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of time and check the semaphore again.

[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.



apparent, however, to one skilled in the art that the
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thread can be placed in a sleep (or inactive) 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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by the semaphore is resolved, as is required in the
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with menory hi erarchy 110, receives information such
as °f AEedt PPYIFdpoi nter and data and/ or data pointer

associ ated with a new thread. Thread dispatcher 120
al 48P18h p Magsiygly pultiyhreaded 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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processing cores via nessage bus 125. In one
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w t[()hOlS ¥ rrapl'hg {)gceesggrlcgres g'rzca)llso 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.



message bus 125. I n one enbodi nent, thread dispatcher
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operations (e.g., polling of semaphores) halts.

[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.



acknowl edge nessage, the requesting thread is restored
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n Hed GBsies i 5 g Pt et gen briibtie - ectona
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gnthln "é‘;“sﬁ?fla“%ﬁﬁcuo?ﬁg@ lishbodi ment, the pointers in

senmaphore table 200 are head p0|nters that indicate a
he ER(P 24} 4 In preeappodiment, semaphore table 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.
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to be used for the correspondi ng semaphore. In one

enbodi ment, free pool pointer 220 indicates the head
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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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thread di spatcher on behalf of a thread, to make a

request to the semaphore entity for ownership of a
wawapbrore. | n one enbodi nent, the ACQVEG contRITES204/043394
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ent§ofy- 16he avtgjrelease figld isnot setdhejpbtemeuducdieatiphdrs bntiyss
enpty before the ACOVMSG i s received one of the
maintained in the semaphore linked list. Consequently, the semaphore linked list is
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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entltyto ree o ers IpO a senmmpno

e SRR B I o
o SRSCHER s i AR, BB B e
I S S
oS b B BRI R AR R
g grgﬁes%aff‘w‘gse”a?ﬂirEEL' VBG can be i ssued by
oI LB G vt Bl S e
TR e oo b

| osition qQf the entry in the |inked
gﬁ?trhgf e release -state ri?ield unset (wa(i)tmg tf(}r the relea)s/e of the semaphore from

the thread corresponding to the entry). If the head of the linked list is not NULL and
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.
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semaphore entry is at the head of the linked list, the
entry is renoved fromthe head of the semaphore

WO 2aoR@6h779 st . The next entry is then becom ng RPEEURMAH043394
of the linked list. If the next entry is not NULL, it

Wi [0038€e eXpbh fRélving thet ACK MG igaecedfing fi6cessing bRl uhseithe
has the rel ease-state field set, it is again renoved

f r oitisbraapgherttads fidld6f the i iehefidd byHRethtdad ident R 314, 1f
In one enbodi nent, this recursive process continues

UNthelthreAd 9 & arl iRR1iNERSke, thE thteA@ sthie MKMndeld 36 ar otV bthte ( t he
semaphore queue is enpty) or the head of the |inked

list has the rel eased-state field unset (waiting for

t hgeth&yherdastRiktiélde semaphore from the thread
corresponding to the entry). If the head of the |inked

|'i gg035)s NAh Ak/égl*ﬂre Suchphdib €A GSKinSHBRSERSEe8 in hice) B not

set, an ACK MoG is sent by the semaphore entiTy to

t hetdgeRbeisclR B thi sehphdre ERRy Gith b ¥erfaphbfeS@iufidadtild | er
field. If the head of the linked list is not NULL and

t hesqaGkedSUR ' | il gﬁﬁé@ﬁ ldSwi -
[ 00§3] The &%%g%@ﬁg%ga&eﬁggﬁg%s I\/lessage-ﬂ(j imcﬁKl%N%%to

| S1dIRICRA ffker. Dhe e PR Radhl bk av&simbtﬂmiwen?a;hom

thread that the requested semapho een

cC e h ol RS Rb MOR ARG okt 2

1 S on Sl LSS TRY ACSOUSERBRRD o con

1 85 SRR ol By s bbbl D 3s04 [ 00sas

CPRBS o A G 5 L RGOl o

T B BTSS0S A b b

's re%&%?e%esgmztip o%[]a alcr:éaid\{(%ngﬁéarto? 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



Sengphore Instructions [00351 An Acquire Senaphore
(ACS) instruction causes an ACQ MSG nessage to be

WG 2095/06607¢ he semaphore entity with a semaphor ePCT/US2004/043394

identifier of the requested semaphore, the thread

| demhé WS indductidifls hQAURISE the dcl-Bipprssid Khis k& ih BE %@E%SG

rel ease field unset. The thread I's put 1 n an 1 nacti

st apRvidhdlishied bydieltre Sl BAARKE, State field set. The
ACS instruction is paired wth (followed by) a Rel ease

re AReRhsd §kafal H&E (s &ﬁﬁ&f&nl?:glgse{)z? REW Mﬁ%% be sent

%ACS- RL% i nstruction a r ca be use
Se Lts&%%gehﬁaﬁ““ﬁ% W‘Fﬁ&%@éﬁkA%Bﬁﬂerk%ﬁﬁeusefms or&ﬁ%ég%i
serraeﬁhor e | en?alaﬁ ?‘%ﬁﬁﬁg fBr tP %re easm nﬁ'@?ﬁ eih ifﬁi}%% ad

t hrgglq ns%etrﬂg%a t{vgr f 1it uesé E%Iel?rgwan Ylﬁﬁl’-}e%ﬁ)rthe

t he au 0- easd

ot Elepi ﬁve%éﬁw%“a%l%ﬁ msmc@og%és”%%ﬁﬁi’ffe.xa?%ﬁméﬁpilh‘lwen
P hePRpi b Bt elees b Emingtﬁé’fﬁﬁwesﬂﬁﬁ% 52 s
head d .. 10 A S WI'S

i ﬁslpftaﬁﬁwﬂﬁ 55@@@#%@%1&@%@6“&@% AL T——

fleldt Efﬁ I f the statefleldls set the
thr@éae 0%1013 sfrpctiop depending pr the aptp-relpase Sielgrof the
e ot set_ the thread remains in the active
%@Q_Méf'}ﬁe@sbag@ thiad digaionet 1f e aserrelpiso Felddruseyna RLS
response to a WS instruction. Use of the WIS
i nSPFTHCTOLRONIASE fsgued; fcthe anierelunnfitld isceteaRL Sivetuictionishould
previously bg/ the thread dispatcher using the ACQ M5SG
on olew the WTS inseugtishead at the thread di spatch tine.
11 WO 2005/ 066779 PCT/ US2004/ 043394

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



The WIS instruction is not used if the ack-suppression
field is set in the ACOMSG previously issued by the
wWaQ bnosaeh7td spat cher. [ 0038] A Rel ease Semaphor ePQIRUIS)004/043394

instruction causes a REL MSG to be sent to the

se niﬂﬁﬂ‘lﬁﬁ@ls&ﬂidcbf)ipl%&d’hnanﬁ RERRPRARVH ifl @t drf inll a §epfaphidi€is
semaphore being released and a thread |dent|f|er for

t henee@ddeam.ng thread. The releasing thread remains in
the active state. If an ACS instructi on has been

pr eo0ys! Yiniops blﬁgod‘lﬁémt\hﬁen afséhs‘;ﬁémgnéem& 3¢, R /A%q Hee

RLS instruction is issued an ASR |nstruct|on

beeskmaph&¥ (A0S) iMsthuSSotae e{eeﬁtecg hSo. rﬂ%e@és Reridiof 8gh 0

RLS inStruction is iIssued I nstructi on has

O 408 6L S840 SR S o
Ao AS Eﬁ[‘%@""eﬂﬁ ek} B Rh Bt AR hilidh ul 1°
i‘ﬁéﬁ i SanG ke (HEO R Ré%i‘nglge i Ege%nsepsé% engity by
%hé Pr%&{&g’ %E&Q gXe Qgtyn%qhe r{qxeﬁ\% f)ver(ghré%téciv%%;gﬁ ('g{x‘ssﬁ (80(%"5] fn rmat for
A te%ﬁﬁ%h@fsﬂg%eﬁeqdmfbw bt Gan SaReTe. The
eI fﬂh%‘ﬁ%iffqriﬁge?p 6% pEioe S G 08 e rnd

and data sfiruct active

senfapifd %%ﬁlag ¢ ﬁ-rgfagﬁﬁl?%g gnaﬁgxf g&galt%m&e wait-semaphore state
o BT G0 P BIhe o B retin Beceltesiot. TSl i B dread

executed by a pr.ocessing core, the instructions are
ex EUPAGRSHEH: Whichinrludes Palliae o the reqnpsied symaphore shedd thece
haV|ng a senmaphore is required, for exanple a shared
meniBity] semaphorgiquesthsarfusadp Bymlagingdas hisad Mehiigetiy state

required to access the resource. Thus, execution of
t hePreespseREEseces 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



12 WD 2005/ 066779 PCT[ US2004/ 043394 instructions is
acconpl i shed in any manner known in the art until a

WwWe20w806r07e i s needed, 310. [00411 In one enbodPCrEti$2004/043394
when a semaphore is needed, 3 10, an Acquire

Se aaPihe héw eMEDecbmed the'kdw @i ehtby. 69X @Rdth&Embodithent] 118 tA0P the
i nstruction can be executed by the processing core

ex giakdd 113Bis dhctlyNdateby thoalipbiier 81 e HRAGRE dtdt8d ke
semaphore. As part of, "or in response to, execution of
t hgerfpRodefistid. UCt i On, an Acquire Semaphore Message
(ACQ MSG) is transnmitted to the semaphore entity by
th cessi i t
o e Do R b B e o SRR the maphore
degerid f sed. . -

[ FHpRRERARNY b pEhfbre AL nbL oS Gnbhole Shies | 1
ACS_ i r. [ . r ' he.semaphor.e

: Sﬁg%cggééi O‘H f[é{eafgpdetgxpl?etlm Wi 13 %ﬁx\%ﬁfﬁé lsﬁglegsec? %h_e corn %ng}ng

n an I nactive S wa sena

state .field s 340...B | aci t.he thread.in the
St Epy & the nead Br oot il 6 b B pib i
executed, which includes..pol.li of t r est.ed ..
S eRuREFL ERETTE Pl P kg s (B ppssapenead g B8 fisg st
ref . | acing the thread jn.the inactive state.
o SHBSE, FoeBarnols v bRt ba At et Separting inked s,
consune the thread waiti for e semaphor.e. _ For
o 38§ defd gt uined Bowr Biring ot R YTk e ack pecies fokd
processor _resoyrces and sy dw dt h can be used
by "8tk AD %%?‘PV‘QgﬁeIWé‘a‘H%s?agf @é@%ﬁ‘f b st fremdb ity
recei ves the ACQ MSG and pl aces the requester
i nFYRAPALTESANR R the threpdiapsocinted patl the ssmapfiorg epdryt 340g ne
semaphore, 350. If the semaphore is not owned or
c oherpiat for the NCKs MR G isrdesamibedhabove. Hatherfeapatnean alsa be yseds The
pl aced at the bead of the semaphore |inked |ist. )
bedéds MYpadicass o thoreariries ensiiy (e 2o thierd)thad theaergiyingreptity
'S has been granted control of the corresponding semaphore.
[0046] In response to the ACK_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



owned or controlled by another thread, the semaphore
entry is placed at the tail of the senmaphore |inked
WO 2®5/06d779 one enbodi nent, the tail of the |i nkedr/U$x04/043394

is identified by traversing the linked Iist entries

I N céhipondhkh bRT datDRhucfufeg "HawbR8 deledit bFactiOe sentaphdredah by

13 WD 2005/ 066779 PCT[ US2004/ 043394 and the new entry

be gapBSedtétPusip\btieR instrédtiony mebsaged) bOSSinLLIRRdhemR M dnd/ ok BRa
tail of the linked list is directly identified by the

t aigdrudaent er of the linked list stored in the

semaphore table. [0044) As threads conpl ete use of the

regedBrLe HPsdeCntRBtend a kéndphsie SERRARA When b RElhSR rS%ﬁgphore
hol'di ng t he semaphore rel eases control of the

S€ '@ﬁﬂé}ql{i/@gcﬁﬁ?\' i€ Bxeked, Q?é.PTﬂe?gF’seigghéngﬁt dilbe A&dcRtel by the

bel ow. n a semaphore is e correspondi ng
CGRAER 5L Lly bR O9 pEL B, ST LSS
[ 08 P G ol RE Rt ol OBk o A SepBore
oy RO Bt RATD ity o e EnflS, 208 o Hnd
| i T PRI SR R LS,
I Tl bl B
gne&wﬁe@iﬁ@f ﬂzqu%l Aty Sﬁlﬂ@%@%ﬁﬁ g %egvph%gs
oG] CheTkr UGS SPESPRRARIRRIEH HBY oA walron 8 fglinked
thread is activated, 370. Wen activated, processin

of &% JE WP 6PRESPANSinge QR FITE b e DearpEbmkad it

resource corresponding to the semaphore can_be
ac égg%p@ar’e enily remgies thp %lgea(dmngégowg)gad 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.
15



conpl eted access to the shared resource the semaphore

is released, which is described in greater detai
wh2iosmee7Bxanpl e Rel ease of an Active Semaphor eP¢UOS2D04/043394

Figure 4 is a flow di agram of one enbodi nent of a

t ecfoosigue Inake fofebitp Spedficatibnoit inventAMBOBRA YescABed Wit
the exanple of Figure 3, the exanple of Figure 4 is

pr oréfegkdble 10 shétificdnodhecitsttRer&dTE Giwiil ol Sdr! BECdvideRSthat various
messages, processing 14 WO 2005/ 066779

PCTnb£BE08004d 3Rthge SQAHBE RRAM ﬁeﬁﬂ)@vn%ﬁ?deﬁ&rﬁﬂg Ff8Re broader

However, release of active semaphores can

nmpﬁ{fﬁﬁﬁ K9pd'st tAinPdrish. Tl}bés&;&éiﬁéah&? and mg%%é ’alc%od%g%ly,

processi ng conponents and data structu

In d when a
Retgggg%%g%giqgﬁgmu%ﬁ%ggmlnsrﬁﬁg§?%ﬁkggﬁgxecuted 410.
The RLS instruction can be executed by the processing
core executing the thread of instructions requesting
the semaphore. As part of, or in response to,
execution of the RLS instruction, a Rel ease Semaphore
Message (REL MSG is transmtted to the semaphore
entity, 420. One format for the REL_MSG is descri bed
above. O her formats can al so be used. [00491 In
response to the REL- MSG the senmaphore entity natches
the thread identifier field of the REL-MSG with 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
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then be granted to the thread corresponding to the new

head entry. |If the correspondi ng semaphore entry is
WwWooi0sa667the head of the linked list, the senaph@r/ES2004/043394

entity set the release-state field of the semaphore

entCyAIM24. Concl usi on 10050] Reference.in the

specification to "one enbodi nent"or "an enbodi nment"

nmeans that a particular feature, structure, or

char act &hasisictaidasier i bed i n connection with the

enbodi nent is included in at |east one enbodi nent of

the invention. The appearances of the phrase "in one

enbodi nent’ 'in various places in the specification

are not necessarily all referring to the sane

enblodi mérnethadcomprisiogs/ 066779 PCT/ US2004/ 043394

[0051] In the foregoing specification, the invention

has beenladiag en pxsoutablp thread o€ instrustios in @n Sypetiviefstate in response to

enbodi nents thereof. It wll, however, be evident that

v ardetsotion qftiiedst onet df@rsst of prédethrmrigrslsopditionse nade t heret o

wi t hout departing fromthe broader spirit and scope

of the sendingtainmssag fremsyremaphioceatd icomtrad pitcudiryamiergratedhe,

accordingly, to be regarded in an illustrative rather

t hathread ofesdtiuctions wechsngescstate]l 6 thiQh2@d bf ia€tié&hs from the inactive

PCT/ US2004/ 043394 CLAIMS What is clainmed is: | A

nmetskpd conpri sing: placing an executabl e thread of

instructions in an inactive state in response to

detection of at |east one of a set of predeterm ned

condi ti ons;

2. The method of claim 1 wherein changing the state of the threaci 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



sendi ng a nessage froma semaphore to control
circuitry to execute the thread of instructions to
Wekwahes 720 state of the thread of instructions PCOHS20ME043394
inactive state. 2. The nmethod of claiml| wherein
changi n§. t heTkstmethododf ctaive 1 tWhemadthe fet of pradeteimiiricd @onditicns
the inactive state conprises changing the state of the
t hreomgirissh a réspertse fromiten®miaphoddlindichting@hdft b aésBurcdcorteBonding
met hod of claim2 further conprising executing the
t hnedd sehaphbetis uabvaitable. wnen in the active state. 4.
The nethod of claim | wherein the set of predetermn ned
condi tions conprises an unresol ved dependency. 17 WO
2005/ 066779 PCT/ US2004/ 043394 5. 'Me nethod of claim
| wherein the set of predeterm ned conditions
conpri sés a Trespshskofichoml firthes enmpisimg endimaihing bt ingication
that a resource corresponding to the semaphore is
unaf asteivif each®f a Phalityedflegctutablechraidsiof irfstmidtiogy,
conprising mai ntaining an indication of a state of
each of a plurality of executable threads of
instructions. 7. The nethod of claim®6 wherein the
indication of the state of each thread conprises a
st at e vari ablhs neathqdeos gloimel b dherein the ndisatimeod the, state ofzagh
of an associated thread. 8. An apparatus conprising:
e x dread compriscs Astateovariphle edrregpaading tee depandescy, ifrappcbf o
instructions in an inactive state in response to
detgsoeipgdthofadat | east one of a set of predeterm ned

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.

18



condi tions; conmuni cation means conmmuni catively

coupled with the execution neans for sending a
worewsage’f rom a semaphore to control circuitryP@UUS2004/043394

execute the thread of instructions to change a state

of the tpr eaghoOfpphratk bEQAIMONGhdrEiR MelifBedtiBRAGE thY Staft bBE RN
9. The apparatus of claim8 further conprising neans

f O thERd BdnRYiri3ks Wkt A8 variABle € Birdspohdag t@aﬁE&B@ex@%,_ if ,oﬁ% a
plurality of executable threads of instructions. 18 WO
20040004 1ReCT/ US2004/ 043394 10. The appar at us of
claim9 wherein the indication of the state of each
thread conprises a state variable corresponding to a
dependency, if any, of an associated thread. 11. An
apparatus conprising: an execution circuit to receive
and exequte Angﬁﬁﬁggcgﬁmhgﬁgructions, wherein the
execution circuit transmts a semaphore request

nessage af Bkbc R iRuit RGedefVe@adledeBute 2 hrtddd idsHBctDh@Wheleth
response to the thread of instructions requiring a

I eSRLIEEEutida Hirhit uﬁ%ﬁiﬁmﬂoﬁ@{eﬁmmﬁﬁ% anBBlcd the thread in

senaphore entity cou e execution circult to

r eChiiNRild Gate ﬁ%ﬁ%g@%h%%ggﬂ%z)g tixﬁ%&‘?cﬁg?re 1?11?% 5 n:%oumﬁ hag%ng

executi on circul an ely gr contro

thgm§§§k%§9g§?%ﬁo&eéﬁpnse to the semaphore request

nessage snitting a semaphore acknow edge

TS BT A0 S Ll P i

execution crrcuitr

se h 0 ssa removes.th ghread of

o PAeF RGO Bl Fron T2 000 BRI 0 Wl B

ap pc%;lggl Yt th%fser%a!lpilxlol%1 ir:l' relspgnlélg tto'Eﬁer se?ng;r;ﬂjorré Isél(]l?e%f 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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at | east one additional execution circuit to execute

threads of instructions; and a thread dispatcher
weawphed7aM t h t he execution circuit and at | eaBET/O8RO04/043394

addi ti onal execution circuit to dispatch threads for

executi gf bynfeQFp&&teﬂomﬁ ullj vliereif tHe@¥édufion difbud®), in
2005/ 066779 PCT| US2004/ 043394 13. The appar at us "of

Cl igbrsd to 1BKRViRY the bdiRapBYR GltnoMMedgd ﬁ)GééL%(er, Yesurh&} execution of
response to receiving the semaphore acknow edge

N SAHRd ESHABSorS TR GidirgQBceding thb SosbltbEARhed with the
i nstructions including accessing the resource

asgomigibed Wi th the semaphore. 14. The apparatus of
clarml | 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 determ ne a status of the

semaphoyg r eﬂié%?fmaratﬂ?@f&dﬂﬁ-ll herefNwisen thethtea® BPihkthichiéhs is
a menory controller; an execution circuit coupled wth

t hey {8 MRENVeGRIN, ERIchEdh dftheliRRRALYGSs 36ies Y Afelbkoution BFRRE
of instructions, wherein the execution circuit

t I 3B&Hok SolPthd SHTRBRAE Bntity RAUEShindBIRAL S AR derPdpR6R Teful S
thread in an inactive state in response to the thread

of mds@gt.ructions requiring a resource having an
associ at ed semaphore; a semaphore entity coupled with
t he execution circuit to receive the

15.  An system comprising:

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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semaphore request nessage fromthe execution circuit
and to selectively grant control of the semaphore in

WO 2Bp06aE® t 0 t he semaphore request nmessage by PCT/US2004/043394
transmtting a semaphore acknow edge nessage to the
execut i 1§) CiThesysteny of aMisr16ifarther bemgrisagtit i on circuitry,
in response to receiving the senmaphore acknow edge
Messageat 16a616n¢ @dditidial éxdeaind ciaéuif tb Skdcue e of mewctibes;
i nactive state. 20 WD 2005/ 066779 PCT/ US2004/ 043394
16and’he system of claim 15 further conprising: at
| east one additional execution circuit to execute

t hr eads, @ifeali QRpdisiet tRBRI waﬂndheeextewﬁ%aéuaﬁt%ﬂam%i one
coupled with the execution circuit and at [ east one
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execution by selected execution circuits: .
sysh&of claim15, wherein the execution C|rCU|try,

in response to receiving the semaphore acknow edge
message, resunes execution of the thread of

i nstructions including accessing the resource
associated with the semaphore. 18. The system of claim

15 whergi.n e Rysidhe ot dMiRAd, Wherkif el et6dutiOnSirdustryl, h redpdfise
i nactive state, execution of the instructions ceases

ang febuivifX M6 sraphore ableldiidd¥e meRses, fb@&mmkécuh&eof the thread

semaphore entity to determne a status of the
S e gPRRRIcRoRsSANIRERg acBRSRE IR resdirce 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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