WD 2005/ 066779 PCT/ US2004/ 043394 PROCESSI NG ARCHI TECTURE HAVI NG PASSI VE
THREADS AND ACTI VE SEMAPHORES TECHNI CAL FI ELD [0001] The invention rel ates
to techni ques and architectures for multi-threaded processing. Mre

parti cul ar W0 2005@s67Mventi on rel ates to techni ques and aPERUSHO#M3EY usi ng
passi ve threads and active semaphores for nulti-threaded processing.
BACKGROUND [ 0002] A "semaphore" (also referred to as "critical sections" or
‘mutex") is a hardware and [ ESHING AROMTECTIIRE HAVING| ows coor di nati on or
synchroni zati on of operBASSHVIE THREADSANDACTIVE $EMAPHORESS conpete for
shared resources (e.g., nenory, files). In general, a semaphore is a val ue
that is stored in a designated | ocation in operating system nenory that
processes can ge. Based on the value of the semaphore, a
process can either access the shared resource or wait for a period of tinme
and check the slﬂﬁ)ﬂibhor@eé@a’?”f??‘WIWSFCM%@@‘WH‘WMNFT‘&H@M conput er
systens are typically inplenented as software routjnes using hardware
support of at orfrecessings Moggpartiuierly Jhe iyentipnsgelaiey fotechnigpes;and architacusnss (e. g,

| ock, bit test, bit test and set, bit test and reset). Using this senmaphore
i npl ement at i on, USHE PrsiYE degade endagtne sermepherenior multighresde arocessingi p can { be
establ i shed through shared (e.g., global) data and one or nore senmaphores.
The senaphoreégéégéggggﬁged data to be nodified by a sel ected one of
mul ti pl e proce re attenpting to nodify the data, which provides
dat a consistenﬁ¥

002] A “semaphore” (also referred to as “critical sections” or “mutex”) is a
hardware and software construct that allows coordination or synchronization of
operations in which multiple processes compete for shared resources (e.g., memory,
files). In general, a semaphore is a value that is stored in a designated location in
operating system memory that processes can check and change. Based on the value
of the semaphore, a process can either access the shared resource or wait for a period
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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[0004] . This semaphore construct is "passive" because threads nust perform
polling operations to acquire a semaphore. The polling requirenment consunes
1 WD 2005/ 066779 PCT/ US2004/ 043394 processor and system resources that
coul d ot hewo go5Mes719sed for ot her purposes. Theref ore, ROTAEN2004043394
semaphores can result in inefficiencies. BRI EF DESCRI PTI ON OF THE DRAW NGS
100051 The i nveprbéessor amsl systém sdsowntes thabgouldatheofisechearsgl for othergurpotesby way of
limtation, in the figures of the acconpanying drawi ngs in which like
ref erence nuneflerefore gfaditional semaphdres car keswitintinefficidCie61 Fi gure 1 is a bl ock
di agram of one enbodi nent of a massively nulti- threaded processor
architecture. [00071. Figure 2 is a conceptual block diagram of one
enbodi ment of a linked 1ist based semaphore structure. [00081 Figure 3 is
an event fl ow JBRIFFDESURIBAONOBTHEMRAWINGS techni que for acquiring an
active semaphore. 100091 Figure 4 is a flow diagram of one enbodi nent of a
t echni que for [00058asiTig imventomtis ilestmedbpivey ef ex@nMe) aRdHit/b) 6GY 3O
PCT/ US2004/ 043394 DETAI LED DESCRI PTI ON (0010] Active semaphores to be used
wi t h passi ve t hiimiation,dn the digames ofithahccdnipahying driveingsainiwhirhdiks eaférgice on, f or
pur poses of explanation, nunerous specific details are set

numerals refer to similar elements. .

[0006]  Figure 1 is a block diagram of one embodiment of a massively multi-

( threaded processor architecture.

[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.



forth in order to provide a thorough understanding of the invention. It wll
be apparent, however, to one skilled in the art that the invention can be
practiced wthout these specific details. In other instances, structures
and devi ceswares®bid® in bl ock diagramformin order toPGRES2d0484384ri ng t he
i nvention. Overview of an Exanple Use of Active Semaphores 100111 Descri bed
herein is an arDBRTABREDUDESGRIBTIEONsOci at ed nmet hods in which multiple parall el
passive threads of instructions (hereinafter referred to as "threads")
coordi nat e acce{9610j 0 sAxdive semapbarestc bSusad ivitlypassied thxeads asedesgrived.cl.theThe
semaphores are referred to as active because the semaphore entity sends
nmessages to exefllowiog deseniption, formuniosesof explanatidny nunterous spesific dbigilssradee of a
thread to change. For exanple, a thread can be placed in a sleep (or

I nactive) node foyth in dréer ¢@plovidretiodoegh understasiingrof ¢he iiventiom, Itwildel ved
dependency, which can be indicated by a semaphore. A thread state variable
correspondi ng tappartu, lbsyeeerche oag skilied irsthelart that thecincentien ¢aadk ptabice hread is  in
sl eep node. 10012] Wen the dependency is resolved a nessage is passed to
control circui twithou(thesg specificaletaily. da dtherdhstaicdsestrctaes andrdgvicésarabpendency
variable to be cleared. In response to the cleared dependency variable the
thread is pl aceul blook diagramtforein(oeder towadi@ pbssiiritigehe ifveatiosi. i on can proceed on the
threads in the active state. [0013] Continuing with the exanpl e above, if a
thread attenpts to acqw re a serraphore and cannot, that thread is placed in
an inactive st aQee arskExample T 4 Semaphores It cannot poll the
semaphore to determ ne Wnen the dependency I ndi cat ed 3 WO 20051066779

PCT/ US2004/ 04330611} Described herein is an architecture and associated methods in which

{

multiple parallel passive threads of instructions (hereinafter referred to as “threads”)
coordinate access to shared resources using “active” semaphores. The semaphores
are referred to as active because the semaphore entity sends messages to execution
and/or control circuitry to cause the state of a thread to change. For example, a
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
3



by the semaphore is resolved, as is required in the prior art. The thread
remains in the inactive state until a nessage is received (e.g., fromthe
semaphore entity) indicating that the dependency has been resolved. In
response t ovoh@snegrage, the thread is placed in the a®OnsS2ea8394 whi ch
al l ows execution to proceed. [00141 Figure 1 is a bl ock diagram of one
enbodi ment of dynkessmnaphore ismebdlved, sty requadred inpheprins srvr Therthread rembids in. As used
herein, the |label "massively nulti- threaded" architecture refers to an
architecture t hatinactied sictesntiia ntesspgeds pravd{s g Sorh thatsemaphore sotitpor t
mul ti-threaded execution. In one enbodi nent, each processor may support one
or multiple thristicking tbd thd depéndemcytihacbeemresoled Nl responseteths messagehtheves hi gh
execution efficiency by allowi ng active threads to be executed while other
threads are i rhreskicplaced isthaaaive statewhichchllows ¢xeentiomtprooeed. st at e pendi ng on a
semaphore does not consune/waste processor resources. Notw thstanding the
descri ption wi t[60I4Es p&igure bis ablovk degram of ome dibodimiented d edssivelymniléct ur e, t he
semaphore constructs and associ ated nethods are applicable to any
mul ti-threaded thresled p@cdssor architagtured | Asiseddferein) the habelti'erassively hidtieads support ed.
10015] Massively multi-threaded system 100 i ncludes nmenory hierarchy 110
t hat stores datthrealed’ drclstecture refers totan atvhitectipaithat uncludgs rauldple prooessday thane or nore
processing cores. Menory hierarchy 110 may include dynam c random access
menory ( DRAM), camsupport multiythiesled execatfoni hrsdne exbbodiment,@adbgsocessoemay nany | evel s
of data caches, and/or one or many |evels of shared instruction and data
caches in any sopportene ammuitiple thréatis Muiti-threddingearth dagloprocekser ach2@esitighc oupl ed
with menmory hierarchy 110, receives information such as instruction pointer
dnd dat a and/ orexetatien ¢ffi¢iericy by alkmsugrctivecthireads tdbecexemmed twhile atier treadsad
di spatcher 120 al so coupled with the

are in inactive state. A thread in the inactive state pending on a semaphore does not

consume/waste processor resources. Notwithstanding the description with respect to
a massively multi-threaded architecture, the semaphore constructs and associated
methods are applicable to any multi-threaded architecture regardless of the number
of threads supported.
[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

4



processing cores via nessage bus 125. In one enbodi nent, thread di spatcher
120 is 4 WD 2005/ 066779 PCT/ US2004/ 043394 responsi bl e of managi ng the
thread resources of the processing cores. Upon receiving a new pendi ng

t hread, thmamghosloespat cher 120 sel ects one processi ng COPET/USkak/043a%t t he
resource to execute the pending thread and di spatches the thread onto the

sel ect ed procesespdngible@f mandgigithet theadresoniced ofdie phdcessing@uiest Upg t hread on a
processing core, thread di spatcher 120 is inforned, consequently, naking the
thread resour eseidinghhew péndingsiseadgthfead dispatchér 120 ketectsaine protessiag fredi Ng

t hreads. 10016] System 100 is illustrated wth nultiple processor cores

(130, 131, 139thatHssthe rdsolrcatockxdchf)the peadilig thieadvtidalispatolees tidahréadagmtd | on circuits
Wi th associated control circuitry. The processor cores can be identical or
t he processor derselsctedprodessing cotea Upbmthe tanplétion 0fdn éxistingdhyeadoder of processor
cores can be included in system 100. In one enbodi ment, the processor cores
are confi gur edptodestiagSore,akredd disputchen 220 i8 ihf@med) eonsedqueiithy, making the thrésdanpl e, row
controller 140 can be coupled with processor cores 130, 131 and 139 via row

control bus 14gesortddn thé processimpeofeaivhilable!ferfuturb@endisy thie@dscoupl ed with
processor cores 150,151 and 159 via row control bus 165. [00171 The

processor coreg0a6le abystent 100 idstiatet With ariRipleprecesbit dokes (1300134| 839, message bus
125. Semaphore entity 170 includes nenory and control logic to provide

semaphor e functs®@nsl arddyl 58 eadh SEWhikIEiticlidereRéction dircOigBvitiHssydiated Bbntrol S€Maphor e
entity 170 interacts with the processor cores by transmtting and receiving

messages as deskéuithe dhe Progéssaticoies chtbaidentieal o2 \the prdeskSrlcotdd caftthveli spat cher 120

is also coupled with semaphore entity 170 via

( varying functionality. Any number of processor cores can be included in system
100. In one embodiment, the processor cores are configured in rows, each row
having a row controller. For example, row controller 140 can be coupled with
processor cores 130, 131 and 139 via row control bus 145. Similarly, row controller
160 can be coupled with processor cores 150, 151 and 159 via row control bus 165.
[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

I 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.



nmessage bus 125. In one enbodi nent, thread dispatcher interacts with
semaphore entity 170 on behalf of a thread by transmtting and receiving
nmessages as described in greater detail below 5 WD 2005/066779

PCTI US2004m@1089e6677¢00191 Control circuitry in each pro®€TASHE4/e433% nmay
contain thread scheduling circuitry to manage the state of nmultiple threads
executing on t jo818janeCpiitaat Ciditfygn eaeh proasssingiEvte Mbyp Contiithrtad schéduliigICt i on
scheduling circuitry to execute an active thread of instructions. During

i nstructi on exeiscnftryotd magage e stawsfenuitipld threadyrenevating dighe same@fockdsing at t enpt to
access shared systemresources. In order to gain control of a . shared system

resource a thr eaand fsydlgprohlain instru¢tion pehadliling ciecuittith exedute e &ctiverust  gai n
control of a semaphore corresponding to the shared systemresource to be

accessed. [ 002@teadof insGuctibhbo Dy ihstruttion @xedBtion] Sne@a imdrecoT e padcesdfnga semaphor e,
the requesting processing core sends a senmaphore request nessage to

semaphor e enti tyres Willtteniptto Biess Awediysteri Roourddt.t Rirordes Rlgalifcohtisl o £maphor e
request message, the requesting thread is placed in an inactive state in

whi ch execut i oshassdchysteni Essotedithread) @iraigh dit<ofr&spendingeRédutioipcodd, magtnaphor es)
halts. [0021]. In response to receiving the semaphore request nessage,

semaphore ent ighiy cdntfdl ofcd semaphofescortkspboriing th the gliatddl systér kds@rceb bk he semaphor e
to the requesting thread. Wien the semaphore is granted, semaphore entity
170 sends a segggested.e acknow edge nessage to the requesting thread. In
response to the semaphore acknow edge nessage, the requesting thread is
restored to an [@20] vensdndlefibbdimid) ifi Brder to gain control of a semaphore, the
( requesting processing core sends a semaphore request message to semaphore entity

170 over message bus 125. After sending the semaphore request message, the

requesting thread is placed in an inactive state in which execution and associated

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.



execution using the requested resource continues. Wien the thread has
conpleted use of the shared resource, the thread sends a rel ease semaphore
nessage to semaphore entity 170. In response to the rel ease semaphore
message, seNARNSOEST®entity 170 rel eases the semaphore aRETANPAY4EIher
threads to gain access to the systemresource. 6 WO 2005/ 066779

PCTI US2004/ 04330622] [ 00 e enibodifrntcsehmptionss ate, supporedticingfucéne supported by

i nstructions (semaphore instructions) that are executed by a processing core
as wel | as mesqgsg@phoré et hatBesaaane)by hpiicessing cqraaswell Lahddgpss processi ng
cores and semaphore entity over, for exanple, a nessage bus 125. In

al ternat e embodiemmphdte maishdes) thitlare passeld betweefl Giotdssingtorésna s@miphdte | Nstructions
can be supported. Semaphore Entity Based on a Linked List 10023] Figure 2 is
a concept ual bleggdy odlérpfdr atimple, OMessHFIdAS 23E I allema® embodiments, diffekenbas ed
semaphore structure. In one enbodi nent, traditional per semaphore queues
are replaced byndlobidditiohal peedagdiady instguctisiisicartte sippaitedr € used to forma Iinked
list for each semaphore. Thus, each semaphore can be a head pointer to a
linked list fornmed fron1entr|es in the buffer pool. The linked |ist can be
either a bi- g : Baskd inkeddiista uni -directional linked |ist.

100241. In one enbodlnent senaphore tabl e 200 i ncludes.a pointer for each
semaphor e suppdf@23y (d’ﬁgm;2mp¢eptuelbdmkmagmmwdneeﬁﬂﬁghmehrbfamﬁkednbodl ment ,
the pointers in semaphore table 200 are head pointers that indicate a head
of a linked |i distbasal somapleecsticturet Ineone embainpant) tkiaditormbpexsémaphore | N one

enbodi nent, free pool pointer

" queues are replaced by a buffer pool having entries that are used to form a linked list

for each semaphore. Thus, each semaphore can be a head pointer to a linked list
formed from entries in the buffer pool. The linked list can be either a bi-directional
linked list or a uni-directional linked list.

[0024]  In one embodiment, 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 pdol 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



220 indicates the head of buffer pool 210 and unused semaphore entries

I nclude a NULL pointer. 100251 I n one enbodi nent, each semaphore entry
(e.qg., 211, 212, 213, 214, 215, 216) includes a released-state field, an
ack-suppr eQ 3M050¢6371%4, a thread identifier field, a pr®AIHRUGFREr and a
next pointer. In alternate enbodi ments, other and/or different fields can
be used, for exasdsle, Inthe exanepld ofifigupol, fieepoot painttr20 pdints éaithe head obthe

enbodi ment, each semaphore can al so include a single bit (or other

i ndicator) to freedntries i bufiestpaelrand pash lof thi frek dniries include epgintetpag t o t he
semaphore is enpty. 7 WD 2005/ 066779 PCT/ US2004/ 043394 [00261 In the
exanpl e of Fi gusubse@uent freseentny; dor eparnple, deadf2e eptni 216 dncludes dpoiiteradlfred the free
entries in buffer pool and each of the free entries include a pointer to a
subsequent fr eeentm Sy, Sefaphotes aimplady hdve anlassociateddinkedlisR Ifor exemiplejes a poi nt er
to free entry 215. Semaphores simlarly have an associated linked Iist. For
exanpl e, entr ietiepql and d02d2emaphorsriabld 200 eorresprind t@Bbivesemaplspesndintry act i ve
semaphores. Entry 201 includes a pointer to entry 211, which is the head
entry in the sei0hpivhides 4 poiriterdo ertiy2l 1,awhichiinthé hedd sntey ip diersemmapbor limked y 212,
which is a subsequent entry in the linked list. Simlarly, entry 202

i ncl udes a poi ristandtinclusles 3 poimer3p enttyi 21 R, whichtifi@ subseguent entryyin the linked liss emaphor e
linked list and includes a pointer to entry 214, which is a subsequent
entry in the |iSikndaly, ety 20Sewhudésor wintér scantre 2131 GORE 1s thehedd eutryrie tsemaphor e
Message (ACQVBG) is used for a thread, or a thread di spatcher on behal f of
a thread, to nesemaghorediphedlist 4l indhales & paintbrao enteyril 4,twhidhds a subsequent

( entry in the linked list.

Semaphore Messages

[0027]  An Acquire Semaphore Message (ACQ_MSG) is used for a thread, ora
thread dispatcher on behalf of a thread, to make a request 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
8



ownership of a semaphore. In one enbodi nent, the ACQWSG contains a
semaphore identifier field, a thread identifier field, an "auto-rel ease"
field and an "acknow edge- suppressi on” (ack-suppression) field. The

aut o-r el eagR, JbHlsghps used for a thread with only a hepdrasmesiaiessay. That
I's, the thread depends on previous threads, but no subsequent threads

depend ?Q.ThSeL%h%@% @%ﬂ?@&g%?ﬁ%@%ﬁ%ﬁé@%if#%fi%e ey or evi ous
i, o U R A S | ™
AGVEG the sermith %?“JE‘%? Py e B hF %ﬁ#?@-?ﬁ%ﬁ"@ﬁé' request
st oS A TR
Semmphor e, The TR0 etk dindiiine b fud ettt 8 4o he

: .”2?8”2%&0?h;”aﬁgfs@%&?%cwﬁﬁ&“ Fifpher Bﬂ&fﬁlﬁtﬂ%ﬂ%ﬁ&%il r's thread
AGQUSG. 11 the & %ﬁ&%ﬁ?ﬁ%ﬁfs%??sdsgﬁtﬁ pie IR Reieciies no
Thiked 115t 15, g%%? i ?ﬁ%‘ﬂeﬂ(‘éﬁ%k}sée%‘?f%@? {iiettens b Phe 10! | ow ng

actions is take 002 he ack-suppression field is not set an ACIt;
MBG wi th the th ‘e1°‘(L§mga330n4 s bl

( [0029]  If the ack-suppression field is not set an ACK_MSG with the thread

identifier is sent from the semaphore entity on the message bus 125 to the requesting
thread. If the ack-suppreséion field is set no ACK._MSG is sent from the semaphore
entity. If the auto-release field is not set, the just-enqueued semaphore entry is
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



identifier is sent fromthe semaphore entity on the nmessage bus 125 to the
requesting thread. If the ack-suppression field is set no ACCC MsSGis sent
fromthe semaphore entity. If the auto-release field is not set, the

j ust - enqueweol2@en@ptOore entry is maintained in the senETAS3004i0483%d | | St .
Consequently, the semaphore linked list is not enpty and the semaphore is
currently ownedBLy MSGthé senaphbre érftityt ivtoves the -efitey fein ehe héddadfthei semaphbret he

j ust - enqueued semaphore entry is renoved fromthe semaphore linked |Iist,
and consequent |linkedlise sermaphore |inked list is enpty. [0030] A Rel ease
Semaphore Message (REL_MSG) is used for a thread to make a request to the
semaphore enti t[¢03p f Iresothenentwdimenty the RELMSGIvan be isduad byne@ntralrdrodtryent , t he
REL _MSG i ncl udes a semaphore identifier field and a thread identifier
field. In one asdocidiedwith any thread¥baridg3he seanaplond. \Upoe récsising thelRELC MSG Ol
circuitry associated with a thread hol di ng ownership of the semaphore, i.e.,
the thread i dahdsefaghord entiftuntdtcthé rleasefstate fizldste igbnéspordingentdy inthé . Upon
receiving the 9 WD 2005/ 066779 PCT[ US2004/ 043394 REL_MSG t he semaphore

entity renoves sefgphortlinked lisofpirbiessiofthel pesition lo£the entiih Gedinkdd liskad | i st. [0031]
I n anot her enbodi nent, the REL_MSG can be issued by control circuitry

associ at ed W t hsemaphoieleheyid asthahéad @f thé tnkee listpheémry id RMmoveddon the Rgdt he REL_MSG
t he semaphore entity unsets the release-state field to the correspondi ng

entry in the sefieaadphoteilinkeldist. iThe néxt etryds Berbeabminp thefhasd dfitlerlinkéd t he entry
inthe linked list. If semaphore entry is at the head of the linked |ist,
the entry is rdisnJvethe héxtentyiendt®RILL, ivhvill becexamiiioq 6 the nkw hecddfthest . The next

entry is then becom ng the head of the |inked

( linked list has the release-state field set, it is again removed from the head of the
semaphore linked list.

[0032] In one embodiment, this recursive process continues until either the head
of the linked list is NULL (the semaphore queue is empty) or the head of the linked
list has the released-state field unset (waiting for the release 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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list. If the next entry is not NULL, it will be examned. If the new head of
the linked list has the release-state field set, it is again renoved from
the head of the senmaphore linked [ist. [0032]. In one enbodinent, this
recursive proges®6dhti nues until either the head of tRCT/VSRUP4IPEtL s
NULL (the semaphore queue is enpty) or the head of the linked |ist has the
rel eased- st at e [#034] d Upewtecqiving the AGKL MSG theereceivingrecesding doee wnsetmthbor e f r om
the thread corresponding to the entry). If the head of the linked list is
not NULL and twa#-semiaphoxgstatecficld ofithefthreadddéntifiedhy thethreadiidentifiér R8& Ifs sent by

t he semaphore entity to the thread identified by the entry's thread

i dentifier fi el thiedd is incaninagtivecstate, the threadistate is ¢haggeditgamastiveNitite. and t he
ack-suppression field is set, no ACK MsGis sent. 100331 The Senmaphore

Acknow edgenment Message (ACK MSG is generated by the semaphore entity to
notify a threaé@m&%ﬂﬂwﬁested semaphore has been acquired. In one

enbodi nent, the ACK MSG incl|udes a semas)hor e identifier field and a thread
identifier fiell@3SiThe AndcquimSemaphoses(AEP) otryetion causes am ARRNMSGe entity and
received by the processing core executing the thread identified by in the
thread i dent i iessage fode gent togthegenppiws:iaEt Mith asemnbsridatifierdfte [ 0034] Upon
recei ving the ACK_MSG the receiving processing core unsets the
wai t - serraphor e requestes semanhgregthe thiead identifies of thereguestingthrggd and avithtihecautd-i dent i fi er
field. If the thread is in an inactive state, the thread state is changed to
an active st at ecleassield puset. e thaeadiisnws injap iresfve Alate gt the waitsemaphase ¢ ( ACS)
I nstruction causes an ACQVSG
( state field set. The ACS instruction is paired with (followed by) a Release

Semaphore (RLS) instruction (described below). The ACS-RLS instruction pair can

be used, for example, for critical section applications.

[0036] An Acquire Semaphore with Auto-Release (ASR) instruction causes an

ACQ _MSG to be sent to the semaphore entity with a semaphore identifier for 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



nmessage to be sent to the semaphore entity with a semaphore identifier of
the requested semaphore, the thread identifier of the requesting thread and
with the auto release field unset. The thread is put in an inactive state
wi th the waid2oegesephore state field set. The ACS i nstr 8CTiUS2004/64339di red wi t h
(foll owed by) a Rel ease Semaphore (RLS) instruction (described below). The

ACS- RLS i nst r uctieOT$ Bistructiahis nBEusttSie fhe adkOfupSréRivR fild if Qf inGhd Aé%}kséect i on
applications. [0036] An Acquire Senmaphore w th Auto-Rel ease (ASR)

instruction cayssgowdly isstéddyhe hRad@ispahér. t 0 the semaphore entity with a
semaphore identifier for the requested semaphore, a thread identifier of

the requesting [pb3spad LQReley¥e Bbmdphsre WAL inskrfdtdA ehusdsaREL, MG to HBGenk N €ad i's

put in an inactive state with the wait-semaphore state™ field set. In one

enbodi ment,  t ha MeRembHofe thtity With @ 3EHhore RieRf¥icr &5 thi sbilaghBR vilnp | NStruction.
I n one enbodi nent, the ASR instruction is used for threads with only a head

dependency. [ 00giélsedal threREIABRINRF Br ¥ VeRasihg hicadl CTHeGBlessg Hhread! hE

wai t - semaphore thread state field to be checked. If the state field is set

the thread i s pPihaindin'theackitedinl. iEasAES ﬁmﬁucﬁﬁnﬁarﬂjgee%tﬁév%ugl%%s&dif& ot set the
thread remains in the active state. No nessage is sent o the semaphore

entity in respogResidginRadYnty brd RISt Mon idfe@ed {1 A RSHStri RSk hadbbdnON 1 1MDI i €s

that the semaphore was acquired previously by the thread dispatcher using

t he ACQVSG on tehast ' ' 1 WO
2005/ 066779 PC’?‘SI;EU'S;JJZ%I 4%8'51&9:%5991’9 The S\MS ?ﬁ%{‘%‘???“éﬂb‘?%ﬁ’%%? Efs"?g'rusf t he

ack- SUPPr essi oMy fiehish s beRlisshdd thte AR B, BUPHShiirBSHEE) s NE ¢ hr e

di spat cher.

( not be followed by a RLS instruction depending on the auto-release field of the

ACQ_MSG sent by the thread dispatcher. If the auto-release field is unset, no RLS
instruction should be issued. If the auto-release field is set a RLS instruction should

follow the WTS instruction.

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



[ 0038] A Rel ease Semaphore (RLS) instruction causes a REL_MSG to be sent to
the semaphore entity with a semaphore identifier for the semaphore being

rel eased and a thread identifier for the releasing thread. The rel easing
thread reN¥d2850667Phe active state. |f an ACS i nstruct iP6A/USAYIBEAH
previously issued for the releasing thread only one RLS instruction is

i ssued. |f an ASRuctions isuctomphisied i 4oy anannep kewindn the yrtiustillasembphoretihe r el easi ng
thread no RLS instruction is issued. If a WIS instruction has been issued
for the rel easimeded#l@ad, the WIS instruction may or may not be followed by
a RLS instruction depending on the auto-release field of the ACQVSG sent by
the thread di sf8@43her Inbie enibodimentywhen asersaphbieds nkbedesl, 3105 @t Acquive RLS
instruction should be issued. If the auto-release field is set a RLS

i nstruction shdismdphokex{AGS)instnectioll 13 ekerated,320.i The. AGKiasmictionmgbe si ti on of an
Active Semaphore [0039]. Figure 3 is an event flow diagram of one enbodi nment
of a techni que exequted by theiprocasyinggom cxécutingslethysinbofdnstri¢tionerequasting thé  Fi gure 3
is provided with reference to specific instructions, messages, processing
conponent s and sdmaphort rAs@i pf or in réspemse @ sxeautignipfthe AGH istrudtion, anemaphor es can
be inplenmented using other instructions, nessages, processing conponents
and/ or data st rAcuine Ssmaph@e Mesages(ACQ MSE) ib tahsmitted to tietsemaphoreentitybgut ed by a
processing core, the instructions are executed when resources are

avai | abl e. \Whernthepmessing @e: dxesutingjthe thrend oeg tiemeessage busg3A0r €nhe fdrmat farxanpl e, a
shared menory | ocation, ownership of a semaphore may be required to access
t he resource. TheACQeMSGUs dascribed alidve Otherdfathatsfcar Asd/ Wded)5/ 066779

FCT/ US2004/ 043394

[0042] As part of, or in response to, execution of the ACS instruction, the thread
requesting the semaphore is placed in an inactive state with the wait-semaphore state
field set, 340. By placing the thread in the inactive state, instructions in the thread
are not executed, which includes polling of the requested semaphore should the
initial semaphore request be refused. By placing the thread in the inactive state
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
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instructions is acconplished in any manner known in the art until a
semaphore is needed, 310. [0041] In one enbodi nent, when a semaphore is
needed, 310, an Acquire Semaphore (ACS) instruction is executed, 320. The
ACS i nst rudYQ ¥58&A"%e executed by the processing cor e PETASA%MAE3Me t hr ead
of instructions requesting the semaphore. As part of, or in response to,
execution of t lamd thOfew ersxyrbecanies the new tail Aoty i In endiieerenn badireeritibestaid) of theA\CQ. MSG) i S
transmtted to the senmaphore entity by the processing core executing the
t hread over t héinkeddistigdirdstly jdediizd bthe tailpointer of the linketh istAfoBithes descri bed
above. O her formats can also be used. [ [0042] As part of, or in response
to, execution efmdphere@B®.i nstruction, the thread requesting the semaphore
is placed in an inactive state with the wait-semaphore state field set,
340. By pl aci n{00d#tle t As duehds compiate ush afthe recousie zomespondiigrtol the senmphora t he t hr ead
are not executed, which includes polling of the requested semaphore shoul d
the initial sd¢rdirkolieldisgthesmaplwre releassecntréyof the sanaphorewhitthisead in t he
i nactive state processor resources and system bandwi dth are not consunmed by
the thread wai desegbedfimgreatemdetadivaloivo When & samaphque sceleasedthe capresposdipgor t i ng
mul ti-threading, the processor resources and system bandw dth can be used
by ot her acti veemdpheradstry 4t@@48dd ofitte sermaphpra tinkeddist is tepnovedandles t he ACQ MSG
and places the requester information entry in the linked |ist of the target
semaphor e, 350 suliséqueltsersapiersieotneinitis: linkat lisbboerlesahe leadof the linked lsg. anot her
thread, the semaphore entry is placed at the head of the semaphore |inked
| i st because t l{@¢048] ar &Vheo a eénmphore pritryibecomek fhe hird of dremerhaphereiliskeddisthed or
controll ed by another thread, the semaphore entry is placed at the tail of
tthe semaphor e lits state dields are exdminaskby thersbmatihome entity.tIfithe beki-duppression dieldiimked i st is
I dentified

not set, an acknowledgement message (ACK_MSG) is transmitted from the

semaphore entity to the thread associated with the semaphore entry, 360. One
format for the ACK_MSG is described above. Other formats can also be used. The
ACK_MSG indicates to the receiving entity (e.g., a thread) that the receiving entity
has been granted control of the corresponding semaphore.
[0046)  Inresponse 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



by traversing the linked list entries in the buffer pool froma head entry
to atail entry 13 WO 2005/066779 PCTI US20041 043394 and the new entry
beconmes the new tail entry. In another enbodinment, the tail of the |Iinked
list is di Meey/sedehtified by the tail pointer of the IRGIKER4043394t ored in
the semaphore table. [0044] As threads conplete use of the resource
correspondi ng tcompdnents endedatacstructures Haweverzrdleaso bfidctive semaphazesecpinbe e r el eases
control of the semaphore, which is described in greater detail bel ow. Wen
a semaphor e i s implementedisingethevinstaispensdhesgpgesspraenssing eompanenys and/ot data head of
t he semaphore linked list is renoved and the subsequent semaphore entry in
the |inked |iststgpdresres t he head of the linked Iist. [0045] Wen a
semaphore entry beconmes the head of the senaPhore linked list, its state

€

fields are exarf048d bin eneembedimentor ssmaphoretiyrelepsed when & Bhleasg Spmapbgieon field is
not set, an acknow edgenent nessage %QCK MSG is transmtted fromthe
semaphor e ent i (BLY)dnstHetiontis exgenteds 410c i The BES instrustiomeande gxgsied by it ry, 360. One
format for the ACK MSG is described above. Qther formats can also be used.
The ACK MSG i rpicessing sore exechiingthetbieod ofdnstmations requesting thexsemaplwzad )Ast hat t he
receiving entity has been granted control of the correspondi ng semaphore.
[ 0046] | n respeadef, pninmésponscio, MRGition of the RELR instouetiom @ Releassfigmiaphozect i vat ed,
370. Whien activated, processing of instructions in the thread resumes and
the shared reddassage (REL MSGontanswittedtotthesemepharsietity, 428n Opbe famatdersed, 380.
Wien the thread has conpleted access to the shared resource the semaphore
is rel eased, withedREL MSGisslescribesichbpve. Pthenfosnatsicanalsd boudeduw. '
( [0049]  Inresponse to the REL_MSG, the semaphore entity matches the thread

identifier field of the REL_MSG with the semaphore linked list. The semaphore

entity checks whether the corresponding semaphore entry is at the head of the linked

list, 422. If the corresponding semaphore entry is at the head of the linked list, 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.
15



Exanpl e Rel ease of an Active Semaphore [0047] Figure 4 is a flow diagram of
one enbodi nent of a technique for releasing an active semaphore. As with
the exanple of Figure 3, the exanple of Figure 4 is provided with reference
t 0 speci fi WO 208%/664TW ons, nessages, processing 14 WO 2@0T/USHWF/43394

PCT/ US2004/ 043394 conponents and data structures. However, rel ease of
active senmaphor[@esifan Iipthe foregoingyspatificdtionsthe thverition hasibeér ded@ribe@Wih nessages,
processi ng conponents and/or data structures. [0048] In one enbodinent, a
semaphore i s r atferiedo ¥eeific amBadinagsth&estatinil,dowévet, B evidet tHiCtarions i S
executed, 410. The RLS instruction can be executed by the processing core
executing the trhddificdticis ahdicHaniges tanbenade thereiwithqutidepartugy fegni the ®roaded part of ,
or in response to, execution of the RLS instruction, a Rel ease Senmaphore
Message (REL Mspixit aml scoperof thetinventiono Théspecificuripnumddrasiiigstaye, actafdinglgne f or mat
for the REL MSG is described above. Other formats can al so be used. [0049]
I n response to tb berepiried\iben illuttatiserithehthinea resttictivy seiied. ches t he t hr ead
identifier field of the REL MSG with the semaphore |inked list. The
semaphore entity checks whether the correspondi ng semaphore entry is at the
head of the linked |ist, 422. If the correspondi ng semaphore entry is at
the head of the linked Iist, the semaphore entity renoves the thread entry
fromhead of the linked list, 430. The - subsequent entry in the linked |ist
beconmes the head entry, 440. The semaphore can then be granted to the
thread corresponding to the new head entry. If the correspondi ng senmaphore
entry is not at the head of the linked list, the semaphore

{
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entity set the rel ease-state field of the semaphore entry, 424. Concl usion

[ 0050] Reference in the specification to "one enbodi nent"” or "an enbodi nent"
means that a particular feature, structure, or characteristic described in
connection wth the enbodinent is included in at |east one enbodi nent of
the invention. The appearances of the phrase "in one enbodinment! "in
various places in the specification are not necessarily all referring to

t he sane enbodi nent. 15 WD 2005/ 066779 PCTI US2004/ 043394 [0051] In the

f or egoi ng (IpemvmSi cation, the invention has been described with reference to
speci fic enbodi nents thereof. It wll, however, be evident that various
nodi fi cati ons and changes can be nade thereto w thout departing fromthe
broader spirit and scope of the invention. The specification and draw ngs

are, according 0 % arded in an illustrative rather than a
restrictive seh@%ﬁgsq.ﬁfﬁﬁgws What is clainmed is: 1. A nmethod conprising:
pl aci ng an executable thread of instructions in an inactive state in
response to a resource being unavailale; and when the resource becones
avai | abl e, changing the state of the thread of instructions to the active
state and granting the r&sBefhedcqmepisiig:t hread of instructions.

placing an executable thread of instructions in an inactive state in response
to a resource being unavailale; and

when the resource becomes available, changing the state of the thread of
instructions to the active state and granting the resource to the thread of

instructions.

2. The method of claim 1 further comprising executing the thread of

instructions when in the active state.

3. The method of claim 1 further comprising maintaining an indication

of a state of each of a plurality of executable threads of instructions.
4. The method of claim 3 wherein the indication of the state of each

thread comprises a state variable corresponding to a dependency, if any, of an

associated thread.
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2. The nethod of claim1 further conprising executing the thread of
instructions when in the active state. 3. The nmethod of claim| further
conprising maintaining an indication of a state of each of a plurality of
executabl e threads of instructions. 4. The nethod of claim3 wherein the
indication of the state of each thread conprises a state variable
corresponding to a dependency, if any, of an associated thread. 17 5. An
apparatus conprising: execution neans for placing an executable thread of
instructions in an S5inactAnvpstatis€omprisiggponse to detection of at |east one
of a set of predeterm ned conditions; conmunication neans communi catively

coupled with the exegsdutieh H&RA9Sfor fp‘l)c{cu%eﬁ}d'eﬁlgcu@abﬁ@w of liNThRLSRMRPRPre to
control circuitry to execute the thre instructions to change a state

of the thread qlflac'nOéts{a‘deC A ?é%gorfs%qg‘&e&%ubﬁ‘%?ta{ Ye%sts&?et 5t agset Ef‘ﬁgegi&% Akys of

claim5 further I'ntai ni ng a State
of each of a pIur I of executable t hr eads of |nstruct|ons. 7. The
apparat us of cFQP%P%“ erein the indication of the state of each thread
conprises a state variable corresponding to a dependency, if any, of an
associ ated thread. SOMNHNIHAR Aieass ewmBHRiSItivgly eaupled owitl therexesutionimeany
receive and execute a thread of instructions, wherein the execution circuit
transmits a seﬁﬁpﬁmdmgmequssﬁfhn&sagn%@nwtpmamgéCﬁWGUvaeamuwtheﬁmwdof

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

6. The apparatus of claim 5 further comprising means for maintaining

an indication of a state of each of a plurality of executable threads of instructions.

7. The apparatus of claim 6 wherein the indication of the state of each
thread comprises a state variable corresponding to a dependency, if any, of an

associated thread.

8. An apparatus comprising:

an execution circuit 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;

and a semaphore entity coupled with the execution circuit to receive the

semaphore request message from the execution circuit and to selectively grant

18



in an inactive state in response to the thread of instructions requiring a
resource having an associ ated senmaphore; and a semaphore entity coupl ed
with the execution circuit to receive the semaphore request nessage from
the execution circuit and to selectively grant 18 control of the semaphore
in response to the semaphore request nmessage by transmtting a semaphore
acknowl edge nessage to the execution circuitry, wherein the execution
circuitry, in response to receiving the semaphore acknow edge nessage,

renoves the thicemgbiobf it seMeHoBN Sn fre @i ®o ItRAGEIMYBhott akQuesD -mebiige appar at us
of claim8 further conprising: at |east one additional execution circuit to

execute threadg Qlmi e{ d%x% ackmgz% LSRR ! RPALENEN &Pdﬁm)?@vh‘é%ehf‘ t he

executi on CIrCUIt an st one t1onal execution circult to spat ch
t hreads for ex cution bﬁ cuﬁCted execution circu atus of
cUt

claimg. wher eitit CHEUEQ R OF, BANTRS | el g bk Ssemianork Gy dPREES o

semaphor e acknow edge nmessa resunes execution of the thread of

i nstructions i MSEARCNGTRYES EF}HE)adtq’fénsrtré'%Qﬂscf@nh%d’éﬂcﬁt’eeﬁfa\ﬁn th the

semaphore. 11. The apparatus of claim8 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 senm@phor &heappeestts of dsisme@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.

10. The apparatus of claim 8, 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.

11.  The apparatus of claim 8 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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19 12. An systemconprising: a nenory controller; an execution circuit
coupled with the nenory controller to receive and execute a thread of

i nstructions, wherein the execution circuit transmts a semaphore request
nmessage and places the thread in an inactive state in response to the
thread of instructions requiring a resource having an associ ated senmaphore;
a semaphore entity coupled with the execution circuit to receive the
semaphore request nmessage fromthe execution circuit and to selectively
grant control of the semaplieiks domprBmgonse to the semaphore request nessage
by transmtting a semaphore acknow edge nessage to the execution circuitry,
wherein the executiQpefdtCohdiler; | N response to receiving the semaphore
acknowl edge nessage, renoves the thread of instructions fromthe inactive
state. 13. The systemof claim12 fur Qer. rising: ar |east one

addi tional executi od ¢ ‘flE)cuitx%oculﬁ’ie Wﬁﬁggéé?egfor?ncé’f’%’ﬁl&r?tf)’n%e?ew%ﬁﬂd a
thread di spatcher coupled with the execution circuit and at ] east one

addi tional exed¥EFHh Zithead tOft dNFFUSHRNSC HVHERTIR S FFCUESI SFCPBNIHPMAE| &t ed
execution circuits. 20 14. The systemof claim 12, wherein the execution
circuitry, in respphnserequest messsgeiang plapes the fagddn @ndederisosteiddge reppensade,
resunmes execution of the thread of instructions including accessing the
resour ce associth¢ thaeadioff instrhetiss mepliviirgea 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.

13. The system of claim 12 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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15. The system of claim 12 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
semaphore request nessage. 21

14.  The system of claim 12, 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.

15.  The system of claim 12 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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