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[0003] Semaphores in conventional computer systems are typically implemented
as software routines using hardware support of atomic “test and set” or similar types
of instructions (e.g., lock, bit test, bit test and set, bit test and reset). Using this
semaphore implementation, a producer-consumer communication relationship can
be established through shared (e.g., global) data and one or more semaphores. The
semaphore allows shared data to be modified by a selected one of multiple processes
that are attempting to modify the data, which provides data consistency.

[0004]  This semaphore construct is “passive” because threads must perform

polling operations to acquire a semaphore. The polling requirement consumes
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[0007]  Figure 2 is a conceptual block diagram of one embodiment of a linked

list based semaphore structure.

[0008] Figure 3 is an event flow diagram of one embodiment of a technique

for acquiring an active semaphore.

[0009] Figure 4 is a flow diagram of one embodiment of a technique for

releasing an active semaphore.
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[0012] When the dependency is resolved a nmessage is
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art., The thread remains |n
threaJ~I canii)e pFaced in agi%ep ?or }nactive) mode by a thread scheduler in response

to an unresolved dependency, which can be indicated by a semaphore. A thread
state variable corresponding to the dependency is used to indicate that the thread is
in sleep mode.

[0012]  When the dependency is resolved a message is passed to control circuitry
(e.g., the thread scheduler) causing the dependency variable to be cleared. In
response to the cleared dependency variable the thread is placed in an active (or
wake) state. Execution can proceed on the threads in the active state.

[0013] Continuing with the example above, if a thread attempts to acquire a
semaphore and cannot, that thread is placed in an inactive state. Because the thread

is inactive, it cannot poll the semaphore to determine when the dependency indicated
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assqci ated with a new thread. Thread di spatcher 120

al obthessdpswrotidt h the processing cores via message

bus 125. In one enbodi nment, thread dispatcher 120 is
[0015] Massively multi-threaded system 100 includes memory hierarchy 110

that stores data and instruction to be used during execution by one or more
processing cores. Memory hierarchy 110 may include dynamic random access
memory (DRAM), one or many levels of instruction caches, one or many levels of
data caches, and/or one or many levels of shared instruction and data caches in any
manner known in the art. Thread dispatcher 120 is coupled with memory hierarchy
110, receives information such as instruction pointer and data and/or data pointer
associated with a new thread. Thread dispatcher 120 also coupled with the

processing cores via message bus 125. In one embodiment, thread dispatcher 120 is
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[0017] The processor cores are also coupled with semaphore entity 170 via

message bus 125. Semaphore entity 170 includes memory and control logic to
provide semaphore functionality as described herein. In one embodiment,
semaphore entity 170 interacts with the processor cores by transmitting and
receiving messages as described in greater detail below.

[0018] Thread dispatcher 120 is also coupled with semaphore entity 170 via
message bus 125. In one embodiment, thread dispatcher interacts with semaphore
entity 170 on behalf of a thread by transmitting and receiving messages as described

in greater detail below.
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[0021]  Inresponse to receiving the semaphore request message, semaphore
entity 170 determines whether to grant control of the semaphore to the requesting
thread. When the semaphore is granted, semaphore entity 170 sends a semaphore
acknowledge message to the requesting thread. In response to the semaphore
acknowledge message, the requesting thread is restored to an active state in which
execution using the requested resource continues. When the thread has completed
use of the shared resource, the thread sends a release semaphore message to
semaphore entity 170. In response to the release semaphore message, semaphore
entity 170 releases the semaphore and allows other threads to gain access to the

system resource.
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corinkedJishen aryu-dusrtiopal digked it one enmbodi ment, free pool

p0|nter 220 indicates the head of buffer pool 210 and
und@B4] s e preormebodiment. sgmaphete iaide 200 includes a pointer for each

semaphore supported (e.g., semaphore entries 201, 202). In one embodiment, the
pointers in semaphore table 200 are head pointers that indicate a head of a linked list
to be used for the corresponding sémaphore. In one embodiment, free pool pointer
220 indicates the head of buffer pobl 210 and unused semaphore entries include a
NULL pointer.

[0025] In one embodiment, each semaphore entry (e.g., 211, 212, 213, 214, 215,
216) includes a released-state field, an ack-suppression field, a thread identifier
field, a previous pointer and a next pointer. In alternate embodiments, other and/or
different fields can be used, for example, the previous pointer can be omitted. In
one embodiment, each semaphore can also include a single bit (or other indicator) to

indicate whether the linked list corresponding to the semaphore is empty.
7



NULL pointer. [0025] In one enbodi ment, each semaphore
entry (e.g., 211, 212, 213, 214, 215, 216) includes a
w0 edosasEd® state field, an ack-suppression fi el BCT/ES2004/043394

thread identifier field, a previous pointer and a

NeXnoFsPi Ntifkhe dximple bEFRMe, REDRAL ﬁEﬁﬁkEﬁzzo%ﬁt%fto BReR of the

different fields can be used, for exanpl e

pr eHéeQH&e@ﬁh' H&tfexrpdé%d%cmtﬁé 26k entrlds irkfie gphiadt ment
each semaphore can also include a single bit (or other

| ndyGRERN frédentd 'Ot SGakPleMal RRE et 1k &lﬁﬂg %/\%ocﬁ)ter to free

corresponding to the semaphore |s enpty

20Q:3(, 0665 73%11@ Eﬂ & 8Sal 4{y%%3§?n assgfgage%q}nk&ﬂlstt hﬁor%ﬁﬂgﬁ &ad

of Figure 2, free poo poi nt er polnts to t

etngﬁs 261r 41 299 Ex{ éegﬁpﬁ&e Qﬂlf f266 (ﬁ%@%onﬁ? activs perr%ap%lct)rlgs? Entry

ree entries i1nc nte sequen

SQT-’%}? il s FHR 6 'e?@@?ﬁlﬁﬁ%ﬁé%cpﬁ%e SR P R
a”dﬁéﬁ’%%c%d%g nabSFE kil y%&hexar@geasm SRy indhy e tis.
21 DRI Rty ﬁ%cwégéw'eﬂr‘é% §r T %@H&Stﬁgfx%d%ﬂ%&
'shf’ftgrg%wﬂ%félpn%ﬁ#‘ﬂ% S srnioud o e 21 i 8 s
202 by H?ﬁéwggghanter to entry 213, which is the head

ent phore linked list and includes a
pointer to entry 214, which is a subsequent entry in
the | Kgd ist Senaphore Messages [ 0027] An Ach|re

Se e (A&ﬁWBG»flsfusedhfor a thread or

[ h
?“aﬁ@& % BThEE ﬁgaw&% oo gRebr MR inaet 5 fréag, or
se

od me t, the ACQVBG contains a
cf) élspatcLer on eha Pt% , to make a requést to the semaphore entity for

)

ownership of a semaphore. In one embodiment, the ACQ_MSG contains a
semaphore identifier field, a thread identifier field, an “auto-release” field and an
“acknowledge-suppression” (ack-suppression) field. The auto-release field is used
for a thread with only a head dependency. That is, the thread depends on previous
threads, but no subsequent threads depend on the thread. The ack-suppression field
is used for a thread with only a tail dependency. That is, the thread does not depend
on any previous threads, but the thread does have subsequent threads depending on
it. The ACQ_MSG can be issued by a thread dispatcher or other control circuitry
associated with the thread.

[0028] In one embodiment, upon receiving the ACQ_MSG the semaphore entity

enqueues the semaphore entry for the request thread to a linked list of the target
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not empty and the semaphore is currently owned by the thread. If the auto-release
field is set the just-enqueued semaphore entry is removed from the semaphore linked
list, and consequently, the semaphore linked list is empty.

[0030] A Release Semaphore Message (REL_MSG) is used for a thread to make
a request to the semaphore entity to free ownership of a semaphore. In one
embodiment, the REL_MSG includes a semaphore identifier field and a thread
identifier field. In one embodiment, the REL_MSG can only be issued by control
circuitry associated with a thread holding ownership of the semaphore, i.e., the

thread identifier is at the top of the semaphore linked list. Upon receiving the
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the ack-suppression field is not set, an ACK_MSG is sent by the semaphore entity to
the thread identified by the entry’s thread identifier field. If the head of the linked
list is not NULL and the ack-suppression field is set, no ACK_MSG is sent.

[0033]  The Semaphore Acknowledgement Message (ACK_MSG) is generated
by the semaphore entity to notify a thread that the requested semaphore has been
acquired. In one embodiment, the ACK_MSG includes a semaphore identifier field
and a thread identifier field. The ACK_MSG is issued only by the semaphore entity
and received by the processing core executing the thread identified by in the thread
identifier field.

10



linked |ist has the release-state field set, it is
again renoved fromthe head of the semaphore |inked
wo p@b/06470932] . I n one enbodi ment, this recursiRET/US2004/043394
process continues until either the head of the |inked
|'i $6034p NUpbn (dcbi®ing BFBATR NMSG WRLScivinEpBteédin®Eord Bfkets the

head of the linked list has the rel eased-state field

Unst-sémaitote htd He1d bille tHeda8 3%aiAdd tyliBe HRARRIRAH Gor RN
the thread corresponding to the entry). If the head of

t henel hidkPH irl ArSthadtiSe Eiﬁ’tte Mkeaé Bdte id é}ﬁn%e‘alfo SR E SRt ON
field is not set, an ACK MsG is sent by the semaphore
entity to the t hr ead |dent|f|ed by the entry's thread

I deBhhdHofy InfthRliéhs | f the head of the linked list is
not NULL and the ack-suppression field is set, no ACK

M5(a038) S e 'Atn Ac{lesﬁ)g’ Sdmaphi6re @R@ﬂhﬂf&n&?&ﬂ@ﬁ’{aﬁ Qm

Message ( is generated by the semaphore

en re
amehag @ "S?%‘EW %‘@Sé"“‘%ﬁ%ﬁ SR e T

in

SRR S S e
S e PHAROKA4 Gﬂég{.:% e tFHOAH i &t‘% Qﬁr LR vﬂﬁ%?ﬁéi‘t—@egna%%rg

executlng t ead |d nt|

| Sl T s %&%@g@ﬁ%@@? BTl bEFRYA040304

on receil ving e recel vin

 SERGAIREES A TRERERON ki

the ctive state, the

I krg%g%fdlt% ffxamlp s’ é’ﬁ uc@ Sef t(l)o pfécéﬁ?Ve state. Senmaphore
003 . .

i‘i"?ﬁlﬁ A Al §J*%aﬁ\fﬂ%&e§%§ Wio;REERE LR5D) hitgop capigs an

c%ﬁﬁ%‘? rb% seerﬁttcly Ihx semap ore ent?tg%‘fJ tﬂ%rseemgp %petllignl’u er f%r the

requested semaphore, a thread identifier of the requesting thread and with the auto-

release field set. The thread is put in an inactive state with the wait-semaphore state
field set. In one embodiment, the ASR instruction cannot be paired with the RLS
instruction. In one embodiment, the ASR instruction is used for threads with only a
head dependency. |

[0037] A Wait Semaphore (WTS) instruction causes the wait-semaphore thread
state field to be checked. If the state field is set the thread is put in the inactive state.
If the state field is not set the thread remains in the active state. No message is sent
to the semaphore entity in response to a WTS instruction. Use of the WTS
instruction implies that the semaphore was acquired previously by the thread

dispatcher using the ACQ_MSG on behalf of the thread at the thread dispatch time.
11



request ed semaphore, the thread identifier of the

requesting thread and with the auto release field
wan®enes7The thread is put in an inactive statepai/Ub20bhe3394

wai t - semaphore state field set. The ACS instruction

i s paé wat indeubridd 19h$t%‘£§ﬁfﬁl¥)dc1@m.{§g}e§ el§§@9€@§ ACQ_MSG

(RLS) instruction (described be
' n?fwfek‘i@ﬁél?ﬁs&ﬁ'b& tlﬁzalﬁ'ﬁea@tﬁsﬂéﬁ:ﬁgr for exanpl e, for

critical sectionh applications. [0036] An Acquire

Se nmb r ert% a’s%"ﬁe%a?ﬁérg ?ﬁlﬁsg(lé%):tl nr2:§alt1se:§J CE{E?WL{E ggsent

e sen serrap ore en

TR 5o e T IR e
h |
fnzc i S o e A B b

ASR i nstructi on cannot

ZZT freemél”m%? fie BTRSERE” M and S b Rison b bELe oD R for the

SR i pstruction used. for, threads with only a
he ot gaps e gl opaﬁé%nsmmpes isguFh L &5 & SRyRgHCtion has been
|nstruct on ¢ es t emaphore thread . state
1 ohEVpsE B e ot s CRRLS mowciion & iweed. (1ga WTS
thread i.s % in, the inactive state. If the state
fi eﬂna“%mhgﬁs eet isyupdfor heaelepsime tareads the W TH instaeation snay or may
state hq nessage_is sent to the semaphore entity in
r et he Blloyed byrBLS insfruciion idenending en 8 aplerelpgss field of the
instruction inplies that the semaphore was acquired
pr ed SuiMS(r syt byrke thread digpatehies; Jhthe h@tp-reiszfiSﬁ dieldheuns@OMBRLS
on behalf of the thread at the thread dispatch tine.
11 Wtyustiersshoeld e dssyedT ko gnerralersaield isFhiea RSSinstruction should
instruction is not used if the ack-suppression field
i s follew the WS insey#e®  previ ously i ssued by the thread
di spatcher. [0038] A Rel ease Semaphore (RLS)
instruction causes a REL M5G to be sent

Example Acquisition of an Active Semaphore

.‘

[0039]  Figure 3 is an event flow diagram of one embodiment of a technique for
acquiring an active semaphore. The example of Figure 3 is provided with reference
to specific instructions, messages, processing components and data structures.
However, acquisition active semaphores can be implemented using other
instructions, messages, processing components and/or data structures.

[0040] As a thread of instructions is executed by a processing core, the
instructions are executed when resources are available. When a resource having a
semaphore is required, for example, a shared memory location, ownership of a

semaphore may be required to access the resource. Thus, execution of the thread of

12



to the semaphore entity with a semaphore identifier
for the semaphore being released and a thread

w0 dwsbed7rer for the rel easing thread. The rel eBSI/I§2004/043394
thread remamins in the active state. If an ACS

| NSinktHitibs AREMPIRAED M8 Ik ¥ndwis ek drlinl » §emaphore is
releasing thread only one RLS instruction Is Issued.

I f RRdLSRJ.nstruction has been previously issued for
t he releaS|ng thread no RLS instruction is issued. If

a Vibdu1)i NSinldn€ binBoiiias, WRAR s%rﬁaﬂi%pe i Qéed&b % 1(5 % %%aﬁlﬂsg

thread, the WIS instruction
nut S o Yaes ingiybAat i BbLGR PEORY SS%‘?Q bﬂ‘ﬁﬂ’ﬁﬁéﬁmb@aa
di S&@&ﬁ&ﬁ( thé{)] %}g %&I‘r@ efe@ﬁtﬁm%ﬁf?&%eﬁ& gf in %ﬁg’ cgues%n Ith

|nstruct| e | ssue eauore

fi e{egxatliores. eAS rthLfS Ill.£]§ Olﬁgt ﬂooeqceguql%m the A%ltsl lgs\évﬂl'é Oel'l \3/.1\4-8

ins Ur st on or

S event di

oﬁgﬁg%%e S‘“L‘Q 9’?941}46“3 il\ﬁ%%@ il angla%‘aﬁfr R Py
I 31S

" orBF BidkGsing fSte 5@%}"{5’1@? e e B SagB bl A one ortmat for

one and struct However ,

acdﬁ?éﬁ%ﬁgﬁﬁggﬁﬁvg éﬁ@? @Hﬁmﬁangéﬁﬁ%W§ﬁted usi ng

S i A O

| TS IETHC S MEsS B AR SHOH B0 MR g g semaphore stat
h h

o oild i 34p By ngﬁéﬁ%°“éfd§ng%ééa@mt§%%%n§f#the thread

omnershl of a semaphore may be required to access

t he?T§ %%‘8&?%‘@‘1 vrhighsinclades polling Af the reayestadisemarhorst should the

2005/066779 PCT/ US2004/ 043394 instructions is

ac ciitia] seamehere 1wauastberaivprdy Byacingithe thread iythe imagtive state

semaphore is
processor resources and system bandwidth are not consumed by the thread waiting

for the semaphore. For a processing core supporting multi-threading, the processor
resources and system bandwidth can be used by other active threads.

[0043) The semaphore entity receives the ACQ_MSG and places the requester
information entry in the linked list of the target semaphore, 350. If the semaphore is
not owned or controlled by another thread, the semaphore entry is placed at the head
of the semaphore linked list because there are no other entries. If the semaphore is
owned or controlled by another thread, the semaphore entry is placed at the tail of
the semaphore linked list. In one embodiment, the tail of the linked list is identified
by traversing the linked list entries in the buffer pool from a head entry to a tail entry

13



needed, 310. [0041] In one enbodi nent, when a
semaphore i s needed, 310, an Acquire Senmaphore (ACS)

WO n®s0erore on is executed, 320. The ACS i nstr uck@DUSIAN043394
be executed by the processing core executing the

t Niag@ghe AbwlechB} Bdd6ibORS ndve Al @Y. MH ah$1Ber SRIFBRRRAE the A1 of the
part of, or in response to, execution of the ACS

| NghkdiGlst RMlire @Y idAGALL BPhSBNHBRR: 8¢ ME HRRASist ﬁ&&l\ﬁ@
d t he

is transmtted'to the senaphore entity by

Pr QGRshbR%HiQr € executing the thread over the nessage
bus, 330. One format for the ACQ MSG is described

g}? ?(Ydoa?] a &tk 95 %?Ig{é%@e & tﬁ@repo%r&%ggﬁsg[)%gé% tleéssegx‘calf;ﬁore

) N response executi1on of

S o 1S 59 SRR S RRIR L

state .. fi.eld set.. . . | aci ng, t he thre in the ..

Sk Eribdd 8 et RPaeslon: VR A i S fhgpfeisinaine
execut ed ich. includes polling of the reguest

S o samRapis <Bf it e B oF R PPaherg Enhnis s Bt e
refused. By pl.acing the t. d.in the ipactive. state
o ot BEispt Selufire B8y i e Lked i teiovieh o Frod LR pked e
co d the thread wajtin for the semaphore. Far
o BRUEES s Mg aam oy by e Pead i peaphors ket 1t
process resources. and system bandwi dth can be used.
by IS sag el presamip L e siwi@r- entify- 1E hapirepparestion figjd is
receives the ACELNBG and pl aces the.requester

i nPetsThen arkneyle gement messagei(fkBgMSQ is tynsmitted framdhs
semaphore, 350. If the semaphore is not owned or
coftRanhpre ety to fsithiead assoriated withiike smaphoreendryedfly \Wnes

pl aced at the head of the semaphore |inked |i st

be dermatfor ls ACK NS G és dsparibed eheve.i @ther formatseanglsadp Hesde The
is owned or controlled by another thread, the )
s eEgh MG Edicales fostheregeiwng entity (feg- tathread)ithat theaeceiving entity
semaphore linked list. In one enbodi ment, the tail of

t héag beai gxanied sentiol of theerriepponding pgmapher¢er si ng t he

linked list entries in the buffer pool froma head
entl@046} o dn respdnsetottheyACK_MSG the corresponding thread is activated, 370.

‘When activated, processing of instructions in the thread resumes and the shared
resource corresponding to the semaphore can be accessed, 380. When the thread has
completed access to the shared resource the semaphore is released, which is

described in greater detail below.

Example Release of an Active Semaphore

[0047]  Figure 4 is a flow diagram of one embodiment of a technique for
releasing an active semaphore. As with the example of Figure 3, the example of

Figure 4 is provided with reference to specific instructions, messages, processing
14



13 WD 2005/ 066779 PCT/ US2004/ 043394 and the new entry
becones the new tail entry. In another enbodi nent, the
wo a005/0ed774 he |inked list is directly identifipdr/bgo0nhe3394

tail pointer of the linked list stored in the
S eBRpSHets bdfa sthRd] HOWeteh Ta18ME of SHRE SdnfapH&es &h bt he

resource corresponding to t he semaphor e the t hread

ho |1rgf)1@19eﬂt5k§us‘ﬁ?gr@153? HsBudtRhe aeeagdsOtbéRlin@EontgdBents and/or data
senaphore, which is described in greater detai

beleWwwrihen a semaphore is rel eased the correspondi ng
senaphore entry at the head of the senaphore l'inked

't ihiémms eeé#nb%aﬁnemhq serﬁ%ﬂﬁx&%ﬁaseﬁ i’{iﬁ de%rstewpﬂo@e

I'Tnke becongés t of th
seltoh e Pﬂfﬁﬁ GHRRRRE o phd %%%?e&“’f*ﬁé# s%g?gé'étxa i
by p%olggs}sﬁlg 'I?l%l'é%c%ngéﬁml \%\l%ea& off 1n%&?ch§%§§§&égtﬁ)\{g§§§§e%%g§&g | gs
fasggrz P Ef%cgﬁﬁ@? e e
" g 16, Nyl Suﬁ%ﬁ&%’é@ﬂ ﬁﬁ%‘:ﬁﬁgg 5y ‘}?fé’f’?ﬁgéwﬁgr
EEE*#%M%%W@%%%% e cféﬁaésé%ﬁﬁkp hgggeéﬂégbﬁr S
M5G j
i GBI S e T
h d
o b 0 e L s
accessed, A 380. Wien the thread has conpl eted access
t o epWY checks EB""P"éé’Eﬁﬁ"EESPPF@H%%WéBIF%? gntyds ptdhehead gf the linked

which is _ described in greater detail below Exanple
Rellistn422. Jf aﬁomp?@@ggémgre@try is at the head of the hnked ist, the

semaphore entity removes the thread entry from head of the linked list, 430. The

subsequent entry in the linked list becomes the head entry, 440. The semaphore can
then be granted to the thread corresponding to the new head entry. If the
corresponding semaphore entry is not at the head of the linked list, the semaphore

entity set the release-state field of the semaphore entry, 424.

Conclusion

[0050] Reference in the specification to “one embodiment” or “an embodiment”
means that a particular feature, structure, or characteristic described in connection
with the embodiment is included in at least one embodiment of the invention. The
appearances of the phrase “in one embodiment” in various places in the specification

are not necessarily all referring to the same embodiment.
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[0047] Figure 4 is a flow di agram of one enbodi nent of

a technique for releasing an active senmaphore. As
wowdaos/osd1eo exanpl e of Figure 3, the exanpl e of PE/YsIE4/643394

is provided with reference to specific instructions,

MESHOSKS, RIRCREELME spebffickIn2Be MveRRA 12s been described with
PCT 004 a0 Do e oy ams been described wi

Howeeednce foQp8asEerodffidntMBerSsTMRRRA R e b @ b ident that various
i npl enent ed using other instructions, nessages,

Pr OG6SAEMOnCATRRNBES Sindb Hagl th@x%Eo%ﬂ%fJ{ daégéﬁgﬁgﬁ'gw[tg%glder

I n one enbodi nent,” a senmaphore 1s rele

Rel . ) 1 HCL j ) e 10,
The L8 Rape s i) ThIBGHENbEhd A hECt Seadilhy
COrE bE XA Bihn'ReblciBletha NBLAURL LGRS T CAUESTING

t he sendphor e. As part o?, or 1n response to,
execution of the RLS instruction, a Rel ease Semaphore
Message (REL_MSG is transmitted to the semaphore
entity, 420. One format for the REL MSG is described
above. O her formats can al so be used. [0049] In
response to the REL MSG the senmaphore entity natches
the thread identifier field of the REL MSGw th the
semaphore linked list. The semaphore entity checks
whet her the correspondi ng semaphore entry is at the
head of the linked |I|ist, 422. If the correspondi ng
semaphore entry is at the head of the linked list, the
semaphore entity renoves the thread entry from head of
the linked list, 430. The subsequent entry in the
linked |ist becones the head entry, 440. The semaphore
can then be granted to the thread corresponding to
the new head entry. If the correspondi ng semaphore
entry is not at the head of the linked list, the
semaphore entity set the release-state field of the
semaphore entry, 424.
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Concl usion [0050] Reference in the specification to
"“one enbodi nent' 'or "an enbodi ment! neans that a
w@aoosiedTrar feature, structure, or characteri SPETUS2004/043394
described in connection wth the enbodinment is
I nctugdegs i N at | east one enbodi ment of the invention.
The appearances of the phrase "in one enbodi nent” in
vari ous places in the specification are not
necessanwhayisaldimedkerring to the sane enbodi nent. 15
WD 2005/ 066779 PCT/ US2004/ 043394 [0051] In the
foregoing specification, the invention has been
described with reference to specific enbodi nments
thereof. It will, however, be evident that various
modi-f i céttnethed comprisihgnges can be nade thereto without
departing fromthe broader spirit and scope of the
i nvent i phcing e exsouteblé threpdiod msawmdionl iawn ngstivars@te in response to
accordingly, to be regarded in an illustrative rather
t haleteationasfiat leastt bneeofaisnise preddtSrmiiz AAOOSLIGHE 779
PCT/ US2004/ 043394 CLAIMS What is clainmed is:" 1. A
net hod sendpigiaghessage fflomcd semaphvretoeonttd biranithhtoeaetud the
instructions in an inactive state in response to
detthetd affingifuctidns teechahgeveatodf the theshd of infthr deisdrom the thactive
condi tions; sending a nessage froma semaphore to
congat®l circuitry to execute the thread of
instructions to change a state of the thread of
instructions fromthe inactive state.

2. The method of claim 1 wherein changing the state of the threa(i of
instructions from the inactive state comprises changing the state of the thread of

instructions to an active state.

3. The method of claim 2 further comprising executing the thread of

instructions when in the active state.

4. The method of claim 1 wherein the set of predetermined conditions

comprises an unresolved dependency.

17



2. The nmethod of claim 1l wherein changing the state of
the thread of instructions fromthe inactive state
we@opnéEes changi ng the state of the thread of PCT/US2004/043394
instructions to an active state. 3. The nethod of
cl ai m 25f ur t Hiermebodufickimg wheeiiitht B8 of preddtériead cofditions
instructions when in the active state. 4. The net hod
of comptises 4 respese fromttheseiRphddé indicaER!tRit Airedrc6 Sdtelishdnamng
conpri ses an unresol ved dependency. 17 WO 2005/ 066779
PCt6 t152604phork3stithvailableThe net hod of claim 1 wherein
the set of predeterm ned conditions conprises a :
response fromthe semaphore indicating that a resource
corresponding to the semaphore is unavailable. 6. The
met hod of claim11 further conprising maintaining an
i ndi cat bon TBie metbddaifelairh 1 fartter cdmpaisigutizdtaihing @h indication
execut abl e threads of instructions. 7. The nethod of
c| aif astatewlfi eachiofia phuealitynall ez edutable thikadshog istradtendf each
thread conprises a state variable corresponding to a
dependency, if any, of an associated thread. 8. An
apparatus conprising: execution neans for placing an
execut able thread of instructions in an inactive
state im r esPwmeahadpighine 6 whersinghe mdichtiasif therstatoéf each
set of predeterm ned conditions; comrunication neans
c ortkread eompirises|aystatcopihldel catresponiing tex depabdency, ifzapsof ahor
sendi ng a nessage from a semaphore to contr ol
ci rassgripted threadexecut e t he t hread of

8. An apparatus comprising:

execution means for placing an executable thread of instructions in an
inactive state in response to detection of at least one of a set of predetermined
conditions;

communication means communicatively coupled with the execution means
for sending a message from a semaphore to control circuitry to execute the thread of

instructions to change a state of the thread of instructions from the inactive state.

9. The apparatus of claim 8 further comprising means for maintaining

an indication of a state of each of a plurality of executable threads of instructions.
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instructions to change a state of the thread of
instructions fromthe inactive state. 9. The apparat us

w@booshed7me 8 further conprising nmeans for mai ntBCTIUSII04/043394
an indication of a state of each of a plurality of

t t i
Tk T L

N Shfthdlodefitisk Wi iE LdraBle Qbrrd BEndhigAb & 4 BBy it BHy28fhn
conprises a state varli abl orr pon

depgpdenedinesd any, of an associated thread 11. An
apparatus conprising: an execution circuit to receive
and execute a thread of instructions, wherein the
execution circuit transmts a semaphore request
nmessage and places the thread in an inactive state in

responsqit o hh@pfditeadnplisingst ructions requiring a
resource having an associ ated semaphore; and a

semaphor, ﬁez@é&hﬁ&rycu‘éﬁ’ﬁ‘fb' r@&lo@ameﬁehaesﬁﬁsaatdf%uﬁﬁ{oﬁy I fhefeth

receive the semap ore request nessage fromt

eXafiy L@ ohlci M dandifs 4 Qo %&g ﬁe’gﬁ(&k %egg%%d Pﬁg&ttﬁ?ﬁne% in

t he semaphnore 1 n response semap eques

nesa%qgaﬁ:tlbé/ statﬁ §e tb 03 e W%&ﬁ mﬁ?e‘éﬁ‘i%% g?%@urce having

message to t Utl on Ci ry, ereln

exeg [ V..q N response to receiving the
sena %ggmgcéﬁ%ﬁkédmg nessage, renoves the thread of

|nstruc I 0 n 12.. . The
appar at tﬁs Qrg%)ho e%n%ty rll‘%ul%lﬁﬁ%}g\rﬁg S%Cﬁg?ﬁ’“sc n&ﬁ to At cef atg? one
addltl execution

h
O SRR eS8 i B et Rn SRR st RSy B

th eco%égl lfliheosgmgplh%l%% Eresgor}xge % the! see?nsighore request message by

transmitting a semaphore acknowledge message to the execution circuitry, wherein
the execution circuitry, in response to receiving the semaphore acknowledge

message, removes the thread of instructions from the inactive state.

12.  The apparatus of claim 11 further comprising:

at least one additional execution circuit to execute threads of instructions;
and

a thread dispatcher coupled with the execution circuit and at least one
additional execution circuit to dispatch threads for execution by selected execution

circuits.
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addi tional execution circuit to dispatch threads for

execution by selected execution circuits. 19 WO
WQeSHaB6EY 79 PCT/ US2004/ 043394 13. The appar ap@EUS$004/043394

claim11l, wherein the execution circuitry, in response

to receyi NOTHNPpAATRONA 12CKRWh BHIRRSS ARitry, in

resunes execution of the thread of instruction

[res e . . : _
Gl peis8 %o REGARZ 1 gerhmo{e%mmgléﬁéggsgﬁhﬁﬁnéw xBeutiBf of

semaphor e. ~The apparatus of claim? erein when
t hend 8@k iRfmicRsts 1Athidif bR cdssing he rdsbiicd DG Ak ©.
execution of the instructions ceases and the execution
ci gHidnby. does not poll the semaphore entity to
determne a status of the semaphore request nessage.
15. An systemconprising: a nmenory controller; an
execution circuit coupled with the nenory controller
to receive and execute a thread of instructions,

wher ei n14.he PreappirhRfofidimuil twhbfefWhEn!the Rred® BPRRRICBons is
request nessage and places the thread in an inactive

St i fhe iMhchiRRA) SRechfort ITehe ildtRBEbR Ceasts bRl Mg&ﬁﬁn circuitry

requiring a resource having an associ ated semaphore; a

SenBaRk FolPib sdnYaphte BhERY toMetdimidd e sBXR O iHe gamtcﬂ#é&%&ue&to

receive the semaphore tequest nessage from

exg&g&%gn circuit and to selectively grant control of
t he sermmaphore in response to the semaphore request
nmessage by transmtting a senmaphore acknow edge
nmessage to the execution circuitry, wherein the
execution circuitry, in response to receiving the

semaphols ackngest@mprising:

a memory controller;

an execution circuit coupled with the memory contfoller to receive and
execute a thread of instructions, wherein the execution circuit transmits a semaphore
request message and places the thread in an inactive state in response to the thread of
instructions requiring a resource having an associated semaphore;

a semaphore entity coupled with the execution circuit to receive the
semaphore request message from the execution circuit and to selectively grant
control of the semaphore in response to the semaphore request message by
transmitting a semaphore acknowledge message to the execution circuitry, wherein
the execution circuitry, in response to receiving the semaphore acknowledge

message, removes the thread of instructions from the inactive state.
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nmessage, renoves the thread of instructions fromthe
i nactive state. 20 WD 2005/ 066779 PCT/ US2004/ 043394

wd B0shbE7syst em of claim 15 further conpri si NgPCEUS2004/043394
| east one additional execution circuit to execute
threadsi®f iTHelsydih bOi&in 15a08hed coiprasaty: di spat cher
coupled with the execution circuit and at |east one
addi t i ofiadasEor GElitliGAl Siebwtioh irb it 10 ieRddateGhred 3o B dtiohs;
execution by selected execution circuits. 17. The
sygi€m of claim 15, wherein the execution circuitry,
in response to receiving the semaphore acknow edge

MESSage, (HBa UipscHRy Ssipled WithAhe 0GR CRAR: an@ht least one

i nstructions |nclud|ng accessing the resource

as §@cﬁhﬁ‘faﬁ&e ol ¢ ﬂg't : h gpﬂgfeads]i%r ex-gptﬁlowﬁzgiagat% ex%%xﬁfgm

5 wher el n en t I nstruction
gﬁlh e state, execution of the instructions ceases
the execution circuitry does not poll the
senaphore entity to determne a status of the
semaphore request nessage. 21

17.  The system of claim 15, wherein the execution circuitry, in response
to receiving the semaphore acknowledge message, resumes execution of the thread

of instructions including accessing the resource associated with the semaphore.

18.  The system of claim 15 wherein when the thread of instructions is in
the inactive state, execution of the instructions ceases and the execution circuitry
does not poll the semaphore entity to determine a status of the semaphore request

message.
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