes pushing a datum onto a stack by a first
processor and popping the datum off the stack by the
second processor.
Advantages and other features of the invention will
15 become apparent from the following descrlptlon and from |

the claims.

BRIEF DESCRIPTION OF THE'DRAWINGS

FIG. 1 is a block. diagram of a system employing a
hardware-based multi-threaded processor.
20 FIG. 2 is a block diagram of a MicroEngine employed

in the hardware-based multi-threaded processor of FIG. 1.
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conponents of the stack nodule of FIG 4. FIG 5B is a block diagram

showi ng the nenory 10 conponents of an alternate inplenentation of the
stack module of FIG 4. FIG 6Ais a flow chart of ,the process of popping
a datumfromthe nmenory conponents of FIG 5A. FIG 6B is a block diagram
show ng the nenory, onponents of FIG 5A after the popping process of
FIG 6A. FIG 7A i%leZ' 1 oW é‘hgﬁf’c f RSP VU imssmuggiandaetsn on t he

menory conmponght§, P EleGasd | Qoo 7B, L | ock .di agram showi ng t{he nmenory
20 conponents of Fl1G 6B af Egragt gep%%lglﬁ%e%ro& & g'g‘clfl’&’g?ﬁ?sF‘P% 8is a

bl ock di agranr=sdwingdennry conponents used to inplenent two stacks in one
stack nodul e. DETAI LED DESCRI PTION 25 Referring to FIG 1, a system|O

incl udes a paral | @G .har dwanesbapkilf hed thidulealed RHOGESERE dPstdhe - 2

har dwar e- based nul tithreaded processor 12 is coupled to a bus” 14, a nenory
system 16 andh H&cordd sheying. sghectrd sub-cumtlemss ofi thet peoPesigher al
Conmponent . Interconnect Interface, revision. 2.1, issued June 1, 1995
(PCI). The 5 ‘RftEH™02% §+855eBPAP - useful for tasks that can be broken

into paralyel SUb%§§K352Tigugcﬂiggf'df%§¥§Jiéﬁng%g the memory '
components of the stack module of FIG. 4.
FIG. 5B is a block diagram showing the memory
10 components of an altern;te implementation of the stack
module of FIG. 4. |
FIG. 6Alis a flow chart of the process of-popéing a
datum from the memory components of FIG. 5A. |
FIG. 6B is a block diagram showing the memory
15 components of FIG. 5A after the popping process of FIG.
6A. |
'FIG. 7A is a flow chart of the process of pushing a
datum on the memory components ofﬂ?IG. 6B.
Fig. 7B is a block diagram showing the memory
20 components of FIG. 6B after the pushing process of FIG.
7A. |
FIG. 8 is a block diagram showing memory components

used to implement two stacks in one stack module.

DETAILED DESCRIPTION
25 Referring to FIG. 1, a system 10 includes a

parallel, hardware-based multithreaded processor 12. The
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har dwar e- based nul tithreaded processor 12 is useful for tasks that are
bandwi dth oriented rather than | atency oriented. The hardware-based

mul tithreaded processor 12 10 has nmultiple M croEngi nes 22 each with

mul tiple hardware controlled threads that can be sinultaneously active and
i ndependent | rk_on a_ task.. The hardware-based nultithreaded processor 12
al so i ncl udeB*5O¢BRET B7S %H’E‘f]otﬂtg’tre?@ hBFOSR392% L2 is15onpaedngonk cr ocode

control for ghheqsr e30HERES, Yy dei q_%rgg@rg-gérag?e%%?u%hh%hreﬁgggkalgrocessor

12 and perforns ot her general-purpose Gonpute tio F as

handl i ng protecebspl £4sepitionthe aREiphbER] SERRM el cessing
where the M croEngi nes pass the packg?s 20 of f foer m)rng%gg'?g{lgé processi ng
such as in béohdafgceongvisimm 2.1 ,0deseedoliument, 19SS PEEESSOrha0 is a

St ron%Ar m (TN& I(jSt rongArcn is a_trademark of ARM Limted, United Ki ngdom
based ar chi t B¥FbFB. 1GhtS RARGUAUT peséuki £epprarkss $dat2@ahabean operati ng

system Through the,25 qperating syste t he_processor 20 can, call
functi ons togg?)lé?rét%n%% %%ﬁfﬁ'gisﬁg’gaﬁglﬁ-%ff. PSoceSPEFLIDECRBRY use any

supported Opﬁéf‘&évgﬂesﬂﬁﬁnﬂl@ighﬂgﬁggr%ﬁ%ééo@ %P?%?%ia?gufﬁﬁtem For the

core processor inplemented as - m ar ¢ @F ating
systems suchtasks Mkiosofd Pdhdweakht bFBenedd ﬁ%ﬁyxk%h%ﬁdlagé a freevare
operating system avail able over the Internet at http://ww. ucos-ii.cont,
can be used. obideedar diter drebraisactenbhsed hvehtiathidadeds pebcdds@k Sz | ncl udes
a plurality of functjonal M croEngines 22a22f. Functional M croEngi nes

(M cri@Engi nelys palvinle Micnalingiaps a2 ptasialwith oulgipdeahncdwaters in

har dwar e and ciated with the programcounters. 10 Effectively, a
cor r espondi ncég}b%? ajf?acf?%o]”feas?eest §W8}' Fﬁ?e%%ss RReuROYt 3REBYEIFPAct i ve on
each of the Mg&OEMEMES, 3ea2eh Whihgkonly one is actually operating at

any one tine. In one enbodi nent, there are six M croEngi nes 15 22a-22f as

shown. Each M croEngi ritse 2da-didirehBaseapabi ¢ i diasadedr pRbeegssE N f our
har dwar e t hreads. The six M croEngi nes 22a-22f operate with shared
resources i nelzrliinclindas @ Sesteml16ontdoblesidtt athicass24tanth 28. The
rregg'rdﬁ» system 16, i ncl udes a Synchronous Dynam ¢ 20 Random Access Menory

cont +tA4iRg Mr&ﬁ?d& SPaEFel RERE R IR cepsoverepy of SH®) control | er
26 SO ey, o0 STEDSSILARL S5, 20,8 LRy Loed Tor

processing |l arge vol unes o 8. Pyl oads from

net wor k_packsitier Yn<RAMLU3poa8! EohbeEe20h ANk SRANLAEBLYy 16D are used in

a networking inplenentation | ow T at ency,” fast access tasks, e.g

accessi ng | dekndipincatpresocmrr pxtept i bes £l pHagessappdlt 888 so forth,
-4  The six McroEngi nE~s 22a-22f access either the SDRAM 16a or SRAM 16b
based on chapa@tel iptaqessgng whegat hhe MicroEnyinest pass~theopadiests dt h

dat a2' s st or%(g i€1 and fetched_from SRAM whereas hi gher bandw dth data for
5 whifdh | at My T MRS RIIEEaRFOCEES D rBFh R%aRd POURABEYf r om SDRAM

The M cr oEngi @12&{ 2f gan e ry reference instructions to
ei ther the %ﬁ% on.sf'ol I eCI?1 fg)é %&é%’nﬁ}%ﬁ Iperrocf§3.°rAééaﬁ? aYes of
hardwar e nmul ¢¢tdneasi RoMs ansLeorddh.ax Kl AN @S Bk meRANL £ A PRAM RN Y
accesses. As an exanple, an SRAM access requested by a Threacf' 0, froma
M cr oEngi ne, Umi t¢d deigeicnt)e b3RAKI apohibédture6b e igenkiral epafpeseess to
the SRAM nmenory 16b. The SRAM controller controls arbitration for the SRAM
bus, microprocessor 20 has an operating system. Through the
25 .operating system, the processor 20 can call functions to
operate'on MicroEngines 22a-22f. The processor 20 can
use any supported operating system preferably a real time

operating system. For the core processor implemented as
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" 15 dccesses the SRAM 16b, fetches the data fromthe SRAM 16b, and returns
data to a requesting M croEngi ne 22a22b. During an SRAM access, if the

M croEngi ne e.g., 22a had only a single. thread that coul d~operate, that

M cr oEngi ne woul d be dormant until data was returned from 20 the SRAM By
enpl oyi ng hardwar e context swapping within each of the M croEngi nes

22a- 22f, the &aftherarovranxtitacrmrengopandt B85 GytlemsOBhLONKt §sW t h uni que
program counters to execute in that same M croEngine., Thus, another thread
e.g., Thread M1eEesPtindYT gifaditicmey handsViVosks tamdead,/ 08, ga, fFbewate’ 0, is
awaiting the read data to return., Déﬁ-l ng execution, Thread 1 may access the
SDRAM menory TBE 2T SYIHTLFVEIdAELE B¥eh i EnSBrRNEM akit) and Thread 0
i's operating %%hﬁ{%’ﬂdﬁg-t"i-%ﬁﬁgw e8n pdiead, e.g., Thread 2 can now
operate in the Cr oENgr ne - 4af®3 an operate for a certain anount
of tine until it needs T amr@eﬁaéad%upﬁérﬁre@d%"gr%gﬁéo{0{‘9 | atency
operation, such as nmaeking an access.to a bus 5 interface. erefore,

si nul t aneous|3lsa Hexglustsss sopliZadabyhaf efundtismpe MatireRng SAM Pper at i on
and SDRAM operation all being conpleted or operated upon by one M croEngine
22a and have ®tfe ndtE1¢heed MigrpEpgines (Hiomsfogives) work-22f témchiat a

path. 10 The har vare co tex;.gwaggi ng al so synchroni zes conpl eti on .of
t asks. For eX¥sté rf\ﬂ)qllllr‘rx@ d5Yc8hl BERFTT WS SsARr Bardvaberarde. g. |

SRAM Each o r1a u ional units, e.g., the FBUS interface
28, the SRAMr%oag{er%H%}%c;‘é%,%c_iahgtphgﬁétﬁ@?\ﬁ%aghtcr%‘w&?fg26b, 15 when they
conpl e e a r R eIFEK of &%@Bﬁoﬁ&iﬁ@epi‘df‘arﬂ%gg'o@esEEEe@ﬁ1t&f{é&ét s
reports back a flag signaling conpletion of an operation. en Z€e

M cr oEngi ne rasgeibeesifiud thhagusiteabt tvongicehEaf dBkenitASENH £ds t hr ead
to turn on. 20 One exanple of an application for the hardwarebased :

nul tit hr eadeP3Frodds ¥&ileropdvasng hetagive dnboperetingsat amy vwomdk
processor, .t Q:e'lt'nkéar dwar e- based nul tithreaded processor 12 interfaces to

net wor k devi ces such as a nedia access controller device e.g.) a 25

10/ 100BaseT Cctal MAC %3a 1 L. Et e evi.ce,13h. The G gabit

Et hernet device 13b co#%l iogré5 \%\Am%g%ﬁ%ﬁrf'E _ ngg’ \ékg‘ngla?ﬁ?mé%ﬁ%%ed in
June [P98. | r2genefaks ahotmhel BREK WiOISHImest BOaDaBEVEL - based

mul tithreaded -6 processor 12 can interface to any type of conmmuni cation
devi ce or intephhkddithes ferepveséssimty fanghardeartsthfedds a. The

Communi cati on system 10 functioning in a networking application could
recei ve a pl && MiFroEngineswder - pak kereratieomithe shavedesesd@arcdsb and

rocess those ckets in_a paral] el nner. With the hardwarebased
Irorul tit hr'eadec}rﬁl%ralb1 S0 i eﬁgﬁéﬁrﬁt%r%’ SN NESRIBEP net ARl | v

processed. AnglehRienBX9TBYELAT 185 En Ol u Bl LG EIAcr Bnblisdpd0apLL N engine for

a postscript processoir of as a processor for-a storage stubsystem i.e.,

RAI D 20 sk st @amagdem Actusbhmemtsg (SDRIM)? dHtxingrenghngngl & &hgesecurities
i ndustry for exanple, the advent of electronic trading requires the use of
el ectroni ¢ mReodPngAcagEacdenoryalSRAMS anmdercd lieet 26bn bSPRAM metosg! | ers.
These and other parallel types of_ tasks can be acconplished on the system
10. The procéf8ofnd2SPRAM Gertrobler | sh e &yPs crdady veedl £ert he processor
to the second_bus 18. Bus_20 interface.28 .in one enbodi nent couples the
processor 12PF6°FRE*88- caffed” TP HFSG b F.- - TRECEBERITAtRF face 28 is

responsi bl e LatweeR paYLLAEs 2PHoh MESAH WhdildEs. The sraM
25 controller 26b and SRAM memory 16b are used in a
networking implementation for low latency, fast access

tasks, e.g., accessing look-up tables, memory for the.

core processor 20, and so forth.
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processor 12 to the FBUS 18. The FBUS 18 is_a 64-bit wi de FIFO bus, used to
interface to Media Access 25 Controller (MAC) devices. The processor 12
i ncludes a second interface e.g., a PCl bus interface 24 that coupl es other
system conponents that reside on the PCl 14 bus to the processor 12.
The PCI bus interface %4 grov'.des a hi gh-sgeed data path 24a to nenory 16
e.g., the SDRAM menory 18a° ¥ HHGFSENCRRES paeh- RE Resssseitridesd thei ckl y

fromthe SDRA&MrAGAIER’ QUOERANE F2C 14, via direct nenory 5 access (DVA)
transfers. The har dvar eybasedelrreﬁ {bF?%raegaeﬁh?ﬁ%‘& IEGEies ofppbets i nage

transfers. Thacharduaue, basedidmiioyl NiEadss it 0888 S 12 20 Rl oY @
I Y,

plurality of DVA channels so if one target of a ransft e

anot her ‘one &hdt et Dved chiromelRAM; awheakes ONEFhd N kR GeHDEs Lo £dg! | ver
inforrmation to, another target to nmintain high processor 12 efficiency.
Addi ti%onal | yWhifB PeFeRey ismat aseipnostapor tis tetayeid dndafdst er

oper ati ons. g%%ﬁtdo grat' are operations where slave devices on bus 14
access SDRA rodgh” ¥8a d whet BicyeEngings @28 -92fvicendeascatsl| ave to
target operajy] I rat Lok the prqcessor core 20 sends data
directly to ??ﬁ%}ée??/g@?%g{ea g‘%&%&??gg??oﬁt%et thgt 8PRAMe 24. Each of

t he functi onabntpblbert S260HY @imoceﬁergﬂl&f 1'%.(.9 internal buses. As
descri bed bel ow, the internal buses are dual, 32 bit buses (i.e.) one bus

for read and one for vkdta)tagBsecfiahavavsrdaned BHddaihihgaded BLocessor 12
al so:is constructed such that the sum of the bandw dths of the interna
bused¥i n t he®PPLRERED LY BRM! oxc EBRAM hermdweyn diiatidsesf. exteanal buses
coupled to tgg gﬁfQGSQQrSé%ﬂ The processor 12 includes an internal core
processor bug 3% o AR ASECHEGE TRAVHRRY By &t dread) Ot hArowoapl es t he
processor c s dde JE|Ror e C ol l er a and to a,z ASB

t ransl at or g%fﬁﬁggéf%%ﬂ’ﬁgﬁgﬁf¥¥ﬁg H@E usi%?é%%ﬁﬁkﬂ&%gg tRe so-called

AVBA bus t hainisiatsedaniddedsse@oSthONSRAN MNASLSTY. CRLE sERf Processor 12
al so includes a private bus 34 that couples 5 the M crgéﬁgﬁggﬁunits t o SRAM

control | er 2eentwsE er gmitaods 30banch HidiS oy aHeacRARSLuA, Menory bus 38
coupbss the nenory controller 26a, 26b to the bus interfaces 24 and 28 and

menory syst efrATIFRITHRE RFAM 48Ry offiGRe e fdgtabSromopbeaRaMs and so

forth. 16b, and returns data to a requesting MicroEngine 22a-

22b. During an SRAM access, if the MicroEngine e.g., 22a
_had only a single thread that could: operate, that
MicroEngine would be dormant unﬁil data was returned from

20 the SRAM. By employing hardware context swapping within
each of the MicroEngines 22a-22f, the hardware context
swapping enables other contexts with unique program
counters to execute in that same MicroEﬁgine._ Thus,
another thread e.g., Thread_l can function while the

25 . first thread, e.g., Thread 0, is awaiting the read data
to return. During execution, Thread 1 may access the
SDRAM memory 16a. While Thread 1 operates on the SDRAM

unit, and Thread 0 is operating on the SRAM unit, a new
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' 10 Referring to FIG 2, an exenplary one of the M croEngi nes 22a-22f, e.g.,
M cr oEngi ne 22f is shown. The M croEngi ne includes a control store 70,

which, in one inplenmentation, includes a RAM of here 1,024 words of 32 bit.
The RAM stores a m croprogram The mcroprogram 15 is | oadabl e by the core

processor 20ppJheq MCrPENG i o.lncludes controller logic 72. The
controller logic incl ud;és%gfn}eelaﬁﬁtzr %(%?I I(%!ﬁ‘gdoel?:eor Stre 73 PRGEPEREEBENt er

(PC) units 722a72drhrl foWanlicpe@aPe08 CURLEr nildgaLe mai ntained
in hardware. The 20 M croEngi ned%’22f al sgginancl udea?nzgﬁt%g?tl g\’/fe%f‘mes"vm t chi ng

| ogi c 74. Cowmnekl iverdedsogicc atées8CREMESY RS SRGTOE sothe: oBRE# EVENT
RESPONSE; FBlI EVENT RESPONSE; SRAM ~EVENT_RESPONSE; SDRAM EVENT RESPONSE,;
and ASB EVENIORE OPEFAEAOR  oFuchf as eaksing eth resessces, a2bus. g. ,
SRAM 26a, S MZ%% or roce%ssor core_20, control and status registers,
and sd forth™ SresSATESTHFGvi BeTrhERIRUS 1ok SheavrEoRessarr 2guest ed -
function has d;.,.Ba whet her, . or _not_.a function requested -9

by a thread %%gr%aﬁb%eﬁgg g’%%rg%)égf e%ﬁ%%néﬁeerialtol el tHFEYd needs to wait

for that Corﬁiﬁ@ﬁétﬁlbrﬁi&ﬂabeiﬁgdcbﬁ?ié@e&Mﬁ%é&t%@a{ﬁbgﬂd\%% gpgrate, then

the thread is placed on an available thread I'ist (no he 5

M cr oEngi ne MiiraFngineve2a amdi huve obne.fbre 4Hdua@Rdsaavabhablg. 1 n
addition to event signals that are local to an executing thread, the

M cr oEngi nePIEresfpeyes wgnll ingthe adata towdth.are gl obal . Wth signaling
st at EE an 10 executi [}8 tgraead can broadcast a signal state to all

M cr OEngi nes 22. Recei V€ RBUHEEYS AGRTHHt SYEPRIAY 2AsP avtichionizesads in

Statos can B HRST IS Bt Srathe oy ) kY Gt ThERanr cont AL her

states can be Use etermne avall a tther a 15

resource is e datle SREYELAI BEscThGe CONY EXISEANEN HAREl BnddoRas,aLbitration
for the four (4) threads. In one enbodi nent, the arbitration 1s a round

robi n mecharfeparaCehéuntethnatjuesitoul €. e whed FBUS| ddtBgraER0ps) Y queui ng
or weighted f air queuing._ 20 The M croEngi ne 22f al so includes an
execution b&P¥ caatachher 767+ rnd ithe $PRAMaroakirohieti 26bogi ¢ unit

76a d general - purpose reqgister set 76b, Th rithmetic _logic unit 76a
performs ar iWﬁe??‘ggaﬁamngi:ﬁa? FeRLes s téé?‘v\glrlqmaé’@hpftt finctions. The

i st , | at | f | -
reoistors,  MictoRnbifie febeld it APE BASk A eR R R R her e are
64 gener al - pPOLE iBAJLS & Sopsrat {dk St WK thHBaMK AcBAgifd 1N a second

bank, Bank B. The general - purpose -10
receives the flag, the MicroEngineugan determine which

thread to turn on.

20 One example of an application for the hardware-
based multithréaded processor 12 is as a network
processor. As a network processor, the hardware-based
multithreaded processor 12 interfaces to network devices
such as a medié access ¢ontroller device e.g., a

25 + 10/100BaseT Octal MAC 13a or a Gigabit Ethernet device
13b. The Gigabit Ethernet device 13b comélies with the
IEEE B802.3z standard, approved in June 1998. 1In general,

as a network processor, the hardware-based multithreaded
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regi'sters are windowed as will be described so that they are relatively and
absol utely addressable. The M croEngi ne 22f also includes a wite transfer
register 76 and a read transfer BO. These 5 registers are al so wi ndowed so
that they are relatively and absolutely addressable. Wite transfer
regi ster 78 i s where wilrl'%te data to a resource is located. Simlarly, read

n

register 80 PEOFEPSPEL Uf e T FTIRACE $RafBY F¥REPE ccommmusamtdon to or

concurrent w .dat g,.aff vent_ signal .fromthe respective shared
resource e. g.d_%btlgg St arcoﬁllqeh%r&z%éegeéﬁfﬁ 287 ATes amings ér e
processor 20gekhl beohneyiad SRR e jter, 74 which will then
alert the thread that the dat addi)s avtgﬁ‘lxggl g‘g%{rztﬂglgi%%elr{l éent. Bot h transfer
regi ster banket¥br¥gngnasbli arte crpredbedetoivhea exReH 1R, kax (EBOX) 76
through a data path. In one inplenentation, the read transfer register has
64 red st er snNgRHCrRePIEketEs thrarsitée deyiceer 1bas B3b ragl YrwescessReferring to
FIG 3, proc%gsor 12 has processi 20 threads 41 and 42 executing in

2 n
M cr oEngi nes “29§° aRackots r’é’éﬁecﬂair\?gll?.l PANBeRer Whish dfredrandwarehr eads 41
and 42 may b C : oEngi ne.. The prqcessing threads may
or may not sﬁggégdﬁgg%%v\%e%ﬁédt%em eggr%re%hp?%?hirheﬁcg& Packetc£agi ng
thread 41 regegl yg@ep&a@exﬂ@},z%@&d,sg@gqesses it to produce data 44.
Processing thread 42 receives and possesses the 'data 44 to produce out put
data 45. Threads 41 amhcthenr exampler Eept h¥e asf i yeocegddbr 1Begauge the
M cr oEngi nes 22a and 22b share SDRAM 16a and SRAM 16b (nenory), one
M cr olbhgi nesPZPat negg iR adeoisgssrépseptooassof orny \a fproceksoexcl usi ve
use. To facilitate efficient allocation of nenory sections, the 5 SDRAM
menory is di ¢PHed 'T’W?%rﬁi’&ﬂf@é&%ntls?-re%?l?e@l%% stonagef.er & The nenory
| ocations in C .address_prefix, .or pointer.. The
pointer is uggﬁgg%t %ér&?%%gg?o&gggﬂéﬁgi e%%ril% erh?otrhea. T2 ®Poi nters to
buf fers that iaaestef £ Il el,NtusCabyedd &f PEDSESSING hﬂfa%%ﬁ are managed
by pushing the pointers onto a free nenory stack. A thread ca gllocate a
buffer for useqbireshehearemd ofbplpopponicanpochiny «fdirddie tst aakchand using
the painter to_access the correspondi ng buffer. Wien a processing thread no
| onge® needsCEIBKF rRetvepn buyers andosalierso tThress cuwbsithert hread, the
t hread pushes th@r@fitnter t he bufferbonto t he, stack to nake the buffer
avai | abl e t oP3t% st OITRESERr §3BsPR 12 CRMRBLFhER 95 s system
instruction ggts 46, 47 that respectively include a." PUSH " 46a and a 20 "
POP " 47A 'instruction. Upon executing either the " PUSH " or the " POP "
instruction, the instrid igidesstkaisMihtedads & hidi Gitle Sank Jgodul e 56
(FIG 4). Referring to Fig. 4, a section of the processor 9 and SRAM 16b
provi de t he tbat ceduptes Kheoproee56orThe 2bel sgtamd misacle nodwlse i s
implenented as a |inked |jist of. SRAM addresses. Each SRAM address on the
linked |ist tBREEEFRE t3fe 10 PnEs STOPILRENheRPUPt e B tirOddssor A2 a resul t,

If you have Egetk?éjdécbe-sésalqedt r1‘5’%Ufsi EL%t (%‘&Sg‘ 81|:1]s} .he 'I_‘l'}e2 FBUS interface
28-is responsible for controlling and intérfacing the
processor 12 to the FBUS 18. The FBUS 18 is a 64-bit
wide FIFO bus, used to interface to Media Access

25 . Controller (MAC) devices;
The processor 12 includes a second interface
e.g., a PCI bus interface 24 that couples other system

components that reside on the PCI 14 bus to the processor
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"list, you can read the contents of that address to find the address of the
next itemon the list, and so on. Additionally, each address on the |inked
list is associated with a corresponding nenory buffer. Thus the 5 stack
nmodul e 56 is used to inplenent a linked Iist of nmenory buffers. Wiile in
use, the linked list allows the stack to increase or decrease in size as
needed. The sti&ck MbeuPEISHbubnthueetadONy Obrbogiess he, it
26b.. The control logic 51 perforns the 10 rk:eggggg?y;olge %{-%)er??olgﬁ%t%he
stack while SRAWP18H3ster BsmPrE o ant.s tile SHRAN( mekorPEsf SRAM

regi sters 50 g,?l useg %g Etore the address of the first SRAM | ocation on the
stack. The addr&SE89rstRRECPAtRARtRcan henmovedsquisckivrfoom tihe st ack. 15

Al t hough the di r nt.s he stack module 56 and the threads
wi Il be expl alg&r?e uglg%geggg‘gggn%?%%%tbuﬁséé'h’é?‘?i tECFthramerYand st ack

modul es, the gstaekscanmal serbestdpl e ed _i rating syst, sof t war e
t hreads usi ng software nodul es? Threa Iﬂgkgwgggtﬁr% % %éﬁ?&gj‘rﬁ@de\ga

i mpl enent ed aprowessper a2i sgppyst £ Nidadyecdeanhied exgeite /o PUSH " and "
POP " operating Séstem commands to allocate nenory froma shared nmenory

pool . The opePaspAgmyysithreatedmiwammporntbuden cahpToy & dihidanaty of
functions wi t%e jn the " C" programm ng 25 | anguage. In the operating
syst em exanpl &; charnet eiie I 9%e tasEeE oPE | D GPMA SansferSRAM r egi st er s

50 and SRAM 1 re.| ed i.hg ftware within the operating system
The software ﬁng?/?beaéﬂgge%le aoé;}lkif P CHAPERTS L3 diiP GveR, thenput er
menoryip or othet B@meaeif@éia%&%ﬁq Htghegﬁ:‘%%hp%% tg Fl.G 2A SRAM

regi ster QL stores an address (OxCh) o mBFThéOst ack 60. The
5 SRAM | ocat i 0ai$€x(5)hifh thedddstir i1kearenci fecy! aRaBQ iicsa4S store
the SRAM address (OxAl') of the second itemon the stack 60. Th ' SF R

| ocation (OxAP§L-dgPug hintewfare i2%emupporhe s4rgkt Gand snassed to store the
address of the third itemon the stack 60, etc. The SRAM | ocation 10 ( OxE9}
of the |ast iTRITINIHE: stHiosd gpesasipnradereropenat ionsawhe¢raddiavs

0x00), whi chyd.ndicat n f th inked list. Addjtionall t he
gad)c(lre)sses 1)f h?éh‘gﬂ?%rr%%(g%é& %?%Ie,ssaggk&EQ%B%uq}her clﬁnS]OWE)F{geEoi nters
to stask 15 bgHdtersrd lsersidea GLC acenbabned ﬂ%&%ﬂ; o?@i’éat '}{'tiégﬁbuﬁ,fqpoi nter to

a buffer is pushed onto the stack by thread 41 er is

avai | abl e f ormamseehyopsteriqusicehei pgotBse8H Score MY fsRndisS agepped by t hread
42 to allocate the buffer for use by thread 42. The pointers 20 are used as

an address badeFadFlat & Lrimase)vescdatanditectlie fimdnf e¢he. Poa addition to
stack buffers, q_{;La-%l S%M 16A al so contains processing buffer 62, which is
all ocated to Th F1.%*The pointer to processing buffer 62 is not on 25

the stack because it |9l gvaipka Pg {__o ailoc tian b ogh r threads.
Thread 41 may | ater pussﬁh a [?oi n;ngrQ 0° h(én?) 0 atssi g %PP F§6§°09{15 t he
st ackamhen i tonand:x@NGaItdreRds thid@sbuf A8 abder ikl bSO g shagk will
be discussed with reference , .
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 of the internal buses in the processor 12
25 exceeds the bandwidth of external buses coupied 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
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"to the buffer managenent schene above, it can be used w thout buffers.
Referring to Fig. 5B, the SRAM | ocati ons OxCS, OxAl, and OxE9 may,
respectively, contain 5 data 70a, 70b, and 70c in addition to an address to
the next itemon the list. Such a schene nay be used to store snmaller units

of data 70a-c e e s bR.s sch the control logic would
assign a rrerm?% o{lat%n W't ﬁl%r(f %ﬁg &Aﬁ% dorEhgtere3tindeserikrd a 10
(datum that beldw. berrHauakRedpost 95t hegshaaK .o £The datum pus to the
stack may be text, nunerical dat a,s orseven aor;f g%&r gésc%?f%‘g?%f@ R4 anot her

menory | ocat it Ref ersdigitd Ehe stidag tarmP@ircredabdnbgid  t hgpstack stored
in SRAM regi ster QL, thread 42 executes 101 the 15 instruction POP #1"

The pop i nst RERGEGFAS gard sof ippbudesta ystivaesbtis0b4 t fieatM ehgiangd nes 22.

The pop instrtth%t iwﬁnri?%;‘t ransmtted to control logic 51 over bus 55 for
stack processing. ~Contror “FolfetE 1t et sorgxrolherpapbi 3B uction' . The

control |ogi I | 03 .t he register_that contains a pointer
to the stack%rﬁgt%qiag%rfgtagr rggg %%U%n:?rt\ %quaﬁset F%Cti%nm%‘é%’éﬂ 36 13 ar gunent

of the pop i rupleki @he ReR6Syt BEn ts L0 p.d Nstruction is " #1",
t he correspondi ng register ingl. %\%l(r:%ztzrstgl' ngi €85‘ih?elbsr ns 104 the
contents of Z@temEacesr@gi ahér28 candianeityeslysebmPL OCHSSI ML dF ead 42. The
stack of FIG__5A would return "OxCS " . Processing thread 42 recei ves 107
t he cont ent s faRshREMQL6EcyFed efOr Wath dpera®i6Bs” andnsb UG HL08 t he

recei yoed content to -1? access data fromthe correspondi ng stack buffer
61b by appendi ng a suf FERSFHIRRERIHENER: BFnereTPl ey o afeddw 105 t he

content (D s estatenRy 28 a0 S e LLE B el o
i ndi cat e t hatheh®iExE6Enhase bega DL dInkem t beost s KAl s now the
itemat the top of the stack. Referring to Fig. 6B, the staté of the stack
after one implementation, includes a RAM of here 1,024 words of
32 bit. The RAM stores a microprbgram. The microprogram
15 is loadable by'the éore processor 20. The MicroEngine
22f also includes pontrolier logic 72. The controller
logic includes an instruction decoder 73 and program
counter (PC) units 72a-72d. The four micro program
counters 72a-72d are maintained in hardware. The
20 MicroEngine 22f also includes context event switching
logic 74. Context event logic 74 receives messages
(e.g., SEQ_# EVENT RESPONSE; FBI_EVENT RESPONSE; SRAM
_EVENT_RESPONSE; SDRAM _EVENT RESPONSE; and ASB
_EVENT_RESPONSE) from each one of the shared resourées,
25 e.g., SRAM 26a, SDRAM zéb, Or processor core 20, control
and status registers, and so forth. These messages

provide information on whether a requested function has

completed. Based on whether or not a function requested

-9.



" the operations of FIG 6A will be described. As shown, 10 the register QL
now contai ns the address OxAl, which was previously the address of the
second itemon the stack. Additionally, the |ocation that was previously
stack buffer 61b (i n FIG 5A) is now processing buffer 65, which is used by
thread 42. Thu ]ﬁr eag 42 has renoved 15 stack buffer_61b fromthe stack
60 and al | oc eé‘ FRESBOr R P lehed ag oﬁh%%%e R%@‘E;?HW@OQO ey, 7A the

f t d b 41 h
o7 oceasi ng bt FeRdca ancle Tt BBk kbho PRELGE ST n RS ng 201
the instructicee thPSH #3 SxHieg toT%e%eerreeﬁeQAgl | ShADPIJ er to the

buffer 62 because itis aprefix that is Comon to t e address space of the
| ocati ons i npllaeeliubfiean dvei pulsle ithsadCLisn (Sot ranswhi f edrio control

| ogic 51 over the bus 55. 25 Upon receiving the push instruction, the
control | ogi MisroBegbues22pxamhdidvesar mexionmand eeger nd netsre0Bs t he SRAM
regi ster corresponding to the instruction, based on the second argunent of
the push i ns@VaetrBhe- Since - 16 the second argument is " #1 ", the

correspondi ng register .The .control logic,51 determ the address
to be pushed fromthe H}II PP LSS e(’ﬁx%lflgf‘a}ﬁet%_ﬁgha??'ngf?iﬁ:]t|t(5’n The

control |ogi gndekeratigg @PEeddle élecmkeehnginggezge@%wtﬂ A ifadi ng

the val ue of the register |'ocat'i on. The val ue OXAl & cont ent the QL
regi ster in thatesatkaofafd GldRl . Theiehnkighal 0gyCssivees 206 the content
(OxAl') of the QL register in the SRAM | ocation whose address is the push
addr et (OxOexecroimgetboead otan dyficadchel st sigsalltabe pusilladdress
(0x01) in the QL register. Referring to FIG 7B, the. contents of the stack
after the op@ﬂSFPgﬂglﬁ‘Fs Fa Aesaive 8@%§§Erﬁﬁéala¢%esﬁb‘ﬂﬁa t FESRAM

oS T BT U 855 O BBePalh! Sha REGLEOTOTADE S oCk,
the address gfigakagkgbyéieds 61dﬂhé’¥¥ Wﬁilﬁée¥t99éé>’cé’np690@§§d%bUffer
62 used by thréad 417 The | ocation O(AF whi Ch was previously the first
itemon the skeaekni® agaiabilhesecfondrisenroa bhewkéeli&kr dhus, thread 41
15 resource is due for servicing.
The context event logic 74 has arbitration for
the four (4) threads. In one embodiment, the arbitration
is a round robin mechanism. Other tecﬁniques could be
used including priority queuing or weighted fair queuing.
20 The MicroEngine 22f also includes an execution box (EBOX)
data path 76 that includes an arithmetic 1ogié unit 76a
and general-purpose register set 76b. The arithmetic
logic unit 76a performs arithmetic and iogicai functions
"~ as well as shift functions. The registers set 76b has a
25 relatively large number of general-purpose registers. As
will be described in FIG. 6, in this impleméntation there

are 64 general-purpose registers in a first bank, Bank A

and 64 in a second bank, Bank B. The general-purpose
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"adds stack buffer 6ld onto the stack to make it available for allocation to
other threads. Thread 42 can | ater allocate the stack buffer 61d for its
own use by popping it off the stack, as previously described for FIG 6A
25 Referring to Fig. 8, a second stack 60b (shown in phantom nay be

i npl enented in t-h%t same _stack nodyl e by using a second SRAM contr ol
register to SIGFETHE A48 ¥429gved s Mildt bel dpemiihed e thetohbegt ack 60b.

The second _Lhe reitdGie yangﬁ%&&?%%ggﬁﬁ parate set of menory

buffers, for exanple, wthin A first stack 60a has

the address of the firgheeMgaeatngind PR eShagk 02 .5idy ed,j 3 (SRAM regi st er
QL. Additionally, 5 a second stack 60b has the address of its first el enent

stored in redirensfeds reflioteir 38 aidick rédd tsahsiesy igmal Rekhe stack 60 in
Fig. 7B. The second stack 60b is simlar to previously described stacks.
O her ®nbodi REFLELEXE Arehrhseheindaysrd 6 that ltthdwldrmeniredaciaely. Al t hough
the stack 60 g_l hogn ;&n FEG SA% stores the pointer to the first elenment in
a register QRPY% RESPHHKELY| REEreFsaRAY 18B1BACans fiay regd skarSDRAM 16A,

any of the stack, ulesele caoul.d be _stored in. a nenory | ocation.
For exanpl e,tlt heygg%u}"glg%lg%gél S 5Fe58urﬁeS7F§Acl\j;l 5 SPRBII3BAY Ot her

embodi ments mealdnRegEBRErt BE 54 At ivRrarA0BLE NUANS, add space, Instead
of using a linked Iist. The size of the buffers naya‘gek\%grgfied by usi ng

poi nters (addessuvrpeefi Kesseqienantyd vy kenghfredtowitramaka, agdr2Qaghort
pointer is a prefix to nore addresses and is, therefore, a pointer to a
| ar gel¥ addr e88 BUPPEr signakfirem diey reshective kshamedheessadret o.ganage

be 10 Store SBPnPRAl PERTRRT SR S SDBAY SIS h PERIST: RRFear o not
Cor TS0 b SRR MM £ T A S B BeBRE a1
which will then alert the thread that the data is
available or has been sent. Both transfer register banks
15 78 and 80 are connected to the execution box (EBOX) 76
through a data path. In one implementation, the.read
transfer register has 64 registers and the write transfer
register has 64 registers. :
| Referring to FIG. 3, processor 12 has processing
20 threads 41 and 42 executing in MicroEngines 22a and 22b
respectively. In other instances, the threads 41 and 42
méy be executed on the same MicroEngine. The processing
threads may or may not share data between them. For
example, in Fig. 3, processing thread 41 feceives data 43
25 and processes it to produce data 44. Processing thread

42 receives and possesses the data 44 to produce output

data 45. Threads 41 and 42 are concurrently active.
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context of the first active thread in a nenory buffer and -18 pushes a
pointer to that buffer on the stack. Any M croEngi ne can resune the
processing of the first active thread by popping the pointer to nmenory
buffer containing the context of the. first thread and | oadi ng that

context. 5 -Thus t ack _can be used to nmanage the processing of nultiple
concur r ent activngﬁ%ég s By THFTOE D CeSs ARG @rgi Abare SERAM \¥f&t i s

clained is: khnds@MAELCRRLLS,NY: i datumgnto_a stack by a first
processing thread; and pogping§¥ﬂb<a§¥3§io¥¥;pﬁgeggggﬁ %?yépﬁﬂidﬁﬂ

processi ng t kitegddmate EoetiBhH0sE Glerid:d} Bdr Wher %&Elﬁbgvé’ i Ng £onpri ses:
executing a push command on the first processing thread, the push conmand
havi ng at | efsciddsagegefnt]enetalivedtnem ofomametyt et Totid ethest ack

datum _determ ning a |location associated with an argunent of the push
commamt, st of5 REmPEY et fi AR ritte Memoiry gepmenteedreferred to

as buffers. The memory locations in a buffer share a
common address prefix, or pointer. The ppinter is used
by the processor as an identifier for a buffer.
Pointers to buffers that are not currently in use by
10 . a processing thread are managed by pushing the pointers
onto a free memory stack.. A thread can allocate a buffer
for use by the thread by popping a pointer off the stack,
and using the pointer to access the corresponding buffer.
When a processing thread no longer needs a buffer that is
15 allocated to the processing thread, the thread pushes the
pointer to the buffer onto the stack to make the buffer
available to other threads.
The threads 41 and 42 have processor instruction
sets 46, 47 that respectively include a ‘‘PUSH’'’ 46a and a
20 ‘*POP’’ 47A instruction. Upon executing either the
‘““PUSH’’ or the ‘'‘POP‘’ instruction, the instruction is
transmitted to a logical stack module 56 (FIG. 4).
Referring to Fig. 4, a section of the processor 9
and SRAM 16b provide the logical stack module 56. .The
25 ~ logical stack module is.implemented as a linked list of
SRAM addresses. Each SRAM address on the linked list
contains the address of the next item on the list.: As a

result, if you have the address of the first item on the
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| ocation, producing a pointer associated with determined | ocation the
pointer to the current stack datum 3. The nethod of claim2 wherein
determning a | ocation conprises: decoding the push conmand. 4. The net hod
of claim2 wherein determning a | ocation conprises: storing an argunent of

the pop comm Ln g_location associated with_ the argument of the push
command. - 20 Eq@?'TX%un%?Ihoroeaf?‘ aCAPSelheref Fhat @dgaerscsaméiadi s at

| east one of @nRr988588¢ &AM SiHUGLLRN A d operating systemcall. The
net hod of cl ai 1'rhel wher ei n posctp}%i ?ltgkgo%Brgﬁs%rgrt%éiglclusﬁ’ngné B8p°Bonmmand by the

second procesadagtibhebly, dRier HaartgsacROtid ef 1 i 16Ukl gat stack datum
returning the determ ned pointer to the second processing thread)

retrieving a peFacéated witr evicorsespaniingtnemdyobuE fle@Cat iragsasgeci at ed
with the pointer to the current stack datum and
5 stack module 56 is used to implement a linked list of
memory buffers! While in use, the linked list allows the
stack to increase or decrease in size as needed.
The stack module 56 includes céntrol logic 51 on the
SRAM unit 26b. The control logic 51 performs the

10 necessary operations on the stack while SRAM 16b stores
the contents of the staék. One of SRAM registers 50 is
used to store the address of the first SRAM location on
the stack. The address is also a pointer to the first
buffer on the stack.

15 Although the different components of the stack
module 56 and the.threads will be explained using an
example that uses hardware threads.and stack modules, the
stack can also be implemented in operating system
software threads usihg software modules. Thread 41.and

20 thread 42 may be implemented as two operating system
threads which execuﬁe ‘*PUSH’'' and ‘‘POP'’' operating-
system commands to allocate mémory.from a shared memory
pool. The operating system commands may include calls to
a library of functions‘written in the “C;' programming

25 _ language. In the operating system example, the
equivalents of the control logic 51, the SRAM registers

50 and SRAM 16B are implemented using software within the

operating system. The software may be stored in a hard
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“assigning the retrieved pointer the pointer to the current stack datum 7.
The method of claim®6. wherein the | ocation associated with the pointer to
the current stack datumis the location that has an address equal to the

val ue of the pointer to the current stack datum e. The nethod of claim®6
wherein the | ocation_associated with the pointer to the current stack datum
i s the | ocat PdfKt hat FhaBPY kst €oypugenl menomhe cumthbranomphiset and t he
val ue of the o&n% r todthe current stack datum -21 9. The net hod of
claimé wherﬁgﬂ #Re®pBp°tYhmand is at | east one of a processor instruction

or an operating s I T d of. claim.1 further conprising:
storing data in aiﬁgﬁnmr:%ﬁ%uﬁ (]ai?rc;[.hg?\, Fgﬁ'g'gc%es%li%eg i f5°5eBufRer poi nter

havi ng the daaaﬁééBaRok@spltsﬁleueO@tiQsi:hftérﬁ%k-tr%el- clg gpthoghof claim1
further conprising: using the popped datum as a uFf er pointer fo access

i nf or fat i on SRAM etocat fomefMxG5 )bl ehe #PrstTha deidrodnel sghakngd f4irt her
conprising: a third processing thread pushing a second datumonto the
stack. 13. Tage@detPodtere cthg BRAM addness comil)siofgtha shtoddptoerssi ng

t hr ead poppin second datum of the stack.
Popp og the stagk é%. f%e SRAM location (0xAl) - of the second

item on the stack 60 is used to store the address of the
third item on the stack 60, etc. The SRAM location

10 (0xE9) of the last item on the stack stores a pre-
determined invalid address (0x00), which indicates the
end of the linked list.

Additionally, the addresses of the items (0xCS,
0xAl, and OxE9) on the stack 60 are pointers to stack

15 buffers 6la, 61b, 61c contained within SDRAM 16A. A
pointer to a buffer is pushed onto the stack by thread
41, so that the buffer is available for use by other
processing threads. A buffer is popped by thread 42 to
allocate the buffer for use by thread 42. The pointers

20 are used as an address base to access memory locations in
the buffers.

In addition to stack buffers 6la-c, SDRAM 16A also
contains processing buffer 62, which is allocated to
thread 41. The pointer to processing buffer 62 is not on

25 the stack because it is not available for allocation by
other threads. Thread 41 may later push a pointer to the
processing buffer 62 onto the stack when it no longer

needs the buffer 62.

-14 -



' 14. ‘A system conprising: a stack nodul e that stores data by pushing it onto
the stack and processing threads can retrieve information by popping the
informati on off the stack, a first processing thread having a first conmmand
set, including at | east one command for pushing data onto the stack, and a
second processing thread having a second comand -22 set, including at

| east one comand AlGhaySPpthg Eheckiatid otfe tiecysaeq. witth fRferepsteem ~of

claim 14 wherein.the first and second processing threads are executed on a
single procesd nr}:d"ee%éﬁfr‘r; T T%?aﬁr&e%ﬁ/sgtcg"rﬁ“@f PY¥Fm 7% GHerks Hseke first and
second processi headsare arate proc | ng engi nes. 17.
The system o?ﬁceljgbi&n?m V\/(%]g?éi nﬁ%(ﬁ%fgé%a% (?q%r'.ogésgi&h% %‘%‘{1 nes are

i npl ement ed Qrodatel @Y QRAL pthkd 03D mald. rdBSesySIENY Ofcdrlaiim 14

wherein the stack nodul e and the processing threads are on the sane
i nt egr &t ed cidah# t7.0a, 70b, and 70c in addition to an address to the
next item on the list.' Such a scheme may be used to
store smaller units of data 70a-c on the stack. In such
a scheme, the control logic would assign a memory
location within the SRAM for storing the unit of data
10 (datum) that is to be pushed onto the stack. The datum
pushed onto the stack may be text, numerical data, or
even an address or pointer to another memory location.
Referring to FIG. 6A, to pop a datum off the stack
stored in SRAM register Ql, thread 42 executes 101 the
15 instruction ‘‘POP #1‘/. The pop instruction is part of
the instruction set of the MicroEngines 22. ‘The pop
instruction is transmitted to control logic 51 over bus
55 for stack processing. Control_logic 51 decodes 102
the pop instruction. The control logic also determines
20 103 the register that cdntains a pointer to the stack
that is referred to in the instruction based on the
aréument of the pop instruction. Since the argument to
the pop instruction is ‘‘#1'’, the corresponding register
is Q1. The control logic 51 returns 104 the contents of
25 the Q1 register to the context of processing thread 42.
The stack of FIG. 5A would return '‘0xC5'‘.  Processing
thread 42 receives 107 the contents of the Q1 register,

which is '“‘0xC5’'’, and uses 108 the received content to
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"~ 19. The systemof claim 14 where the first and second conmand sets are at

| east one of
i nstruction

interface fo
and the stac
responds to

|l ogic storin
and retrievi

a processor instruction set and an operating system
set. 20. The systemof claim 14 further conprising a bus

r communi cating between at | east one of the processing threads

k nodule, 21. A stack nodule conprising: control |ogic that

CERfETdSatPofran Fhastoryrspanddags shgek hbetifisr 4 hie went r ol

%.dat m.on _a s%%ck structure in response to a push conmand -
X stAKS (F¢EPEnse to a pop command. 22. The

FEFAC TR o

23

he moot Tecent |y Cerared SMPLEE PRI MeRT Ryt aRKeR IRk 0o e ol Al m

the nbst rec
22 further c
the stack, t

ently store um on

e e ocond emory et e i ol e o w1

a secdnd dat @M whbTRsWASESthe erbaah dditenst A0KARY | 06 £ B deddieite dat um
24. The stack mpdul e of claim 22 further conprising a second stac

he second nmenory | ocation inclu g: a poi

associ at ed wtthipfAécabst thatefhe 0xxdfohesd beeunremoved etxon tHaAGEack

10

15

20

25

and 0xAl is now the item at the top of the stack.

| Referring to Fig. 6B, the state of the stack after
the operations of FIG. 6A will be described. As shown,
the register Q1 now contains the address 0xAl, which was
previously the addresé of the second item on the stack.
Additionally, the location ;hat was previously staék
buffer 61b (in FIG. 5A) is now processing buffér 65,.
which is used by thread 42. Thus, thread 42 has removed
stack buffer 61b from the stack 60 ana allocated the
buffer 61b for its- own use.

Referring to Fig. 7A, the process of adding a
buffer to the stack will be described. Thread 41 pushes
processing buffer 62 (shown in FIG. 6B) onto the stack by
executing 201 the instruction ‘‘PUSH #1 0x01’’. The
argument 0x01 is a pointer to the buffer 62 because it is
a prefix that is common to the address space of the
locations in fhe buffer. The push instruction is
transmitted to control logic 51 over the bus 55.

Upon receiving the push instruction, the control
logic 51 decodes 202 the instruction and determines 203
the SRAM register corresponding to the instruction, based

on the second argument of the push instruction. Since

-16 -
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' 25. The stack nodul e of claim22 wherein the stack pointer is a register on
a processor: 26. The stack nodule of claim23 wherein said nenory | ocation
i ncl udes SRAM nenory. 27. The stack nodul e of claim 21 wherein. the
commands are processor instructions. 28. The stack nodul e of claim?21

wherein the crgbrrrrands ad;e g_gera in% systeminstructions. 29. An article
conpri sing a TONPUIETY EXFEBEB nbli uitwhr chRSt SreesRAAsitgr neggaEert he

comput e 1 00i & GNP 802 1884 K Mhg HaaNL0UL S8 Lgo Shone, dat a

froma first processing threa ushi'ng e data onfo a s

retrieve the sladied @rom $ReOBHPAOSESEhSHE (@A) BY PREPLRGLthe data of f
the stack, the stack nodul e being responsive to a first processing thread

command to stimstwmttdomn t Aeestankrohdeyisec=teérpinesssovgtidar ead conmand
to retrieve data fromthe stack. 30. An article conprising a
conput er - r eadZMtteE e AfubRhREnresbiterr donpirasiingx shat upleei aft¥het i ons, the

i ead by xRt RREEFIct! B (6 TSP Pile L8aF B oRPREPRE F ke - and
retrieve the dalddires sacend BEQoess Nad Megad BeeKgqULIIG ARG

instruction to pop the data fromthe stack for useé € Seco

25 . A A . Al .gbrks A06AEhANcEnfent (0xAl) of the Q1 register in the
A A3 A3 AU ALLALLA A% AL A . Ae. A8y. Al Adl's, . A ASy*5axI Fj {|6:

<j C} xsni d_zU|srAM dlccaltdehc whoad cadded == |ica|tde] pakbahddadsa] caken] ca] ca] c”a]
cal CA?‘éca] Ca]'I(‘:hae] %ac')]n(?car]o(ia glg\‘?!:'c!/:\}ﬂr?a;t%\rae]sczab!7 %:he push address (0x01)
in the Q1 register.

Referring to FIG. 7B, the contents of the stack
after the operations of FIG. 72 will be described. As
shown, the SRAM register Q1, contains the address of the

15 first location on the stack, which is now 0x0l1. The
address of the first location on the stack is also the
address of stack buffer 61d, which was previously a
processing buffer 62 used by thregg 41. The location‘
0xAl, which was previously the first item on the stack,

20 is now the second item on the stack. Thus, thread 41

~adds stack buffer 61d onto the stack to make it available
foi allocation to other threads. Thread 42 cén.later
allocate the stack buffer 61d for its own use by popping
it off the stack, as previously_described.for FIG. 6A.

25 _ Referring to Fig. 8, 4 second stack 60b (shown in
phantom) may be implemented in the same stack module by

using a second SRAM control register to store the address

of the first element in the second stack 60b. The second
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W& ()L5S! LK -4 0% & A Q% & (e i
e {5 _@ogéﬁoﬁgﬁ(gg% 10%%%?&cﬁule A LAY & Q:c-auld be stored in
ngoo/f/c@&)) &f’% b.]gi ngﬁgf%)mm&& (Fdrl Q¥amg16) - CRey] cdliY "aH0% e ) -
Y1098 () - ! 18%sBeq) ith | SRAM B )oﬁjSP@‘\N@-(GbY#S." 109%<& ()-!Y#3"109%&' () -

KY#3" 109%®?e?& ()-S "109%<& ()-f 10%&f()?"10%K&'()- $S
Other embodiments my implement the stack in a

continuous address space, instead of uéing a linked list.
The size of the buffers may be varied by using pointers
(address prefixes) of varying length. For example, a
20 short pointer is a prefix to more addresses and is,
therefore, a pointer to a larger address buffer.
Alternatively, the stack may be used to managé
resources other than buffers. One possible application
" of the stack might be to store pointers to the contexts
25 of active threads that are not currently operating. When
MicroEngine 22a temporarily sets aside a first active
thread to process a second active thread, it stores the

context of the first active thread in a memory buffer and
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_ the context of the first thread and loading that context.

5 Thus the stack can be used to manage the processing of
multiple concurrent active threads by multiple processing

engines.
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executing a push command on the first processing

thread, the push command having at least one argument,
determining a pointer to a current stack datum,
determining a location associated with an argument
of the push command,
storing the.determined pointer at the determined
location,
producing a pointer assocxated w1th determined

locatlon the pointer to the current stack datum.

3. The method of claim 2 wherein determining a
location comprises:

decoding the push command.

4, The method of claim 2 wherein determining a
- location comprises:
storing an argument of the pop command in a location

associated with the argument of the push command.
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S10%& () - A~ axaaaepeMi@ &4 binter to a current stack datum,

returning the determined pointer to the second
processing thread,
| retrieving a pointer to a previous stack datum from
a location associated with the pointér to the current
stack datum, and
assigning the reﬁrieved pointer the pointer to the

current stack datum.

7. The method of claim 6 wherein the location
associated with the pointer to the current stack datum is
the location that has an address equal to the value of

the pointer to the current stack datum.

8. The method of claim 6 wherein the_location
associated with the pointer to the current stack datum is
" the location that has an address equal to the sum of an
offset and the value of the pointer to the current stack

datum.
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10. The method of claim 1 further comprising:
storing data in a memory buffer that is accessible
using a buffer pointer having the datum that is pushed

onto the stack.

11. The method of claim 1 further comprising:
using the popped datum as a buffer pointer to access

information stored in a memory buffer.

~12. The method of claim 1 further comprising:
a third processing_thread pushing a second datum

onto the stack.

13. The method of claim 1 further comprising:
a third processing thread popping a second datum of

the stack.

14. A system comprising:

a stack module that stéres data by pushing it onto
the stack and processing threads can retrieve information
by popping the information off the stack,

a first processing thread having a first command
set, including at least one command for pushing data onto
the stack, and

a second- processing thread having a second command
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processing engine.

- 16. The system of claim 14 wherein the first and
second processing threads are executed on separate

processing engines.

17. The system of claim 16 wherein the separate

processing engines are implemented on the same integrated

circuit.

18. The system of claim 14 wherein the stack module
and the processing threads are on the same integrated

circuit.

19. The system of claim 14 where the first and
second command sets are at least one of a'processor

instruction set and an operating system instruction set.

20. The system of claim 14 further comprising a bus
interface for communicating between at least one of the

processing threads and the stack module.

21. A stack module comprising:
control logic that responds to commands from at
least two processing threads, the control logic storing

datum on a stack structure in response to a push command
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22. The stack module of claim 21 further comprising
a stack pointer associated with the most recently stored

datum on the stack.

23. The stack module of claim 22 further comprising
a memory'location associated with a first datum on the
stack, the second memory location including:

a pointer associated with a second datum which was

stored on the stack prior to said first datum.

24. The stack module of claim 22 further comprising
a second stack pointer associated with the most recently

stored datum on a second stack.

25. The stack module of claim 22 wherein the stack

' pointer is a register on a processor:

26. The stack module of claim 23 wherein said

memory location includes SRAM memory.

27. The stack module of claim 21 wherein the

commands are processor instructions.

28. The stack module of claim 21 wherein the

commands are operating system instructions.

29. An article comprising a computer-readable
medium which stores computer logic, the computer logic

comprising:
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data on the stack and a second processing thread command

to retrieve data from the stack.

30. An article comprising a computer-readable
medium which stores computer-executable instructions, the
instructions causing a processor to:

store data from a first procéssing thread by
executing én instruction to push the data onto the stack;
and

retrieve the data.for a second processing thread by
exeduting an instruction to pop the data from the stack

for use by the second thread.
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