;e3e 4 ,d6T4[ kY., WO 01 /50247 0 5 JUL 2pp; PCT/US00/ 34537 MNMEMORY SHARED
, BETWEEN PROCESSI NG THREADS BACKGROUND The invention rel ates go Jyengpg

- shared between processing threads. 5 A conputer thread is a sequence or
stream ofw@onso2e®er instructions that perforns a task. A coppghsoossssead is
associated with a set of resources or a context. SUMVARY 10 In one general
aspect of the invention, a nethod includes pushing a datum onto

ack b
a first processor and popping the datumoff the stack by the seﬁ@mmmutm,wmm“m

processor. Advantages and other features of the invention will
apparent fromthe foll ow ng description and fromthe clains. BRI EF *iés166*

DESCRI PTI ON OF THE DRAWINGEHREED Amtwrmy BRRmEdirder gﬁ?ﬁ&:é system enpl oyi ng

a har dwar e-based nul'ti-threaded processor. bl ock di agram of

~a McroEngine-enployed in the hardware-based nulti-threaded processor of
FIG 1: WO 01/50247 0 5 JUL 20p4 PCT/ USO0/ 34537 FIG 3 is a bl ock

di agram showi ng i nstruction sets oBACKGRAUNIrads that are executed on the

M cr oEngi nes of ,FI GS, 1 and 2. FIG 4 is a sinplified block diagram of the

system 5 of FI G T1® sHYGFHg CeFelebes stp-rgrammsheredhbepreerssor i ncl udi ng

a stack no I bl ock di agram showi ng the nmenory conponents of
the stack %%ﬁf%g%ﬁ%%fe}d%ﬂ G 5B is a block diagram show ng the nenory

10 cgnponents of o aforhitindheehAPL §NENt &bl Mt Ll t I;@rgggcgfnodul e of FIG 4.
FIG 6Ais a flow chart of the process of popping a datumfromthe nenory

conponent s obmphfer Shstructions 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 stacklby 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 description 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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FIG 6B is a block diagram showi ng the nmenory 15 conponents of FIG 5A
. after the popping process of FIG 6A. FIG 7Ais a flow chartgpf Egﬁo
process of pushing a datum on the nmenory conponents of FIG 6B. HI Whg s

a bl ock dwagnmozsahowi ng the nmenory 20 conponents of FI G 6Bpetiugdosdses
pushi ng process of FIG 7A. FIG 8 is a block diagram show ng nenory
conponents used to inplenent two stacks in one stack nodul e. DETAI LED

DESCRI PTI ON 25 R rijng to G, 1,,a system 10 includes a parallel,

har dwar e- based nﬁﬁt Rr ggd@dgé)?ﬁ%eé%%?r%/ .S%ﬂ\"é-ngz 1nspErelisnoasts 5 JuL

" 2pp~ PCT/ US I = [ d p or.12 is_coupled to
a bus 14, agr?e%%%gﬁtagﬁaﬁﬁpﬁgga%%%%%{ %’Sls%%g Wf’%gggﬁglﬂis cdhplies with
t he Peri phermtedonpem@nt.. | nterconnect Interface, revision 2.1, issued June
1, 1995 (PCl). The 5 system 10 is especially useful for tasks that can be
broken into paralRI8. gubisasksimplffived ilsitek Fleeirhincaf| yndasgyes®- based

mul tithreaded processor 12 is useful for tasks that are bandw dth oriented
rat he? than Qfatfdifey losbenied. sghectrd dswrsYisdsod pdl the pradesser ocessor 12

10 has rrulti.plgllrlll .croEzgi nes 22_each with nultiple hardware controll ed
threads t hat*¥an P& PAnliFESReBASH 2 acti ve and i ndependently work on a task.

The har dwar e- basqggulhi Fgrgagggc;?gaﬁ%‘?{ sk Othgcrl{\%ngséygr Cg?aéfl

controller 20 that assisis In. m Crocode ¢ton

resour ces OfcdnipRrieat@naretrhaseeh sl ddddreageedar ogessor 12 and perforns
ot her general - purpose conputer type functions such as handling protocols,

exceptions, and &4G.a5Buppoatblock phicdkptanprsheed aigngheheemotiie M cr oEngi nes
pass the packets 20 off for nore detail ed processing such as in boundary
condlQi ons. qanpeRenssboedi arn2lterrate couslemenzationaost thagsrack TM)
(StrongAi-~n is_a trademark of ARM Limted, United Kingdom based

ar chi t ect ur &°%HE Q’gngﬁgr-ﬁurpose m croprocessor 20 has an operating

system Through the 25 0pgr at ] system é%{i processar 20 can.call
functions to operaté on . c%og(g‘f n%%arg'zaq S PRE“Hr5cRssBYPRY S ah use any
supported ORRtRdd FeohY£heMERE: réﬁ&ﬁbﬁ%ﬁﬁﬁﬂoft%ﬁ@.oﬁﬁfating system For the
core processor inplenented as -
FIG. 6B is a block diagram showing the memory
15 components of FIG. SA after the popping process of FIG.
6A.
FIG. 7A is a flow chart of the process of pushing a
datum on the memory components of FIG. 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 compohents

used to impleinent 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

-2-



WO 01/50247 D 5 JUL 2004 PCT/ USO0/ 34537 a StrongArm architecture, operating
. systems such as, Mcrosoft NI real-tinme, and VXWrks and ~Cg/508y| gggir eewar e
operating system avail able over .the Internet at http://ww.ucos-ii.con,
can be uwwi01/8M2&he har dwar e- based nul tithreaded processor PETAIS8®345aT| udes
a plurality of functional M croEngines 22a 22f. Functional M croEngi nes

(M croEngi nes) 22a-22f each maintain a plurality of programcounters in

hordvare 2SS a50Rckal EMANAD S RLAULAD 60Uk oLl BT ey, o

corresponding pluralrty o 0 ads

“each of theuM qquagingggr}@yg@émvﬁg l28308] ¥eeRa4g! gugciéjgl I.ﬂ,leo%g ting at
any one tine. In one enbodinent, there are six McroEngines 1 2a- 22f as
shown. Each4McompEigsnwstR2the 2Hetigsherapalvipbhest f Dfit @ esasdng f our
hardware threads. The six M croEngi nes 22a-22f operate with shared
resources iIMRCEHEIRRE nERBLFiey 2 e Iesmed Hunei Ay el9Te6PCH andh@8. The
menory system 16 iracl.udes a Synchronous Dynam c. 20 Random Access Menory

(SDRAM) cortP&fMertP268 SRR PSRBT SRrACaEES WRRbrSAT $®AM) control | er

26b. SDRAM Y . ' qQntrol ler .26a _are typjcally used for
processi ng q%%%é &é?gnggg%f@?égb%@s&s, Opr SEESELRYS of ‘lr“%? 33'391 oads from
net wor k p@%&&ﬁﬁarghga§5@®%ﬁik£¥H§é§ﬁéd§?r%@gsggg PRAM nesméy 1o are used in
a networking inplenmentation for |ow |l atency, fast access tasks, e.g.,
accessi ng ltasksuphtabhes, bamdmrdtH @richee@oratRedCER&Or 1A bnaNd so forth.
-4 05 JUL 20p4 WO 01/50z247 PCT/ USO0/ 34537 The six M croEngi nEes 22a- 22f
access eit IsgdenkedspDRRENE 1BardwasrAMseshmbatéthyradedrpooerss A2 of t he

dat Thus, | ow gﬁt enc—ot, | ow bandwi dth data is stored in and fetched from
SRAM wher 888 RghPLBMUGH oM iRaS: SPorasbulitth Tt iRle iandvarss

I mpor tant, Jdﬁté%gﬂgg Lﬂré%ﬁk that can be simultaneously active and
independently work on a task. |
The hardware-based multithreaded processor 12
also includes a central controllexr 20 that assists in
15 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, exceptions, and extra support for
packet processing where the MicroEngines pass the paékets
20 off for more detailed processing such as in boundary
conditions. In one embodiment, the processor 20 is a
StrongArm (TM) (StrongArm is a trademark of ARM Limited,
United Kingdom) based architecture. The general-purpose
microprocessor'zo 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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fetched from SDRAM The M croEngi nes 22a-22f can execute nenory reference
.instructions.to either the SDRAM controller 26a or SRAM conturygkﬁﬂr 6b.
Advant ages of hardware nultithreadi ng can be 10 expl ained by 'S 28 SDRAM
menory a -AS an exanpl e, an SRAM access requested b - 0,
froma ngﬁégggzﬂ\e wi || cause the SRAM controller 26b to %ﬁr@{qﬁo}é@%%
access to the SRAM nenory 16b. The SRAM controller controls arbitration for
t he SRAM bus, 15 accesses the SRAM 16b, fetches the data fromthe SRAM 16b,
and r et ur nsadétzongAamr ayclettegtpd, c opEngt heg 28at2ms Burchngsan SRAM access,
if the McroEngine_e.qg., 22a had only a single. thread that coul d operate)
that M croEHgFﬁeSwBENgTb?ée%-rmﬂ' @Rd VXHarks vard rud/ @he@ £reswaget he SRAM

By enpl oyi ng_hardwar e _cont ext_ s, ing within each of the M croEngines

25a 251t hePRERaT e o S e B PE SR O ext o wi th uni que
program COUHE%?{ZMX@E&%%{.%%EQ&} c2dMBeM,£LENGi ne. Thus, anot her thread
e.g., Thread T can function ITe the 25e:‘v‘|ilrst thread) e.g., Thread O, is

awai $5i ng the read datBhé thdedwilxe-HagedNgubkeentdled PrRaEsb My access the

SDRAM nenory 16a. Wile Thread 1 operates on the SDRAM unit, and Thread_O

i s operatinglen ihelsf@d/)amiyraditgwofsfunéttoddl MAbEMGines50247

PGINSO0/ 34537 thread, e.g., Thread 2 can now operate in the M croEngine

22a. Thread22fcanFeper et fiarcEnciaes AMboFeERFindsie 226riREi eagheds to

access msm)rg,og gerforins me ot her long | atency operati on, such as making
a"bd 3 ace

an access.tB 757 BrePEFR, ST ndb deFyWar e 2pfocessor 12
can have a Qggtgge%%&g{\atégy\gt(}p%%zF%Eﬁg%eég@@\gsoperat_l on all being

conpl eted or operated upon -one a and have one nore thread

avaiflpabl e t grpeeeessLypPrL Mﬂ%éﬁbrﬁhﬁgd?laré@i{y df sEie bar dwakaqgsont ext
swappi ng al so synchroni zes conpletion of tasks. For exanple, two threads

could hit thensheesshalerhemsily eetdvg. onSRAMh dadtheond cabEnhdsessepar at e
functional units, e.g., the FBUS interface_ 28, the SRAM controller 26a, and
the SDRAM c8Rerakf evhbbe onlys Giiferd St REFUBLHY| @Rerat ing)#és @Sy LAk from one
of the M cr?En%i ne thread contexts reports back a flag signaling conpletion
of an opera tBf: When the M croEngi ne receives the flag, the M croEngine

can determ ne which tﬂg iTheRR, 2e eagé(aé@ Gt'wi%fro nglsi cation.for

s i
t he har dwar ebased nultithreaded processor I's.as a network processor. As

a ngswork pposesseras téieowar dimicer basedrayl hes rpaderk paecessor 12
interfaces to network devices such as a nedia access controll er device

e.g.) a 25 t8pdBDBitstds GnlpivaestEdagofonr Chgadwa rétitereaaeds .dehee 13b. The
G gabit Ethernet device 13b conplies with the | EEE 802. 3z standard,
‘approved i nS3¥n¥iquonginegeira-A2f operate with shared resources

including memory system 16 and bus interfaces 24 and 28.
The memory system 16 includes a Synchronous Dynamic

20 Random Access Memory (SDRAM) controller 26a and a Static
Random Access Memory (SRAM) controller 26b. SDRAM memory
l6a and SDRAM controller 26a are typically used for
processing large volumes of data, e.g],.proceSSing of
network payloads from network packets. The SRAM

25 controller 26b and SRAM ﬁemory 16b are used in a
networking implementation for low latency, fast access
tasks, e.g., accessing look-up tableé, memory for the

core processor 20, and so forth.
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as a network processor, the hardware-based nultithreaded -6 WO 01/50247 0O
.5 JUL 204 PCT/ USCO 34537 processor 12 can interface to any0tSypsg %06
comuni cation device or interface that receives/sends | arge anmounts’ - of
~data. Corwpipigeshon system 10 functioning in a networking pRh<paikley could
receive a plurality of 5 network packets fromthe devices 13a, 13b and
process those packets in a parallel manner. Wth the hardware based
mul tithreaded processQr 12, each network packet can be independently
processed. Another e 5% Y CHeENGIngR £ pecessaeipheritieengi ne for

a postscrip processor for a stqQrage subsystem i.e.,

RAI D di sk s%%lgélge. iocgrurt%grs 1gls)e£:a)%e S ?P&%ﬁ%%ﬁ%ﬁé?g hi€he securities

industry foga€xanpius ! hewadyenhcd fé&cﬁérgﬂi%:%{ %nggi%eg%{-e the use of
ers be

f
el ectroni c matching engines to match 15 or tween uyerse nd*sel | ers.

These and oahérfgariadd drcmy SRAMOf whebkss Ay aeeewRhiahed: onsdpe system
10. The processor 12 includes a bus interface 28 that couples the processor

to tAe secoWdlghslateenguyds20oknasr impert2tit,n ieneterbddimeandcoupl es t he
processor 112 tQ %Cge so-cal | ed FBUS 18 (FI FO bus). The FBUS interface 28 is
r esponsi bl e~ $orRb TV 1SRG MandThe 1 bk gurBng) nafe 2R088Esoan 1exeeuteie FBUS

18. The FB i -hit . .wide El FO buys, uysed to. interface to Medi a
Access 25 Cﬁ%%?ro*free?f F a’eiﬁ}q’f%%*?lﬁ‘r?e S&sy, the PRRMides a second

| nterface ez fuus SRR AGEALIAL 1gaupl es other system component s
that reside on the PCl 14 bus to the processor - 0 5 JUL 2004 WO 01150247

PGTNS00/ 34537 12. ThexdR@nthuesi 6f efid 0dia 4 muilkQhdesadngi 8hy Speed data path
24a.]%o mam)éy 11a6 e.dg.b, tsgiMSDRAIS\/]I)nenDry 16a.
Xplaine Y or RAM memory accesses. As an
example, an SRAM access requested by a Thread 0, from a
MicroEngine, will cause the SRAM controller 26b to
initiate an access to the SRAM memory 16b. The SRAM
controller controls arbitration for the SRAM bus,

15 accesses the SRAM 16b, fetches the data from the SRAM
16éb, and returns data to a requésting MicroEngine 22a-
22b. During an SRAM access, if the MicroEngine e.g., 22a

lhad only a single thread that could operate, that
Mic:oEngine 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 Micrthgine. 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 léa. While Thread_ 1 opefates on the SDRAM

unit, and Thread_0 is operating on the SRAM unit, a new
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Through that path data can be noved quickly fromthe SDRAM 16a through the
- PCl bus 14, via direct nenory 5 access (DVA) transfers. The 0rardl based
mul tithreaded processor 12 supports .inmage transfers. The hardware based ’
mul tithr WRl@ocessor 12 can enploy a plurality of DVA cRERYSIH34537 i f one
target of a DVA transfer is busy, another one of the DVA channels can take
over the 10 PCl bus to deliver information to another target to maintain
hi gh procesgtfeay @f.bi.Gi eRE¥ad Sldidn AR} loperkie BL tﬂgsmi&gé%%ﬁ?e 24
supports target and naster operations. Target operations axe oOperations
where sl avezievi Chread_ busaddoperfiss fRAMEekBROHIAMEEREScANGiNL i tes 15
that are serviced as a slave to target operation. In naster operations, the
processor doid 120 tsargdsdhpaadfesetiigmany or perépbvessdat aotheect|y fromthe
PCl interface Zzi. Each of the functiognal units is coupled to one 20 or nore
BT RPT

internal b CHEX cPPBEDT bRt 0VFUTth@Si ARELRE| 2Bu3eseas et@umlbus2 bit
“buses (i.e., s f and_one .for wite),. The hardware-based
mul t|§t hr eacf‘e%%%?g?gs'so?fli%ggﬁgg%’ i T tsatnrel?(??gg'sﬁgﬁ PRRTEPHRE stim of the

bandw dt h i gt i n 4 2 eeds the
wi dt hs Gfn Hagel B BaBabpbus 3 ﬂe,d étdg%t I%EQQEE.%BB dAa 1%1_)1%\?\ S

bandw dt h of external buses coﬁﬁf processor e processor 12

i ncl udes armperaeinal aldr be PrgCesisTedds o032 operitedaipdPhPusnd Advanced -
System Bus) that couples the processor core 20 to the nenory g. 05 JUL
2004 WO 01MEGX4ENRETE USR8/ 848 Hawmmineiroge fBasadbavanbalbbe acd ASB

transl ator 30 descri bed bel ow. The ASB bus is a subset of the so-called
AMBA bus t PROGESSUBRESWPRKt He the dirfaaPadtprocessor core. The processor 12
al sg.includes a priv us.34 that .couples 5.the croEngine units to SRAM

contfol I er 26b, ASB ?rgn%sg?ﬁ?%?r%d:-% BE2PREBPf BcB° 2B R HIMASS bus 38
coupl es t NeJiTREYoROBE M OALEL . 26%r Z8lank el NeyBUELLELEL T aGeeq 3 and 28 and

menory system 16 including flashrom 16¢c used for boot operations and so
forth. 10 Refeersamegsharéd Grefourde exepl SREMONEEQENt Bge M £ OHEKH Nes

22a-22f, e~.g., McroEngine 22f is shown.
separate functional units, e.g., the FBUS interface 28,
the SRAM controller 26a, and the SDRAM controller 26b,.

15 when they compléte a requested task from one of the
MicroEngine thread contexﬁs reports back a flag signaling
completion of an operation. When the MicroEngine
receives the flag, the MicroEngine can 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 proéesspr 12 interfaces to network devices
such as a medié access controller device e.g., a

25 10/100BaseT Octal MAC 13a or a Gigabit Ethernet device
13b. The Gigabit Ethernet device 13b complies with the
IEEE 802.3z standard, approved in June 1998. In general,

as a network processor, the hardware-based multithreaded
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The M croEngi ne includes a control store 70, which, in one inplenentation,
. includes a RAM of here 1,024 words of 32 bit. The RAM storeg sy 004

m croprogram The m croprogram|S is | oadable by the core processor 20. The
M cr oEngiw@oR28R47al so i ncl udes controller logic 72. The controriuseo34530i C
includes an instruction decoder 73 and program counter (PC) units 72a-72d.
The four mcro programcounters 72a-72d are naintained in hardware. The 20

M cr oEngi n |.so,in des, cont ext. event switching |ogic 74. Context
event | ogi %%’?ers%c?%i \1/%58#58%%%%%? T 1§ FEOYPeEIENT LOTER|  EVENT

RESPONSE;  SRAN | RESPENSE. ¢ 1SRRAM BONSE. o
EVENT- RESPQ\ISE)C%/E(&)JL each one of T he %ﬁ?%ﬁ?g‘sgﬁgggg %‘gég%‘? °%5RraM 26a,

SDRAM 26b, dataur ocesmaniest to Bysun nel rapdt3lbating Kgohsters, and so
forth. These nessages provide information on whethér a requested function
has conpl etrtwoBkdnd apphhedtion ogrouist mceuvet roplueglgsyedt g WO
01150247 0 5 JUL 2004 PCT/USOO 34537 by a thread has conpl eted and signal ed
conp? et i on RYHETEhPESHERR EO® FhmidevHGes: A3 cdApl anfopresesal , and if the

thread is e erate, then the thread s _placed on_an avail able
thread |ist (1ot gsa%gﬁg .iﬁhaé %aﬁ\ﬂ%gre&a‘.‘&nﬁ‘&rzzf Wi ﬁgeehﬁrﬂ‘&%'?r'um of e.g.,
4 threads j ] aggigi Si | local_to an
execut i ng ?ar%eégg?ht?ﬁétﬁrcroE%gé%’ei&Z%\%E%I'ofgs%?lg%g‘fpﬁgkg%gf}é% tHat are

gl obal . W te dingepkhignsiat®socadbed), executing thread can broadcast a
signal state to all M croEngi nes 22. Receive Request Avail able signal, Any
and all threads in thAesother oEaples fran useanchpabctBese s2ghéld ng st at es.
These signaling states can be used to deternmine availability of a resource
or #fet her Pglfg; EBEITE CEOF 2 RASHIAT iRty ProcRgsoThercanat @xpresesaod ogi ¢ 74

A Di 1 at i o' % SPTRAS SR Y HeHar G EPTG: dReknAPRERIcol d be used
i ncl uding R @hely ugleyl Ngs of il Ghted Jdlihequeyingn 20, Ihe; M & OEngi ne 22f
al so includes an execution box (EBOX) ' o
industry for example, the advent of electronic trading
requires the use of electronic matching engines to match
15 orders between buyers_and sellers. These and other
parallel Eypes of tasks can be accomplished on the system
10.
The processor 12 includes a bus interface 28
that couples the processor to the second bus 18. Bﬁs
20 interface 28 in one embodiment couples the processor 12
to the so-called FBUS 18 (FIFO bus). The 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

-7-



data path 76 that includes an arithnetic logic unit 76a and general - purpose
. register set 76b. The arithnmetic logic unit 76a perfornms arithnetic and
. logical functions as well as shift functions. The registers &_étJUIBBUOhas a

25 rel at iygl ge nunber of general -purpose registers.
descri begvlsr?y@}z?; 6, in this inplenmentation there are 64 gener’glLq puﬁgose

registers in a first bank, Bank A and 64 in a second bank, Bank B. The
general - purpose -10 ~ 5 JUL Z004 WO 01/50247 PCTNS00/ 34537 registers are
wi ndowed as -l | The &&dchiBednserfarce 2hepravidesl at highyspeed adsod ut el y

addr essabl e, e M croEngi ne 22f also includes a wite transfer register 78
and a read ﬁ%ﬁs?g‘? & m%ﬁ‘8§¥ £5 @ st d¢ SPBAY B8MGFKJLeRd so that they

are relativeg oﬁ% %Qg?_leggghydgggrﬁ?%gg{)eleg?ov\évfiin:qrel&%@?s%géﬁrelgi ster 78 is

where wite data’to a ource r1s tFegi*ster 80 is
for return dmraM nem aheBAFRILhESHEF Qs %QQS%QHGHELrEQt%erﬁ%PfWre”t Wi th

data arrival, 10 an event signal fromthe respective share esource e.g.,

t he SRAM conicrelsiser(DMAA, tBRRABELONt ITHd efardGRrel baSEE REDELSS Ry Wi | | be

provi ded to context event arbiter 74 which will then alert the thread that

t he data i sPXPgEE&re 18r shppobeenimags trBaisfersansthe hagiedws banks 15 78

and 80 are c¢onnect ec_jL to the _execution box (EBOX) 76 through a data path. In
one i npl ememBEELo AV ERERFEadeE I BFRFRTE T dissCan RABLeY 7 dpiwratityand t he

wite transfegr i St s_64.reqi sters., Referrj to FI 3, processor 12
has pr o_cessiO%gD%gfﬁ%g%aggﬁgaﬁ% SEERS RS Fnb@gc‘%ﬁu ?ﬂé?%ga and 22b
respectivel pughl ahBehekNshangesgnd A 'Uh%%%%lélcéﬂdtéﬁ n%%?xb?hrgér(e‘:“t ed on

the. same M croEngi ne. The processing threads nmay or msf;‘/ e data
bet wien t helrcIFbusexanpbkived Mhfornat iUrOERSanBEhkRr eagdgdd t&ceives data 43

25 and processes it to produce data 44. Processing thread 42 receives and
possesses t maingaia hidghopprodsser ok mfifiddeacys. Zddbatenadlllyndth? are
Concurrentl%C%Ckhgeinterféce 24 supports target and mastér
operationé. Target'operations are operations where slave
devices on bus 14 access SDRAMs through reads and writes
15 that are serviced as a slave td target operation. In
master operations, the processor core 20 sends data
directly to or reéeives daté directly from the PCI
~interface 24. |
Each of the functional units is coupléd to one
20 or more internal buses. As described below, the internal
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-ekternal 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 proceséor core 20 to the memory
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-11 WO 01/50247 0 5 JUL 20p4 PCT/ US00134537 Because the M croEngi nes 22a
.and 22b share SDRAM 16a and SRAM 16b (nenory), one M croEngi ngﬁ é@ﬁ may
need to designate sections of nenory for its exclusive use. S0k 'litate
ef fici entw@albi/sezali on of nmenory sections, the 5 SDRAM nenor poraussosisied i nto

menory segnents, referred to as buffers. The nenory |l ocations in a buffer
share a common address prefix, or pointer. The pointer is used by the
processor a j ifier buf fer. inters to buytfers that .are not
currently i %Ogggb gg%oigg'pr%é(yes%dn% %t %‘r-leﬁ“gga?real}%ﬁé’édHBygﬁﬁg’ﬁF‘ﬁﬁdt he
- poi nters onbelawf r eeneeAmYs Youid 38Ka suBskPr8adanAld96akeapnRubfigr for use
by the thread by popping a pointer off the stack, anél using the pointer to
access the tbatesponsedgrini ftire SBhengarphosessddidbrt oead n@hkonger needs a
buffer that is 15 allocated to the processing thread, the thread pushes the
poi nter to PRECEEFPErl2 onisr timeladgsk at privekee thes 134f tbatavaipabse to ot her

threads. Th ht %eads 41, and 42 have processor instruction sets 46, 47 that
respécti vel § P et ToRERIINP Y BE £§, S gonprollmyp 26b47ASB| nst ructi on. Upon

executing ej " " . " Soinstruction, the_instruction
is transm t%gé‘%ﬁ%%étg@fo%ft%}é sFth](r:Skt'Lgrfg G g 62{ Fi é mﬂ“.orﬁePBFrsﬂg to Fig. 4,
a section obotiPPed! LSRN0, ¥ehe SBAVLL6Ds RI O¥diie 4 '&?ie' Eggcal stack modul e
56. The 25 logical stack nodule is inplenmented as a linked |ist of SRAM
addresses. EatbrSRAds azidraass 280 andemeibkedsystsdm a@tiaicnading address of the
next itemon the list. As a result, if you have the address of the first

i tem on t heflaghrom\$o|ys8D£pr0bsofUbpreoani G /a080803458%hl i st, you can
read .the contents of that address_to find the address of the next item on

the % st, and so on. T 51altPy FIEach - adfir YRR henri Akelbei st is
associ at ed szx%p_ j [ory . Th t Qe stack nodule 56 is
used to inp e%r%ﬁ?n%ﬂf%%ke Icﬂlés%tq gf%goﬁérrg%ééﬁéqler}es. " eS%lﬁwT}Se, the |inked

list all owsThbeMbéPskndind NHQRFR0b BEFB8BEstdkeSi7ae apiBREded. The stack
nodul e 56 includes control logic 51 on the SRAM unit 26b.. The control

| ogi ¢ 51 pecoher irsplémerittatianes sacyudeer at RAMSobrheidee 15 Dagkwobidk eoSRAM 16b
stores the contents of the stack. One of SRAMregisters 50 is used to store
the address38fPihe fThetRARANESari BACEAPTPEran ackheThdcadhregsans. al so a

[ r he, fi ffer, on th K.
p0|q%e to gseloééégléngy(%hé)céfeepigggssor 20. The MicroEngine

22f also includes controller 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 reéourdes,
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
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15 Al though the different conponents of the stack nodule 56 and the threads
~w 1l be explained using an exanple that uses hardmare,threadi_qﬂgTamgck

. nodul es, the stack can also be inplenented in operating syst ﬂ]S re
threads wih pfisa@f t ware nodul es. Thread 41 and 20 thread 42 peayuser34s3?

i npl enented as two operating systemthreads which execute " PUSH " and "
POP " operating systemcommands to allocate nenory froma shared nenory
pool . The gperatin ystem commands may include calls to a library of
functions. B¥ i& CBYSRF PA8 G°TPL3$?%§F§%ﬁFH§aQEdI5ﬁ@9é@é?°ﬁn the operating
system exa upyal ents.of .the control .logi¢ 51, the SRAM registers
50 and Sm%éa?lge?%p éﬁwe% éedf?Jrsith’& sSPWAFglﬁPt Rifmehe BPSriting system
The sof t wang, 1y, st @r j rg, o 1 2 I L 200

P 35500 Shed el 2 48 fgﬁ%‘a%‘;@d{fk‘fl’%%%m \eé\?eg’e%grgyﬁﬁggagt 28] conput er
readabl e mpdidsad Bef akr brgilabTd GhiRAd IRAM raetLsSERhw) . SteheS an address
(OxCS) of the first itemon the stack 60. The 5 SRAM | ocation (OxCS) of the
firsy itemMicroingineckR260cas ket & masdiowe bliiceSRAM addhesadé OxAl) of the
second itemon _the stack 60. The SRAM | ocati on (OxAl).of the second item on
the stack &Ydidagd€d to store the address of the third itemon the stack
60, etc. The SRAM | ocatign.10 E9) of. the last itemon_the stack stores
a pre determned inv Piaggﬁé+%égg§(§¥ © SHEFENSi hBPEaREE LRE2ENECof the

| i nked |i st Ik o I 1 he I : e,ht enk and
OXE9) on tthaé1 ??%g}(lltggaa%r%%?'m%?ésj pﬁ?g)t% g%tkm%g %af 'e""%ggigg%%ﬂl%lc
contai ned Wtidtied SRRAVhEEAG14bAD] NtBLH @i Em%?r statByshed onto the stack
by thread 41, so that the buffer is. available for use by ot her processing
t hr ddds. Aduefdueings thoppédcdny bhivwahthsA? at eighhdcatatehecbaiier for use by
thread 42. Th?ﬁgginters 20 are used as an address base to access nenory

| ocati ons MIQUEENEAPEEr 32 | ReCRAS Reduesst Avribabiler signale, ASDRAM 16A

I t ai i buf f - ich i [ 1 ted.to th d 41. Th
Do nter 1 o bl ERERlp b B Miotnginss Frn EEABkRLEEAREERSt 15 not
avai | abl e fQiahliggatiQpely Ofh&te tdVLAAS T, TQ'&Q%QE“\%ﬁH’a}Se' aLes pysh a

pointer to the proCessing buffer 62 onto the stac en It no | onger needs

the buffer GZermite aVWiDhLDDPYY ¢F B Hdscd@e= BETHBRERh34537 Al t hough the
stack will be discussed with reference to the buffer managenent schene

aboV®, it camsdugceséd wiehbor $eeviarimg.Referring to Fig. 5B, the SRAM

The context event logic 74 has arbitration for
the four (4) threads. In one embodiment, the arbitration
is a round robin mechanism. Other techniques could be
used including priofity queuing or weighted fair queuing.

~ 20 The MicroEngine 22f also includes an- execution box (EBOX)
data path 76 that includes an arithmetic 1ogid unit 76a
and general-purpose register set 76b. The arithmetic
logic unit 76a performs arithmetic and iogicai functions
" as well as shift functions. The registeré set 76b has a
25 relati#ely large number of general—purpose registers. As
will be described in FIG. 6, in this implementation 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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| ocati ons OxC5, OxAl, and OxE9 may, respectively, contain 5 data 70a, 70D,
~and 70c in addition to an address to the next itemon the I'P%tJUSL)ﬁE a
schenme may be used to store smaller units of data 70a-c on The slt ack. In

such a sohemwesedshie control |ogic would assign a nenory | ocagicrafsodksidiyn t he
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, nunerical data, or even

dd i h A ion., Referring to FIG 6A, to
Pop- & dat umtSPRSERE Ss ek TEROPIRE |3 Skt PEISTEHRG SoniBal Sbeurecut s

101 the 15 igpet EEQEEQOE%}YE?%#Qi;solugzég..ypgﬁdi-gééa[ﬁiceti on is part of the

instruction set of the oEngl nes € pop Instruction is transmtted

to control logic 51 ovRE Rusr&Endidle S0ECK1HEOLRSSIdME Coptkal |ogic 51
decodes 102 the pop instruction. The control |logic also determ nes 20 103

t he regi st etrahsferonegiaten Piandkr treatiheraisfdy tdat Theseferred to in
the instruction based on the argunment of the pop instruction. Since the
argunent t oTEA&SEBESI A%EratsP grindpwedsso, thak they espomelagivedyster is QL.

The control _|qgi¢c 51 returns.104 the contents of 25- the QL register to the
context of PP cgg’gf’%ﬁg?heﬁ‘%ﬂﬁs#ﬂ&'styEkt%ft’FﬁréfeJAr\ﬁS&FBeFetﬁrn " OKCS"

Processing Lbr ead-d2keeei aes, LY o he.santents ol the Oldcgister, vhioh is

"OxCs " , and uses 108 the recelived conten 5 JUL

200 PCT/ USOpead5zégnstesssdaia faometiencast£spauningnst-agk buffer 61b by
appending a suffix to the content. Control |ogic. 27 reads 105 the content

(xAl) of tkesaduress f@xEEquesttorted orncbheufdentegiithedateoakoballogic 5 27
stores 106 the read content (OxAl) in the QL register to indicate that the
oxCsthas beBR PERBV 819 f¥rn Sheckespactive shanesivreseurteneay.the top of

t he stack. ferLing to Fi 6 th ate of the stack after the

oper ati ons gseF%%;mGﬁoﬂﬂ?ﬁo%r 5’&&@6’3@‘ ﬁ?;naﬂ}\r/]ﬁr 65t RE FEHPster QL now
contains th . i MRS eyjo V. r .of t second
itemon t heﬁgtaggﬁsé%d%ﬁ%}l%ifb t hedggcg{:i %%Att%{a{{]eev\v%g’qp?%\%ﬁgﬁgl egst ack
buffer 61b ¢hilchl il Aihés dAMMYtPEMeeEhragd bei{er-1Rb davhi g8 i s used by

thread 42. Thus, thread 42 has renoved 15 stack buffer 61b fromthe stack
60 and al | oausédabhe 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 ieceives 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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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 procehsii pgﬁbjffer
62 (shown in FIG 6B) onto the stack by 20 executing 201 the’l é’ on
PUSH #1 Gx@b1/50247 The argunent Ox01 is a pointer to the buf ferr/G8cdmssuse it
is a prefix that is cormon to the address space of the locations in the
buffer. The push instruction is transmtted to control |ogic 51 over the

bus 55. 25 Upon ,MLN . ji.nstruction, control_logic Sl
decodes 202 the ?%%?P%lgt?%%“ﬁln ?gigé”r%sn 3§39 hggsﬂﬁf?eﬂ? rléa
correspondi pedt @rRANE1EBS {hétdHON, RSl QBEhLAS c t he push
instruction. Since - 16 V\DIB?I 50247 0C5 JU? ?%%49g%1]ﬁ5%%%3 .the second

argunent i sde#tghatet bectboneyfondimgy’ €orsies bscQisidda,gont rg) logic 51
determ nes the address to be pushed fromthe third argunent (0x01) of the
push instruéecdditare ebhicinnt adilocdstionnbfiene®d5yt bectiammt ettie of the QL
regi ister by r?t%.fqli ng the value of the register |ocation. The value OxAl is
the cont ent SERANBERRTY o figrided dREosMEFRTYf SPOUENES, mekexrad it | ogic

stores 206 e t (LXA) of the .reqgister jn_the SRAM | ocati on whose
address is %Eeb%gg%ggddre X r%%“)?d% Hof ’?‘ﬁ&gcbﬁt f“o*’u}fg‘iﬁcs Feh Btores 207
the push addpgasn(Qd@idss HidHa xQL ey - RefgLr] HE B the
contents of the gt ack _a?t% thé(Q(l)perglto?'(})lEtsaréf Eﬁé b?%‘%\ﬁ%ll%eusc??scri bed. As
shown, the BRAWheeprstesssd ascairt didentiiceaddbess phrtde. 15 first |ocation
on the stack, which is now 0x01. The address of the first |ocation on the
stack is al so thBointersstofbufifecle thiatearéldetwhichemeby pirevissidy a
processing buffer 62 used by thread 41. The location OkAl, which was
previbusl y BhBXPFRESING chh¥fiRd R&es MaERIed0bY sPHERA REet Re cepicntiaksm on t he
stack. Thus hread._4 stack.,buffer.6ld.onto t stack t.o ke it

avai | abl e ngEgl %ogﬁ %orﬁ %ryots%grc}{t’hr é‘a&?.re?ﬂr &8t igf%%?lt‘?aatet?u%a?’bcat e the
stack buffego8ldst By the MRS SPYRARAENY bbiREE

previously dgscrisbe%for FI G aL6A. y%?ogg?e?rlgngg%o éfg&gfs,s@g&gsetc%c}d st ack
60b (shown aAadphathermhemoiitdmpleaedesd tRet Bersasposdaek vEKkYe by using
- a second SRAM control register to store the address

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 aﬁd 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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of the first elenment in the second stack 60b. The second _17_ p 5 JUL 2~4
- WD 01 /50247 PCT/ USO0/ 34537 stack nay be used to nanage a seﬂ aye chgt of
menory buffers, for exanple, within SRAM 16b or SDRAM 16a. i rst ‘tack
60a has tW® HEEI4Gss of the first elenment on the stack 60a SROI/ES00/335BRAM
register QL. Additionally, 5 a second stack 60b has the address of its
first element stored in register . The first stack 60a is identical to

the stack 60idt Fiygy €Bn %E%és&%)ngo&&% %(%bt%‘g{:ﬁ%gélﬁ%%set%‘? p{,ev' ously

descri bed stacks. "O her e iments, are w thi 10

fol I owing cluieradddesbosghthderstacied drshewn1i8e Fl Gig ) ostores the
pointer to the first elenment in a register QL, the linked I1Tst is SRAM 16B

and the buf fAdEitiensDREM &8ch axidreds tdre theadknredul Bstelggrents coul d be
stored in any nenory |ocation. For exanple, they could all be 15 stored in
SRAM 16b or S55RQWat6d WEkher eomrripantingnmemopleheffer he BhwackHen a

conti puous a drfizs gg&ces ipstead of using a linked list. The size of the
buf fePs may BEVaMCEY By ~fst AgiSRA M risnlsagnssa birvkeddshstofof/ar yi ng

| engt h. For n@ﬁQJIBJ 'S typainter is,a prefi o0 nore addresses and
is, therefore, a p%iurfl?grggfoh@hfjéér)gler% uas(fdrz‘%‘? gﬁlf"{‘ﬁé.iﬁﬁ &ﬁaﬁ"ﬁé’ﬁ'ﬁ t he
stack may bestiegd tho iHBREE: &S UM G her sthanbufd&isy. One possi bl e
application of the stack mght be to store pointers to the contexts 25 of
active threads tFae steckonodulre 688 |naimeeat cbgt riheTodd €raERg he22a
tenporarily sets aside a first active thread to process a second active

thread, it SEHMesnife2€bnt ke gontre)f ilogicabli perfommencthan a menory buffer

and -&8 WO 01150247 0 5 JUL 2004 PCT/ US00/ 34537 pushes a pointer to that
buf f & on t MEEFERRY RRGT R LPUEMG ﬁ@ecéﬁaFésUh’él?hgnw ke HERFSF the first

Cont ext of tRS FoRSErtRreh b By nGnar. BR esest SRS 19 orack can
be used to RRRAYE! BEoPE OLKS dirds B4 il €1 EQRCERIEMAALIME Jr eads. by
mul tiple processing engines. -19 ' o
the stack. The address is also a pointer to the first
bﬁffer 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 using 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 allocéte memory from a shared memory
pool. The operating system commands may include calls to
a library of functions.written in the “‘C”’ programﬁing
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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0 5 JUL 2pQ~ What is clained is: 1. A nethod conprising: pushing a datum
~onto a stack by a first processing thread; and 5 poppi ng thenga‘]u,l_rrymf t he
. stack by a second processing thread, wherein pushing conprises: executing a
t hread, W@O0Rs034#7 det ermi ning 10 determ ni ng argunent of th®CIUKODALIThe

| ocation. push command on the first processing command having at |east one
argunent) a pointer to a current stack datum a nenory | ocation associ ated

wi th an hush; n ' rnj inter_at the determ ned 2. The
net hod of c#lélglgﬁrqg %?%Eﬂ Cglﬁsts}ﬁl nrggog‘g’g}:?%etperi%r%'orﬁﬁi T GPBRHERRg a pointer

associ at ed widaphe dedniwi ned | ocation the pointer to the current stack
datum 3. The nethod of claim2 wherein determning a 20 |ocation

conpri ses: decodrefethingush RIGMBAJ. SAAM Thegimidiod10ktek-asnkg Wherein
determining a location conprises: storing an argunent of the pop conmmand in
a | ocati on 2&res9ci xR Wi Fhendixsguieen of thee spash 60nmambde 20 0 5 ~m
200 5. The nethaod of claim 2 wherein said push conmand is at | east one of a

processor i TEAN tRFR-CANP XG0 fEr EhenElxsk iR 411 the. stReknBOhdd of claim
1 wherein p i S rij,ses. ecutin Op co nd by the,second

pr ?ces_si ngtiﬁ%ﬁ? %%?%irﬁhne! ?&Aglxséﬁfzag %&algc §F58Rddtéﬁﬁ'ﬁ] |
returning ) )0i r C rogessin read,
retrieving a pol nt?éé'%&c?g adopr gtll—xl%oﬁgﬂgt agﬁgﬁla%ngog’%&ﬁ] §%I g?z’gt g%ﬁoﬁ‘gsoci at ed
with the paitdreron cchidiesteisk @t ist agkdded UWhoaNd RS Siaarkbeg LRecket ri eved

pointer the pointer to the 15 current stack datum 7. The nethod of claim®6
wher ei n t hechHioehtd bem aays ddicatséd clvi 6R. t e poiTitee'SRAY flbeactionent stack datum
'S 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,
O0xAl, and 0xE9) on the stack 60 are pointers to stack
15 buffers 6la, 61b, 6lc 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 buffef 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.
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the location that has an address equal to the value of the pointer to the
~current stack datum 20 8. The method of claim®6 wherein thﬁf%gﬁgé%ﬁn
~associated with the pointer to the current stack datumis the" | bn t hat
has an adgpesmemgual to the sumof an offset and the val ue gdriiSs/redTnt er
to the current stack datum 21 0 5 JUL 2004 9. The nethod of claim®6
wherein the pop conmand is at | east one of a processor instruction or an
operati ng systen1i%gl. %0. The method of claim11 further conprising: S
storing data in 2 HBABEY Boffehaghhatills becddssussed sty nefiggrnee poi nt er
havi ng t he t t | hed onto the stack. 11. The . method of claiml
further conggigg%ggagg%%gggﬁa ?%ﬁﬁhﬂf%?&ﬁﬁﬁ? SV8r bl fE" RS MEEF to access 10
i nformationy3tabad blrae BNyt figly 125 dhesgethnd laim1 further
conprising: a third processing threag‘pushing a secon atumonto the
stack. 13. TIbeamgbhedortsclakm 1 frd tok@e eagyprréspert ikkelay,t Rich#aphocessi ng
t hread poppi ng a second datum of the stack. 14. A system conprising:. a

st ackd nodul athaf’08t o7 8B, deird He purs Riddg tilbnohe oan resldxtesek tandhpr ocessi ng
threads can retrieve informtjon 20 2¥bpopping the information off the

stack, a fi PSKEPAEEBSSPNERE el h&HTy 2a SFPPEE B/YMRMASSSE t9 nel udi ng at
| east one cQ nd ushing_ d ntq.the stack second _pr.ocessi ng
SHIuBa stngﬁ.%gr s %ada%é goil_FLOEO éssgc[a}cqi.ncl lﬁldlsﬁé:%

thread havi ng-a second conmand at | east
one comand,f QEHBABPT PHe t BonEAR 1did BRuihiagKsi gt &y y location
associated with a first datumon the stack, the Trenory |ocation including a

poi nt er location within the SRAM for storing the unit of data

10 (datum) that is to be pushed onto the stack. The datum
pushed onto thelstack may be text, numerical data, or
even an address or pointer to another memory location.

Referring to FIG. 6A, to pop a datum 6ff 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 MiérbEngines 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 alsc 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 corrésponding 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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5 associated wth a second datum which was stored on the stack prior to

- said first datum 15. The systemof claim 14 wherein the firgts gpd ggcond
processi ng threads are executed on a single mcroengine. 10 16. The System
of clai mwédoaseraei n the first and second processing threadsper/asen®ssst ed on
separate mcroengines. 17. The systemof claim 16 wherein the separate

m croengi nes are inplenented on the sane integrated 15 circuit. 18. The

system of cl_aj 4 rej.n the stack nodule and t cessi.ng threads are

on the sarreal%lr??gér gyg% g%&guﬁ? éfd".re'ﬁ?é’n ggeﬁgﬁ?]?%‘%r rli Ye the first

and 20 secop pggmgdasgﬁgfﬂec@ttﬂee%%htgﬂg_of a processor instruction set
' i 20.

and an operating systeminstruction set. The system of claim 14 further
conprising a buscoateblategior2Taeads aati BHebebMest: atoteastcoongHf the
processi ng threads and the stack nodul e. 23 05 ,ruUt Q4 21. A stack
nmodul e conpeidsirrgs dEMERDI stapd irhaher @3poadister commtdo ) rimygiat | east
two processing threads, the control logic storing a first datumon a stack

structure i R'r 65PBRSe1PE B9 ARG comkrBld (AKB1} einitthe 1Rl dagimtierom t he
stack in response.to.a ), C, n nd nmenory | ocation associated with a
first datum%§an§éc§ SCEI?Q? h@‘%ﬁgj}’r’yiﬁ&cgﬁeﬁnr?ﬁ‘&’%‘gi ™ ft&ck
associ at ed. Yoliodng eeaNTo AN WAE B MRS SLGP ede O d N Stack prior to

c 2 urt her

said first datum 22. The stack nodule o i m conprising a

stack pointer asre€esitfigWtd IFide emsttheeseatéYob!t e didaliAmet he st ack.
23. The stack nodule of claim22 further conprising 15 a second stack

poi nt er asstbieatpdratitng hef mist. w@ceonfilybet deedrikedim dvs astssoond st ack.
24. The stack nodul e of claim22 wherein the _stack pointer is a register on
a prHtessor thesreghater ek 2R AWSANE| &hfh 2995RST 9P kaiviizh wator y

| ocall on | gk ugss SELIETRN 20 oIS SLARkAIOIULE O S 2), whereln (e
wherein the gIuRRAS185e ORETRIdAY o2y $hel LBt pHETIQNSty stack
bﬁffer 61b (in FIG. 5A) is now processing buffér 65,
which is used by thread 42. Thus, thread 42 has removed
15 stack buffer Gib from the stack 60 and 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
20 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 séace of the
locations in fhe buffer. The push instruction is
transmitted to control logic 51 over the bus 55.
25 Upon receiving the.push instruction, the control
logic 51 decodes 202 the instruction and determines 203
the SRAM register corresponding to the instruction, basedl

on the second argument of the push instruction. Since
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24 ~Q S JUL 2004 28. An article conprising a conputer-readable nmedium

- having stored thereon instructions that when executed by a ruagryun fesul ts
in the followi ng: push a datumonto a stack by a first processin %g t hr ead;

and pop t"M@OHS&2d™ of f the stack by a second processing thr P5&F/USREIBn

pushi ng conprises instructions having at | east one argunment that when

executed by a machine results in the followng: 10 determne a pointer to a

current stagkedabuBhddetQumeme & MBERFY, |&£@td&&e%§%ﬂahﬁ§e£'e§&§€blﬂ“
argument of the push conmmand, and store the deterni ned poi nter at the

det ermi ned Hecati. OnThéSCQQtrd]hQ.CBJJId chedeteehihes 26nd Wdditss<L @@PbieSi Ng
-instructions that when executed by a machine results in the follow ng:
produce a p&rAber A¥SBcFae cehind Radvementt dPuPhbdof otke imrslt he pointer to

th t .stack dat
UEeA1(‘: u)ro\r(egz iRs E\C ?%%?y ﬁ?‘%&c%trﬁlAlﬂﬁlﬂ‘ ée}i\e’A‘Pl’A?s /%Crs AFSy. A

A S. AA, |
—cwnglaﬁ ZU| ca ca prﬁléégqat U]bc,a]:c']l e] c;ﬁa] cae] cal ca] ca] c”
a]Ca]Ca]CAakS%QEEékCTQ&QHE&ﬂCahﬁﬁpkﬁﬁhéabﬁﬁl 19 Vhe contént of

8owns$zupkfa\l V[ U] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca) cal ca

U] ca] cal] cahaakegliestér” i ceje eteadkc ajfc @LGa! 68 QI6phésdumrirdInilbhgdld] ca] ca] cal ¢

a] cal] cal] ca] cal] ca] ca] ca] ca] ca] ca(] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]cajc

Aa]ca]ca]ca@F@aF§a2¥$4FK? content 0xAl) of the Q1 register in the

EL{rrrev” Hi#

a] f:a] ca] ca] E&f¥at s i:‘a %‘ﬂalj ca(L:Jg ggl]‘ﬂc%ﬂ?%“aﬁ%% éﬁz‘ cg]sgsa])/ac/g]Ega]&g
(u(y(((()@tg’l))(ég)nt O%) J[c\?\%l%cth K s]t(?a:]ecafgg] Eg c%]lsé}a]ac% ca ca(] ca]lcz,aU] cal ca]

ca] ca] ca] calealna] oa] ead Lo €] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal! b+++,:, H, w,
-8.1.p.}.../Az//}001UL111112223| w mhc”~Y] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal ca] C
a] cal ca] ca] ca] caRpfelrahg aic HIn] gal, ca]'xea]:oa]:ea]:sac]ﬁat]hm]snae]a?a] cal ca! 34D4| 4
- 4444506555/ 6a6d66%r 777281 8889k: s: w. ::::zuoj d*Ynmhc”Y] ca] cal] cal] ca] caU] ca] c
a] ca] ca] ca] #4LEE] BBE caPerd Eknm|fa Bil6a] Ja] waléabe adesqriiatl] &4 cal cal cal c

ajcalca ::(; <7<<<O::::1>L
B & R & EEFKRAAVEDS P IR b Plcla] EST’E?[]EﬁUf]E%] ¥RIEA OF Elta) cal cal

3l Saleloel eakee L.%éé%%aaﬁ R EREaRr ST E car el cal cal cal cal

Ca] caj caj Ca]aaa]réabcaﬂ] ené celd ] dtabnabeaksal sedér] £alLadcalea] cal cal cal ¢
“al EMMM NNNNOOO PPPPGQOQORRR' R5Ri RRSCSWSSVWWPWAWY vl gb] X] ] ] ca] ca] ca] ca] ca] ca]

ca] ca] ca] capddfeab)] cf] ea&i]:lcdt]wﬁqaza]tidal],cu}'lcahca]asax]ma\]ixa]sﬂa] @a] ca] ca]ca]calc
‘a] ca] ca! V@X: XFXNXaXXXX(YeYYYZ9zuzZ[ O [[\ C\{ %L} AN @ | "W {vgke ZU] cal] ¢

a] cal] cal] cEFEEPEATEE] 3£ &8 fsch a]:éa]“-éé] cal®a]t2fa]n] ca] ca] ca] ca

L}?g] ggtﬂdcg]ngﬁgk/ﬁa%géJélgg‘;'g; (R’g?v-‘v’dﬁsdﬁ’] %%] %afég] tEPR PR A% Y] cal] ca] cau
] ca]fp] cal cal-,CﬁL&aLﬁé] g@&&@d %&z@]&ﬁk‘ﬁ@ g%]aeﬂ Ca&ﬁaai calicad&lgal cal ~f_gggxh

hh& ~1ij Bj Jj M V] rj kkkkl mrmynnooooop>pKp{vql gb] cal ca] ca] cal ca] c"a] ca] ca]

ca] ca] ca] ca]aaa]sca];sajd] vaf £at ol ajmalkbe] eaher] €8] wake aj € ad e icaliea) cal cal ¢
a! Kp| pppcqqq’ rArrrisos|ssss#tttt, uZuuuvvsv) wdwgwmy{ ww} xsni d_Z] c]] ca] ca] cal c
a] ca] ca] ca] cﬁa}rca]éa]:eai@a] m]fctdjﬁt?a]té?ex]e@dpca] 8htreaficé? cedralatdxa) cajcajcalc

o calca) ool EFERER) o oA ] it afca) ey e 0 M cal cal oo
{C?% rﬁ% }Cﬁlf?ﬂsz cfsl(TcTca caaj rcea"]lé’a ca] c:f{']scr be]ica']’ 1]“caU] ca] ca] ca] ca] ca
] ca]pa] ca] ca] ca] Rakept£ad cvd Rl g algalcakerhaablaak/ &bk tshown 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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the stack 60a stored in SRAM register Q1. Additionally,
5 a second stack 60b has the address of its first element
stored in register Q6. .fhe first stack 60a is identical
to the stack 60 in Fig. 7B. The second stack 60b is
similar to previously described stacks.
Other embodiments are within the scope of the
10 following claims. Although the stack 60 (shown in FIG.
5A) stores the pbinter to the first element in a register
Q1, the linked list in SRAM 16B and the buffers in SDRAM.
16A, any of the stack module elements could be stored in
any memory location. For example, they could all be
15 stored in SRAM 16b or SDRAM 16a.
'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 péinter to a larger address buffer.
Alternatively, the stack may be used to manage
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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10! 10% o0&’ ( Q % YR EEEQ 0 o0& 10% o& () - %=<udE
bC 1 101+ 1 t%so%é;a (’)iﬁgﬁ)lg&ﬁ‘?gtﬁtlo% @Q’*‘ Fak) #Q‘gi Ay

F 10% 0& () Mizio¥nadne) cHiz8Eshmd Q1 process:.n of the flrst acti

10" ol : 10% o0& ()-L610% 0& ()-14yl0% o0& ()-2 10% o& ()-,/10% o& ()-'s- 10% o0&’ (
) OoMH/ ' 10%gveRE by- ngP'iI.'L@O/&'l% )PAint'ek0%g? getiofy- bof f&A (Mg iridg

"10%CC&' () - #10%g& )Q_)

10' o}\-a?+/ | ERGUFORFeXEoRE (Fhe 1DgRE (Shurpoh@Rd( JordinggHeay )SATHEFE ().- g! $! 1
0%&' (J)-9g\4iaB+/!!1109% 10%; )= 3410%9&' ()-0! 10% 1.0!10%c& ()-.10%& (
)-- 1(?)/@;& ()q" & E%‘ﬁ% E ?’(’ e 8% W«ﬁe ﬁe#?iﬁ‘@ié?s(ﬁmgl 109

10g: 10%g&’ ( c ;

S #109B& () - %ng%%ig cgbgc{éfagé?t{“)gaé%:b\;e %‘lﬁje%ég Qf Fnultlple processing
EN{I1rmv aBEﬁQiﬂ%SlO%& ()-s2!10%& ()-LO10%& ()-.10%& ()-,109%& ()-!$s,)-#10
o9& ()-Vv'rrtrtTttphCl 1098 "y109&' () - F109&' ()- 10 10

10910%&' ()-7109& ()-5109%& () -"/###$: $t $AELC! 109 9109%&' () - 109& ()-z

109&' () - :
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109&' ()- 109 ()-109%&' () -t $$3$. YORES” ?bC! 10% Y

S 109 ()-!"109%& ()-9109%& ()-!#10%& ()-10%& ()-f10%& () - E&l &&' 6 ~?bCl 10% s
0- 109%&' ()-.109%& ()-, 10%& ()-!8sf)"10%s& ()-'\ %5109%& () - &$m 88’ Q)zm(

(u(v(W x(y(dYNC!l 109 10 10 10910%&' ()-7 10%&' ()-5&109%& () -

41098 ()-s@10%&' ()-y((()@t))} ?YNC! 109 F' 109%@&' ()-F 109%@&' ()- yGLO%& () -

10%@& () - !ps3"109%& ()-!s3"10%@&& ()-)) Q**) +b+dEYNC! 10% S10%a& () -

1098 () - 10%@& ‘(fl)laeli)s/@lﬂm@é%@ ()- F10%@& () - b+++, :, H, w, dEYNC! 10%

(1098 () -, &10%& () - S$S&I0%@R' () -" 109 () -

| 109 () - s10%&: () - Ay, method apyRer i8Ry :

09 (- SR 1215 S ) LA00 O MO0 tigge -0
10@: 10% 7§10W '()-96" 10%@& ()-./A z//}00dB =!'109% ! L! 10% 1} & ()-1 10%g&

() - M 9109 L1998 ()- 10%g& ()- L10%g& ()-01UL111112dE _=! 109 ! #

10%g& (9 - 3" Tlofy 0 %

10tyg&' ( - T10%g %@3%2‘5@%&9&&) ‘_’L%g g%(/}’téf’lﬁ PE #1858PT5 -1 " 10m i u () -+
10%& () - 109%& L10%&
H018s 1hg o%"gef%%@(?ﬂ%%‘o/&h%fﬁ"é‘%%ﬁgggasbﬁ’%%%%(N?lom- ) YL O
10%' ()-1S 109008 ()-3 | 109%& () -f YL0%&' ()-a66@r 7777°?bC 109% " $3109%&’ ()-! |

"10%&7()‘ executing a push command on the first processin%
"10%-& ()-109& ()-s109& ()-!s3"10%& ()- 7281 88899dBbC!l 109%!) "/ f#10%& () 9-10

%& ()-I+&1@H@eéd &#éOﬂ@sh)co&ﬁ&ﬁd(haﬁyﬂQW&t(1e8ktp®ﬂera3gument@21096 10%g&
'()-s1 109g& ()-"109%g& ()- 10 10 10F3: 109& ()-!$ /f#109%& ()-:::(:[;

. dE~_@ 10% 10%@&t €¥misingYg&bo)ntst08gsa (Furrent stack datum,
@O%g&' ()-" moYgé& ()- MLOYg&' () -

- <7<<dO==aB~ @de%mfe@’epg)aLmem@&}f(}oqau@&n(ysasvci@@g@&wt,:hyan%g&' ()-" 10%
& ()-===1>L>}>>dE~ @ 10% f)! 10%& () - 1098’ ()- %
109g&: () - SB199HRNE ) O% thegRueh- C@m‘m@@& and>>) 2] 27 @@B~_ @ 10% 5
10%g& () - 410%g&
'AO?#log/zgg& ()Gg ié%an%)thﬂe%arwngmewaef) 38 D EF T RD @ 10%  10%
@ ()- Y109 ()-1"10%@@ ()-yl 10%@ ()- 10g 10g

2. The method of claim 1 wherein pushing further

15 comprises:

producing a pointer associated with the determined

location the pointer to the current stack datum.

3. The method of claim 2 wherein determining a
20 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

25 associated with the argument of the push command.
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10g910%g& () - @AAA" BWBBa?~ @ 109 ! @*10%QQ& () - | LF10%##& () - LFLO%G () - 10%@&.
S ()-Y 10%& () - , 109%@& ()-BC[ OCC D>DE~ @ 109 !

USL0%EE () - &310%EE () - Y" 910%a&’ () - 05 JuL 2004
@ 10%a& () - 310%& () - 910%& () - >DDDVEEE+F} [ <~ @ 10510%&' ()-!)S2l "10%i & ()
“010%& ()-!C 10%&: ()- 3+gL0%G& ()-!$' #10%a0% () - +FdFj FkFI FnFyFFHb@ 10! Y @1
0%IU& ()-0"10% u& ()-2z310% u& ()- 10@ 10@
10@10%G: () - 719%. The Hrephedkati €} aie+ @herein said push command
10-U910% ug () -! 31 @10% u" ug ()-0! .| GL0% ul U ()-0! Al GL0%Nug ()- 0! KI Gl
0%x& () - 01 8] Ew1DemER PReopL kel PXREEEIRY KiStruction, and an
10- U910% " 10%&' () -! SL0%' ()- 10%&' ()-y" S10%: ()- 9310% ()- 10-u
10- UM NNNNCREBKG 19 - 8YSteBogat): v
MLO%&’ () - 9510%&' ()-1 S10%& () - 310%&' () - 10%: () - &00, PPPPGQIEK@
10-u! . 310%& ( % 3o

L 10%& () - 3+1o0 () - 595 @Eh8d (51 %ﬁ&%% 1) YRRYS b8P PR E0ORRR RRAYNOD- u!

10 10 JSOI %%ﬁ%&é‘ LJ109& () -5109%& () -
10% ()-"S - RR5Ri RRSCSAEYNCO- uI F'lO@éu&f() 10% u& ()-10% u& () -
10% ug&' () -" 10%%&&& 7 UBop) cERYSST ThlY ML9INC0nY! p 8o HpUE (-1
"10% u-u& ()-!')S "10%uVu& 18S "10%e 0@6u&f%) 310% u
VVVWPVWW¢?&$£@a@}.5109&u&f()-!.f2nf109@u[u&f() 0s10% u& () - 109&u&f()--51096
-u& ()-13S "10% & () - VX7X8XIX: XFXaXXbC0- u! . f10% u& () -
"f10% u& () - zFl88k a8 hindgOaupdinte#Ott a current stack datum,
:10% u&' ()-710% u& () - XXX(YCYYYdEbCO- u!. 9f 10% u& () -
10% u&' () - F3" 102etugrjngsibés détéymined pointer to the second
10 processing thread,
retrieving a pointer to a previous stack datum from
a location associated with the pointer to the current
stack datum, and

assigning the retrieved pointer the pointer to the

15 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.

20 8. The method of claim 6 wherein the location
associlated 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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11. The method of claim 1 further comprising:
using the popped datum as a buffer pointer to access

10 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:
15 a third processing thread popping a second datum of

the stack.

14. A system comprising:
a stack module that stores data by pushing it onto
the stack and processing threads can retrieve information
20 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,

a second processing thread having a second command
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h& ()-pppcagtqgg~\={\=!! $y10% h& ()-'(sM10% h h& ()-m

XsM 10%f x& ()-nm)!S'10%shsh& ()-110% & ()- @0% h& ()-q' rrrrislsnsnsdE:/
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10% h& () -nsos| ssss#ttxY7/ 10 ! Ss 10%hé& () - 10% h& ()-3 ML0% h& () - F10%
h& ()- 1995 h&q5ludingoshel ¢3st 10nat $emnzid uboy/ Papping BQoEaRka () -1 F 10%
h h& ()- ;ggb & ()-1#m 10% h h& ()- 10% h& ()-33S10% h& () -uvv$vvv)wa?7/
10 ! 1 pl +" A9k (%‘éaffF]ir 1996 & ()-THkl +"109%&' ()-T ) 10% h& () - F&10%

h& ()-$!'10% h&' () -) wdwgwj wkwl wm{ wwbC 10 ! ! F10% h& ()-L$10% h& ()- 10 h 10

0\ AT oA LA I MO SR 05 1%
h&f()'XX’Wﬂ¥gM¥¥9§PF:the memory location including a pointer

5 associated with a second datum which was stored on the

stack prior to said first datum.

15. The system of claim 14 wherein the first and
second processing threads are executed on a single

microengine.

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

microengines.

17. The system of claim 16 wherein the separate
microengines are implemented on the same integrated

15 circuit.

18. The gystem 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
20 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.
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east two processing threads, the control logic storing a

first datum on a stack structure in response to a push
5 command and retrieving datum from the stack in response

to a pop command, and

a memory location associated with a first datum on
the stack, the memory location including a pointer
associated with a second datum which was stored on the

10 stack prior to said first datum.

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
15 a second stack pointer associated with the most recently

stored datum on a second stack.

24. The stack module of claim 22 wherein the stack

pointer is a register on a processor.

25. The stack module of claim 22 wherein said

20 memory location includes SRAM memory.

26. The stack mecdule of claim 21 wherein the

commands are processor instructions.

27. The stack module of claim 21 wherein the

commands are operating system instructions.
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execute
push a datum onto a stack by a first processing

5 thread; and

pop the datum off the stack by a second procesgssing
thread, wherein pushing comprises instructions having at
least one argument that when executed by a machine

results in the following:
10 determine a pointer to a current stack datum,

determine a memory location associated with an

argument of the push command, and

store the determined pointer at the determined

location.

15 29. The article of claim 28 further comprising
instructions that when executed by a machine results in

the following:

produce a pointer associated with the determined

location the pointer to the current stack datum.
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