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wi shes to access a shared resource, it nakes a request
to obtain a I ock on the resource. If the resource is

BaCkg%tungurrently | ocked by another thread, a lock is

[0002] In a multi-threaded enviromment, resources may be shared by multiple threads.
For example, a section of memory that stores the value of a global variable may be
accessed and updated by many different threads. Whenever a resource such as a memory
section is shared, it is important to ensure that updates to that resource are performed
atomically. If they are not, then data consistency could be compromised. For this reasom,
multi-threaded environments usually implement some type of access management
methodology to ensure that updates to shared resources are carried out atomically.

[0003] One way to ensure atomicity is to implement locking. With locking,
whenever a thread wishes to access a shared resource, it makes a request to obtain a lock
on the resource. If the resource is not currently locked by another thread, a lock 1s
granted to the thread. Thereafter, the thread can read and update the contents of the

resource with full assurance that no othér thread will update the contents of the resource



granted to the thread. Thereafter, the thread can read
and update the contents of the resource with full
w@as®anatee t hat no other thread will update theCT/US2006/018643
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which hRr£aBheny Sofdurtn8y ERSAHAE Brade, bekiRe cHPRAd edwaldndsd
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. d wishes to access a resource, it obt ains a
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is still valid. If no other thread has updated the
at theQé £MsBurce is accessed but rather on the back end when the contents of the
resource are to be updated. Under the load link/store conditional approach, when a thread
wishes to access a resource, it obtains a reservation. With a reservation, the thread is
allowed to access and read the contents of the resource. If the thread updates the contents
and then wishes to write the updated contents back into the resource, then the thread has
to check to see if its reservation is still valid. If no other thread has updated the contents
of the resource after the reservation was obtained, then the reservation is still valid, in

which case, the thread is allowed to update the resource. However, if any other thread

updated the resource after the reservation was obtained, then the reservation is no longer



of the resource after the reservati on was obt ai ned,
then the reservation is still valid, in which case,
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if any other thread updated the resource after the
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resources. This nechanism (referred to hereinafter as
threadg.he | ock nanager) enables atonicity to be ensured in
an environnment in which there is a | arge nunber of
concurrently executing threads (i.e. a nmassively
mul ti-threaded environnent) w thout suffering the
Summagyst e and i nefficiency of the prior approaches. [0006]
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resource. As used herein, the termstreamrefers
(referrgst iodirginateer as the lock manager) enables atomicity to be ensured in an
environment in which there is a large number of concurrently executing threads (i.e. a
massively multi-threaded environment) without suffering the waste and inefficiency of
the prior approaches.
[0006] In one embodiment, the lock manager manages resource locking as follows.
Initially, the lock manager receives, from a particular stream executing a particular thread,
arequest to obtain a lock on aresource. As used herein, the term stream refers broadly to
any set of components that cooperate to execute a thread. In one embodiment, the lock

manager resides on a processor that comprises many streams. In response to this lock

request, the lock manager determines whether the resource is currently locked by another



any set of conponents that cooperate to execute a

thread. In one enbodi nent, the | ock manager resides on
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to this | ock request, the | ock manager determ nes
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on the wait list, in turn, to obtain a |lock on the
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the resource, and rel ease the |ock on the resource. At
resourB@nMe poi nt, based upon the wait |ist, the | ock manager

determines that it is the particular streanis turn to
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resource, perforn1mhatever processi ng and updates it
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manner, the |ock manager enables the particular stream
point, 1 lock manager grants the particular stream a lock on the resource. In one
embodiment, in addition to granting the lock, the lock manager also causes the particular
stream to resume execution of the particular thread. Thereafter, the particular stream can
access the resource, perform whatever processing and updates it vﬁshes, and release the
lock when it is done. In this manner, the lock manager enables the particular stream to
reserve and to obtain a lock on the resource. By implementing locking in this way,

streams do not need to repeatedly request a lock on a resource. Instead, they submit only

one lock request, and when it is their turn to obtain a lock, they are granted that lock. By



reserve and to obtain a | ock on the resource. By
i npl ementing locking in this way, streans do not need
wo 0006apEat edl y request a | ock on a resource. |PCL/E806/018643
they submt only one | ock request, and when it is
their turn to obtain a | ock, they are granted that
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Drawi ngs [0008] Fig. 1 is an architectural overview
for a packet processing engine in an enbodi nent of the
Brief Ble8S§fton iR RMia@iesl 0009] Fig. 2 is a nmenory map for
the packet processing engine in an enbodi nent of the
[0008pr esBigt 1 isaneathitaturdle@d@jewria.a Bickdtipustcsangenghet imian of
t he address space for the packet processing engine in

embo@ @ BPte RRbntahvddienpr esent invention. [0011] Figs.
4a through Fig. 4d conprise a |list of configuration
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il lustrates hashing function hardware for the packet

the p1E3eBE BWENHY- engi ne in an enbodi nent of the present
invention. [0013] Fig. 6 is atable that lists

[0010per f Bigndnbmsiretee Atigil bdthetaddrepagieet fprbcpmsegoesssingengine in
an enbodi nent of the present invention. [0014] Fig. 7

an enfbo81inSer® 9f B Hr&bAIAGntidat er m nation for the packet
processi ng engine in an enbodi nent of the present
knvept i on. Fi sl i st Rort | oo
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enbodi nent of .t he E)re egt i nvention. . )
processing engine according to an embodiment of the present invention.

[0012] Fig. 5 illustrates hashing function hardware for the packet processing engine
in an embodiment of the present invention.

[0013] Fig. 6 s a table that lists performance events for the packet processing engine
in an embodiment of the present invention.

[0014] Fig. 7 lists egress channel determination for the packet processing engine in an
embodiment of the present invention.

[0015] Fig. 8 lists egress port determination for the packet processing engine in an
embodiment of the present invention.

[0016] Fig. 9 indicates allowed degree of interleaving for the packet processing

engine in an embodiment of the present invention.



[0016] Fig. 9 indicates all owed degree of interleaving
for the packet processing engine in an enbodi nent of
W b@opr4ssent i nvention.[0017] Fig. 10 is an  PCT/US2006/018643
illustration of d obal block architecture in an
enbodi nent of the invention. [0018] Fig. 11 is an
{0017 x pakige ti s anvillustoationg{ ol bhick enijiectertis anfenibbéiment of the
A obal block. [0019] Fig. 12 is an illustration of a
invenRont i Nng bl ock in an enbodi nent of the invention.
[0020] Fig. 13 is a table indicating mgration
r ot ggO [ o L.S..a.-hl ock
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inveption. [0022] Fig.. 15 i.s dj agram of _a Port
10019 nt o DR s GLR T oE 2 = RBvice Rlogk F=1 s St thent
) LOOZS] Fig. 16 is a diagram of a Packet Loader Bl ock
mvenppht he Network Unit in an enbodi nent of the invention.
[0024] Fig. 17 is a.diagramof a Packet Buffer Contro
[0020Bl ocKigi 18 A ebledndiogtis. m{e@RRa|prétb&h] baBvdes tab& agr am of
a Packet Buffer Menory Block in an enbodi nent. [0026]
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invenEltable illustrating the interface between the Network
?ck and the Interconnect Bl ock. [0028] Fig. 2 1is a
table illustrating the interface between the d obal

[0022f) ocdkiegahyistarBagramerfadimelaterBeoblock in the Network Unit in an

embodiment.

[0023] Fig. 16 is a diagram of a Packet Loader Block in the Network Unit in an
embodiment of the invention.

[0024] Fig. 17 is a diagram of a Packet Buffer Control Block in an embodiment.
[0025] Fig. 18 is a diagram of a Packet Buffer Memory Block in an embodiment.
[0026] Fig. 19 is a table illustrating the interface between a Tribe and the Interconnect
Block.

[0027] Fig. 20 is a table illustrating the interface between the Network Block and the
Interconnect Block.

[0028] Fig. 21 is a table illustrating the interface betv‘veen the Global Block and the
Interconnect Block.

{0029]  Fig. 22 is a diagram indicating migration protocol timing in the Interconnect

Block.



[0029] Fig. 22 is a diagramindicating mgration
protocol timng in the Interconnect Bl ock.[0030] Fig.
wQ3006a2413¢ abl e il lustrating the interface bet we€nUS2006/018643

Tribe and a Menory Interface block in an enbodi nent of

the invention. [0031] Fig. 24 is a table illustrating
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nterface block in an enbodi nent of the invention.
hlterf%g)eolﬁglk H B enfRdifed Rl ifvdddoystrating the interface

etween a Menory ntroller and a Menory Interface

l ock. in, an enbadi nent qof .the invention. [00 Fig.
1003136 < Fisnd 4 BBIey Duienor e HEERs b e o él?@ﬁ\%k ahid a
enmbodi ment of the invention. [0034] Fig. 27 shows
Memowyi Ipterfaemblogk imaneerhlaskbmen of diegt inwériten. t i mi ng. [ 0035]
Fig. 28 shows tribe nenory interface to d obal timng.

[0032) 003B]g. £5 ¢ a RBleshouting petintepided Botatal 4 MengnalConirbll@ and a
menory bl ock. [0037] Fig. 30 is a table illustrating

R : : T ; Menory Bl ock in an
Meméx r%fgnte%@cr f18ee et WSS Redde kﬂ?e[ 1%{8%%?)11. y

odi ment of the 1 nvention. Fig. 31 is a table
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_ [0039] Fig. 32 is a table illustrating the interface

mvengekween a Tribe and the Interconnect block in an
enbodi ment of the invention. [0040] Fig. 33 is a block

[0034di agFaRMDEhaws €ith atintenintefadehe commght iigfng. [ 0041] Fi g.
34 is a Tribe mcro architecture bl ock diagram [0042]
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[0036] Fig. 29 shows input module stall signals in a memory block.

[0037] Fig. 30 is a table illustrating the interface between a Tribe and a Memory
Block in an embodiment of the invention.

[0038] Fig. 31 is a table illustrating the interface between a Tribe and the Network
Block in an embodiment of the invention.

[0039] Fig. 32 is a table illustrating the interface between a Tribe and the Interconnect
block in an embodiment of the invention.

[0040} Fig. 33 is a block diagram of an embodiment of the invention.

[0041] Fig. 34 is a Tribe microarchitecture block diagram.

[0042] Fig. 35 is shows a fetch pipeline in a tribe in an embodiment of the invention.
[0043] Fig. 36 is a diagram of a Stream pipeline in tribe architecture.

[0044]}  Fig. 37 is a stream pipeline, indicating operand write.

[0045] Fig. 38 is a stream pipeline, indicating branch execution.



[0043] Fig. 36 is a diagramof a Stream pipeline in
tribe architecture. [0044] Fig. 37 is a stream
w@reli2418) i ndi cating operand wite. [0045] FiBCT/BR2006018643
a stream pi peline, indicating branch execution.[0046]
Fig. 39 illustrates an execute pipeline. [0047] Fig.
[004610 i IFid)SPriaiseates ol exeotengpéliggpdul es. [0048] Fig. 4 1
illustrates a matching matrix for the arbitration
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[ustrates adl ock resolution. [0051]

ration of a cro r
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interface nodul es. [0053] Fig. 46 illustrates the
[0049]nputigdd idlusiigies arbist #aggs0054] Fig. 47 illustrates a
wite buffer nodule. [0055] Fig. 48 illustrates the
[0050)et ufFig. B dilbserattatieadpadhresdlORRE] Fig, 49 is an
illustration of a request buffer and issue nodul e.

[0051]005ﬂg bt Gs ar?’@lukt?atﬁnmf%t&lés@l‘fz&lm&{u‘?&k di agram of a set

corrponents that partici pate In a lock reservation
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[005330 i figyre allestraigs the ipputimodide dataartbe Wit h one
enbodi ment of the present invention. [0059] Figs.
[005482- 5&is ADWlidnetes amirgabsffefmadileck nmanagenment storage
and a wait |ist storage structure as they are updated
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[0057] Fig. 50 is a high level block diagram of a set of components that participate in
a lock reservation methodology, in accordance with one embodiment of the present
invention.

[0058] Fig. 51 is a block diagram that shows one of the memory controller blocks of
Fig. 50 in greater detail, in accordance with one embodiment of the present invention.
[0059] Figs. 52-56 show the contents of a lock management storage and a wait list
storage structure as they are updated in the procéss of putting streams on a wait list and
taking streams off of a wait list, in accordance with one embodiment of the present
invention.

[0060] Fig. 57 shows an augmented lock management storage which further
comprises a value portion, value valid portion, and a dirty bit portion, in accordance with

one embodiment of the present invention.



i nvention. [0060] Fig. 57 shows an augnmented | ock

managenent st orage which further conprises a val ue
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i n accordance with one enbodi nent of the present

i nvention.[0061] Fig. 58 shows an augnented | ock
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ti-Threaded Packet Processing Engine [0062] In a
Pwseﬁ?l@f’@}“@@d enbodi ment of the present invention a
mul tithreaded packet processing engine that the
inventors termthe Porthos chip is provided for

tateral ing at bit rates up to 20CGhps
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enbodi nent of the present invention. [0063] A two
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transferred off chip for later processing. Packets may
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al so be created by software and transmtted. [0064] In
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(0- 7) each associated with a
stores individual packets from data streams until it is determined whether the packets

should be dropped, forwarded (with modifications if necessary), or transferred off chip
for later processing. Packets may be transmitted from data stored externally and may
also be created by software and transmitted.

[0064] In preferred embodiments, processing on packets that are resident in the chip
occurs in stages, with each stage associated with an independent block of memory. In the
example of Fig. 1 here are eight stages 104, labeled (0-7), each associated with a
particular memory block 105, also labeled (0-7).

[0065] Each stage 104, called by the inventors a #ibe, can execute up to 32 software

threads simultaneously. A software thread will typically, in preferred embodiments of the



particul ar nmenory bl ock 105, also |abeled (0-7).
[ 0065] Each stage 104, called by the inventors a
W0 pi0ba2476@N execute up to 32 software threads PCT/US2006/018643
si mul taneously. A software thread will typically, in
preferred enbodi nents of theinvention, execute on a
invergiongéxecptaciet sihgle pawket i dpe tabe a d tinme, and mebyriagap) foomp one tribe
fromone tribe to another. [0066] A two Hyper Transport
to anbieer face 106 is used to conmuni cate with host
processors, co-processors or other Porthos chips.
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ProCESERTS O PEEEL T PE O TS 1955 Eifent ed by Porthos is

simlar to the well-known 64-bit MPS-IV ISAwith a
[006Tlew dmixedirendecnangimeftef thd divtcntos eacifebergkegutes instructions to
di fferences between the Porthos | SA and MPS-TV are
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Regi ster Size [0068] The Porthos | SA contains 64-bit
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in 64-bit nmode. Al nenory is treated as big-endian
MIPERY sphemenpdzed s Vit that control s endi anness.
Since there is no TLB, there is no address
translation, and there are no protecti on nodes
i mpl emented. This neans that all code has access to
al | regions éf MemsryAddrfssingsndRegistegazeal ent to a
M PS processor where all code was running in kerne
[0068jpde Tandotthes IN/BcordppeM-blteegsitisy dohiizics a2-baddiess:s with
space. The physical address space of Porthos is
no TBB: Wihk&.is 86 301t MPRL 3 2A11BhdttcBbnPhEEsRIAL 68l 1&AstOk bperate

virtual address are
on all 64-bits. The functionality is the same as the well-known MIPS R4000 in 64-bit
mode. All memory is treated as big-endian and there is no mode bit that controls
endianness. Since there is no TLB, there is no address translation, and there are no
protection modes implemented. This means that all code has access to all regions of
memory. This would be equivalent to a MIPS processor where all code was running in
kernel mode and the TLB mapped the entire physical address space. The physical address
space of Porthos is 32-bits, so the upper 32 bits of a generated 64-bit virtual address are

ignored and no translation takes place. There are no TLB-related CPO registers and no

TLB instructions.
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ignored and no translation takes place. There are no

TLB-related CPO regi sters and no TLB i nstructions. 2.
w@iobtied3d nstructi ons [0069] In preferred enmboRPCTERL86/018643

there is no floating-point unit in the Porthos chip,

and therefore no floating-point instructions. However

the floating-poi nt 7.a@nstel Gasth@tibAP! enment ed. Four
i nstructi ons that | oad, store, and nove data between

[006%?;' rlrﬁgk‘éf@ﬁed& bt BESts ﬁfbg ni?n% ng g@%&agﬁ g%g:p{ th%%h‘t%?&lﬁp,

glsters) are I np

. ranches on CPI I ems
and ik aodptoe pag Lo ikeioar e Fapeuen B PediRriarengs e
with their associated | oad, store and nove
implemstiedc Fperigsiucthess thebead, SEvEGRd NDMECRJA bethieenharsegined
| oad and store instructions are not inplenmented. The
regi SCACH thegioatiog-point registat (CPiptegivesnt)ede indpiemented (LDC1, SDCH,
Synchroni zati on support has been enhanced [0070] The
DM Iﬁ@Cl?'—N@W&kh@ dEP 1 BEAdiQAS A ﬁnﬁl@iﬁlﬂﬁg@ntéﬁlocessor 2

Addi'tio here is an ADDM i nstruction that
regi g el e RE Ry Mo%wéé oy BRORHY ISR Move

instruction that stalls a streamto preserve packet
Instry e &%P&ZeéDC%hIPMECs? S EE2hekig whakigne lgwd and stpyg ipstructions

foll owi ng section on flow gating. 4. Tiners and
are ronireplemptisdailee ChAdITR thshrOO7d] is Bet miplahewdnt s and
timer interrupts are treated such that new threads are
| aunched. These gl obal events are not thread-specific
and are thus not delivered to an active thread. Thus,
3. Sgnghgrezedioh aepped haaeenenbagbli e or di sabl e these events
itself, they are configured globally. This is
explained in detail in a section below on tiners and

[oo70Nt ertiend s Sep Newarset 1 Bfin &R Regs bBb8mented. Additionally, there
is an ADDM instruction that atomically adds a value to a memory location and returns the

result. In addition there is a GATE instruction that stalls a stream to preserve packet

dependencies. This is described in more detail in a following section on flow gating.

4. Timers and Interrupts are changed

[0071] External events and timer interrupts are treated such that new threads are
launched. These global events are not thread-specific and are thus not delivered to an
active thread. Thus, a thread has no way to enable or disable these events itself, they are
configured globally. This is explained in detail in a section below on timers and

interrupts.
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CP7 Sequence Nunmber CP21 Tri be/ Stream Nunbei CP22
Fl oM D CP23 GateVector 6. Thread control instructions
WOBKE/1T480Ti nates a thread FORK Forks a new t hr PEYUNEBA018643
Thread mgration 7. Special purpose ALU instructions
[0072] Support for string search, including nultiple
paral l el byte conparison, has been provided for in new
instructions, hi addition there are bit field extract
5. Newrft pfs} RegiFigisr ucti ons. Finally, an optim zed

ones-conpl enent add is provided for TCP checksum
accel eration. 8. Menory Map [0073] Porthos has ei ght
popts 107 (BbghenddNi@b@xt ernal menory devi ces. Each of
these ports represents a distinct region of the
phYyel cal addriby/sireabembay | tribes can access all

Ei es, a%folgl%gh there is a performance penalty for
accéssing nenory that is not local to the tribe in
waipeh t he i GateMeciol ons are executed. A di agram of the
menory map i s shown in Fig. 2.[0074] The region of
configuration space is used to access internal
regi sters including packet buffer configuration, DVA

6. Th’c%ﬁ?@&i?rlél}sll%(ﬁdoélgd Hyper Transport port configuration

space. More details of the breakdown of this space are
provided |later in this docunent.

DONE Terminates a thread
FORK Forks a new thread
NEXT Thread migration

7. Special purpose ALU instructions

[0072] Support for string search, including multiple parallel byte comparison, has
been provided for in new instructions. In addition there are bit field extract and insert
instructions. Finally, an optimized ones-complement add is provided for TCP checksum

acceleration.

8. Memory Map

[0073]  Porthos has eight ports 107 (Fig. 1) to external memory devices. Each of
these ports represents a distinct region of the physical address space. All tribes can access
all memories, although there is a performance penalty for accessing memory that is not
local to the tribe in which the instructions are executed. A diagram of the memory map is

shown in Fig. 2.
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9. Tribe Mgration [0075] A process in enbodinents of
the present invention by which a thread executing on a
w@reoeam7dn one tribe is transferred to a streaP€T/NS2006/018643
another tribe is called mgration. Wen mgration
happens, a variabl e anount of context follows the
[00741 hr Rtk refioa oCRbhfigghisdrespacd Rakedioecoet iftemnbfogisteesinaheling
lost and initialized to zero in the new tri be.

packeM TR CoRRITBN O TFMIA Qi OfatiOf S&T H%/]P&tl“rajnﬁp drS p & 36 A eRchn
to preserve thread priority as defined by a SeqNum

regi.ster. . elaq.d.hat a. Flority. t
oy ORI DLl RUENESe kBl USROG
has a different destination tribe. [0076] A thread
mgrating to the tribe that it is currently inis

treated as a NOP. A thread may change its priority by
9. Tribe Migmgoro t he SeqNum regi ster. [0077] The thread
mgration instruction: NEXT specifies a register that

[0075¢ 0Nt RipAscebdier dgisddinaitt ONthadesesSnPdgionBy iwHTEE h &fread hat
contains the anobunt of thread context to preserve. All

execu dlg g %)ﬁ b &hSarh %Bn?gﬁ)t e.r] 9 fr?ﬁg&fﬁ?ii:t}é ggtr%ﬁng if E{o(%ﬁéi' d'itB % Eesl'kt%}l Ie% o

I nat1 on cont ex rates to

. it is_already.in, the registers not .preserved are
migragpa N lﬁga%ifoeﬁiaipnawf @@%‘sﬂjﬁ@p@%wﬁ af ?ﬂﬁeﬁtéoliowhad@'ead-
nmechani smin enbodi nents of the present invention
The GRbyegisterp ek ete noérottred dre lashinot inghlipgd tearegoer e new tribe.
t hrough the use of a gate instructionthat is inserted
Migratioh ndyleecpeai et opted GRS &iif guatiitkddaa thresWhienin@ag dtierity as
instruction is encountered, the instruction execution

deﬁnc{dﬁfg eg %NL???@%GI‘. NStk A e ettt b 1@kdr tp?ltoﬂg}r HPARKELY n%gl ate

OW have nade prodress pas same pdin

Sof | : : ket through te b
ahead Rt Fich PHOCE B0 oY PP LB SRgRei Bl E0Fat o5 mmy b
specified for a given packet workl oad and
(00763 er i Altuzad Megrabeg iy Hefiahe Baidhisgarrenthngi iy irgua by a NOP. A

thread may change its priority by writing to the SeqNum register.

[0077] The thread migration instruction: NEXT specifies a register that contains the
destination address and an immediate that contains the amount of thread context to
preserve. All registers that are not preserved are zeroed in the destination context. Ifa

thread migrates to the tribe it is already in, the registers not preserved are cleared.

Flow Gating
[0078] Flow gating is a unique mechanism in embodiments of the present invention

wherein packet seniority is enforced by hardware through the use of a gate instruction
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[0079] Packets are given a sequence nunber by the
packet buffer controller when they are received and
w0 bios/1356uence nunber i s maintai ned during thePCT/US2006/018643

processi ng of the packet. [0080] A configurable

hardware pre-classifier is used to conbine specified
that ispsesisd fple 1 PREXPAERESSSIBR B ogd pat. afVbem 2 BRS WD UG Lipab i

fromthe packet itself. The FlowD is initialized by
encouh@raiwdreaniiastidn erecutien frariwapaeldn ssdtalfedmtii gl pldetipacivaty of

be nodified by software. The confi gurabl e hash

the safd TRk BAVel Baddl 160/0@ d4s@le EAnSFLRE t IR ndaliliRB; Rlvances a
packet is sent to. Afterward, tribe to tribe mgration

| S _under so .1 0081] A new,instructjion is
prokel BB et R0 L WL EpE R el Stcach At WIRBLERULR pfpebibea
that operates in conjunction with three internal
for a gregg mcgﬁsworﬁ?aééa BBz Qre s fpvipah galgiiadiziduaiy t he
Packet Sequence regi ster discussed above, each thread
[0079E ontRechists areGav eVestqoenceaginbeeby thsghtka belfomyonseticranian
clear this register arbitrarily, but it is initialized

they aféreBeiviEm@PhRegldhce @égmbér i¢ healigded @irid; 6 ‘ﬁﬁd@@ﬁ% G(?A'f té\e

new i nstruction, named GATE, is inplenented. The T
paCke{'_nstruction_causes execution to stall until there is
no thread with the sane Flow D, a Packet Sequence
unber that is_ |lower, and wiith a GateVector in which
[0080ﬂny PO%&E@I‘%@&E%&W@B RPelepgrigr s PREL oIS TEpigieH Puigs from
all packets within the sane flow at that point such
the packedtend genavate tyFlowlenfoba dobnf 0R8RFkBofeifalke FRwID is
responsi ble for setting a bit in the GateVector

initialize@b$ hefdwiheBasst oh @aviesdw4e hedH fuh&6@dn, $8ChhPPe mblifkd by
will allow other packets to enter the critical

ot 3Ol TSRO o L P L LA i
sent tqr. fe{i gl'g»\/%:t ,lgelhg %;tgﬁg%gllglgﬁﬁgsgﬁléé? stotgqb%%%éqeng\to E gr p?gcgﬁlt 'y
ounger packets from unnecessarily stalling. If the
[0081]cat eVaewarstiustigeis widized In 4 preferred embodiment of the invention that
operates in conjunction with three internal registers. In addition to the FlowID register
and the PacketSequence register discussed above, each thread contains a GateVector
register. Software may set and clear this register arbitrarily, but it is initialized to 0 when
anew thread is created for a new packet. A new instruction, named GATE, is
implemented. The GATE instruction causes execution to stall until there is no thread
with the same FlowID, a PacketSequence number that is lower, and with a GateVector in

which any of the same bits are zero. This logic serializes all packets within the same flow

at that point such that seniority is enforced.
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this wll disable flow gating for that packet, since
no younger packets will wait for that packet. Note

wao b@b/12498mar d progress i s guaranteed since thePOI/Us=N6/018643

packet in the processing systemw |l never be stalled

and when it conpl etes, another packet will be the
[0082p] desdftvpac lsetspohfiOR3pr bittieg phiefiethe cthtadfrotad iremsier when it

seniority scheduling policy is inplenented such that

leaveOhB BFitiRAGKELE. ThE VMMM GhMEAcRd Rrdntef thaEri@seedstibANThe
resources within a processing elenent One

ract. his | e
Gate\Feg &ﬁﬁlﬁ%l rEpte o c—,ingsf 1tb§16ts%§1§(5u i t]tmy wpl 'B?gﬂ:g?lé&egggtgv'ateyls
t he exact s quence of in uctlons
tespORAgR Gt SIHPE HE Vo bRt oo bGF caiea BheGt HEPe R Sde gote
In certain cases, the characteristic of no overtakin
to premeiyt ysiurgst phoketsdliath vngecessaphiciadtingl elf dredeateV egioy is set to all 1s,
software. This is because a no-overtaking processing

this well eI¥eB1E fI6Rf @it e Sorath Rekdthetteintploanginpatltetnwill waadkehat
wor kl oads, so the ol o}est packet is al vvays guar ant eed

paoke’t.oNgﬁ t?z?? a% I%!ghe %?sﬂ%lﬁa?dﬂ&ﬁ%ﬁtgé ﬁ} sl an fcﬁcetﬁ'lthc Plocessmg

ase Ins lon sc seni ori
nt can. onl ehav

systmg@téﬁ?la%?ﬁ S SR aik e deet et rfOﬁ@@ftﬂﬁ@@ﬁ"%ﬁPe@md%t

sequence of instructions. If conditional branches
packetause packets to take different paths, a flow gate

woul d be necessary. Flow gating in conjunction with
[008300- oler frafeieg cpibod@smi hgertbtifBeicdulihd policy iclmplemented such

progranmm ng nodel to be presented that is efficient to

that oLJ@pk%@ﬁtaré. Q\é»g% %‘0’@1’1 i &Y %r &Hane dnngsduPQ8 Q’Jlﬂﬁﬂ EDES sy

ategorlz groups trlggers rom

ext e i.mer. nterru

ctemeiy SR PLAR" U LT GO s EHay prigevligipolioy is
~groups, the events are not speci c to any specific

that i aglats MR CEAEIINERhE fEct edogaap of Werishene yrmser
si gnal

packet will never be able to overtake an older packet. In certain cases, the characteristic

of no overtaking may simplify handling of packet dependencies in software. This is
because a no-overtaking processing element enforces a pipelined implementation of
packet workloads, so the oldest packet is always guaranteed to be ahead of all younger
packets. However, a seniority based instruction sohedtller and seniority based cache
replacement can only behave with no overtaking if packets are executing the exact same
sequence of instructions. If conditional branches cause packets to take different paths, a
flow gate would be necessary. Flow gating in conjunction with no-overtaking processing
elements allow a clean programming model to be presented that is efficient to implement

in hardware.
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bet ween two specific physical threads. Packet Buffer
Overview i this section the follow ng nonenclature is
waois@dia242e0t - Physically i ndependent full - dupl BXT/US2006/018643
i nterface Channel - Tag associated to each of the
packets that arrive or |eave through a port.
I nterl eaving degree - The nmaxi num nunber of different
ackets or frames that are in the process of being
EvenyHandling or transnmitted out. [0085] The packet buffer
103 H. 4., ' 0= €Dy - BV
0084} o ds. pacRisan hpe e PRey L L RC o P RAT ! Qe evens,
timer B4 Ao P e AP S 0B I e RS E R dutp £ AE b
packet is discarded, or consuned by the chip (by .
are nat spersfieto anytspealls pevgicahiyiendy \n theHBirg g6 Sqfﬁfwm‘e gan signal
transmtted in the order that it was received. The
betweeatkekpdaifid giysanthidiéct ure all ows for an efficient
conmbi nati on of pass-through and re-assenbly scenari os.
In a pass-through scenari o, packets are not
substantially changed; they are only marked, or
Packetdliffarddiveomleyy sl i ghtly before being transmitted. The
payl oad of the packets remains substantially the sane.
Pass-t hrough scenarios occur in TCP-splicing,
In thidQRE&PHE P ARHg héAbldAueanagenent applications. In a
re-assenbly scenari o, packets nust be consunmed by the
Pahi- phasnichlyuhfigreadent Attbdwdapnyerfdcer e t hey are
e-assenbl ed.. After re-assenpl rocessin ccur.son
Chtef ot papracias & wep @éﬁ}eat}?a"?%% Hi® PELYE R e LEPBH Pt
IR5 M in T f"‘e_%s—el%llﬂax%ﬁﬁ'ﬁﬁfdn%r QE Gferds 5(%1 B dSn@Nfat are in
oad Bgia cing. Many applications ca F or a
the pndxienad i lmm gfecpasikdrhiraoagittedradt.r e- assenbl y scenari os

[ 0086] The Packet Buffer nodule in preferred
enbodi nents interacts with software in

[0085] The packet buffer (103 Fig. 1) is an on-chip 256K byte memory that holds

packets while they are being processed. The packet buffer is a flexible FIFO that keeps
all packet data in the order it was received. Thus, unless a packet is discarded, or
consumed by the chip (by transfer into a local memory), the packet will be transmitted in
}the order that it was received. The packet buffer architecture allows for an efficient
combinatioﬁ of pass-through and re-assembly scenarios. In a pass-through scenario,
packets are not substantially changed; they are only marked, or modified only slightly
before being transmitted. The payload of the packets remains substantially the same.
Pass-through scenarios occur in TCP-splicing, monitoring and traffic management
applications. In a re-assembly scenario, packets must be consumed by the chip and

buffered into memory where they are re-assembled. After re-assembly, processing occurs
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the follow ng ways: Providing the initial values of

sone GPRs and CPO registers at the tinme a thread is
waeleded7ed to start executing its workload. SapCEHU§INE018643

the requests to the packet buffer nmenory and the

shared nenory Satisfying the requests to the

on th& Rikb B WaRidnemm 28 itsdrae Srank@fssio $h A Heeurta8dlads BByl s0eharios
configuration Packet table read requests Packet status

occurfl? gigggﬁls(aﬁgqga%t A Hl‘:gf %{I%&ﬁaﬁ%ﬁczﬂﬁﬁ? el kR anglbination of pass-

G
smtted out Pe counters rea

| ocatin ace i.n the packet buffer for software to
throuélbﬁ%f?i?é?eqﬁligﬁ%?@?m?:r ames of packets arrive to the

Packet Buffer through a configurable nunber of ingress
ports and | eave the Packet Buffer through the sane
nunber of egress ports. The maxi mum i ngress/ egress

[008d] nt eTheanskedBgffeandépie ntisreteirct RebadimaLs iatgadty péth@bfiware in
ports, but it does not exceed 4. [0087] The

the fIRYESSLRIr ess ports can be configured in one of the
e fol Ingg\?vi n%s six configurations (all of themfull

dupl ex): 1 channelized port 2 channelized ports 4
channel i zed ports 1 non-channelized port2

o Ao ERARARS 1@l vRRES 8f brOAPRENDEPD 265ktBR%E fhe time a thread is
scheduled to start executing its workload.
o Satisfying the requests to the packet buffer memory and the shared memory
s Safisfying the requests to the configuration registers, for instance
o Hash function configuration
e Packet table read requests
e Packet status changes (packet to be dropped, packet to be transmitted out)
e Performance counters reads

e Allocating space in the packet buffer for software to construct packets.

Frames of packets arrive to the Packet Buffer through a configurable number of
ingress ports and leave the Packet Buffer through the same number of egress ports. The
maximum ingress/egress interleave degree depends on the number and type of ports, but

it does not exceed 4,

[0087] The ingress/egress ports can be configured in one of the following six
configurations (all of them full duplex):

o 1 channelized port
e 2 channelized ports
e 4 channelized ports

o 1 non-channelized port

17



[0088] The channelized port is intended to map into an
SPI 4.2 interface, and the nonchannelized port is

WO pdoengEao to nap into a GM I interface. Nor eovRCT/URIING/018643
the 1-port and 2-rort channelized cases, software can
configure the egress interleaving degree as follows: *
1298@@ﬂ§hhgﬁﬁhﬁﬁ&t egress interl eave degree of 1, 2,
3 . 2 channelized ports: egress interleave degree

® o#nanohmmebexhpmﬁt [0089] Software is responsible to
conpl ete the processing of the ol dest packets that the
Packet Buffer nodul e keeps track of in a tinely

0088fmn We'chﬂﬁ{éﬁkyd }IB’&{ férlﬁtenéed 1S DS HRSEHENDL IBRWESE, and the non-
packets fill the pac ket bu$fer so that no nore

chaml@ygg 381% &illnt%lg %]io 1&19% “}}? tCﬂgp élgtg fgcat M&fegpﬁ% tlce 8015 and

packet buffer size of 256KB, this w ||l occur
2-port &bﬁrr@%z%taéw soltyatican satEskibe caises interlpRung dsglée 892
total packets in the system fromthe oldest to the
followsewest, no matter whether packets in between the
ol dest and the newest have been dropped (or DVA out to

. el(tcﬁaﬁiﬁ@ilzéﬁi@tr )%1 eg’é’m%e?feﬁmﬁ ce@ries\ geq t he Packet
Buffer nmodule W'l drop the incom ng frames. [0090] If

J sbbhmebzadqmstsnchessonmﬂm defyee pAt kel pebpdror e any of
the previous two events occurs, the Packet Buffer
module wil| start_dropping the incom ng packets until

[0089h ot HoEBaes sireiponsipls th @om@%@eihe RECCSSNg & ﬁmkdeﬁtma@kﬁt%that
node of dropping packet data, no flow control wll

the Padlot Buffonmblieleikegpesakpdtmna timeky. miher,paciedt befbid: be
accepted at wire speed but the packets will never be

1. Tl?essﬁl'bgé;%%étt&v@@b’p dok bR 1 UPAhe bicke ARy Wb tat BE nSr@h&%elstan

be fit into the buffer. At 300MHz core frequency, peak rate of ingress data of 10Gbps
and a packet buffer size of 256KB, this will occur in approximately 200
microseconds; and

2. There are 512 total packets in the system, from the oldest to the newest, no matter
whether packets in between the oldest and the newest have been dropped (or DMA
out to external memory) by software. Otherwise the Packet Buffer module will drop
the incoming frames.

[0090]  If software does not complete the packets before any of the previous two

events occurs, the Packet Buffer module will start dropping the incoming packets until

both conditions are no longer met. Note that in this mode of dropping packet data, no

flow control will occur on the ingress path, i.e. the packet will be accepted at wire speed

but the packets will never be assigned to any tribe, nor its data will be stored in the packet

buffer. More details on packet drops is provided below.
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buffer. Mdire details on packet drops is provided
bel ow. Packet Buffer Address Space [0091] Two regions
wo@toobhat7Bort hos chip 32-bit physical address sSpErESENE018643

controlled directly by the Packet Buffer nodul e. These

are shown in Fig. 3: o the packet buffer nenory: 256KB

of menory where the packets are stored as they arrive.

sponsi ble to take themout of this

aCkéaEﬁﬁMiﬁqd'ﬁg é@&e(for exanmpl e, in applications that

need re-assenbly of the franes) the configuration

regi ster space: 16KB (not all used) that contains the
[0091F ol I'owe regiosie of thePorthphehip GAfhigphyaichlonidrasg bisAce nge controlled

t hensel ves: are used to configure sonme functionality
direct@fbytthePRxekBiffBuhd®Rile. NiIgHYL Gre shbhA iPagket table:

contains status information for each of t he packets

° ﬁife?ﬁclgé? BLerL T AGK0f 2541018 o9 %tcn{o @9% nks c‘l@t%ga(rie Qb gied as they

ware to request.consec

t !n@vpﬁ&ﬂfﬁftalbwﬁ%@ronsﬁmqe $8kR3hdiP oliher tﬁﬁﬁk@ﬁoﬂ?lﬁ h&fded (for
addr ess space { 0092] Software can perform any byte
r BRRAR- iR apPlicationsibiiacedraymsenbyeddisimes) wor d

° fhe% it e eog]? 1/6:%\‘r % g;%a%e é%ﬁﬁ? énoamﬁ al\ﬁpﬁ)gl a? %gniﬂ&pls Z}?d%%{ﬂltmeg

oggcgoﬂprd (32-byle) read requests are al so all owed,
but not the single quad-word and octo-word wites. To
we i tihe condigurntion registers itheenseivies:space tdoulbigureweds,

ft, f t ly, 2 4
dout BARBr Y af el Fr e ERBE Bt ter w11 not
gyanRb RRMDAL: JOB%%% s@e@ﬁksﬁ? ea}/lsn ) o815 oMb Ipaa?e?sug eing kept

back to back; however, no
track of,

o the get room space: used for software to request consecutive chunks of space

within the packet buffer.

Accesses to the packet buffer address space

[0092] Software can perform any byte read/write, half-word (2-byte) read/write, word
(4-byte) read/write or double word (8-byte) read/write to the packet buffer. Single quad-
word (16-byte) and octo-word (32-byte) read requests are also allowed, but not the single
quad-word and octo-word writes. To write 2 or 4 consecutive (in space) double words,
software has to perform, respectively, 2 or 4 double-word writes. The Packet Buffer will
not guarantee that these consecutive writes will occur back to back; however, no other
access from the same tribe will sneak in between the writes (but accesses from other

tribes can).
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access fromthe sane tribe will sneak in between the
wites (but accesses fromother tribes can).[0093]
wE@n/12416ugh t he size of the packet buffer nmenmPCUBH06/018643
256KB, it actually occupies 512KB in the |ogica
address space of the streanms. This has been done in
[0093]or d&wven Biolgh ghersizei afith¢ papketieiffoe nmmyory ssdpeEm, at dotuallyhat
occurs incom ng packets are stored into the packet

occupiBél 2B inltheSogre ptithgsd sapesf s BRehnky ThRIAWSES] dRRGK OFder
are always stored consecutively into the 512KB of

>e- f t i j twar e, 4] . .
o el SRR e Rl bl OB B 0038
Packet  Buffer

. acke hat. have been stored, by, the
into (R LBt T HGRT g R EST BLBE Y oopn A REi e 10 5 ied
the 8 tribes are treated fairly; all the tribes have
consecuiigely e thy §13KR 9f snecabemdle peint plevipw ok seltsamef er .
Accesses to the configuration register physica
[0094]addSefwasphoeld DRide the padkerifu i t@idadthe @gksik ¢l havebeen
| ogi cally organi zed as double words. Only doubl e word

stored bR RSP RNE WY ©iSo AL alf@(h {001%%[} glgéét}%gﬁag e AlglLls glo?q ythe

regi ster space. Therefore, re wants to no

” specl fic. byte.w.t.hin a particul ar. confi quratjon
s uibef g SRR Y N el D o B it b B R R B e
appropriate shifting and masking, and wite the whol e
buffergoupl e word back. Wites to the reserved portion of
the configuration register space will be disregarded.
Reads within this portion will return a value of O.

009 So bits of the configuration registers are
ACC@S#EE@S’% SRR RBIAHqR TRt BV PS8 i hese bits will be
di sregarded. Reads of these bits will return a val ue
of 0.[0097] Unless otherw se noted, the configuration
[0095]r egilat evsligraatidnecfiotets are ubiatigl ovgantzegns dWWH1E &srd0 Onite
packet table and to the read-only configuration
doublevRaH 38R SniiwhltedBe allowed to the confi guration register space. Therefore, if

software wants to modify a specific byte within a particular configuration register, it
needs to read that register first, do the appropriate shifting and masking, and write the

whole double word back.

Writes to the reserved portion of the configuration register space will be disregarded.
Reads within this portion will return a value of 0.

[0096] Some bits of the configuration registers are reserved for future use. Writes to

these bits will be disregarded. Reads of these bits will return a value of 0.
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di sregarded. [0098] Software should change the
contents of the configuration registers when the
w@amkae47Buf fer is in quiescent node, as expl ai PEHUS2006/018643
bel ow, and there are no packets in the system
ot herw se results will be undefined. Software can
[0097honi Voless dthermdst maied thefconfigurapeir keefsterabirebglsk agas! and
configuration register to figure out whether the
writteRaBleats Buhé packestasleiahd tkihe piadgonacke Sua@fontegisters will be
Configuration register list [0099] Al the
disreda@2fii guration regi sters have an after-reset val ue of
xO unl ess ot herw se speci fied. Figs. 4a-4d conpri se a

i Sti e onfiguration registers.
10098} 57 SeliG B R sheoh Pl Ral P bt e R e Sy e
configuration regist ers Hashi ng function [0100] Fig.
Paclket Biffeiistip gissoenhiiofiadh CKrlpEed belowareiiier ae poepteiin the
into two | evels, each containing one (first |evel) or
systerfmiher(secosndts| velldle unhastedn§o fewngie res mokiter the suhtenigfof tie
hashi ng engine of the first level is two-fold: a

‘packdtBtaBid p¥aMetse coﬂfi?gﬁﬁﬂlohh%ﬁtlspﬁél fi g%ﬁ@&ﬁtf\bl?érth& e lf’ic‘k@ﬂ Buffris
short This value will be provided to the tribe as

sﬁﬂkﬁ%ﬁ&%@Lk% %rhgetlal m gration of the packet. Software
y e val ue, for exanple, as an initial

classificatlon of the packet into a flow. a 2-bit
value, that is used by the hardware to sel ect the

Confib&SHbL rfstQNgt of the 4 hashing functions that conpose
on 1% e slelcﬁnsd I'evel of the hashing hardware.[0101] Each

of the four hashing functions in the second | evel

enerates a 3-bit value that corresponds to a tribe
[0099ﬂurrb"élr1 thespafighrating st gn Payeean altesresst kdlpeet @ wylesshe

first level, and becones the nunber of the tribe that
otherwine spraifiasit Fiigs. de#dgomprisan tabhd lisyingial roditlee donfiguration registers.

The following sections provide more details on some of the configuration registers.

Hashing function

[0100] Fig. 5 illustrates the hash function hardware structured into two levels, each
containing one (first level) or four (second level) hashing engines. The result of the
hashing engine of the first level is two-fold:

° a 16-bit value, named the flow identifier (or flowId for short). This value will be
provided to the tribe as part of the initial migration of the packet. Sofiware may
use this value, for example, as an initial classification of the packet into a flow.

° a 2-bit value, that is used by the hardware to select the result of one of the 4

hashing functions that compose the second level of the hashing hardware.
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[0102] Al four hashing engines in the second | evel
are identical, and the single engine in the first
wo eael124730 al nost al so the sanme as the ones i n BPEEUS2006/018643
second | evel . Each hashing engine can be configured
i ndependently. The following is the configuration :
[0101F eatHack of thedoudiaghing fwistionoinahe sechad eashgengratasgi 1k value
sel ect vector [CLi. .63] configuration register: each
that cdtdsp&idstitnb ﬁ'ibeemtlﬁifer.@ﬁ@diﬁﬂl%sfomehh@ fis §¥ydoeed byofhetthe level,
packet will b e selected to conpute the result of the
and b&% 50g n%'ﬂﬂJef‘ B fhd iy ihﬁtoﬁle ?Qakeﬁfg%%h 119 MhiM B Qff or lgihiﬁ

configuration registe -b|t result

h ibne is.co ted usi.n
IOIOZ? kT BuE R SRGRaR s Roeatdl 1 ol el oot o
_the lower 8-bits. In the case that byte i was sel ected
engingyip thp &rsé dqvelis alaest glso tlh same asrihe eres podiespemderal gfach
determ nes whet her the byte will be used to conmpute
hashirtghglrewen b8 chifigiraf intlgend Githi. Thé Foddekving whd ¢or(f@uradion
the upper 8 bits (1). If the byte was not selected in

feauré @aiSHt 86hmYRES ANl 1hctlﬁ§hlﬁ§%ﬁ§§&0nd| ng bit inthe
position vector is a don"t care. [0103] For the first

| evel hashing engine, there exists a skip
configuration register that specifies how many LSB

o sclict vectfr [0.Ne6HCoRFEuRBS ] LachBitDkiRPRSLIS QI HehBELE Ne
t he chosen second | evel hashing engine. If the skip

whedhai dyies of thgrpackeitvaildes, selepisd to panputt tegesdimf thebething

ngiine wll be chosen using bits [2.3] of the
en?élegwgrl égq) Note that the skip configuration

o pdsRBh &b [0S, Q9'3|] }éoﬁi?g%ﬁjaﬂo% 128kREIhd NELS ?é%ﬁﬂ dr k}f‘e\’lﬁlshmg engine
hashi ng function and it does not nodify the 16-bit

is cerspiited tifing the 8 dneX ORhendtlomal ahitsadneefor {h0 1PA¢r Fbits embdne

JheliE- SR SreL peShre engines there e xRS
po@ﬁ%h RibBf 1B Ahed WEhGSHL byt Syifl Be bR thichS uﬂeetﬁg Lov 88t

his shilling of the result, another manipulation is
ofp]w febifldwid fasglt { Qoor dhdvegper 8 bits (1). If the byte was not selected in

the select vector, the corresponding bit in the position vector is a don’t care.

[0103] For the first level hashing engine, there exists a skip configuration register that -
specifies how many LSB bits of the 16-bit result will be skipped to determine the chosen
second level hashing engine. If the skip value is, for instance, two, then the second level
hashing engine will be chosen using bits [2..3] of the 16-bit result. Note that the skip
configuration register is only used to select the second level hashing function and it does
not modify the 16-bit result that becomes the flowld value.

[0104]  For each of the second level hashing engilles there also exists a skip

configuration register performing the same manipulation of the result as in the first level.



configuration registers; the purpose of this
mani pul ation is to generate a tribe nunber out of a
W@ ea060247pssi bl e tri be nunbers. This total nunPer/Us$006/018643
tribes in this set is a power of 2 (i.e. 1, 2, 4 or
8), and the set can start at any tribe nunber Exanpl e
After ﬁifis shafting Hf éhc-[ gsult, 2ngfher hanipulgtiag is ;{egfog]ne {i@}ig two other
[0,1,2,3,4,5,6,7], [4,5,6,7], [6,7,0,1], [7,0,1, 2],
confl @ﬁ'alionTbgistersa ﬂieguhpdisie@lﬁ tiiiSnmﬁiilptiradbh edto ig;and:mm ;AdidE tiumbat out
configuration registers, one per each of the

ofa scﬁ%‘??ﬁﬂiﬂl@ﬁﬁie ﬁﬁﬁ%l@ml%ﬂgiapﬁﬁmber JriufiSds'i o Bnibkdt 1y Qﬁ)blﬁel of 2
specifies which is the first tribe of the set (O:

(i.e. lti | q 8(8 andhthz sét cﬁﬁ S?ﬁ az)u@t ?fb% gup%eig oy iﬁfe & sF{s % [0 ]OZf

onse e se
imiiaxﬁrainﬁié&lhz forohis bt iy Rl imrﬁﬁi%ici 9ﬁ1§§ialim§@10n

the packet is 64 bytes fromthe start of the packet.
is oontrf)ll@cﬁ ey pecciastitionnl sondidueationhegistens, by g catidoftbe ecdoptidevel
are selected by the select vectors, results will be
hashintnéefiesed. [0106] Software should be careful in
configuring t he hashing function hardware since only

V. | he. nme .,
gsvtv 2%%3%%163%{&% o\gi’?’l{:i? slihé I??st Pﬂ% oetttﬁ g{gi({r)i'gt%bg%’ 2T
cnﬁmm)ati on; ot hervvi se, di fferent flow identifiers for
the packets of the same flow m ght be generated.
° Qe %énftvq&méhqt@necmﬁqs IPhempacioasemiy ¢ afbeysliused hps(0:1 tribe,

c i escent node whenever it is not
rgge i VI ﬁk{uob ng%Qp u)ng) any packet and software has

[0105YV | tTllen@uﬁldnﬂ dERE the eRtHaBUBs h&@RhtOWIBobR Mhtb €6H S4cREt is 64
Note that the Packet Buffer can be in qui escent node
bytes ABAL SL Kakt of the packet. If the packet is smaller than 64 bytes and more bytes
are selected by the select vectors, results will be undefined.
[0106] Software should be careful in configuring the hashing function hardware since
only non-variant bytes across all the packets of the same flow should be selected to

perform the hashing computation; otherwise, different flow identifiers for the packets of

the same flow might be generated.

QOuiescent mode

[0107] The Packet Buffer module is considered to be in quiescent mode whenever it
is not receiving (and accepting) any packet and software has written a 0 in the ‘continue’
configuration register. Note that the Packet Buffer can be in quiescent mode and still

have valid packets in the packet table and packet buffer. Also note that all the
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have valid packets in the packet table and packet
buffer. Also note that all thetransm ssion-rel ated
wop®sar47ans Wil | be performed normal ly; howevePCHIN2006/018643

i ncom ng packet wi-ll be dropped since the 'continue’
configuration register is zero. [0108] Wen the

transmicanh-esisted operbhens' eidliid oufermedndingilly phdverver agi Steming
toggles fromO to 1, the Packet Buffer nodule wll

packet RAI E@Bl%})hélﬁsiﬁ@ he W dMin P RofE bgBioRtyise s e om ng
packet at starts arriving after the setting of the-
"continue' configuration register takes place
physically will be accepted (it may be eventually

[0108] dr opped tifeaontdnbrest the a;aﬁmsuea@oﬂx%ah-aicﬁd-egedepw)ggle\Mﬁm bhel,
toggling is from1l to O, the follow ng operation takes

¢ A6 Brer ABEURAG Thats LYo Pei ng received
e Pac\g\#}zér‘;ﬁteﬁe (:Iuear%ﬂﬁ%mof1 ttﬁge%?%{i% ﬁlﬂg]e&yoélonfi guration
regi ster occurs will be fully received. any new

i ncom ng packet that starts arriving after the setting

® A‘ - | i 3 | + | . i |c . 1
P11 JeanA g 00 8 g KR ol it
Buffigratimdagietei takquplescgntsicabiyle/iivbe neepted it nveyriteseventually

dify configurable features (note that the Packet

{HPPE! f%éﬂ?égﬁﬂﬁf’n%?s ‘?Xégéftd beip‘iﬁ)ui escent node). The

' t ; r : [1ow 1.
i (PLEPHHER R LD, BB bR B e ot e
2. Monitor the 'status' register until bit 1 is set.

Wien this occurs, the quiescent state has been _

° @y Backal thal wesgiiegily Beipg gecgsr mayn teesglearimesnt thy jopatinue]
[ . - I ' ' ' register to allow
h@%ﬁ“&%ﬁ"ﬁﬁ1%%%%@15@%%@%@2?%‘%%&d [0110] If the

o abpn&v flcopSn@pekEOhhiNR e arfiiaE AWl the s@8nHOF PREBE Suration
bei ng recei ved when
register takes place will be fully dropped.

[0109] Software should put the Packet Buffer module in quiescent mode whenever it
wants to modify configurable features (note that the Packet Buffer comes out of reset in

quiescent mode). The following are the steps software should follow:

1. Write a 0 into the ‘continue’ configuration register.

2. Monitor the ‘status’ register until bit 1 is set. When this occurs, the quiescent state
has been entered.

3. Configure the desired feature

4. Write a 1 into the ‘continue’ configuration register to allow new incoming packets to

be accepted.
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the O to 1 transition happens on the 'continue
configuration register. This is not true if software

waloms/12v080 wai t for qui escent node before settiPQI/UN®06/018643

"continue' configuration register; in this case, the
Packet Buffer may keep receiving the packet it was
[0110]r ecHithe sigpvatstps trecfollowed, thete ®ilsbd hopadeblbeplgacesived when

Performance counters [0111] There are a total of 128

the 0 t@?hﬁx@ﬁt‘i’&ﬂl@ﬁ;p@ﬂ@&i thel* Conltinge’ RBGK S rafRu fegfstdimﬂllﬁls & kA Bue if
defi ned reserved) that can be nonitored by

soﬁwm%oc{o.te%(vﬂétg\z\éalp{& tqﬁiesé%ﬁél%tdg‘ég’alle %gﬁ]&ttﬁé aé&l}ﬁ{m(? c%ﬂﬁglﬂ'gtmn
assi.gned tﬁ gn@ Eg ﬁjpul event .an |ncrenents t he,

registe; 21 S opse1 e PAQTh PRIt FreP prishdrs Geaneialy! WAk H Y e
the event occurs. Events are tracked by hardware every

when thy & el tposition toséflasar e can configure which event to
nonitor in each of the 8 counters. The contents of the
counters are made visible to software through a
separate set of configuration registers. Fig. 6 is a

Performapce ceii@ishg t he performance events that can be

[0111] m)ngfl(g% %Lge ? r(})?gélﬁf]g?é g%ﬂﬁ%ﬂ%ﬁ rciqr%gtssbégk 11;3;;]0]%%01% er rl%%f e(63

ng the 'internal state nunber' configurati

definedh § &84 reseBied) (R FATR RIS BAT - Ow S lise Pl total of §
regi ster, the contents of sone internal state are

can be pmitbl&édl.t thErrenienines. ndlR-lst @uetet fsatssigsedtooniegadidudar event
software is yet TBD. It is organized in 64-bit words,

and inché@A@ds tHetRhRAdf (Bd eduiterBy e preQdtnaniay Widl ©Se @b event occurs.
i nt ernal state word into the "internal state

Events%ﬁé"??&‘di{eggg Db G-AL Lan, r?%gé ster previously to reading

|gurat|o register to get the contents of
t he_st at e. Thlsfeat i s intended. onl | ow | ev
[0112] deb%%éﬁ’?fﬁ can configure w&jnc% event to mongcor n eac oI‘ ’816 8 counters. ?[Jhe

contents of the counters are made visible to software through a separate set of

configuration registers.

Fig. 6 is a table showing the performance events that can be monitored.

Internal state probes

[0113] Software can probe the internal state of the Packet Buffer module using the
‘internal_state_number’ configuration register. When software reads this configuration
register, the contents of some internal state are provided. The internal state that is
provided to software is yet TBD. It is organized in 64-bit words, named internal state

words. Software writes an internal state word into the ‘internal state_number’
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Egress channel determ nation [0114] When software
wites into the 'done' or 'egress_path_determ ned
W@ omvbilguIs@t i on regi ster it provides, anong ot hBCT/US2006/018643
i nformati on, the egress channel associated to the
transm ssion. This channel ranges fromO to 255, and
confpofdivaregidatualibysiptonehdias tik AmBichnagtanion i¢gisteane gettthe
encoded egress channel, that will be used to corrpute
contdii€o @Rt Male. %Esei%ﬁufé"h@nﬂ%ﬁded% B fof hdv:%‘ le%eltc?el%ggl n‘%
speci fies how the actual egress channel is conputed
fromthe encoded egress channel. [0115] The egress
channel information is only needed in the case of
Eor&bamiiglel dadrpatisn Ot herwi se, this field is tretaed as
a don"t care. Egress port determnation [0116] Wen
software wites into the done or '

et er. ned r Vi 0 wi.t h, ot her
1§07 o TRRR B AR S B0 e e P S an 4%9%*@16
~ transm ssion, This port nunber ranges fromO to
configHiahie BREieT dhPREiFes. r?@lq%@klﬁ IEgfrpaonndg @g@swsmmleassocmed
configured), and software actually provides a 5-bit
to theytramstiissyqn. i hivedlanie rgmgenfonh BYrxsssarpigottw ateadtuallyl grotides a
used to conpute the actual egress port. Fig. 8 is a

9-bitlgakhigy tiladed SRONR o NEVEEBR RGIHRITHAFBDS uRQS tB doﬁ ute the actual
conputed fromthe encoded egress port. Corrp et rPg and

eg1esg cﬂﬁlgng'%gaf:{é%tt bl[e%l:tt %gémfseos&?\gv?ﬁl{% ﬁgt\{lglntg? egss clxaqnﬁgls computed

acket buffer, and it has two options: Conplete the
ﬁomg]éec?’é?dedt%eesﬁﬁlﬂ%’é@vm |1 be transmitted out whenever

t he packet becones the ol dest packet in the packet
[011Huf f ehe egresy dypnndl enforp ket is bhly paddden the dase b&channelized
eventual |y renoved fromthe packet buffer.

ports. Otherwise, this field is tretaed as a don’t care.

Egress port determination

[0116] When software writes into the ‘done’ or ‘egress_path_determined’, it
provides, along with other information, the egress port associated to the transmission.
This port number ranges from O to 3 (depending on how the Packet Buffer module has
been configured), and software actually provides a 5-bit quantity, named the encoded
egress port, that will be used to compute the actual egress port. Fig. 8 is a table that

shows how the actual egress port is computed from the encoded egress port.
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both cases, the nenory that the packet occupies in the
packet buffer and the entry in the packet table w ||
wheooragig3@vai | abl e to ot her incom ng packets aBCHUSWIEE18643
the packet is fully transmtted out or dropped. Al so,
in both cases, the Packet Buffer nodul e does not
guarantee that the packet will be either transmtted
or dropped right away. Mreover, there is also no
upper limt on the tinme the packet mght sit in the
Comph@gkaidbitbppmobafcnss it gets transnitted out or
dropped. An exanple of a |arge period of tine between
software requests a packet to be transmtted and the

[011 7]act gglg Steaervten&ag Hfs t& %%aﬁ%mﬁt 1§ %?;fl ?adk@t t%g snts in the

egr erlea case e conp

ket that is not the oldest one, and the oI dest
PaCke%’éi@I‘%’etaniiét1Wéttw%8]%tb‘l’1§t ed nor dropped for a long tine.
[0118] Software conpletes and drops packets by witing
s | Gbmapleteetht gjaxﬂc&t tbmlohokdr\miﬂi be¢ongmgledal whenegr dlegasket
respectivel |nforna n_provided in both cases
j Recprgs Q@dﬂt%?%% °§9‘r+8élﬁe Eﬁ“? ﬁ)é‘ 1fi*gﬂacket For the
I t r
PR} plkeE  PAREE B e Qg BLRI By bt
t]lil&ioﬂﬁ@@é:d fheeﬁelﬁmwurmﬂm plaMtee scduptes &t e lpacfkfet lblkféel pad k}ﬁetenhy

has eit her %r own (positive value) or shrunk %at iV
in the Ragkefd3bloithDe 7@@6%%\@1191?4%1%9t11‘§|1%°é11111b&8@€é‘t3t5 a?rﬁ@l\ﬁél h@mcget 18

fully tlglﬁs%%{%fjm;d%lgl @%)&? %L ﬂfﬁ'&t? I%Ases 392 % M@%h Qfé?ﬁbowa% e dBRY fot

pac IS value s

guarankReRd et egkessilltbanneg tranfoiced eddrepeshpawty. MdtSler,Thee
head of a packet is allowed tq row@ﬁ to 511 bytes
is also apdPRAIMIk OB Eherting the Paaket sk Bt ntthepaskeigudiar b‘ﬁfa@&égets

v B 0 AL AR B AT PG SR

a packet to be transmitted and the actual start of the transmission occurs in an egress-
interleave of 1 case when software completes a packet that is not the oldest one, and the
oldest packet is not completed nor dropped for a long time.

[0118] Software completes and drops packets by writing into the ‘done’ and ‘drop’
configuration registers, respectively. The information provided in both cases is the
sequence number of the packet. For the completing of packets, the following information
is also provided:

o THeader growth offsct: an 10-bit value that specifies how many bytes the start of
the packet has either grown (positive value) or shrunk (negative value) with
respect the original packet. The value is encoded in 2’s complement. If software
does not move the start of the packet, this value should be 0.

e Encoded egress channel.

o' Encoded egress port.
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if multiple conpletions/drops occur for the sane
packet. Moreover, there is no guarantee that the

w@awkars7smt a stored in the packet buffer will BPEI/US2006/018643
coherent after software has conpleted or drop the
packet. Egress path determ nation [0121] The egress
pat-h i nformati on (egress port and, in case of

channel i zed porit ., .t egr.ess channgl.),.j t .
“ulﬂneeﬁge#%éﬁgaﬁwggﬁgggﬁmﬁ%ﬁo§g¥¥H%P%§H&P%%f%§%gﬁggﬁ¥ﬁg&g
. processing of a particul ar packet has been conpl eted.

mini g b ey or et PagscesigaA hi 1 %ny time conmuni cate the
egress path informati on of a packet, even if the
processi ng of the packet still has not been conpl et ed.
Sof tware does this by witing into the

[0120]€9" S§8HPRtsHosl 8RR ER Jdatl Q8 or &Pl OHcRE RBsUTESViBtHR Nt B@ned
sequence numnber of the packet, the egress port and, if

if multg)Zeg g@gpl\cla\fiﬁ%/ cﬁ%%se cémf ﬂ)? ﬂ&eéa%nte[é%&ge%] Mgeogﬁ‘yglgﬁ ivs\gllraguarantee

ransm out ‘unti

wites into the 'done' c d, but the, ear
that thg pReFedidresteed i regiried émgfaft Wil eherehEnss ﬁ?hﬁ?&@&ﬁs on
of the scheduling of packets to be transmtted out in
complétbeorf &ibp twipsgkddases: 1-port channelized with egress
interleave of 2, 3 or 4. 2-port with egress interleave
of 1 or 2 4-port with egress interleave of 1Note that
even if software notified the egress path information
Egresstafhadgigimpppsioneagr ess_pat h_det ermi nati on' confi gurati on
register, it needs to provide it again when notifying
the conpletion of the processing through the 'done

[0121]CONTThEUgREd Hh 1EGHInSH: SR (edreds BoamMEomvasch fflc@i@dslized port, the
Software can transmt a packet that it has generated

egress Efﬂn%lég I'i]s 1%&1%%&9%% needs to be provided when software notifies that the

processing of a particular packet has been completed. However, software can at any time
communicate the egress path information of a packet, even if the processing of the packet
still has not been completed. Software does this by writing into the

‘egress_path determination’ configuration register the sequence number of the packet,
the egress port and, if needed, the egress channel.

[0122] Of course, the packet will not be transmitted out until software writes into the
‘done’ command, but the early knowledge of the egress path allows the optimization of
the scheduling of packets to be transmitted out in the following cases:

o 1-port channelized with egress interleave of 2, 3 or 4.
o 2-port with egress interleave of 1 or 2

e 4-port with egress interleave of 1
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mechani sm This nechani smwrks as follows: o Software

requests sonme space to be set aside in the packet
whegobae4730Thi s i s done through a regul ar read tRPCT/082006/018643

Get Room space of the configuration space. The address

of the load is conputed by adding the requested size

in bytes to the base of the thRoon1configuration

pace. Packethgffer nodul e wi | | e&ﬁp o the | oad:
Note tf)ﬁs?ﬁ @&g§§ WYP"T‘V]O“ Wi gerpss paihintprmatjon 4Rh®/BB Dbi t
‘eagre?sne_?athodetélﬂnﬁ?cﬁmr €5k {)aﬁchei eﬁlsttels it GE sfp;téﬁldla Yt aojafrn %éerf

urn in the its e physica ress 0
notifymigalid confiplétivm sfthe prdchaingasubk it ‘abho cahBgiranmdrdgister.
bits [47. .32] the correspondi ng sequence nunber
associ ated to that space. b Software, upon the
Get Room conmand, wi || construct the packet
GerREH &% M!ldquested space. b Wien the packet is fully
constructed, software will conplete it though the
acket conplete mechanj sm expl ai ned before. [0124]
[01 23JK|0 SOftNare ¢a8rirassy dapasket taat didis gargraied thrpegh & Geiliwet ed
the delta to be always 0 when the packet is conpleted
mechagisnt @ hisheedheader wgrkows fioleffsset i s not taken into
account when the size is allocated. Configuring the

o NYGBRArc 3R hclY BEMOEpRERS e Eé@ Ja&é&a i@k tp‘é@{c@bﬁﬁ& Ganf dk géra’ﬂee

t he nunber of ports, whether they are channelize
n@roughmdeglﬁel ted tceiéleé}etRmm s1beeav>f thy.coafipubtien poact sThe
same 1gq$€ ion and énterleaV|

csreed 3 T BRe TPt CRespisn tikats BHie ope bese
l @ftﬁ@@@ﬂ@mﬂ@&ﬁiﬂg@aﬁﬁ%w port not ).
o ThePacket Buffer module will reply to the load:
e Unsuccessfully: it will return a ‘1’ in the MISB bit and ‘0° in the rest of the bits
e Successfully: it will return in the 32 LSB bits the physical address of the start

‘of the space that has been allocated, and in bits [47..32] the corresponding

sequence number associated to that space.

o Software, upon the successful GetRoom command, will construct the packet into

the requested space.

o  When the packet is fully constructed, software will complete it though the packet

complete mechanism expldined before.

[0124] Note that for software-created packets, it is expected the delta to be always 0
when the packet is completed since the header growth offset is not taken into account

when the size is allocated.
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[0126] A port is full duplex, thus there is the sane
nunmber of ingress and egress ports. Fig. 9 shows six
walpdobae4ssd configurations in ternms of nunber 0PCPUS1086/018643
and type of port (cham elized/ non-channelized). For
each configuration, it is shown the interleaving
degree all owed per poll (which can also be configured
if nore than an option exists). The channelization and
i nterleaving degree properties applies to both the
f the port. [0127] Software
Conﬁ%H éfﬁ?ﬁg§g¥ Q%E“g?rtgorts by witing into the
totaljports conflguratlon regi ster, and the type of

ts by witing into the '"port t uratr
0125 eg.Sgﬁ&raw Wﬁ@? 1846 G THEnber ﬁgP?lTsa%"g eﬁwbgrﬁr alg@hfé fisdar
cases, software can configure the degree of egress
not, aridrthe dtgaa/ofrugielrﬁh‘eng gt Beportatell heva/ihngae ghanmelzniionend
be configured since it is determ ned by the sender of

interleh¥i@g Bagke bopeRidh (it @AYIotRAGHen thalCid Patis EXGeelzedl dnd
the 1-port channelized case and 2 in the 2-port

hi zed case; for the other cases, it has to be 1
mmﬂm%?ﬁﬁqg cket Buffer nDduIe wi || siIentIy drop any
packet vro Xi mum i ngress. i nterl eavi ng
012666 CRor BCpl B8 s iAo e P RE o HEPt B PG
degree i's conflgured through the "islot__enabled and
ports. Figs P showhainmeliferont conligwationgun srms el negbet eperts axd type of
"islot" stands for interleaving slot, and isassoci ated

port (chem@hieedackelianhelizd). tRoapsoii dohBguratidn, ivie shsen dlel inteheaving
ports. Thus t he maxi mum nunber of islots at any tine

degred ﬂlo@\fe(i p 1*1" ﬁwléhclg Qhd al%@@%ﬂtgﬁfeq 1??1‘1%?@ thah bn 4 ﬂl@ﬂ Blists). The

are US egress por IS Ccon gured 0 support

.nter ree of 4. for.the 1-port case
channdifaliBh F AK]@?% BEREBEEET RiPElis oULioD DR RGN Parnfng Shes
out -one per port-). Note that the nunber of enabl ed
paths 9ighepertshoul d coi ncide with the nunber of ports tines
t he
[0127] Software determines the number of ports by writing into the ‘total_ports’

configuration register, and the type of ports by writing into the ‘port_type’ configuration
register.

[0128] For the 1-port and 2-port channelized cases, software can configure the degree
of egress interleaving. The ingress interleaving degl'ee can not be configured since it is
determined by the sender of the packets, but in any case it can not exceed 4 in the 1-port
channelized case and 2 in the 2-port channelized case; for the other cases, it hasto be 1
(the Packet Buffer module will silently drop any packet that violates the maximum
ingress interleaving degree restriction).

[0129.] The egress interleaving degree is configured through the ‘islot_enabled” and

‘islot_channel 0..3° configuration registers. An “islot” stands for interleaving slot, and is
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egress interl eaving degree. [0330] Notification about
how many ports there are i s made through the
WO t@bat47port s’ configuration register. It w || PeEl/BE8200e018643
notified about the type of the ports (all have to be
of the same type) through the 'port_type
configuration register. [0131] For channelized (ie

T R

the 4 outbound "interleaving slots" ("islot" f
numbieialgts atmy it (Gurthe 1 oRTlichapekivet 1ed #Irﬁlél%%ar@ feed

"islot channels 0', .., '"islot channels 3'. For
vdmnﬂm&gnkepmtﬁcbhﬁgmedsamm@oﬁnngﬁedﬁwhgczgpﬁmf4aﬁmtheLpoﬁ
islot _channels 0: 0-63 b islot _channels | : 64-127

case, Llpst'o Qt 6?@@&@1 &.ﬁnmﬁ%?boﬂtﬁ} being kQhsBinen B@ﬂ %n@pelllﬁﬁ t-% Mote

hen the out put packet data rray have, for exanpl e,

that th 11?%1,]:3% cf‘lfgagablg%bslétg?l o%;i]&jgc;]l?ad G/'i(ﬁr Ileelaﬁl?@el %ﬁgoﬁ?@ﬁl%g I

never ve nnel s
Q and |nterl eaved. [0132] For the 2-port SPI 4.2
eglessé&‘éﬂ%ﬁ"l% 585%°%t O and islotl are assigned to port O,
and islot2 and islot3 are assigned to port 1. Thus,
{01301 he Nwaiication ibouehd e andnygode roeearp ey mpda thraughzhe W)uah_pozts
t he sane channel range exanpl e above, port 0 will

configlB¥ieh r&feiC haninel s te2®ti?h8 28ad thd typt bf the@uUes (dEgave to be of
channel's 70 and 80 interleaved. The follow ng

the e PRSI a.’foes%&bf%ﬂﬁt%ﬂ%gﬁ%tv%r channel s 0- 127

sl
[01311 %101 'Cl(lzarlll%fi zed (1e §121§2§ ports, software will configure a range of channel
numbers that will be transmitted in each of the 4 outbound “interleaving slots™ (“islot™ for
short). This configuration is performed through the ‘islot_channels_0’, ..,

‘islot_channels_3’. For example, if there is one single SPI4.2 port and

9

islot_channels 0: 0-63

islot channels 1: 64-127
islot channels 2: 128-191
islot_channels 3: 192-255

@

then the output packet data may have, for example, channels 0, 54, 128 and 192
interleaved (or channels 0, 65, 190, 200, etc.) but it will never have channels 0 and 1

interleaved.

[0132] For the 2-port SP14.2 scenario, islot0 and islot] are assigned to port 0, and
islot2 and islot3 are assigned to port 1. Thus, the maximum interleaving degree per port is

2. With the same channel range example above, port 0 will never see channels 128-255,

31



i slot2_channels: 0-127 o islol3_channels: 128-255
[0133] Note that if software fails to cover a
w@arbiizarB@ar channel with an islot assigned to PEEUS2006/018643
channel and packets with that particul ar channel have
to be transmtted to that port, results will be
undefined. [0134] Software can al so di sable the islots
and it Y VPTG AT FITel 0 701 B TEREBG: Tk P G rton it
register. For exanple, in the 1-port SPl4.2 case, if
valid oh¢ ghabtoversadd] the 011@11119364111(%@1 @r@semdbl ed and the rest
di sabl ed), then an interleaving of just 1 will happen
o Qflofohenpeeess1pPrt, and for the range of channels
- specified in the eislot2_channels' configuration
o riggilstlemnels013625F0or the 4-port GM | case, the

G g sociated to each of the islots is
° dggﬁpﬁﬁpég§ @ﬂﬁze a GM | port is not channelized. An
o OLAr LeAuLRo gdegeee of 1 will always occur at each

egress port. Software can conplete all packets in any
order even those that will change |ts |ngress port or
There is no need for soft .go anyt hi n

[0133]5 pelsroéﬂ thighié roiEw s TS RGORCT BaarErafic s il ﬁaéslar agsjeged
i ngress port or channel, other than notifying the new

to the égnes sngasdketsrioh thet pmﬁomlhxrc@mgmﬁl fhlee todsriegnsmatted to that port,
configuration register.Initial mgration [0136] Wen

resultsRAGketugdéraed. been fully received by the Packet Buffer
nodul e and they have been fully stored into the packet
buffer nmenory, the first mgration of those packets
into one of the tribes mrll b einitiated. The

. m gragi on proce n s of are uest of a i.on
(01341 o SOFF Pls& A SR ﬁ%?fr P ety fofosaor BeaEBaRE oF RS
m gration, and providing sone
ports. This 1s done thlough the “islot_enable’ configuration register. For example, in the
1-port SPI4.2 case, if ‘islot_enable’ is 0x4 (islot2 enabled and the rest disabled), then an

interleaving of just 1 will happen on the egress port, and for the range of channels

specified in the ‘islot2_channels’ configuration register.

[0135] For the 4-port GMII case, the channel-range associated to each of the islots is
meaningless since a GMII port is not channelized. An interleaving degree of 1 will always

occur at each egress port.

Software can complete all packets in any order, even those that will change its ingress
port or channel. There is no need for software to do anything special when completing a
packet with a change of its ingress port or channel, other than notifying the new egress

ath information through the ‘done’ configuration register.
O
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control information of the packet to the tribe. This
information will be stored by the tribe in sone

W@ ofobz4780 vi Si bl e regi sters of one of the avai P@DUS2006/018643
streans. [0137] The Packet Buffer nodul e assigns to
each packet a flow identification nunber and a tribe
nunber using the configurable hashing hardware, as
descri bed above. The packets will be migrated to the
corresponding initial tribes in exactly the sane order
of arrival. This order of arrival is across al

poe . ports and, if applicable, all channels. If a
Imtmlnq%&ﬁ?&nas to be migrated to a tribe that has all its

[0136] >, 1St QAN C}ﬁl@f{éty ﬁaVGI];hB%D tﬁﬂghﬁcéﬂfédl bﬁﬁ& Pﬁ@l@é@Bﬁlﬂ%ﬁﬁtodule and they
gration. The Packet ffer nD ule will keep

have bf% tgl {OA%} ltélliaoe}lﬁ é’% gr a ST ]TICIA hQ {]1% by 19%5@1@%%?&1‘?08%&3&01{615
foIIovmn isters arelnltlallzedln one aof the

into ongtofbimisioet WHABS IRFiRled. THCPREAHAR PIORRISASHSOR e RRSSHA T
in the correspondi ng 32-bit program counter

migratvondiagtibgtwaiting &gitist teibe (Nprepitthamighlion, hed raveding some
within a tribe that are activated due to an initial

controMn@d:alatien oilel paSkaid 1HRXAS ThAnERAQIaE willBe S@IE by the tribe
initial programcounter. CPO 22: the flow

n somig%gﬁ%viageixﬁag q@gi@tlézgpgonﬂe %{ %xg a%ﬁab‘f@étfé%m%bt ai ned by the

sequence nunber, a 16-bit
l ue that cont ai ns the or der f arri .

[0137]p acKée Paplet ?115% odulg apgjgis o 3?‘% RASHY3 @‘h‘t’ %?”Pgtﬁa%on number
packet B, the sequence number of A will be the

and 2 Sibguember wsimbie confiBirghlabashinedwsdimigpsissoitiedrabpse Kie
fromother port conpleted nor a Get Room command

packets WER 8 Sdiktakad tb&l@@@diﬁ@p@ﬂiu@h%@@ )bes Thexas € tienaeenitidert
wraps around at OxFFFF.

arrival. This order of arrival is across all ingress ports and, if applicable, all channels. If a

packet has to be migrated to a tribe that has all its streams active, the tribe will not accept
the migration. The Packet Buffer module will keep requesting the migration until the tribe
accepts it.

[0138] After the migration has taken place, the following registers are initialized in

one of the streams of the tribe:

o PC: initialized with the value in the corresponding 32-bit program_counter
configuration register. Note that all the streams within a tribe that are activated
due to an initial migration will start executing code at the same initial program
counter.

o. (CP0.22: the flow identification number, a 16-bit value obtained by the hashing

hardware.
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GPR. 30: the ingress port (bits 9-10) and channel of
the packet (bits 0-7). GPR 31: the 32-bit |ogical

w@dwsess3mher e t he packet resides. This addr esSBCPUBIWE018643

to the first byte of the packet. If the NET nodul e

left space at the front of the packet (specified by

t he header _growl h_offsel configuration register), this

address still points to the first byt hat . arrived. o

t@Ré? Z)él%‘k %etque%tm‘ﬂ}j’e’c’ Rel O i} %%111%9%0%#&1%@68@0@&: gt %b‘(@]e“f
g f ﬂBJclc@tt@ @Jlﬂ/aacfh%d 1‘# 19 Rfted Q%g&]at Bhet %@%ﬁcél%ﬁer

packet drops: mare initiated drops:
S:ﬁTA' wﬂt Be thepbiuentd munmwé @tpﬂusal passtihinglrarotpmipkeltet fionbe

dr opped r dwar e- i at ed draps
o pert Oség"i%%%nql ﬁe¢’ "eth%mr?Bmé%@é@é“F“c?S%ff @?{ Eal%ma%g’c ket

t t t he cause of
R AV
f@PR 00 Mg ingFtes poeqlied 9-00) drefrchiasnd] ol the Haflkdtlfsito@Gupancy
of the packet buffer when a new packet, starts arrivi n%

i GPR 3¢ hihe 3301} logicaldgress whegdhaptckedrosidat 1his address poin

ol |
TP BRGSO SO e
| fackdr€siieaialed biyhiad hdageu grhth be&b@é@f'fghﬁttlbﬁ@égéitex) this address
olescrl ptors S{ control information) of the packets is
e

fgilll poiwkie tp the Aisst bptechettaravedrafheapackot nef fOtUPFeﬁﬁébﬂmf e
V\%frql dro that i ncom ng packet. The packet table is

(il to be full when there are |ess than 4
entri es aval | able in the packet table upon a packet
arrival . The ' contl nue confl gur ation register is 0.
The Packet Buf Bardyyarpi tedpackatdrs

[0139] There are two types of packet drops:

o

Software-initiated drops: software explicitly requests a particular packet to be
dropped.
Hardware-initiated drops: a packet is dropped because there is no space to store

the packet or its control information.

Furthermore, the cause of a hardware-initiated drop could be one of the following:

The packet buffer is full. If the occupancy of the packet buffer when a new packet
starts arriving is such that it cannot be guaranteed that a maximum-size packet
could be fit in, the hardware will drop that incoming packet.

The packet table is full. If the table that is used to store the packet descriptors
(control information) of the packets is full when a new packet starts arriving, the
hardware will drop that incoming packet. The packet table is considered to be full
when there are less than 4 entries available in the packet table upon a packet

arrival.
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reset with a O in the 'continue' configuration
register. Until software wites a 1 in there, any

WO pwor24180 packet will be dropped. [|nterleavi ngpCBEYS®E6/018643
violation. If an ingress port violates the maxi num
degree of packet interleaving that the NET supports.
The size of the packet being received exceeds the
maxi mum al | owed packet size. The maxi num packet size

° t g ‘conrintse caRpRptlicy 1PEisEss Ik Thy Pagket Bpfipiapile spmes out of
OVEeL[r]: ¥l ' | i r I L On -
SRR B e TS St o R UK e B
I e@ieS by incomijenackaysilde dropbedl f an i ncom ng packet is
detected that it nmay be over the maxi num packet size

* afnigsipedingesree Miol#iort Iaa) ingregsatost welaten hegaeyisum degree of
arrkves, . [y | d to finish right away and
tH%Ck?{:@m%%\g?ggﬁgg%y ]?Eg‘?ﬂpé\ggnt ually will cone from

o t 1A sipa6k@E putidet bEigg eicepRe dxdidd e nhaiHuaralowed Ipacket size.
Therefore, a packet that exceeds the maxi num all owed

pAbkarxiiute pegkicf sibethisbesn Upyaceertediscd S Hsbyes, Sofiwy apatiiet

f a.size that ies bet t ' d sj
ot e B PSS T BT S e PRI e, 73 =
V ot Ve 81 KOt se P aGikiRlur e GRBr hdd BEckeY @iz’ ) EMELRIncoming

The ingress port notifies that the packet currently
beidkgt is deleripe thah dgnahbee vep the Mmiigunopack ¢leerei adlowednvhen the

[ ' t t f.1. . ket .
[ osor P aREYt el PR et SR P Bt A G enc
packed: of SheHaPReCkvRYARY GNEESNe LB Batl pacld Wilheldisited by
generated. Software can check at any given tine the

t thealardveand drhersffogsae ketkst thhtaxchrils dhdhmexinumno plhededipasketosize

Sl Pl 1S PALANL S ) L8t ed: causR, DY TRILI 2L g
maximum allowed size and the maximum allowed size minus 7 (since up to 8
valid bytes of packet data can arrive every cycle).

e The ingress port notifies that the packet currently being received has an error. This

notification can occur at any time during the reception of the packet.

[0140] Note that entire packets are dropped. When a packet is dropped by hardware,
there is no interrupt generated. Software can check at any given time the total number of
packets that have been dropped due to each of the hardware-initiated causes by

monitoring specific performance events.

Porthos Instruction Set
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Portlios Instruction Set[0141] The Porthos instruction
set in a preferred enbodi nent of the present invention
WO 2008824780 | ows: ALU Arithnetic ADD, ADDU SUB, PCT/US2006/018643
SUBUSADDI, ADDI U, SLT, SLTU, SLTI, SLTIU DADD, DADDU,
DSUB, DSUBU, DADDI, DADDI U, Logical AND, OR, XOR, NOR
AMI, ORI, XORI, NORI Sshift SLL, SRL, SRA, SLLV, SRLV,

DSLL, . DS

SRAV, , . DSRL, DSRA, LV, RL.V . :
(0141) DSRESFORP: FBEYTIIRHE NBEFEAEETOP I UoL O VO BN
DMULTU, DDIV, DDIVU Menory Load LB, LH LHU LW LW,

is as folldvsSt ore SB, SH, SW SD Synchroni zation LL, LLD, SC,
SCD

ALU
Arithmetic
ADD, ADDU, SUB, SUBU, ADDI, ADDIU, SLT, SLTU, SLTI, SLTIU
DADD, DADDU, DSUB, DSUBU, DADDI, DADDIU,
Logical
AND, OR, XOR, NOR, ANDIL ORI, XORI, NORI
Shift
SLL, SRL, SRA, SLLV, SRLV, SRAV,
DSLL, DSRL, DSRA, DSLLV, DSRLV, DSRAV, DSLL32, DSRL32
Multiply/Divide
MULT, MULTU, DIV, DIVU,
DMULT, DMULTU, DDIV, DDIVU

Memory

Load

LB,LH, LHU, LW, LWU, LD
Store

SB, SH, SW, SD
Synchronization

LL,LLD, SC, SCD

SYNC

ADDM

Control
Branch
BEQ, BNE, BLEZ, BGTZ, BLTZ, BGEZ, BLTZAL, BGEZAL

Jump
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SYNC ADDM Control Branch BEQ BNE, BLEZ, BGIZ, BLTZ,

BGEZ, BLTZAL, BGEZAL Junpd, JR, JAL, JALR Trap TGCE,
waeaabs124v80r, TLTU, TEQ TNE, TGEl, TGEIU, TLTI , PAL/U$1006/018643

TEQ , TNEI M scel |l aneous SYSCALL, BREAK, ERET, NEXT,

DONE, GATE, FORK M scel | aneous MFHI, MIH , MFLO MILO,

MICO, MFCO CPO Regi sters The CPO registers in a

&ﬁ;?r!}%&m&%ﬂ%m of _th_e i nventi on are as foll ows:
g’ treanNi m (CPO Regi ster 21) Status
EfpCause
TGE, TGEU, TLT, TLTU, TEQ, TNE,
TGEI TGEIU, TLTI, TLTIU, TEQI, TNEI
Miscellaneous

SYSCALL, BREAK, ERET, NEXT, DONE, GATE, FORK

Miscellaneous .
MFHI, MTHI, MFLO, MTLO,
MTCO, MFCO

CP0 Registers
The CPO registers in a preferred embodiment of the invention are as follows:
Config
TribeNum, StreamNum (CP0 Register 21)
Status
EPC
Cause
FlowID (CPO Register 22)
GateVector (CP0 Register 23)
SeqNum (CPO Register 7)

Microarchitecture Description of the Global Block of the Porthos Chip

Overview of the Global Block
[0142] Referring again the Fig. 1, a Global Unit 108 provides a number of functions,
which include hosting functions and global memory functions. Further, interconnections

of global unit 108 with other portions of the Porthos chip are not all indicated in Fig. 1, to
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Fl om D (CPO Regi ster 22) GateVector (CPO Regi ster 23)
SeqNum (CPO Regi ster 7) Mcroarchitecture Description
wo@Roobhzi78 obal Bl ock of the Porthos Chip Over vPE€mUS$006/018643
the G obal Block [0142] Referring again the Fig. 1, a
G obal Unit 108 provides a nunber of functions, which
i ncl ude hosting functions and gl obal nenory functions.
Further, interconnections of global unit 108 with
keep thetftgere yobtivelyeisaoind $implo Gldtesbiobk po&hewsyer, &l hus-connected

indicated in Fig. 1, tokeep the figure relatively

to NetvwdrR @mniedhd Ficke|Buffed] 0haind Blse ¢k eac@@ne O WeMBEMOHSUNits 105.
bus-connected to Network Unit and Packet Buffer 103,
and also to each one of the nmenory units 105. [0143]
The gl obal (or "GBL") block 106 of the Porthos chip is

(0143] reﬁ@ﬁ% Budat RepLarbied: | BRIk B Es e rderFRu eSS e

H{/perTr ansport | P bl ocks Provides input and out put

fOHOWl@aff‘ﬁtsﬂpb? the general puipose |/Os Satisfies external
JTAG commands Generates interrupts as a result of HT,
GPI O or JTAG activity Interfaces with the network

o ImpPbB6ks benemddrly Shitrdiep €5 ks PR ONquest s t o packet
1b fer menory Provides a path for nenory

e hltmfaca?wﬁh tee tiyper Tammonort thelodis f erent | ocal menories of
the tribes Nomencl atur ?f or G obal Bl ock processes:
e Provides mput and output paths for the general purpose I/Os
e Satisfies external JTTAG commands
e (enerates interrupts as a result of HT, GPIO or JTAG activity
e Interfaces with the network block to satisfy HyperTransport requests to packet buffer
memory

o Provides a path for memory interconnection among the different local memories of

the tribes

Nomenclature for Global Block processes:

s Request: an access from a source to a destination to obtain a particular address (read
request) or to modify a particular address (write request)

e Response: a petition from a source to a destination to provide the requested data (in
case of a read request) or to acknowledge that the request has been fulfilled (in case of
a write request)

s Transaction: composed of the request initiated by the source A to destination B and
the corresponding response initiated by the source B to the destination A. Note that a
transaction is always composed of a request and a response; if the request is for a

write, the response will provide just an acknowledge that the write has been fulfilled.

Fig. 10 is a top-level module diagram of the GBL block 108.
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Request: an access froma source to a destination to
obtain a particul ar address (read request) or to
worp@isflg4730 parti cul ar address (wite request) ReGPUSNE6/018643
a petition froma source to a destination to provide
the requested data (in case of a read request) or to
acknow edge that the request has been fulfilled (in
case of a wite request) Transaction: conposed of the
request initiated by the source A to destination B and
the correspondi ng response initiated by the source B
Thegﬁplgaﬁmﬂﬁé&bﬁ@k@ﬂﬁﬂﬂﬂgN@kﬁk%hat a transaction is
ways ‘conposed of a request and a response; if the
request is for a wite, the response will provide just

.l ackiond s it sl el e Tok e Lo Lot i
Tl% Q%@ REn R thS1ogRM Q@c%ﬁ/e(%fankz’(bﬁofl@h beOWh O 8t FReu] RSl memory to
nmenory quéeues 1001 (LMQ: there is one LMQ per

anetaehioba madm Grgrmndyh@lugoddo Sﬂniatl tuMar it thping lachemesgl >t10t166
recei ve_transactions fromthe attached | ocal nenory to
attaAwe iReel 6ERFY- mermory, and the | ogic to send

° Rot#glﬁgr%@%fc &g@? I(I%"glqgl @utle@fég{lesr@eﬁ&ﬁm}é @rfeher ar@shsehd afalent

I ock routes requests from
detthetidhd f erent sources to the dlfferent desti nati ons.
EPROM control l er 1003 (EPC): contains the logic to

o BRRMrooatelle 0R3 (RRCE epiiearheEprONp Her fosavifrige cxternal

controller 1004 (HTC): there is one HIC
E}g%@sf Sglr gfﬁ]{sport P bl ock. General purpose I/0

° H}g}g?flh%llﬁg }k/)ﬁ}[(:ﬁ%%&@l (OQEHTCPRb&E iSortd T C @i HypaTrassiry e
block.

o  General purpose IO controller 1005 (I0C): contains the logic to receive activity from
the GPIO input pins and to drive the GPIO output pins.

o JTAG controller 1006 (JTC): contains the logic to convert JTAG commands to the
corresponding requests to the different local memories.

o Interrupt handler 1007 (INT): generates interrupts to the tribes as a result of HT,
JTAG or GPIO activity

o Network controller 1008 (NTC): logic that interfaces to the network block to satisfy

HT commands that affect the packet buffer memory without software intervention.

Local Memory Queues block 1001 (LMQ)

[0144]  Block 1001 contains the logic to receive transactions from the attached local
memory to another local memory, and the logic to send transactions from a local memory
to the attached local memory. Fig. 11 is an expanded view showing internal components

of block 1001.
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the GPIO input pins and to drive the GPI O output pins.
JTAG control ler 1006 (JTC): contains the logic to
W@ eweae4730 TAG conmmands to the correspondi ng r ePUEESR06/018643

the different | ocal nenories. Interrupt handl er 1007
(I'NT): generates interrupts to the tribes as a result
of HT, JTAG or GPIO activity Network controller 1008
(NTC): logic that interfaces to the network block to
sati.sfy HT commands that affect the packet buffer

Descri®idB oy LW ® howt, software intervention. Local Menory
Queues block 1001 (LMQ [0144] Bl ock 1001 contains the

ogi ransactions fromth he | ocal
(0145} RS S Gt BRI R Ry Bt e b Tl wosny
transactl ons froma |local nmenory to the attached | ocal
block rgypst/iepignsy gorptaing thecketawiadioldsdibesiowiens parbrthesss is the
conponents of bl ock 1001. Description of LMO 1001:
width[iphi4B] LMQ bl ock 1001 receives requests and responses
fromthe local nenory block. A request/response
e vaﬁ@'(lt)ahsl%&téd“@h&{)ﬂl'oqwamﬁlefﬂo?ngl%lclg E%ﬁ%s Q&‘(ﬁ%ﬁgt diles onse, If de-

parentheses is the wd S asser
asyehien thmest olcthk figbiyary " dondckreends a request or

0 | f deas rted the rest of the fields are
dﬂ{%@% %1%3880%@ Q BEYIte FoqHesy At & 134 sesppatce Athepvige (read

reMebft @ WiRHUESbn QY i@ d@ﬁ@gm@esponse ot herwi se (read
request or wite response) is "don't care". stream
o stred) (5)i m aas ef ofeqacstefisefdld cdhirifs fhie@lehhePHt Bk B Al Sithin the
e streamwthin the tribe that perforns

unber of t
m?‘h‘g%r%e&i' Bt thegegirst foghafocrmemyry. Iln cesssd agespanse, this field
coh@BRANSEme AR bV on the corresponding request.

o regdest (5): in case of a read request, this field contains the register number where the

requested data will be stored. In case of a response, this field contains the same value
received on the corresponding request.

o type (3): speciﬁes the type of the request (signed read , unsigned read, write) or
response (signed read, unsigned read, write).

e address (32): in case of a request, this field contains the physical address associated to
the read or write. In case of a response, contains the same value received on the
corresponding request.

[0146]  LMQ block 1001 looks at the type field to figure out into which of the input

queues the access from the local memory will be inserted into.
[0147) The LMQ block will independently notify to the local memory when it can not
accept more requests or responses. The LMQ block guarantees that it can accept one

more request/response when it asserts the request/reéponse full signal.
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contai ns the sanme val ue received on the correspondi ng
request. regdest (5): in case of a read request, this
wo p@bd2476nt ai ns t he regi ster nunber where the PEQUENDES643
data will be stored hi case of a response, this field
contai ns the sanme val ue received on the correspondi ng
request. type (3): specifies the type of the request
(signed read , unsigned read, wite) or response
(signed read, unsigned read, wite). b_address
[0148] n Jhs &M biookesqudssequostiand Fesppuses emthgilpral P}“r@l%]ﬁ??ic]éa‘?*
address associated to the read or wi te hi case of a
request/BSPas eontadm tlad samet finddssartiee neghast/raspassieventicd frdme the local
correspondi ng request. [0146] LMQ bl ock 1001 | ooks at
memohy ol BRwWever B la@drbésoiik & Qféiteﬂ PBBiwhiiake ©F aﬂ&%ss! dhaLd of
queues the access fromthe | ocal nenory w
rt in 7] The LMQ bl ock will |ndependently
@whoﬁqu TwnyﬁgsW%@é nmenory when it can not accept nore
requests or responses. The LMQ bl ock guarantees that
it can accept one nore request/response when it
asserts the request/response full signal.[0148] The
[0149]L MQ Tk oeuiests adsseneubs osalanchm o dp tdresesetapdertrae Fageivkd from
menory bl ock. A request/response contains the sane

the RN Blo@R. ﬁﬁumm 61888 Bsholses MORSahERGEhY Behihb R et Ar@cal
menory bl ock. However the address bus is shorter (23

avallalgetlés?pm‘cfseql(d‘ %eé%@ t@ﬁ% fgga? nﬁeﬁ%?f tHJ L Q\'ﬂ?t’lvteg 10'11%‘;@' tHe

eque are s
| oc menory in the sane or re receive fron1the

resporRe 5P ORI S ROPT P3P peient Olﬁéﬁadbﬂéesleqw n there is
-an avail abl e request and an avail abl e response to be
sent to the local nenory, the LMQw Il give priority
Routii @bloek 1083 (RWSY. Thus, newer responses can be sent
bef ore than ol der requests.
[0150] This block contains the paths and logic to route requests from the different
sources to the different destinations. Fig. 12 shows this block (interacting only to the

LMQ blocks).

Description

[0151] The RTN block 1002 contains two independent routing structures, one that
takes care of routing requests from a LMQ block to a different one, and another one that
routes responses from a LMQ block to a different one. The two routing blocks are
independent and do not coinmunicate. The RTN can thus route a request and a response

originating from the same LMQ in the same cycle.

41



Routing bl ock 1002 (RTN) [0150] This bl ock contains

the paths and logic to route requests fromthe
waledobar4st sources to the different destinati oPGT/US2006/018643

12 shows this block (interacting only to the LMJQ

bl ocks). Description [0151] The RTN bl ock 1002

contains two i ndependent routing structures, one that

takes care of routjng requests from I :
(0152] i { Tiesrenl SEutE Rl ARBYREFeSeRme At > %@@ﬁ?%@%%%@% .
froma LMQ block to a different one. The two routing
undefitedlocks are i ndependent and do not communi cate. The RTN
can thus route a request and a response origi nating
fromthe same LMQ in the same cycle.[0152] The result
of routing of a request/response froma LMQto the
icronlRedt 0 ion etk NMw i RAIEBL 16T b HoRasiGHip!
or t Nos p Overview
[0153] The network (or "NET") block 103 (Fig. 1) of

the Porthos chip is responsible for the follow ng
Overviesinct i ons: Receiving the packets from1, 2 or 4 ports

and storing theminto the packet buffer nenpry. _
[0153]Not Thyhetgodne@r SNETREbloek bess(figialt) oA theeRorihae kap ihegsponsible

arrived, and providing information about the packet to
forthetfgll@o\;,iﬁg%cﬁggg;i sfying the read and wite requests to

t he packet buffer nmenory perforned by the different

tribes and the gl obal bl ock.

o Receiving the packets from 1, 2 or 4 ports and storing them into the packet buffer
memory.

o Notifying one of the tribes that a new packet has arrived, and providing information
about the packet to the tribe.

o Satisfying the read and write requests to the packet buffer memory performed by the
different tribes and the global block.

» Keeping track of the status of a packet.

- e Monitoring the oldest packet to each of the egress ports and sending it out to the
corresponding port if it has already been processed

e Providing a DMA mechanism to the tribes to transfer data out of the packet buffer

memory and into the external global memory.

[0154] The NET block will always consume the data that the ingress ports provide at
wire speed (up to 10Gbps of aggregated ingress bandwidth), and will provide the
processed packets to the corresponding egress ports at the same wire speed. The NET

block will not perform flow control on the ingress path.
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Keeping track of the status of a packet. Monitoring
the ol dest packet to each of the egress ports and
w@esditzgg3ot out to the corresponding port if iPCTHEHS2006/018643

al ready been processed Providing a DVA nechanismto
the tribes to transfer data out of the packet buffer
menory and into the external gl obal mermry [ 0154] The
NET bl ock will always consune the data fthe

[0155] ngilas §afﬁdflll§eﬁl@i?ﬂeéé’yéhe %E?éﬂ%c&ééaﬂe(ﬂﬁlﬁk%‘f @11? B0y can
aggregated i ngress bandwi dth), and will provide the

not fit i anessecdapleak el she tota hembcrrcrf@apimbajﬁhﬁ@h@ getewsk packeens
the sane wire speed. The NET block will not perform

track Jﬁx&m&gm hetinftn bheld, RYHRESIs Raidlati @lbbthe BRed gait anwhd |

dropped by the NET bl ock if the packet buffer

mamn{'{l?n uﬁ{b&ad} 11%9{( z{\)u]i% %&k@t@ Yndi s @n&aﬁ k@&% is Q&id1gort O Ble

at the netwof  ock keeps track

of re ches [ of 512, or there at|
mexingyn pHE GRS Bho A e R e Bkt B FeBbedg

packets that it sends, or there is a violation on the

maxi mum packet size allowed, or software requests

i ncom ng packets to be dropped. [0156] Newly arrived

[0156{3aC k@dody withledPrciptesanbepretantdde the iridesated rage ma@tosventhan a
ower t%an a packet every 5 clock cycles. This

13&01{6ngg§,n€ ?ﬁ tl)ﬁclése %HES LS 1&1%&%%@1’1‘[% a8si H8n BY 18- RACERket

(assun1ng t hat there are
strea

e tar. tr i be) W re .
to oneyfBhe.BPe @swngﬁ%aa Bt gregr - ple NehEhn e e EpBREE e
[0157] Frames of packets arrive to the NET through a
speedc”ﬂwfqogmqala@;@em]épf e NRgblesk isptodsHand | eave the NET
t hrough the same nunber of egress ports. The maxi mum
i ngress/egress interl eave degree depends on the nunber
and type of ports, but it does not exceed 4.

[0157] Frames of packets arrive to the NET through a configurable number of ingress
ports and leave the NET through the same number of egress ports. The maximum

ingress/egress interleave degree depends on the number and type of ports, but it does not

exceed 4.

[0158] The ingress/egress ports can be configured in one of the following six
configurations (all of them full duplex):

o 1 channelized port

s 2 channelized ports

s 4 channelized ports

o 1 non-channelized port
e 2 non-channelized ports

» 4 non-channelized ports
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[0158] The ingress/egress ports can be configured in
one of the follow ng six configurations (all of them
wo eiob/12Ipd ex) : 1 channel i zed port 2 channel i PEHURING/G18643
4 channelized ports 1non-channelized port 2
non- channel i zed ports 4 non-channelized ports[0159]
The channeli zed port is intended to map into an SPl 4.2
interface, and the nonchannelized port is intended to
map into a GM1 interface. Mreover, for the 1-port

[0159]2" dgs &%ﬁeﬁfb@gﬁ‘ﬁl ik ZR86h A% Hap 385 taiﬁ‘@w 2 after€Rf hrglihe non-
t he egress I nterl eaV|ng degree as follows: 1

hanpnel i ze erl aye

chamm&zeéipowmﬁ%ﬂf s ML BB MERNEE B o e

1 or per port. [01 60] The reqU|renE t of éhe DVA
2-port elmegmnlezngza@@, BHONAT Bl e2rer B g e B %&ﬁﬂstlﬂw B VB $8 e 2

packets out of the packet buffer to the external '
followgeenory (through the gl obal block) at wire speed. Bl ock

di agram [ 0161] Fig. 14 shows the bl ock diagram of the

NET bl ock 103. The NET block is divided into 5

sub- bl ocks, nanely: Porthiterface (PIF): responsible
e 1 clhmwﬁie@hbmi rgrashintpiekedegrenofihe, diof flerent i ngress

orts 2 or 4 eciding to ich of the 4
o 2 1@@}8&%‘%‘1 P%?%FP&%N dle% eociegfete??él&é%%f’o he

[0160] The requirement of the DMA engine is to provide enough bandwidth to DMA
the packets out of the packet buffer to the external memory (through the global block) at

wire speed.

Block diagram
[0161] Fig. 14 shows the block diagram of the NET block 103. The NET block is

divided into 5 sub-blocks, namely:

o Portlnterface (PIF): responsible for receiving the packets on the different ingress ports
(1,2 or 4) and deciding to which of the 4 ingress interleaving slots the data of the
packet belongs to, and responsible for interfacing with the egress ports also on the

egress path.
o PacketLoader (PLD): responsible for:
o Applying a hash function to the packet being received for the purpose of flow

identification and for deciding to which tribe the packet will be eventually

assigned to
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packet bel ongs to, and responsible for interfacing
Wth the egress ports also on the egress path.
w@awkar4e@der (PLD): responsible for: b Applyi POr/asivastisc43
function to the packet being received for the purpose
of flowidentification and for deciding to which tribe
;ﬂe packet will be eventually assigned toDeciding
ere to store th ac o ket ,buf
stk S s P oAk TR B BT g 20 e
eﬁ&% ok g packet table with the control information
arrived packet Providing the information
. 0?\116@1611@ afl refmy eothpaaklet bld with te conderinfimation vhthe newly
across all ingress ports, to the different tribes for
pPBYes8IGgt Mai nt ai ni ng the status of each of the .
° pﬁgol%g&n%%{hte utlﬁ?mg K&k % ived acﬂl@[st #nGHL 8% é:l'eb whe! nglraoloss
ave een co ete y processe

t kil BRSeso hoNgtio YetdiffereMotnibeofol poctdhgol dest pac k et in
the packet table to decide what to do with it (skip it
° | Mmﬁ@npv@dh@@tam Oﬁ stchafjthapackes §othe RAFIE! HRLS, &% Biﬂ‘“élﬂ iy

1e D &ctt hh v T bclzool(fliet% ¢ Qsetdrb tHéaﬁh)%E 01 10t yet,
i Fﬁ PECSUR 3t8 c POR

rfeée gress i

° t N@olﬁ@ﬁﬁ§¥l1er@§espﬁmepﬁmé SicRek tal9lE t@@écﬁdeﬂghé’tfto HB 8vith it (skip

packet 1S still active), and do this for each of the
egmé@s phciteb s 1 v pig | software IRa eKBicEUf feanaint tedhe ETET block
its &nct on me hufferi

oo ekl s o P BB oB00E <Rt Eok Ppl Bl

pﬁ&sk&ten QH&E?@EGJT%FH&YHngQPQm@ﬁ&lfe@[sr@tﬂlrh@uﬁ@hﬁﬁﬂ&cb s Rf each
t hese requests to the different banks of the packet

bof fheegreenmitsrieaving slots

o PacketBufferController (PBC): its function is to provide some buffering for the
requests of each of the sources of accesses to the packet buffer memory, and perform
the scheduling of these requests to the different banks of the packet buffer memory.
The different sources are: the network ingress path, the network egress path, the DMA
engine (TBD), the global block and the 8 tribes. The scheduler implements a fixed
priority scheme in the order listed before (ingress path having the highest priority).

The 8 tribes are treated fairly among them.

o PacketBufferMemory (PBM): it contains the packet buffer memory, divided into 8
interleaved banks. Performs the different accesses that the PBC has scheduled to each
of the banks, and routes the result to the proper source. This block also performs the
configuration register reads and writes, thus interacting with the different sub-blocks

to access the corresponding configuration register.

[0162] The following sections provide detailed information about each of the blocks

in the Network block. The main datapath busses are shown in bold and they are 64-bit
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The different sources are: the network ingress path,

the network egress path, the DVA engine (TBD), the
w@bkwbat47Bd ock and the 8 tribes. The schedul er PCT/US2006/018643

i mpl ements a fixed priority schene in the order listed

before (ingress path having the highest priority). The

8 tribes are treated fairly anong them

.. Packet Buf.f er Menor ont gi ns. t he t .
wide e Eh ) BHOE B YplEE  dnel, R BiefRist BGteB 3G sienats are
Performs the djfferent accesses that the PBC has
pointdepeinipediassetediigh.of the banks, and routes the result
to the proper source. This bl ock al so performs the
All otpnifsiodj treatiffamnt whitdods (PEFafBsDaRBMwiid BB(C) tdeusgistered.
interacting with the different sub-blocks to access
the correspondi ng configuration register. [0162] The
foll ow ng sections provide detailed infornmati on about
Portlateifacetblediel 1K) i n t he Network bl ock. The main
dat apat h busses are shown in bold and they are
64-bi tw de. Mreover, all busses are unidirectional.
Detaildal RssiRbher wi se noted, all the signals are
poi nt-to-poi nt and asserted high. Al outputs of the
di fferent sub- bl ocks (PIF PLD, PBM and PBC) are
regi ., Portl nt | ock 1401 (PIF iled
10163 aacTPob oo PoRBAT o Fib B UBTORR HESSE Bt Bpet bors
functions: ingress functlon and egress function. Fig.
functips. Kigolwsshoms iisitbedk dirgignam | ngress function [0164]
The ingress function interfaces with the SPI 4.2/ GWH
i ngress port, with the PacketLoader (PLD) and with the
Packet Buf f er Menory ( PBMress 8Rlcfior/ GM | port

[0164] The ingress function interfaces with the SP14.2/GMII ingress port, with the

PacketLoader (PLD) and with the PacketBufferMemory (PBM).

SPI4.2/GMII port

[0165] From a SPI4.2/GMII port, it receives the following information:

o Valid (1): if asserted, validates the rest of the inputs. It specifies that SP14 is sending
valid data in the current cycle.

» Data (64): contains the 64 bits of packet data provided by the SP14. This 64-bit vector
is logically divided into § bytes. -

» End of packet (1): if asserted, it specifies that valid data is the last data of the packet.

» Last byte (3): pointer to the last valid MSB byte in ‘data’. If all 8 bytes are valid,
‘last_byte’ is 7; if only 1 byte is valid, ‘last_bﬁe’ 15 0. If 1 or more bytes are valid,
they are right aligned (first valid byte is byte0, then bytel, etc.). It can not occur that,
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[01 65] Froma SPI4.2/GM I port, it receives the
followng information: Valid (1): if asserted,

wo adobdat78s t he rest of the inputs. It specifi eBCT/I81006/018643
SPI4 is sending valid data in the current cycle. Data
(64): contains the 64 bits of packet data provided by
the SPI4. This 64-bit vector is | ogi cally divided into

8 bytes. d t t ed,
TN RO T
thb @ﬁ& e-ithE ?a 3, thé?)o"lzm &yt QndiN@ bk aSty t%ada%djls MeReydaneé ﬁacket

bytes are valid, 'last _byte' is 7;
themf]yst]bybqitcenI%ie\ﬂa}/lveﬂue | ast _byte' is 0. If 1 or nore
bytes are val re right aligned (fir alid
* Chngl @5 By ¢le pe ﬁ%w%@ff 1 the pecke) datg ?@C’e‘é{ﬁfg e ek frotdeol
{19 s EXAITRLE, THIIFR) ¥alel o Ml Bt Dyte
aﬂf%L 19& er vvorgs %ﬂ%cﬂlg% tngtc?ngeqﬁot Ct hg end %Hf% t he
packet, then Iast_byl e' shoul d be 3; if the data is
the end of the packet, then 'last_byte" can take any

[01 66Y al Ugyery AN or(:By sén_ﬁfia?a@?@%hg@%ﬁ@l@t @th?‘ B1& fabifsts can

ket data received protocol allows up to

amveé\])ie leave? ral% c?/ﬁlfgé 8?01{@%/ Satg fr o?nc? gac?c@t ctanca?\r $& aﬁ'd ﬁla%fé d@%{Jr 1%ata

si ngl e packet onI .  But _pack S can ?rrlve

from a ﬁtf@f e aele%fm(q- RATKFE }1@Y>@Illmcﬁ@tllla5f upgts viligerareto aph of
arrive, and in cycle x+1 data froma different -or

the psshere belpgmwetvedﬂye datz beledgs tTive loakgmeashd cnonélorwndier. | Note
know to which of the packets being received the data

that pREeANASE nbPabiye irekéaed ai a Gl ghannel nunber. Note that
packets can not arrive interleaved in a GM1 port.

[0167] In a SPI4.2 port, up to 256 packets (matching
t he nunber of channel s) can be interl eaved. However,

t he Por and u to 4. refore,
01674y Bkt e R S Pl Kbl potgees gtc el Sibe
the correspondi ng packet data will be dropped
interleaved. However, the Porthos chip will only handle up to 4. Therefore, any packet
interleaving violation will be detected and the corresponding packet data will be dropped
by the ingress function.

[0168] The ingress function monitors the packets and the total packet data dropped

due to the interleaving violation.

[0169] The number of total ports is configurable by software. There can be 1, 2 or 4
ingress ports. In case of a single SPI4.2 port, the maximum interleaving degree is 4. In
case of 2 SPI4.2 ports, the maximum interleaving degree is 2 per port. In the case of 4

ports, no interleaving is allowed in each port.
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by the ingress function. [0168] The ingress function

nmonitors the packets and the total packet data dropped
walewetizi7sthe i nterl eaving violation. [0169] TherP@/kmn6/018643

of total ports is configurable by software. There can

be 1, 2 or 4 ingress ports. In case of a single SPI 4.2

port, the maxi muminterleaving degree is 4. In case of

SPLA4. rts m nteleawn degree is 2
0178, b PP e B R ke 8N e r&seﬁs,famftgon
allomed i.n,each port.[0170] For SPI4.2 orts
perfoypa fHasgRRi#ivsrsea CB AR ét4 %rrbry tolds (the ﬁléalmﬁbﬁl@é éabﬁft)n éiapl@ pitry of
perfornms an associative search into a 4-entry table
these (e (cehehsiel), ®nespasbiedne Eabhpahts yhais bdiesrectabl.&ach
(called slot), corresponds to one of the packets that

entryic8ntBidk Rgo FHEEe! Ateitle ( ﬁaa@)t:’l cﬁ!ﬂh{e}’%@ antiRi RsockMcfsbSLH $inds that
active (1) and channel (8) t he associ atl ve search

the cl{ahﬂg%ﬁii&aihfcslﬂﬁlgg Q@l&{@ %llat 1fes H& ham{:e? n%lﬁ stB?ei % ongn? n:eaéllve

anne ored in i've
t he tabl the q packet data corresponds to a
entries é?é Q’é”tmflﬁé 161} e par) fry drfacarrgwandy ip AekeldRBos Being eecoived. If
search does not find the channel in the table, then
the assqwiatgvetsgach dass nyinddbeichanitlen éheitablatthbretysd sibrations may
non-active entry in the portion of the table
occurdssoci ated to the ingress port: in this case, the
valid data received is the start of a new packet. The
entry is marked as active and the incom ng channel is
stored into that entry. Al the entries in the portion

o Thire idw 1daabdie mssativaesigy inahé PertioN 8r ¢23alfle htsodlaged to the
active. This inplies a protocol violation and the
INgECEKBEL RIS Gl ’fhﬁéfahﬁi 8ppeereiven és thasduieafe nest packetxiThe entry

1s ilkéd’] saacagr%al grlqc{o%/né/ %11 &to&ei%ltéﬂﬁ thce%@y

ann e
° AH the entries in the portion of the table assocnated to the ingress port are active. This

implies a protocol violation and the packet data will be dropped. The hardware sets a
Xth bit in a 256-bit array (where X is the incoming channel number) called
violating_channels.

[0171] For the 1-SPI4 port, all the 4 entries of the table are available for the port; for

the 2-SPI4 port, the first 2 entries are allocated for port 0, and the second two entries for

port 1, thus forcing a maximum ingress interleaving degree of 2 per port.

[0172]  The incoming channel associated to every valid data is looked up in the
violating_channels array to figure out whether the packet data needs to be dropped (ie
whether the valid data corresponds to a packet that, when it first arrived, violated the

interleave restriction). If the corresponding bit in the violating_channels is 0, then the
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[0171] For the 1-SPI 4 port, all the 4 entries of the
table are available for the port; for the 2-SPl 4 port,
W@ b@efiz473¢ 2 entries are allocated for port O, PENUS1I00€018643
second two entries for port 1, thus forcing a maxi num
ingress interleaving degree of 2 per port. [0172] The
inconing channel associated to every valid data is
oked up in the violati channel s arra to.fi
chalmeémloeah@% e theehanaelcdpt Ao Hestis® e PROiE! d#'o ﬁa@%l’??de If the
whet her the valid data corresponds to a packet that,
packetwlagrhapperfsi tp &t tlarlasted, ofhopaaikeid tteveriespoading pyiein the
restriction). If the corresponding bit in the
violati¥é Qhadridhauedyansielsdi s 0, then thechannel is |ooked up
in the channel _slot table, otherw se the packet data
is dropped. If the packet data happens to be the | ast

dat of .t he the co ndln
o1731g1" Bl B8 BRERo Ll o 5GE SPROPEI AL bod ehBfiess

no flow control between the SPI 4 |ngress port and the
ﬁﬂm“@hgress function. PLD interface: [0174] If the packet
data is not dropped, it is inserted into a 2-entry
FIFO Each entry of this FIFO contains the information.
that came fromthe SPI4 ingress port: data (64),
PLD i ﬁgw5¥ _packet (1), last_byte (3), channel (8), and
i nformati on generated by the ingress function: slot
(2), start_of _packet (1). [0175] Only valid packet
[0174]dat &f tht ppalck édts it tirappagh|iyisvwndelted htenReany FIFO. Each entry
restriction will be stored into the FIFO If the FIFO

of tlns'ﬁF@ QbnRRNs infdt1a6eN iRt nOfrothBe B?ﬁldmgfétssr Yorof dakh@4),
O are provided to the PLD and the head entry is

o o A BELSE L, P T O e

ound-robin fashion. This logic is

functhyafglggﬁé gfu‘t n}?ﬁc{ﬁg} b to 8

[0175] Only valid packet data of packets that comply with interleave restriction will
be stored into the FIFO. If the FIFO is not empty, the contents of the head entry of the

FIFO are provided to the PLD and the head entry is removed.

[0176] A logic exists that will monitor the head of each of the 4 fifos and will send
valid data to the PLD in a round-robin fashion. This logic is capable of sending up to 8
bytes of valid data to the PLD per cycle. At a core frequency of 300MHz, it implies that

the network block can absorb packet data at a peak close to 20Gbps.
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bytes of valid data to the PLD per cycle. At a core
frequency of 300MHz, it inplies that the network bl ock
w@anweabser b packet data at a peak close to PCT/US2006/018643
20CGhps. [0177] There is no flow control between the
ingress function and the PLD bl ock. This inplies that
t he aggregated bandwi dth of across all ingress ports
[0177f houpg bR Hoafsiy b ﬁfb)l %89;%@? B &%%Es i%QQM'{ZanH(tB@PLD block. This
requency operation o conf |gurat|on
L ters af ti he |n qS function ce
mplics i At S e B ety vty S Sno i e SHeg e
Egress function f[0178 The egress function interfaces
19. 2G\‘RN ot HRONEHF s9i firsiuercy apisetipBk ket Loader (PLD) and t he
Packet Buf f er I\/lermry (PBM. PBMinterface [0179] The
egress function receives packet data fromthe PBM of
There paciketanfighattion esdistersianfcthe; Pagiedss bufdien. There is an
i ndependent interface for each of the egress
interleaving slots, as follows: Valid (1): if
t. of t puts. It
PGIfOl@%iZigé %\I%ggs q/ 2 %tl%alhﬁlﬁg)thgae]t)y 2 dn ésretf{t]nct the current cycle
or not. Data (64): contalns the 64 bits of packet
data provided. This 64-bit vector is logically divided
into 8 bytes. End of_ﬂ&é&g@ﬂ_@(m if asserted, it
specifies that valid data is the |ast data of the
packet. Last_byte (3): pointer to the last valid MSB

[0178Pyt erHeregradgfidtictioh int@dceSwliiRSceae® pyab, iHe Pa&l@ﬂiaa@bﬁt @’LD)
is 7; if only 1 byte |s valid, " |ast byte is O.

mufm@@a ﬁgﬁ&%xgg they are right aligned (f|rst

va| yte 1s then bytel, etc.). It can not
occur that,
PBM interface

[0179] The egress function receives packet data from the PBM of packets that reside
in the packet buffer. There is an independent interface for each of the egress interleaving

slots, as follows:

o Valid (1): if asserted, validates the rest of the inputs. It specifies that valid data is sent
in the current cycle or not.

e Data (64): contains the 64 bits of packet data provided. This 64-bit vector is logically
divided into 8 bytes.

* End_of packet (1) if asserted, it specifies that valid data is the last data of the packet.

e Last byte (3): pointer to the last valid MSB byte in ‘data’. If all 8 bytes are valid,
‘last_byte’ is 7; if only 1 byte is valid, ‘last_byte’ is 0. If 1 or more bytes are valid,
they are right aligned (first valid byte is byte0, then bytel, etc.). It can not occur that,

for example, byte 0 and 2 are valid, but not byte 1. In other words, if the data is not
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for exanple, byte O and 2 are valid, but not byte 1.

In other words, if the data is notthe end of the
wpawkae473¢ hen 'l astjyyte' should be 3; if the PEI/ES1086/018643

the end of the packet, then 'last_byte" can take any

value Port (2): the outbound port. * Channel (8): the

out bound channel associated to the packet data.

f S d#hannek he packet,
G I AR s
1hm@ﬂeﬁsbﬁ&hmnnéammwgmh%ots store the incom ng

rrmtl g_ach FI FO has 8 entries. [0181] Whenever
© P@Tﬁ@ Ao OB’P B8tupi ed entries in the PBM FIFOis 5 or

+ CBER. S e RN AR e PRGSO Ay
e@h@@hﬂn@ﬁo@ﬁﬂk@ﬂuﬁata already read and in the process
of arriving to the egress function. Egress port
interface: [0182] A logic exists that will | ook at the
[0180headAddtabaicy IFIFRe, aneppoCR i caginegiess duindedbngslots, store
fashion, will send the valid data to the correspondi ng

the ine@h@gSnfamhbtioMN®Eaeh FITED had 8 dntfigy. ess ports exist, then
there is a 1-to-1 correspondence between a fifo and a

[01 81&0r t Whefl%\ }] G ﬂﬂl%é:r%? 90&?{6&3}1@?&5 S ’thetljfﬁ\? HRS is 5 o 1 0(1;6, f

ound-Tro ogic 1s app et ween and ¥

. : n i.fo2 and fifa3 f C
signshf Pyt B ﬁﬁ%ﬁ%b%@ Boeehg i AoReiagob b T?@F&P@%G a
IS disabledeé that either fIfO Oor fifolis
most & giagks of aaek id@ﬁaw p@l rpast arjdgh dhepraprss iod pBIvaY fodhe pEEs
2 and fifo 3). hi the case of 1 channelized port, the

functivaund robin prioritization is applied anong all the
fifos; for the 1 non-channelized port case, all except
one fifo should be enpty.

Egress port interface:

[0182] A logic exists that will look at the head of each of the 4 FIFOs and, in a round-
robin fashion, will send the valid data to the corresponding egress port. Note that if 4
egress ports exist, then there is a 1-to-1 correspondence between a fifo and a port. If 2
channelized ports exist, then the round-robin logic is applied between fifo 0 and fifo 1 for
port 0 and fifo2 and fifo3 for portl. In the case of 2 non-channelized posts, either islot 0
or islot 1 is disabled (implying that either fifo 0 or fifo 1 is empty), and similarly for
islot2 and islot3 (for fifo 2 and fifo 3). In the case of 1 channelized port, the round robin
prioritization is applied among all the fifos; for the 1 non-channelized port case, all

except one fifo should be empty.

[0183] The round robin logic works in parallel for each of the egress ports.
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[01 83] The round robin logic works in parallel for
each of the egress ports.[0184] The valid contents of
wao b@ohagso of the FIFO that the prioritizati on POOUS2006/018643

chooses are sent to the correspondi ng egress port.
This information is structured in the sanme fields as
in the ingress port interface. [0185] There is an
extra 1-bit signal fromthe egress port to egress
function, 'advance' that is used for flow control

[0184)et WEdn veldoqdets alfbic head efjhe EBG thatithe proflhzaiiadogihehooses
egress port can not accept data. If this is the case,

are séfi€o pRrdorddoasdiagrb®ss palv angeinfor¥ad oe watruciaehdainare sanse fields
asserted, the egress function is allowed to send valid

- AotQs bheiRfle. | f deasserted, the egress function
a8 m\?vl@%’?gneoiﬁselﬁld zfny valid data, even though there m ght

e valid .data ready to sent. If t egr es ort . ,
01586 naiai it BRREE A SRR sertshpol FReRy Pl yiyance
valid packet data in cycle x+1 since the 'advance'
that igjugethior flewsenuphgtyernybe pagirrd Bresdreat npieorpier ase fhgegress
[01 86] The egress function could send valid packet
port ciatreot atcept rea@ke thatie tlaf caBe, iyd pat pensseyciadyanshi. Gihenever
transl ates approximately to 19.2 CGops (@ 300MHz core

‘advddc8UY ABGM, tﬂ&?@%@mﬁ@i‘éﬁ@@ hIRN ddSoRERORH TRl @ tROpbrt 1P de-
provi sion for flow control. No configuration registers

Xl st in this.su ock. Perfor. e _events -23 a
sssefibh P spbab BB RLEL P Send TR BRI BB Bhoe
.. 1402 (PIF) Detailed description [0187] The PIF bl ock
valid et igadigtofhs gentt e efress Pogrierasens: auare il Pyde K it swll may

packet m gration, packet transm ssion and packet table
receine e@sbpacketglatalit cstiows 1 isinse Hlededvalielgigual Rasketed to be
insertion function [0188] This function interfaces

regisWrddattiepdrogiié. nt erface (PIF) and

[0186] The egress function could send valid packet data at a peak rate of 8 bytes per
cycle, which translates approximately to 19.2 Gbps (@ 300MHz core frequency). Thus, a

mechanism is needed for a port to provision for flow control.

No configuration registers exist in this subblock.

Performance events 12-23 are monitored by the egress. function.

PacketLoader block 1402 (PIF)

Detailed description

[0187] The PIF block performs four top-level functions: packet insertion, packet

migration, packet transmission and packet table access. Fig, 16 shows its block diagram.
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Packet Buf ferControl |l er (PBC). The function is

pi pel i ned (throughput 1) into 3 stages (0, 1 and 2).
wEe@ga24r30 [ 0189] Packet data is recei ved from P¢EUSLONG/018643

along with the slot nunmber that the PLD conputed. If

t he packet data is not the start of a new packet (this

information is provided by the PLD), the slot nunber

is used to | ook up a table (named slot_state) that

contains, for each p@gptdYaRfics! Bictiophet her the packet

bei ng received hasmo—mo‘e‘dg._There are three

reasons why the incom ng packet has to be dropped, and

[ . t hem happened when the first a of the packet
[018§r ri %’& ‘é?crp@fldgglﬁceéfw\qﬂh@e Bﬁhﬂ%’f&f‘*ﬁ@dﬁééﬁ*ﬁi nue'

configuration register was 0. The total nunber of
PacketRuffpdniralle{&Bsac Kbt fumbibe iy nipedine Gihes:ghhel Haslost stages (0,

descriptors) was nore than 508. The packet buffer
1 and®noiy (that holds the data of the packets) was not

abl e to guarantee the storage of a packet of the

maxi mum al | owed size. [0190] If the packet data is the
Stageslt:a” of the packet, sonme | ogic decides whether to

drop the packet or not. If any of the above three

onditi.o hol ds,. the packet_data i.s dropped and the
10180 PRE G2t < v ST e Loy Reie 65° pHabex et ie PLD

packet data that arrives for that packet is also
compgiedpldlee pkatidatarhinet Geataanifeesw frakett(tes infiohetpadkptovided
wi Il be dropped, no matter whether the above

by thePh), tthosist inohiskrds ugtdto Wekpanyble {(ndnhkl d&@Sktah tHaddontains,
data of the packet arrives. [0192] For theé purpose of

for elB ERETHIIBY wAkHR} Lib AR ThE e o
o AL RETLIYI0 S 5 REL IO e pEREHE LT o
three (*etagc%s%%%} {T¥ ri%c%lﬂlqgge {Jac fet fagttg k)g gr)opgza({] %ﬁd taﬂ %f them happened when

the first data of the packet arrived at Stage A of the PLD:

o The ‘continue’ configuration register was 0.
 The total number of entries in the packet table (that holds the packet descriptors) was

more than 508.
e The packet buffer memory (that holds the data of the packets) was not able to

guarantee the storage of a packet of the maximum allowed size.

[0190] If the packet data is the start of the packet, some logic decides whether to drop
the packet or not. If any of the above three conditions holds, the packet data is dropped
and the slot entry in the slot_table is marked so that future packet data that arrives for that

packet is also dropped.
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maxi mum packets that can be received in an interl eaved

way, which is 4. Therefore, if the nunber of entries
wob@n/124180 f i rst data of the packet arrives i s POF/ES1006018643

508, the packet will be dropped. [0193] To determ ne

whet her the packet buffer will be able to hold the

packet or not, sone state is |ooked up that contains

[Olnggf Oryiad &L%Balﬁ&gaﬁeﬁ 'tl{bgwﬁél@/pﬁé!{j w&lhﬁe gb&f nB gﬁeft%li V\}h%shez the

sed onthis information ecisionh to

o BSERRE B 15 PRSHEL U Lo Shses, Pl R, e

descri be how the packet buffer is logically organized
the hardware to store the packets. [0194] The 256KB
W19%¥ t Her Braiieross of felermainamedit viege d whethsr fhepackditatits is full or
(henceforth named sectors) of 64KB. Sector 0 starts at
not, thy tleethokhaiebetofahtriey 125 IO(Hchfraximneh 6666 b 3nSicay hiudthe
byt e 0x30000 and ends at byte Ox3FFFF. The nunber of
maxiBfel pickeiBhANRES bE P@ee%m%n i‘i’ﬁmf@ﬁ%cﬂé@ 9\@'@&\‘3&% TRALSAL, ifthe

any given tine can be in the process of

numlge? %g 1%&??5 Wﬁl?l’} ﬁ}e]r ﬁr\s;"tse%a\{\g ?Itthe gaczggrigljh ‘gsfjl%:‘}}PgQ 8@%@, %'he packet

tors, and the packet will be stored sonmewhere in
will ?ﬁppls@ctor That sector beconesactive until the |ast
data of the packet is received. No other packet wll
be assigned to that sector if it is active, [0196]
Thus, when a new packet arrives and all the sectors
[0193r e %tdeb@mnieh\ﬁﬁethéﬁh@ﬁ&h&@ttbdﬁe lyimet 2be t@%l@l tfl@p%ﬁ(ot or not,

stored. Another reason why the packet m ght not
eac

som £E Rtlggkédsu tfhatt &)‘13‘1 atn?s 1%%01‘1?% ﬁ%':l ]?3%!?1%% aO%%ﬁ]é tll}g)paﬂﬁaﬁmffer is.

e non actlve sec ors’is
acket size.. This maximum all owed packet size

Base? gn H:Prf PR e dREsiopdk dfpRdkeracked Bue oarekefaler arnce is

register, and it ranges from 1KB to 64KB, in
perfopmed: é[}mmdgrstand how this state is computed, first let us describe how the packet

buffer is logically organized by the hardware to store the packets.

[0194] The 256KB of the packet bpffer are divided into four chunks (henceforth
named sectors) of 64KB. Sector 0 starts at byte 0 and ends at byte 0xFFFF, and sector 3
starts at byte 0x30000 and ends at byte 0x3FFFE. The number of sectors matches the
number of maximum packets that at any given time can be in the process of being

received.

[0195] As will be seen later on, when the packet first arrives, it is assigned one of the

sectors, and the packet will be stored somewhere in that sector, That sector becomes
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of 1KB. When the start of a new packet is received, no
information regarding the size of the packet is
w@ewvitzhigso up front (the NET block is protocol BGRUS1006€018643
and no buffering of the full packet occurs to
determne its size). Therefore, it has to be assuned
that the size of the packet is the nmaxi num size
activeahd D wedlastniatradelie paelkéd iguceivedt Nybehpicketheiilerd ssignadighthat
space in the sector or not to store the packet. [0197]
sea01ﬂd§&§&ﬁm the information of whether each sector is
active or not and whet her each sector can accept a
maxi mum si ze packet or not is available. This
information is then used to figure out whether the
first data of the packet (and eventually the rest of
(0196l he dhtsayhpas ey P@ékea AEpiseand plb tpepotpys 45t a@@eaﬂhe@ He packet
| ogic maintains, for all the packets being received,
will riohbe tidt & bmﬂnﬂaérAmﬁthbymwnt\ﬂatthh avdkebimeght neicts aaedptsd)is if
far. This value is conpared with the allowed nmaxi nmum

the toRAGkStab @@c@ﬂﬂ Gacti b1 hB@oRAGKRS setlorsis 6ARII@XBALHt A& imum
maxi num al | owed si ze when the next valid data of the

allow@@égﬁ{e ?éée r%?ssl%laﬁﬁﬁkpéﬁfcg%d ﬂa%k%c%gz%%j rnfﬂi Vﬁy trlllre'sgm

to stage 2) and the rest of the datat t eventually
“maxypac <Ctg%‘ﬁ% CPPgﬁ%lﬁtF%leﬁb‘iquétn diif 1apgesdrgR b oM r“éf%“’émms
a packet that exceeds the maxi num al |l owed packet size
of 1KW. Whdpeths efert oy newfpavkat és wseizeds abiinfopagicatregdrdmgshe gize of
that varies between the maxi num all owed size and the

the pABR¥{ 8rEvad ddQeRbrs (e NEINHS Y is(f5b1066! dgfodiie, #rdvad bekfering of
byt es of packet data can arrive every cycle). No

the f\ﬁﬂ%cftét%@\hs 't&ﬁé%éﬂlﬁltxé R’Qs&@ @B%ffgg% 1%9 t> Bé E%leﬁi%d Q]pa? 1he size

or error statu one 1 n

opa to stage.2 : . .
of eyt %@&éﬁ@ﬁwﬁ 3%831%“63% NG ol Vésleef%h%rtb%}? is ey
' the fol | owi ng results fromstage 1: revised
spacedn gheofecipaekiett to sigrs Bapagetket _size. If the packet data
is dropped in stage 0, no valid

[0197] In stage 1, the information of whether each sector is active or not, and whether
each sector can accept a maximum size packet or not is available. This information is
then used to figure out whether the first data of the packet (and eventually the rest of the

data) has to be dropped.

[0198] In stage 1, the logic maintains, for all the packets being received, the total
number of bytes that have been received so far. This value is compared with the allowed
maximum packet size and, if the packet size can exceed the maximum allowed size when

the next valid data of the packet arrives, the packet is forced to finish right away (its

55



information is propagated into stage 2 . Stage 2:
[0200] In this stage, the state information for each
wo@Roobhat78ur sectors is updated, and the hashi PQI/US2006/018643
function is applied to the packet data. [0201] Wen
the first data of a packet arrives at stage 2, a
non-active sector (guaranteed by stage 1 to exist) is

end_ (?fs éuflk@ﬂ% fs%h%ﬂ&dﬁ@q K)@{en sdh8o %gé 9f arddh@é rdsbof BS Ylata that
Cuple i s chosen. his is dohe to mnimze the

evenL'll'{%ﬁgpw}/l] écﬁf’i‘egﬂg{%htﬂ%l] p%nkét Q\Ffl b2 %go\%%?ﬁl afhe?é%? aeP% c?(tgF ng{a é)ﬁcreeds

the 111%;@21272 @{Slg\% Bqlq;(gtt %]fe \%ﬁ]ilzjeiegn Bbgc{ﬁvgz{agg% éégl?ql %Qct qr‘.l[ggf a} sqgé that
network block (ie packets that have been received but '

varienbttwyet theinggamad, alloack eizs andtite rawembei allppredcdeespibuby (since
the tribes, and packets that have been processed but

up toStitallill by olﬁp@(ﬂ(d dansa dtied ey ey PNE addi0ANZhidnmationts
the four sectors is managed as a FIFO Therefore, a

prOVlBI'ﬁde Oi%@%r%n“ﬁglg iRR 1{1{319(% AL st Fjﬁt ained for each of them

packe ata w be stored at the
position within the sector pointed by the tail
poi nter. The head and tail pointers point to double
words (8 bytes) since the incomng data is in chunks
[019%)f  8Spipearforpadasfonrke.t irkonseitad avo slege 2nealid; piett_efapacket,
of the packet will becone (after converted to byte
data, add @ssndndotrappednd ik dolidvenglkabnd frpmysigedl: repece of
Porthos) the physical address where the packet starts,

end @fngadliet muhémg@aoﬂzepm qgth%?a&&?dﬁﬁ [151 Ji%}élsé diRes gv%ggo 5&1%

packet first mgrated (this w cover
on fungtl on 0204] The tail pointer of each a

mfon&%@fl}ﬁ’s pﬂ%paigﬁte éwgﬁgagﬁéevery time a new valid packet

Stage 2:
0200} In this stage, the state information for each of the four sectors is updated, and

the hashing function is applied to the packet data.

[0201] When the first data of a packet arrives at stage 2, a non-active sector
(guaranteed by stage 1 to exist) is assigned to the packet. The sector that is less occupied
is chosen. This is done to minimize the memory fragmentation that occurs at the packet
buffer. This implies that some logic will maintain, for each of the sectors, the total
number of 8-byte chunks that the sector holds of packets that are kept in the network

block (ie packets that have been received but not yet migrated, packets that are being
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data has arrived (of a packet assigned to that
sector). Note that the tail pointer may wap around
w@nwes248d at the begi nning of the sector. ThiBCT/DRi00€618643

that the packet m ght physically be stored in a

non- consecutively manner (but with at nost one

di scontinuity, at the end of the sector). However, as
procesged\jyithe Bibes dgf Padkesathet lefve bhen mbagesdditt sill oot beene

mappi ng of the address is performed before providing
transmied ot droapped). addr ess of the packet to software. [0205]

Whenever valid data of a packet is received, the

occupancy for the corresponding sector is increnented

by the nunber of bytes received. Wienever a packetis

e roly et _huffer 111 be seen when
020 p o D PR d s BT Wby Gcap ey
.th.decr§ne%t'd b¥ t he anount of bytes that the packet
POINIGRAE® HACANA nfgl PAFIOR 155 e tingsuing packieDd0® vill he stoagiat Zhe
_.the hashing function is applied to the i ncom ng packet
positigryithinTthe sévaerhioinged bnteitahpainttri t s configuration is
expl ai ned above. The hashing function applies to the

The héddrzsid thilpbiyteespaifit bliBupRGKREs (STHRLS EREEm a3 %E@%m
of data (containing up to 8 valid ytess arrives a

dnmkgpQé@y@g the correspondi ng configuration bits of the
hashi ng function need to be used in order to conpute
the partial hashing result. [0207] The first-Ievel

[0203hashilregail poiater a5t tBOErabihta bt eSBERA%]] |
functions are applied in paréﬁ%@? on ?ﬁgh%g@§%{9 aFg@jm

byte al @€ M8 %ol 0208) 1Rt b hashipg resylts and the

Y conf i guratton ﬁ%tg bt%baggﬁ Y fi)patcﬁé?k E&)@iosiﬁﬁﬁ’r}ﬁlyﬁfzal\ﬁgmeés
_hytes. ar ept. for._each of the four ingress
where %et pearck%&%rﬁgﬁ%q 1fwall %q: Rr9viied 1@ pag ef the frihey evhenithe packet is first
. pendi ng_Get Room command, it is served. The Get Room

migrated (R bs cgueied an dee wigratoht fnactiory writing into the
‘get_room configuration register,

[0204] The tail pointer of each a sector is incremented every time a new valid packet

data has arrived (of a packet assigned to that sector). Note that the tail pointer may wrap

around and start at the beginning of the sector. This implies that the packet might

physically be stored in a non-consecutively manner (but with at most one discontinuity, at

the end of the sector). However, as it will be seen as part of the stage 3 logic, a re-

mapping of the address is performed before providing the starting address of the packet to

software.

[0205]  Whenever valid data of a packet is received, the occupancy for the

corresponding sector is incremented by the number of bytes received. Whenever a packet
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with the offset of the address being the anount of
space that software requests. The NET will search for
w@2@boMe3of consecutive space of that size (roR@Es200€018643
the nearest 8-byte boundary) in the packet buffer. The
result of the command wi |l be unsuccessful if: there
are no available entries in the packet table * there

is mm hcdnf?mﬁ ?é;;’?a[ gé’iad ﬁp (£ vhglb%l'ége Psﬁ% e @dﬁsﬁﬁl’émbﬂ fﬁi@hbﬁﬁé/

209 A pen oom cormrand W

ved on s..no.valid d
explaifil) ﬁlées%w&a?éwefﬁsefleecf?%elﬁ%d Bonf e sy ﬂ%ﬁﬁﬁeﬁ {W%
corresponds to a start of packet. [0210] The fol |l owi ng
occupying ot tetoieelset Pip ovi ded to stage 3 : valid, data,
port, channel, slot, end of packet, start of packet,
size of the packet t he dword address, error get room
esult, and the current result of the fi.rst 8
(0206}, asﬁnﬁ’@% aies hashingdiaggionds apiig) fo 1p npﬁ»?n&l%a%d%ﬂ ffolbe
val i d packet data is sent to the PBC in order to be
hashingrfih¢tem dndtis cohBgpaiikels chpiined abeired, Thehagkine furvgion appleps
data corresponds to the end of a packet, a new entry

to the *ﬁ!i‘st%h%yﬁb@%kﬁ{e 28kdteTheérefoFd, WheR 2 Whidk dfRtd@sstalpti@tp of 8

t he packet. 212] If the packet data is valid, the
valid %ﬁj} ﬁ ol 1\%?%@5111&: 23?1& cc}x sfxﬂl% J%Inﬁ%ﬁﬁggﬁ Bis ﬁf)@@thﬁseﬁmg d
funetify hesdee it B BYee Qamautaﬁféawv%} AR S RS

guaranteed to accept this request for wite into the
packet buffer. There is no flow control between the
PBC and stage 3. [0213] If the valid data happens to

[0207Pbe the fieskvelaiaghiaf fitnchas ked all thennesundrtvet hashihp@metions are
- packet table is initialized with the packet

applieq%? Gha R thShAAR: datdHRERRi e€d that there would

[0208] Both partial hashing results and the configuration bits to apply to the next

chunk of valid bytes are kept for each of the four ingress interleaving slots.

In this state, if there is a pending GetRoom command, it is served. The GetRoom
command is generated by software by writing into the ‘get room’ configuration register,
with the offset of the address being the amount of space that software requests. The NET
will search for a chunk of consecutive space of that size (rounded to the nearest 8-byte

boundary) in the packet buffer. The result of the command will be unsuccessful if:

o there are no available entries in the packet table

e there is no space available in the packet buffer to satisfy the request
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be at | east one entry in the packet table. The packet
table entries are managed |ike a FIFO and the entry
WO 00ba24780r r esponds to the 9 LSB bits of the sPCUEsE6/018643

nunber, a 16-bit value that is assigned by stage 3 to
eachpacket. Thus, it is not possible that tw packets
exist wth a sequence nunber having the 9 LSB bits the
arr‘e . X q . .

[0209? oLl jé \ﬂegéﬁéheﬁb@onﬁ’ @&hﬁtaﬁﬁlj\gﬁlg B% g% Q€d blﬁzl ?ifl’cg?@ %fﬁoe%hcf {82 in

Inf ormati on: ress

R R e

expanded dword address consists on perform ng the
packef.o| | owi ng mani pul ation of the original dword address
conputed in stage 2 : (r) Bit[15] becones bit[ 14]
Bit[14] becones bit[13] Bit[ 13] beconmes 0 [0215] This
expanded dword address is conpressed back foll ow ng
[02107 he TRYRIRS/RY REREHTiSy WRByiBeRAdeet: vhid, UhANSHH, tdhhel,

out (as will be explained in the transm ssion
funct i () th i be. nunher -to.which t .
R N

~_derjyved fromthe second | evel hashing result generated
result; gpcsing Grrront derltof ther frlolsy lioA Gasing bages sone of t he
configuration bits of the hashing function. Flowd
(16): the result of the first level of the hashing
Stagef3unct i on, conputed in stage 2. Sequence nunber (16):
the value that is assigned by stage 3 to each packet
[02113t tfﬂ]estfg?:@, the valid packet data is sent to the PBC in order to be written into
the packet buffer, and, in case the valid data corresponds to the end of a packet, a new

entry in the packet table is written with the descriptor of the packet.

[0212] If the packet data is valid, the 64-bit data is sent to the PBC using the double
word address (that points to a double word within the packet buffer). All the 8 bytes will
be written (even if less than 8 bytes are actually valid). The PBC is guaranteed to accept
this request for write into the packet buffer. There is no flow control between the PBC

and stage 3.

[0213] If the valid data happens to be the last data of a packet, anew entry in the
packet table is initialized with the packet descriptor. Stage 1 guaranteed that there would
be at least one entry in the packet table.

The péoket table entries are managed like a FIFO, and the entry number corresponds to

the 9 LSB bits of the sequence number, a 16-bit value that is assigned by stage 3 to each
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of the packet, ie when the packet has fully been
recei ved. After a sequence nunber has been provided,
w0 b@onsgset er that contains the current sequenPE€r/Ns2MDE018643
is incremented. The sequence nunber w aps around at
OXFFFF. I nbound port (2): the port nunber associ ated
to the incom ng packet. |nbound channel (8): the
it i it UEHC g
pecky oL R PO 25 R RS B e PSR AP AEKS s having the
9 LSBWbitt fhesamet h t he sof t ware- provi ded val ue when the
"done' or 'egress_path_detepnined configuration
registers are witten. At stage 3, this field is
021%”' “l“@é b&&e: aégm tm%%%ﬁitﬁeged ‘ E)Iflwloés %gfmfd?hl%ﬁgﬁ:el d
e eventua y witten wt e sof tware-provi ded
when the 'done' or 'egress_determ ned" configuration
registers are witten. At stage 3, this field is
0 DVJH]@ h&@rbgedo)t 91eo‘ex1t3aﬁdéﬁu§w&1%)addfetss il ﬂnﬁh& LQJM@?E@H&‘,’M\M{E‘@
1 (Active). This status wll eventually change to
theei ﬁlwbﬁes(dfnh@mqlt):t neﬁldsoTltweatpmc‘reéqiuwsd sddress Cpasikietont 0

dr.oppe 0 sof t war equest s
GRS 6 WA e e e O 89 QPO f O R OB
S@gg@s of the packet. The maxi mum al |l owed size is the

ze of a sector, ie 65536 bytes (but software can

e override the maxi mum al | oned size to a | ower val ue
Wi th th " max packet size' configuration register)
Heead Bt lgd GBIt &*(8) : initialized with 0.
Even II t hi wi Il contain the anobunt of bytes
thath%ﬁ COﬂ%?”tﬁé packet has grown or shrunk, and
|t9mB§¥ %e@ﬁgayﬁed by software when the packet is
requested to be transmtted out. b Scheduled (1);
specifies whether the egress path information is known

. j t, 3, thi it i tial d
[021%}8r o&B{s%xﬁ%{: eg W@Q‘L p%%? elS complelsssed %Iaxctk :tloﬁmlwﬂ{g ilhg 1\:Iwze?se
procedure when the packet is transmitted out (as will be explained in the transmission

function).

o Tribe (3): the tribe number to which the packet will be first migrated into. This value
1s derived from the second level hashing result generated in stage A and after applying
in stage 3 some of the configuration bits of the hashing function.

o Flowld (16): the result of the first level of the hashing function, computed in stage 2.

» Sequence number (16): the value that is assigned by stage 3 to each packet at the end
of the packet, ie when the packet has fully been received. After a sequence number
has been provided, the register that contains the current sequence number is
incremented. The sequence number wraps around at OxFFFF.

e Inbound port (2): the port number associated to the incoming packet.

o Inbound channel (8): the chanmel number associated to the incoming packet.
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o Launch (1): bit that indicates whether the packet

Wi Il be presented to one of the tribes for processing.
wWoRoostizaggao 3, this bit is initialized to 1 (ie PEEUS2006/018643

packet will be provided to one of the tribes for

processing). FError (1); bit that indicates that the

packet arrived with an error notification fromthe

® bﬂ% Sr?c?]txﬁ@ K]St) ffh O%élg]wﬂ-mg e{genhéﬁl\émwl te%r\%ﬂtl }etSO%Wﬁret Rlé)wded

conbi na I"aunc error

ﬂﬂﬁ&@'held’&lscmmf of ‘egrds@ At dstednind’ rd@hﬁgtu@tloﬁk’%dﬂ&% AR
case an_error-free packet arrives and the NET

Wriek %Siqgeév@ﬁﬂ @@ﬂll%/mﬁi@élﬂ@d@ G.nto a tribe. launch =
e o PO LRGSR YL v

v&ﬁ@pﬂlb @’ bo‘cbhSs Q@ﬁa@hilﬁﬁoéon\ﬂgwauﬁfﬂeé@ﬁels are written. At stage
rated.launch =0, error = 1- A packet arrived wth

%ﬁ iefielstis wptiplizedde Oon. The packet is al | oned to occupy
abl e

th : f ket
+ SRR RS ulRET Shind e R bR kit Sutal i fowmge to citer
@T(Iﬁddlﬁl) of solii@r @%@K&ﬁs the ﬁaadk%i RasH §bp c}{(cg{ bE) f2t @ﬁm@ﬁ%ghwm e

reside in the already allocated pa fer t

1ﬁé@ﬁ&@h¢n@*@h@ﬂw§g@@9ﬂwﬁesmdes errors are rare, so
d have a mnimal _inpact). The,

ed. space sh
° %5‘& Qg tﬁ}%é‘}é? ??)‘636?5 ?@ﬁﬁaﬁk@a The WﬁxaﬁmerQWF@I sige ag Upg size of a
t { e
B R QL Ry el RS E R b B PR e
ldescyalpt with i ‘omes ptdket oizel’eamfgnmlomﬁgmélbed by one of
l.eavi.ng slots. launch = 1, error =

g OB CYBGGT pBIH g Tesoullptis inld vilbontaadi
B bR pe ARafo e bGPy SR k8PS
provided basudtvmye tthen thapskitts fqudas@ed tbQ)e transmitted out.

* Scheduled (1): specifies whether the egress path information is known for this packet.
At stage 3, this bit is initialized to 0 (ie not scheduled).

o Launch (1): bit that indicates whether the packet will be presented to one of the tribes
for processing. At stage 3, this bit is initialized to 1 (ie the packet will be provided to
one of the tribes for processing).

o  Error (1); bit that indicates that the packet arrived with an error notification from the

ingress port.

[0216] The following are the valid combination of the “launch’ and ‘error’ bits in the

packet descriptor:

® launch =1, error = 0. The normal case in which an error-free packet arrives and the
NET block will eventually migrate into a tribe.
° launch =0, error = 0. A packet descriptor originated through a GetRoom command

(explained later on). The packet associated to the descriptor will not be migrated.
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figure out whether the packet needs to be transmtted
out or dropped. [0218] And the descriptor will be
W@ pasti24Bd y) witten at | east once: when sof t ve@EUS2006/018643

deci des what to do with the packet (transmt it out or
drop it). The path and channel information (for the
egress path) mght be witten twice if software

o i, d Q. 0qtixfy i.s.infor.mation t e .
GRS b0 Pkt el TR RO bR e BacReti
a0owtd gus@tippspacedi bk @hclien befférasa phéldl Bbleiae singllicawhdgons
configuration registers are read and/or witten by the
(HHeKBE CIAL A GO81 1 dhcmidsite of therpsclish dikie easiqr @ let the packetp
the maxi ' hne@r der t 1nim.z he .
T T Bl R R AR Sy B Bl B rors
are iafe, @p tiieheasnelgphacislldctharaakeihinaMihbadde The packet descriptor is
dr opped. ' racket table ackets' : the total nunber o%
lmk%gwh £h &1V 1A §taie et thersinre theewpes thptde Recgpies in the packet

s e W 1L9,: A4 h A k. blaock |s.i
bufbAlHPbe e%ﬂﬁ%ﬂ%@%ﬁ%fgﬁg Hﬂ%lﬁ éﬁel pﬁacfé&itd\é@crl ey b%g%}lellei’%}'g ﬁ}dﬁ: { one

reset node a Ui 6sC
cenigélivd tyanieiod titeadgr s inteddaster Sotki r st | evel
(I'l _selection, Il posilion, Il _skip) Second | evel

o lgpphsel, ggpi oA[ WillBpverpeeyosi tion[ 0. . 3], 12_ski p[ 0. . 3],
12 first[0..3], 12 total[0..3]) Perfopnance events
unbers 32-36 ar.e nonitored by the packet .insertjon
10217} e (it SR Ee drTL e Pt o ot e o8¢ PO 0T Pien fiAisa o
of this function is to nonitor the ol dest packet in
get sprpe opfeikaiormaligreand provide it to the initial tribe, and by the transmit logic, to

figure out whether the packet needs to be transmitted out or dropped.

[0218] And the descriptor will be (partially) written at least once: when software
decides what to do with the packet (transmit it out or drop it). The path and channel
information (for the egress path) might be written twice if software decides to notify this

information to the NET block before it notifies the completion of the packet.

Configuration register interface

[0219] The following configuration registers are read and/or written by the packet

insertion function:

* ‘max_packet size’: to cap the maximum packet size in order to minimize the memory
fragmentation in the packet buffer.

e ‘continue’: if 0, the new incoming packets will be dropped.
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that still has not been migrated into one of the

tribes and performthe mgration. The m gration
w@e@bozoBois illustrated in the table of Fig. BRGI/US2006/018643

[0221] This function keeps a counter with the nunber

of packets that have been inserted into the packet

table but still have not been mgrated. |If this nunber

AR o e PR SRR e

of pointer by the O dest to process' pointer). \Wen the
requested information is provided by the packet table
* ‘stutwséswpediliar whethey tbg petaiotlebloblaisen rem) mpfeayhwkether it is in
mgration function requests the interconnect block to
qW%FlgttnéOA;e' packet into a particular tribe (the tribe
o HAWHEL MRS oRHGNGHh Mtdhe packet table by the packet
Insert Tunction). Wen the interconnect accepts the
o mifgusalevelr{]1_tdectpms klepostiigr, at iskip) f unction will send, in
3consecutive cycles, information of the packet that
° orvécid levd (8 pesitiondt-3t-He rositientled] e isk® 0 31k s 570 B h
S | purpose and sone CPO registers. [0222]
ng-%?%ﬁp'gjvg?ng information is provided in each of the 3
cycles in which data is transferred fromthe packet

mgration function to the interconnect block (all the

Perforragnge guettd MU e -f apeeraitorpdiyehe nrckeniasirban Stustied:
in the packet table by the packet insertion function):
First cycle: PC (3Rickcadirens futeion t he stream of the
tribe will start executing instructions Flowd (16):
the result of the first |evel of hashing Second cycle:

[0220'}36('1 u’?ﬂ&ﬁmﬂb’mﬂﬂ@ Fctiof M oI &ML Bre oldest packet in the packet table

that still has not been migrated into one of the tribes and perform the migration. The

migration protocol is illustrated in the table of Fig. 13.

[0221] This function keeps a counter with the number of packets that have been
inserted into the packet table but still have not been migrated. If this number is greater
than 0, the state machine that implements this function will request to read the oldest
packet (pointer by the ‘oldest to process’ pointer). When the requested information is
provided by the packet table access function (explained later on) the packet migration
function requests the interconnect block to migrate a packet into a particular tribe (the
tribe number was stored into the packet table by the packet insert function). When the

interconnect accepts the migration, the packet migration function will send, in 3
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" Address (32): physical address where the first
packet of the packet resides. Ingress port (2): the
w0 e@oase3port of the packet. Ingress channel (BJT/UB1066/018643

i ngress channel of the packet. [0223] Note that the
same anmount of information could be sent in only two
cycles, but the single wite port of the register file

consefuttveeydes; edimmadiong fuhd pack e NBRRIF eheQfrelns of the selected tribe
information into the different GPR and CPO registers,

will _Et@ﬂatliinfs@&e@eﬁ@iléﬁurﬁﬁsc%n@!&h@@'l)o[rgéﬁéﬂs The migration
interface with the interconnect ock is pipelined in
such a way that, as long as the interconnect always

accepts the mgration, every cycle the packet

] grat i function will provide data. This inplies
[022?11 at a@‘e?f‘?n%‘?“éﬂlg Frformaaig ia prayided inkach afites 3syqleRR5yhito data is
mai ntain the 3-cycle throughput, there is a state
transirgesdi fram theatacket neigsition ifiex:tibn to #ednchensicdbRbl packet to
be mgrated and put it into a 4-entry FIFQO Another
inforgiadit e ismatdne vl the GEBSMBNRE B Hik ?§cldeptaf)p::_l% t'ﬁ!s Ec%ket
and performthe 3-cycle data transfer and conpl yIAg
inser%ﬁhmtcﬁ&h)! nt erconnect protocol. The FIFO is needed to
squash the latency in accessing the packet table. As
. Fi_t vvil[ be seen | ater on when describing the packet
{8b8%ccess function, requests performed by the

-PaERAEL A NS LT ke e 9PASL Lable Mt

not be’served ri

o dilgwai(16]: thdesiinbLmbIea 1581 YeRRLfie packet mgration
function and the I nterconnect nodul’e. The 'l ast'

° Segogdabcles asserted by the packet migration function
n sendi ng t information in the second data cycle.

B%ﬁﬁ?%ﬁf‘%ﬁ%ﬂﬁéct does not grant the request, the

o TRAEKRle:M gration function will keep requesting the
mgration until granted. [0226] The m gration protocol

* sufddeess (32)ophytstoel fdztrésowitRg: 6 THHADABAE 81 He3uBag kasidds.
e Ingress port (2): the ingress port of the packet.

s Ingress channel (8): the ingress channel of the packet.

. [0223] Note that the same amount of information could be sent in only two cycles,
but the single write port of the register file of the stream along with the mapping of this

information into the different GPR and CPO registers, requires a total of 3 cycles.

[0224] The migration interface with the interconnect block is pipelined in such a way
that, as long as the interconnect always accepts the migration, every cycle the packet
migration function will provide data. This implies that a mi gration takes a total of 3

cycles.
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the mgration request is to a tribe x that can not

accept the mgration, the mgration function will Kkeep
w0 e@aastBng for this mgration, even if the foPCDWA2996/018643

mgration is available for request to a different

tribe that would accept it. Wth a different, nore

conplex interface, mgrations could occur in a

different order other than the order of arrival of

packets into the packet table, inproving the overal

[OZZBEr f OF RGPt N8y L ﬁ?&%flgﬁt Hef) d,zl% AR @%aﬁ]mes

nflguratlon registers or witten

o BB B L PO OBl Tl

assocj ated to_ the packet will start fetchin
maching pikh ey, thpawres intthis RO 951 opr f@lmnﬁwewc?eo@%ql arRffie and
purpose of this function is to nonitor the ol dest
complytigetitl thatintetvenpac ketododbliTte KEEAS néadad ko andsiddeilstency in
what to do based on its status (drop it or transmt

accebding thtphskel SbRE s WBLLd Qbn 836l hdiRsd: %ﬁﬁ §l§et table

interleaving slots. [0229] There is an in

scools MG IREIRE% Y OMHGE%afﬁh eF 8 ehind rasrde g %ﬂE?t table

o the ol dest packet it keeps track of. Wen
might Big} e sarsaddishs away .- diigie LAsbpvne indepdisgiem of the indgfaset o
read the entry pointed by its pointer. The logic wll
betwsethgplaeket hagrdiibf &metion pedjthedtisrconnat nodnld- Thbilast’ signal is
fashi on and whenever the packet table access function

assei®dd BWe phokel RGOV RBEMEHNEPEdWRLENE BIMESESN iR the second
transmt or drop the ol dest packet” in the packet table

data %&%tﬁ’ ﬁl@%{fg eﬁcz Hodsldf E&%}t e dcﬁ%gt ﬂ}\é\g)eaﬁe ﬁ{lg}f,a%% ?uncttlon

ine rea entry
1 esets the &l é g |sts to prevent both the set
will Xeen 1F<@4§g{m ration un’u granted.

[0226] The migration protocol suffers from the following performance drawback: if
the migration request is to a tribe x that can not accept the migration, the migration
function will keep requesting for this migration, even if the following migration is
available for request to a different tribe that would accept it. With a different, more
complex interface, migrations could occur in a different order other than the order of
arrival of packets into the packet table, improving the overall performance of the

processor.

[0227] The following configuration registers are read and/or written by the packet

migration function:
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same tinme). [0231] The state machine will read the
entry pointed by its pointer whenever the total nunber

wohtoopaekes in the table is greater than 1 and BCT/US2006/018643
"ol destjmched is 1, or 2. the previous packet read
was dropped or transmtted out ('ol dest_pi Ccessed =
1).[0232] This algorithm prevents the state machine to

t I
o T MR, RO L i pATA R B

'mpbmp&mefﬁﬂBskifﬂdﬁngﬁmhﬁamm&the readi ng of the packet
table is presented to all of the state machi nes, so
each state machi ne needs to figure out whether the

provided result is,4be Leguestedn@ag (by comparing the
entry nunber of t%‘—“—q*eet—angﬂ%ee“ It). Moreover, in
the case that the entry was i ndeed requested by the
state machine, it mght occur that the packet

[0z284es CTIH@}BLQ[)oéesomﬁ’th e & doesbrRir bl &dé@@ﬁa&@@maﬁt‘h@ﬁ)ﬁcke‘t
nachlne controls a specific egress port, and f

| fic.ra
tab]e chegs ﬂaélt El%ﬂdc{%%{%ehartgo 3(2 g %ogntf NS églogtlp@gtg%l s§1 e) dTgls is
t he sta machine, it is sklpped and t he next entry IS
perf Olﬁ’éfdiu@’sta@g‘ Uitheloyp PEeEYNicd s g UAEnt ed and wr apped
around at 512 if needed). [0234] The port that each
state machine controls is fixed given the contents of
the total _ports' configuration register, as follows:

[02294 Ot aThdpetid £ mdépen&éﬂtt sEthEcHIBCA MR AR bf BRY fouPegress

totaljDorts = 2, State nmachine 0 and 1 control port O,
mteﬂ?zﬂfg aglsstlgtg %;{Eﬁ%mﬁ@ﬁ%ﬁ é}lgﬂ% 8,31%(13(;1‘2[@1( {o(qle B@rlé%t Jacket ét kee]és track of.

betvveen state machi ne and ort

When "tpd?t%”% each state mpacpiis geque ﬁ&’e"’f olgg:cto l.;tt@ag]lﬁlfe gn’ay pomted by its

pointer. The logic will schedule the different requests in a round-robin fashion and

whenever the packet table access function allows it.

[0230] ‘Whenever software requests to transmit or drop the oldest packet in the packet
table a bit (name oldest_touched) is set. Whenever the state machine reads the entry
pointed by its pointer, it resets the bit (logic exists to prevent both the set and reset at the

same time).

[0231] The state machine will read the entry pointed by its pointer whenever the total
number of packet in the table is greater than 1 and

. ‘oldest touched’is 1, or

2. the previous packet read was dropped or transmitted out (‘oldest processed’ = 1).
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[0235] The range of channels that each state machine
controls is provided by the '"islotO channels', ,".
WO e@baeg3channel s' configuration registers, [ 02B6i/UI1v66/018643
status field of the packet descriptor indicates what
to do with the packet: drop (status is invalid),
transmt (status is done), scheduled (the egress path
information is known) or nothing (status is active),
If the packet descriptor is controlled by the state
[0232hc hi Tigs algheun plevetietiststtematiiat t damtinnaualyi @aditipéhe entry of
state machine will update the pointer (it will be
the pAgéemRaLed thyinfdrmadbd of theWlddst SRREEMRBLadilepOFEUPANCY
figure of the sector in which the packet resides by
the size of the packet, including the offset for
header growth, if any. It will also set the

' ol destjrocessed' hit d decrenent the taotal_ nunber
19235 pgﬁl@éw fotthe m@ln&@@w?ﬁka%ﬂﬁ & atpicdtieal! of e state
state machine will start requesting the PBC to read
machipes, ga ekt stae roeline asrdlsite figivleloupwhtbentbagsrovadad reedtis the

as necessary to conpletely read out the packet. These

requestgdiesd @yabephe s ety homBed FIhErdqhah afi®ELLIVEMbRESE, in
requests fromall the state machines, and wl |

the %&?%@.ﬁl@ chi}e ikt &d%&@reﬁ?%&%dg))?tﬁé Qﬁ&dmﬁ&?xixég ]itfngi%ﬂjc OQur bfat the

ogl ¢ ctcan not sc e reques

rticul ar stat ine.or if the PBC can not accept
paciPhfesrEnBobt SRl PV Mersatiu il bt cReTR o Hrosess
the state machine will need to hold the generation of
porty ad fprehiaaselized neits, aspecifioginge ehphasapledultee edse that the requested
requests. The request to the PBC includes the
entry slioovamylliedbp tiredtdte niachinbiat BHTpPss and thehexowitbl ie ravpesed
to be read out fromthe packet buffer the channel

(the ?Hﬁf@a@ s RBnRefH MNYRSIHCR MRRUNES 13 cLayest is for
he | ast data of the ‘packet or not

[0234] The port that each state machine controls is fixed given the contents of the

‘total_ports’ configuration register, as follows:

e total_ports = 1. All state machines control port 0

= t{otal ports = 2. State machine 0 and 1 control port 0, and state machines 2 and 3

control port 1.

o total_ports = 4. There is a 1-to-1 correspondence between state machine and port.

Any other value of ‘total_ports’ will render undefined results.

[0235] The range of channels that each state machine controls is provided by the

‘islot0_channels’, ,,,. ‘islot3_channels’ configuration registers.
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whi ch bytes are valid if the packet is not conpl eted,

the state machine will take no action and will wait
w@nitsh2458d t war e resol ves the correspondi ng pack€r/ukzn06/018643

either witing into the 'done' or 'drop' configuration

register. If the packet descriptor is not controlled

by the state machine, then* if the status field is

[0236NValTig s@fusCRIPbetiRPacltdd Gesliplor ifMeHdsNEhat kd 06 withehe packet:
packet, and the next entry is requested. if the status

drop é%tgéue 152@2%1%2 %In‘?td(s ﬁ% St§ ?cﬁqee) ;sgfg%ﬂ%ﬂde(ﬂq& %é%sa ?ﬁthqumfottfﬁg ion is

entr status,.field not conpleted and the
<nme8h 8@@%6 Egsﬂsﬁgl * the state machine will take no
action and will wait until software resol ves the
coi t espondi ng packet by either witing into the 'done'
ister until software

If the n%etckgt,rc%gcrf}ﬁm 1§ cr ess aty . he %?tggxmg nghthghl writing into

the 'egress_ path deterntnatlon configuration
register. &237 Any request to the packet buffer wll
° 1@@66®hmH@1 @neﬂmhﬁmomk¢naddnewehmthi&mmhenmdQueeMed

he Pl F sub-bl ock. Par th
i§tRedb by ¥ ot B dshaienC B Ao SraRn wlE AT FE et which
QY %a%gétqeﬁdésmﬁht 8By 'o[’gleﬁJaQIEet nﬁatt@tt% tt%@oftfté@toﬂtﬁedé”ofowm if
can enqueue the data Int pr oper
a[lﬂ?_IBW]ll Ve rctdhe @ddbst prpressedi st @eirda@rammﬁn thepotad nambyxt &S
m%‘gh of valid data), the occupancy of the :
PEBT%%espondi ng sector is decrenented by the nunber of

® 1f/tglg Eﬂtt%ﬁ%@?@ lsth']ﬁo%téde [ct,ltlé %?cg @%&g@g Z%% Is{a?tﬁgqtgegﬁﬂgﬁ??%@\’& ead
theopaaketnerhery, afd pack ptioinsaiasreredyd @cecessary to completely read
out the packet. These requests are requested to a logic that receives these requests
from all the state machines, and will schedule them to the PBC in a round robin
fashion. If this logic can not schedule the request of a particular state machine or if the
PBC can not accept the requests, it will let the state machine know, and the state
machine will need to hold the generation of the requests until the logic can schedule
the requests. The request to the PBC includes the following information:
¢ the address of the double word to be read out from the packet buffer
o the channel number and port number
o whether the request is for the last data of the packet or not
» which bytes are valid
» if the packet is not completed, the state machine will take no action and will wait until
software resolves the corresponding packet by either writing into the ‘done’ or ‘drop’

configuration register.

1f the packet descriptor is not controlled by the state machine, then
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The 'ol destjorocessed' bit is reset when a new packet
table entry is read. [0239] The foll ow ng

weowbigurs@mt i on regi sters are read and/ or w it tBCI/D§20061€18643
packet mgration function: 'default_egress_channel':
this is the egress channel in case the encoded egress
_channel in the packet descriptor is 0x1:0

o if thesteigAish ie Eﬁfcaﬁd or cqrRpletsg; e siate BaERee HRdEE Ppdckapd the

descri r st he packet table " 'head_growth _space' :
nFﬁgmg %5%?u% dépace reserved for each packet so that

o ifithé stARRdi kbt 8b@Wictetning thé fsahdmldioBitis]  Neederd pechinkelso
packet transm ssion function to correctly update the

sloipe thsareket pngtaeds lsasxienyacket is dropped or

) it t. 401, .Th , 0. f ; t.

- it Bareihed Shmplend ThNC e el PuRtL il T BE B
tdi@Rlo@.cBES AeSwWIILRE 1AM sbBRAM redd1PeshiE BsRpaidihdpscket by either
function is to schedule the different accesses to the

woaingentotthdidene Thé dmpt ewdl maationoemster, ommtlsoPaefeatotifies the
i nsertion function, .the ket mgrati.on functi,on, ~.the. -
SR (YR LY ST GRY B, oo b AP SBF Ay S conigitdion
rddidigough the PBMinterface). [0242] This function owns
the packet table itself. It has 512 entries;

therefore, the maxi mum nunber of packets that can be

ept in the network block is 512. S he packet -
1023 e A GBI E NP KT 0HE "EY 8 Bt BLUR- oK pad eventually

entries. The table is single Eorted every cycle only
the reguegedidgs wall wrivedo g Bserbjock Patef thhegoacdie thyekRE gpntains

sources that can requestaccesses simultaneously, a :

the stahesibies numid:, @rehidss atelantgstlt aghbeneo anthestF atb-alock
time. [0243] The scheduler has a fixed-priority schene

cane%ﬁ%%@?ﬁ@&ﬁgﬁn&ﬁﬁ hSiagmtye highest priority to the

I nsertions fromthe packet insertion tribe.
Second hi ghest priority

[0238] When a read request is performed (up to 8 bytes worth of valid data), the
occupancy of the corresponding sector is decremented by the number of valid bytes.
When all the necessary.read requests have been done, the ‘oldest processed’ bit is set and

the total number of packets is decremented.

The ‘oldest_processed’ bit is reset when a new packet table entry is read.

[0239] The following configuration registers are read and/or written by the packet
migration function:

o ‘default_egress_channel’: this is the egress channel in case the encoded egress

 channel in the packet descriptor is 0x1.
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are the requests fromsoftware through the PBM
interface, followed by the requests fromthe packet
wore@sat47en function and finally the requests fPONUS1006/018643
packet transmt function. The access to the packet
tabl e takes one cycle, and the result is routed back
to the source of the request. [0244] The requests from
o ‘toofmariitert’s thawoiptat focthe plisteagenh dessTigioy e Hopke 1%%
rect cesse The ack t abl.e

1o e 58 RO GET paple BN VLR Srii sk el neae

M BbRSTHI 11'11%11n£thdﬂj1|s ﬁl@@é@d%‘ﬁl@@sﬁa@ﬁet tMhenRYRn fBedtioNab Qorrectly
wites into the " done' Conf|gurat|0n

upéae Seeceipantiefi glap dwlmn e pgelﬂae rsatrepped omtiapemidied@ss t o
appropriate packet table entry with the necessary
information to update the status of the packet. [0245]

[024f) | tThecheadsh Mdrhﬁﬁcé’&feﬁ@ rags%gl Y 8 gﬁé%@ﬁﬁn&ﬁsﬁlbﬁ function.
configuration registers of the PLD block are handl ed
by the packet table.access function. The only
configuration registers not |isted above are: 'done’
software wites in this register to notify that the
processi ng of the Daglegkéablg accessdcioBd. The sequence
nunber, egress channel and head growth delta are

[024Pr ov Il“ﬁe durpostr @prthis: fusafonviatoescirdulcethe idiffdrbintsacresyessivehe pazket
notify that a packet has to be dropped. The sequence

tablenﬂ%aegs%mpwﬁe doth the 9%&@1 iB& ’E]Bﬁ’ RIRAGE, BY BRIt RUFREES

- are nDnltored by the pac ket tab e access

funcl'f LBJZ ﬁl?]pa%ﬁ'heé tr glgitsch)lllj Lﬁfu eC£HCo n fnr iy O{n V\%Of bhr\];)i.l%ﬁ fﬂé nl??!}/lo ns:

. requests enqueui ng and requests schedul i ng. The

Inter %uests enqueui ng function buffers the requests to
t he packetbuffer, and the requests scheduling perforns
the scheduling of the ol dest request of each

[0242] This fqnction owns the packet table itself. It has 512 entries; therefore, the
maximum number of packets that can be kept in the network block is 512. See the packet
insertion function for the fields in each of the entries. The table is single ported (every
cycle only a read or a write can occur). Since there are several sources that can request

accesses simultaneously, a scheduler will arbitrate and select one request at a time. -

[0243]  The scheduler has a fixed-priority scheme implemented, providing the highest
priority to the packet insertions from the packet insertion tribe. Second highest priority
are the requests from software through the PBM interface, followed by the requests from

the packet migration function and finally the requests from the packet transmit function.
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source into the 8 banks of the packet nenory. Figure
17 shows its bl ock diagram Requests enqueui ng
w0 eovet124980 [ 0248] The purpose of this function PEI/US2006/018643
receive the requests fromall the different sources
and put themin the respective FIFOs. There are a
total of 10 squrces (8 tribes, packet stores fromthe
The accprgiie 81 RFaket Ria ke oneesyals. adohe resaliagionded Yssk () tegaurce
DVA and tribe-like requests fromthe G.B block - TBD.
of the faghystone request per cycle is allowed fromeach of the
sources. [0249] W<th the exception of the requests
fromthe ingress path (named 'network in') all the
requests fromthe other sources are enqueued into
[0244].C or gz E‘)QCEJ%LLQ %‘Oﬁl g)(R%VatreT {Eﬁgé ﬁgclij\%ts ttaP{(]arc%ﬂqbtﬁ ta?vi{iéhgirn?ost%vcp 1%/%3 Ié‘s:
is stored in a register pecause e schedul'ing
_function (described later) wll always pravide
o Diysef gepssps- tlhepelss tablegs et of BisdddinefracerseltwapResangiesiorm

rw@gg%?gkggqqu be served right away. [0250] All the

have 2 entries each, and whenever they get 1 or

o IndreeNddobRes. Whiheved dodwhRAUESRE fato heSidetiAlor F donsebdnflic@rdtion
correspondi ng source for flow control purposes. [0251]

regigiersy the haelglaesgencmtasianyg il noenss eaprofyese paciiat ehle eGlip with
- DMA and .tribe-|ike requests - D | ock, the requests
e B GO ALT GPEPHSs Huot FRRertstmmt i on of the
address as follows;If the address falls into the
- configuration register space containing the
[0245]c on#ilghe aeadetvritegpesfoaned binsbftware paticsonfiglvhegn raghsers of the
upper 18 bits of the address are zero' ed out (only the

PLD blotk lafBhdnidl sl Bt@e gt tabld iacdese Qic8SROMNE drideconfiguration
configuration register nunber). The upper 1024

]Egmmﬁgﬂﬂ@@@ﬁggﬂggm%ggisters correspond to the 512 entries
I'n the packet table (2 consecutive configuration

.. registers conpose.one entry).. ) .
° doneg. so%tware ertrg:g In t?ns register to 1¥o)t1fy that the processing of the packet is

completed. The sequence number, egress channel and head growth delta are provided.
o ‘drop’: software writes in this register to notify that a packet has to be dropped. The

sequence number is provided.

[0246] Performance events numbers 37-43 are monitored by the packet table access

function..

PacketBufferController block 1403 (PBC)

[0247] The PBC block performs two top-level functions: requests enqueuing and

requests scheduling. The requests enquening function buffers the requests to the packet
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* |f the address falls into the packet buffer space,
the address is nodified as follows: Bit 16 becones
w®RG0617473Bi t 17 beconmes Bit 18 Bit 19 is resepCT/USRBR)18643

This is done to convert the 512KB | ogi cal space of the
packet buffer that software sees to the physical 256KB
space. Also, a bit is generated into the FIFO that

buffes ped itfei regueahétlh@mhng} perdaoedhe bchetinlirtghe tiadledtt rdxpfestent each
or the configuration register space. This function

sourc€ @86 (1t bk o€ the@ackd nhi Rt IGuRY 7aRYwE REbloek b gi
regi ster. Performance events nunbers 64-86 and 58 are
nonitored by the packet insertion function. Requests
schedul i ng function [0253] This function | ooks at the
ol dest request i nRthestEeuandiusahadul es theminto
the 8 banks of the packet nenory. The goal is to

0248? c h e du |1¢16§‘)%1 ﬁ@@%f FHRANESEch YD rdBivE 1116(1@ 169{%53 %h?gﬁ e different

al so schedul e up to one request

u ster space...[.0254
sourc SR B BB g v SR0g Subechie ?P%l Gt r}b éw@]a%,@gmbesa
,banks. Each bank is then 64KB in size and its width is
packeg gopgstiom Hgdngresrariih. @aclt reads dieputhe egnessopaiini md Ak dnal
di fferent candi date requests (the ol dest requests in
tribe-kleecieqodstst faem AhdGEBdnidtk HEBDRtOWIY knt fequegbat@e)e inkalldwed
access. Then, it will schedul e one request to each
ﬁonlaﬁﬁ%{ﬂbﬁogﬂ§§lb|e [ 0255] The schedul er has a
fixed-priority scheme inplenmented as follows (in order
of priority): Ingress requests

[0249] With the exception of the requests from the ingress path (named ‘network in’)
all the requests from the other sources are enqueued into corresponding FIFOs. The
request from the ingress path is stored in a register because the scheduling function
(described later) will always provide priority to these requests and, therefore, they are

guaranteed to be served right away.

[0250] All the FIFO’s have 2 entries each, and whenever they get 1 or 2 entries with

valid requests, a signal is sent to the corresponding source for flow control purposes.
[0251] For the requests coming from the tribes [and the GLB DMA and tribe-like

requests - TBD] block, the requests enqueuing function performs a transformation of the

address as follows:
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Egress requests @ obal requests - TBD Tribe
requests. The tribe requests are treated fairly anong
wo b@aaei’ses. Even banks will pick the access oPCT/B82006/018643
tribe with the [ owest index, whereas odd banks wl|
pi ck the access of the tribe wth the highest index.
Since the accesses of a tribe are expected to be _
o Iibaafdrgsssieluisin hglconegmaiiauesivier geee serainigel the gprfiguration

consecut i.ve t I ovidi N Lanced priorit
~GRES B I R e P TRl O DR SRR b bl
HIRCCESSE bith AR 1@p) WHIdl @Rllefibnt €6 SonSEwSEas Segidter 19I1ﬂl9éi~). The
configuration space access will be scheduled from any
llépel'tlng4 confimsaton re@stersrmoriesiond tpthe\iil 8 gsiries deds 1faaket table (2
Cct))l%%gutvercf qérre_d,.oThi s _function doest_Sot get affected
AoT B PSP LB R AN O R G FU SR OPeg SYer . Per f or mance

o IEMEBIERUANERS) B 1paict B8IGYpace! 11RAIARS: RNSodREL LOFRGws:
by the packet insértion function Packet BufferMenory
obl it k6 bd@measPBM 7 [ 0257] The purpose of this block is
tﬁ%i[gijéformthe_ request to the packet buffer nmenory or
°t ﬁf"?ogﬁ‘éﬁsé?tlf bh register space. Wien the result of
ot NE 966L35,is ready, it willroute the result (if
needed) to the correspondi ng source of the request.

[0252The dhisfieaemy tofodhedl MBS 1DKBlNISaIRh QG o fAELpAcREt buffer that
configuration register function and the result routing

. i i O [ t.S ock..di aqr
som B Bl FuiaB25808, 40 ot ) 00 7B T
.S 256KB in size and it jis sically organized in 8
specifify ERTUG/BA RIS 1 BeCHOH ARl Fre WG RO FEIpSH tace
Therefore, the peak bandwi dth of the nenory is 64
bytes per cycle, or 2.4G bytes/sec.

This function does not affect or is affected by any configuration register.

Performance events numbers 64-86 and 58 are monitored by the packet insertion

function.

Requests scheduling function

[0253]  This function looks at the oldest request in the FIFOs and schedules them into
the 8 banks of the packet memory. The goal is to schedule as many requests (up to 8, one
per bank). It will also schedule up to one request per cycle that access the configuration

register space.

[0254] The packet buffer memory is organized in 8 interleaved banks. Each bank is

then 64KB in size and its width is 64 bits. The scheduler will compute into which bank
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Configuration register function [0259] The PBC
scheduled up to 1 request to the configuration
WO e@ha2480 space. This function serves this reqResUS2006/018643
the configuration register nunber falls into the
configuration registers that this function controls
"perf_counter_event[O0..7]" and

the diffquent feandidate eaduessy (] ddestFeaxesthitseachoé thediF e sedithegietwrak
request; otherw se, the request is broadcast to both

in regikte® vRllkacesss TBER ibWiltkdedDaenefequbem vidhlbasikafpessibide
request, whoever controls the correspondi ng
configuration register. [0260] This function keeps
track of the events that the PIF, PLD and PBC bl ocks

ps~.a .counter .for

j0255T, 6 g oG AP R4TTBRT hetims iiectrbns T RREdp order of
track).Result routing function [0261] The result

lﬂ“ﬂﬂﬁbutlng function has the goal of receiving the result
of both the packet nmenory access and the configuration

o Indregirsjuestsspace access and rout it to the source of the
request. [0262] To do that, this function stored sone

° Eg@@ﬁﬂﬁmpﬁ$nfornatlon of the request, which is |ater on

d to.de e where the result should go. The
° (Hg%ﬁé?WF%sdig i nations of the result of the request are

o TriBSRRIE BRUFEER sty SEUSHES fzﬁﬂy m%ng%n%ltves.tmn banks
exception of the egress path (network out requests)

will pédk tloagross afdsniribe mﬁthrthathmst mrﬁex rvehema'stOQQ ba{JlOsZ&@ﬂl] pick

The results. co fram t he pac uf fer and the
e G T B BGSHBRS GHEE: Shee POIEHSRG! Pt oRTance
ex;?éé?é@lt@ be %Euﬂ?@gd&ﬂﬁﬁt LRSI AL RESs i 1ASORAANETe bohks,

functi on.
thus providing a balanced priority to each tribe.

[0256] Whenever a tribe or GBL réquest accesses the configuration register space, no
other configuration space access will be scheduled from any of the tribes of GBL until the

previous access has been performed.

This function does not get affected nor affects any configuration register.

Performance events numbers 32-39, 48-55, 57 and 59 are monitored by the packet

insertion function
PacketBufferMemory block 1404 (PBM)

[02571 The purpose of this block is to perform the request to the packet buffer

memory or the configuration register space. When the result of the access is ready, it will
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I nterconnect Bl ock of the Porthos Chip Overview [ 0265]
The m gration interconnect block of the Porthos chip

w@ swe/1H760 1, el ement 109) arbitrates stream nPQI/ES10061018643
requests and directs mgration traffic between the
network bl ock and the 8 tribes. It also resol ves

eadl o dl es eve ts such r-upt d
route the Sbl (RPERPRL BT BOREp o er e TR T b1 | G (g

convention SDjiane, where S is source bl ock code and D
fonctions ields bleak Fisrihp Peotieursion regifier ihelik BWdBregpk rouping

Tribe | : Mgration interconnect G Controller [0267]
functidd. Gig. 19 shewaitt Akl dagawi.di ng Interface to tribe #

(ranging fromO to 7), giving nane and descri ption.

[0268] Fig. 20 is a table providing Interface to

Net wor k bl ock, with nanme and description. [0269] Fig.

1 provi di i.nterface
025, 8 et R B Pl o ek 8t
TRIJOBE_FULL 3 TMBE_NEARLY_FULL 2 TRI BE_HALF_FULL1
it is physically organized in 8 int€Tleaved benks, each bank having one64- bit port.

Therefore, the peak bandwidth of the memory is 64 bytes per cycle, or 2.4G bytes/sec.

Configuration register function

[0259] The PBC scheduled up to 1 request to the configuration register space. This
function serves this request. If the configuration register number falls into the
configuration registers that this function controls (‘perf counter_event[0..7]” and
‘perf_counter value[0..7]"), this function executes the request; otherwise, the request is
broadcast to both the PIF and PLD blocks. One of them will execute the request, whoever

controls the corresponding configuration register.
[0260] This function keeps track of the events that the PIF, PLD and PBC blocks

report, and keeps a counter for up to 8 of those events:(software can configure which ones

to keep track).
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TRBE_EMPTY O M gration Protocol Timng [0270] A

requester sends out requests to the interconnect,
wobkioch247epl i es with grant signals. |If a requesPCi/ES2006/018643

granted, the requester sends 64-bit chunks of data,

and finalizes thetransaction with a finish signal. The

first set of data nust be sent one cycle after

"grant." The si gnalReshlasgutingdinggion one cycle before

the | ast chunk of data, and a new request can be made

[02611 N the SaErdoyes Gincllbd Basahé p¥d of R eReng WataultoaBsfhehe
to happen right after the |ast data has been

7 e

paoke{ ﬁl@&?@i{t{(ﬁ%t '}nggl?et %Jll é[ukihglg ?etgls%] &llp%c 4 a(?ss pieal o??tglg e source

1 destination tribe is halted vvhen "grant” is asserted

ofthedpd®lan restart one cycle after "last" is asserted for
network-tribe / interrupt-tribe mgration, or the sane
cycle as "last"” for tribetribe mgration. [0272] There
Is a race condition.between the "last" signal and the

[0262) f ul TS dsilgnahis ﬁ'ﬁhﬁo b@gdd soﬁie@ﬁﬁhoﬁﬁfblﬁﬁh@l@ﬂ! th@SeR&Nwhich
as one cycle after "grant” while the earliest "full"

is late%ﬁ MRS 0 HebYiE l\xﬂﬁ%l ahd fky dlt HAM oo f’fh%gﬂr %{1519%@551%’[181\(?61‘111@

his race condition an preve

lesul’faﬁé&elﬁ%%es’éﬂe#} B e SRS b6 iy Bleplidh of e

Tribe-tribe mgration protocol timng is showm in Fig.
egressyath (nebverrk oWheaesi diAt €8 nporerd]copfignativd dfitharstiteat es

i nterconnect nodul es. The i nterconnect bl ock consists
[0263pf IrimndsilssomArfrday thetpaciodd bhFecabhest sudedesdnfiguration

i nformati on and activate a new stream toprocess the
regist@\@MtionAN Arbiter nmodul e performs arbitration between

sources and destinations. A Crossbar nodule directs

data from sources to destinations.

[0264]  No performance events nor configuration registers are associated to this

function.

Interconnect Block of the Porthos Chip

Overview

[0265] The migration interconnect block of the Porthos chip (see Fig. 1, element 109)
arbitrates stream migration requests and directs migration traffic between the network
block and the 8 tribes. It also resolves deadlocks and handles events such as interrupts

and reset.
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Arbiter Arbitration problem[0275] There are 11
sources of requests, the 8 tribes, the network bl ock,
wo b@earert handl i ng nodul e and transi ent buf f ePCT/UER061018643
source tribe can make up to 7 requests, one for each
destination tribe. The network bl ock, event handling
nodul e, and transient buffers each can nake one
request to one of the 8 tribes. [0276] If there's a
hna%ﬁﬂgeSt fron1tran$ient buffers to a tribe, that _ _
request has the highest priority and no arbitration is
necessary for that tribe. If transient buffers are not
maki ng request, then arbitration is necessary. [0277
[026@; g. Inderfac ppryes Pofpwshe comteg oD mesrg, xhefeoy 1st gparce block
arbitration problem Each point is a possible match,
code and D id destipatementdkngpda. Thgbésk codsndred neani ng il | egal
match (a tribe talking to itself). If a source is
busy, the entire row is unavail able for consideration
in prioritization and appear as zeroes in the matching
T: Trrimt ri x. Likewise, an entire colum is zeroed out if
+.the correspondi ng destination is busy. [0278] The
];hhﬁ?B?Q8¥ﬂﬂ§§8§ to match the requester to the
G: c8esfilknation in such a way as to maximze utilization
of the interconnect, while al so preventing
starvation.[0279] A round-robin prioritizing schene is
sed_jn_an enbodi nent. There are t stages. The_ first
(0267 agBies o Berdlg R e BRiSYasdh freke %ﬁn%ngﬁe@no o BEiE
destination. The second stage resolves cases where the
namegaduelessipiiee was sel ected for nultiple destinations.
[0280] At the end of the first stage, a crossbar nux
sel ects can be cal cul ated by encodi ng the destination
colums. At the end of the second stage, the "grant”

[02683 ig np.j ﬁs 26/ tgﬁe E}?A\H&ﬂlgtlﬁtgrf?é/e tg%eit\{)cg*ktbﬁ]c?ok?%thrnecune and
estl ma m.

tion col

description.

[0269] Fig. 21 is a table providing interface to global block, with name and
description. |

Tribe full codes are:

TRIBE_FULL 3.

TRIBE_NEARLY FULL 2

TRIBE_HALF FULL1
TRIBE_EMPTY 0

Migration Protocol Timing

[0270] A requester sends out requests to the interconnect, which replies with grant

signals. If arequest is granted, the requester sends 64-bit chunks of data, and finalizes the
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[ 0281] Each source and each destination has a
round-robin pointer. This points to the source or
waoele@biinegsd on with the highest priority. The roRPeTUSH06/018643
prioritization |ogic begin searching for the first
avai | abl e source or destination beginning at the
poi nter and noving in one direction. [0282] Fig. 42
transagtjonyeith afinish gigpat gFl %ﬁlé@@é@f detremastibietseat dnsreysletaéae 'grant.”
descri bed above is "greedy," neaning it attenpts to
The sigiat Klasth és seatjoestysld rddre ciariagirchogedk dask iapp mgwaegnest can be
sources and destinations that are busy. In oilier

made WORASam R, TGO RMGHL thO Reds %.Bi%.QPHHgﬂg r RELANBEN i BLSAHE AR last
and a destination, the source and destination are

data | %ﬁ%aggﬁ%ﬁuggonwlater arbitration. Wth this schene,
are cases when the arbiter starves certain
context. It could happen that two repeated requests,
wi th overl apping transaction tines, can prevent other
requests from bei ng.processed. To prevent this, the
[0271]ar biArbidtatiom isopmoatgeshdnavdr e dasthestion Fribe fsi firest biteatios for a
"greedy" node as descri bed above. For each request

destindtR@tribaRMAltePHAEE eslant NIsBeried aRd CAURLEL 6143%8/0%%?@?"1;15’[" is
track of the nunber of times that request has

asscﬂcla%glnl? %gﬂrbev%& 1'&01?%1 1§g lel]% \g/lé?l{, SR h G ?ué% lj’t {rcea% g "for tl‘l% e-
ather wait at the request until the sour ce and
t”benﬂggF?%atlon becone available. If nmultiple requests
reach this priority for the sane source or
destination, then one-by-one will be allowed to
proceed in a strict round-robin fashion. The threshold

[0272]canThereS€h rate @oh il ofb &8 @¥n Haresafralichat ond ﬂﬁu‘ﬁ‘lﬂl" Qﬁhal The
register. Wilization [0283] Ut|||zat|on of

“Iast” &i %ﬁa@ EEPDNGGE ag%%rb(Q%nQ E}/Cl?ﬁt@a‘gﬁfq{g erth glthegln fulll’;amves

y onhe source I's req i NAt1 oS
.|f al | sources are

4 cyclgs é&ﬁfes&f?vﬁﬁn e gﬁ%ﬁé{%ﬁddﬁls TRYGERRAIHEN ARk PAYRTL overflow, the

utilization is 12.5% ( 1 out of 8.possible
“almost full to full” is used for 3 cycles after a grant for a destination tribe.

[0273]  The Network-Tribe / Tribe-tribe migration protocol timing is shown in Fig,

22.

Interconnect modules

[0274] Fig. 40 illustrates interconnect modules. The interconnect block consists of 3

modules. An Event module collects event information and activate a new stream to
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si mul t aneous connections). If the flow of mgration is
unidirectional, (say network to iribeQ tribeOto
W p00ba24730 et c. ), then the maxi mum utilization PCI/LSDNG6/018643
Deadl ock Resolution [0284] Fig. 43 illustrates
deadl ock resolutlon Deadlock occurs mhen the tribes
o in.m ti,on ops r.e. al be requests
oo @Pg??ﬁ AR F e RoBUE R e Vs o R PO B il
full, The Ioo can have up to 8 tribes. [0285] To
destingigaic Cd%%&lﬂ%@@ﬂ%ﬁ%@&%@@ WS F Foadestimaiionbuf f er s
in the interconnect, with each buffer capabl e of
storing an entire nigration (66 bits tines maxi mum
A_b.{g_gration cycles). The migration request with both
TO1¢8urce and destination full (with destination wanting
to mgrate out) can be sent to a transient buffer. The
transi ent stream beconeshi ghest priority and initiate
Arbitxatipgpedlilan to the destination, while at the sane tine
the destination redirect a mgration to the second
transient buffer. Both of these transfers need to be

[ozvsqt OMfare HRANI A dRO, g{th st mfggﬁfslés e @J,tévp de 40 & ent

destination tribe an
nem; trea sel f ThIS cess
hand RO I e g PL}}? ?E%ﬁtl BTG It TG geap o 7 Tequests, one
I T transient _swap_ yalld #. The mgrations into and out
for eagh destipptigisiribat Thapetaiosk bleek.tehentdundling woddelandgransient
tribe-tribe mgrations. [0286] This method begi ns by
buffedehdctanngalening repsst tbioht b§thefs teibagd! ock and not the
actual deadl ock condition. It allows forward progress
whi | e | ooking for the actual deadl ock, although there
maybe cases where no deadlock is found. It also
[02763 ubsl drerd'sd tegues dwoesatsivat baifetwer € ritenlatixhtast hid fie highest
m ni mal inpact on performance. [0287] A migration that

prioritys@8 nb hebitrh@atsis @BEeshit) o BatWibd. TrRGH R DuAKS ra@gﬁotcﬁcla gnc
m gration delays (a mgration delay is the nunb

reque&YGEESHNERLRTs hQEQMpP! ete a migrate). The

[0277] Fig. 41 illustrates a matching matrix. for the arbitration problem. Each point is
a possible match, with 1 representing a request, and X meaning illegal match (a tribe
talking to itself). If a source is busy, the eﬁtire row is unavailable for consideration in
prioritization and appear as zeroes in the matching matrix. Likewise, an entire column is

zeroed out if the corresponding destination is busy.

[0278] The arbiter needs to match the requester to the destination in such a way as to

maximize utilization of the interconnect, while also preventing starvatiom.
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del ays don't inpact performance significantly since
the mgration is already waiting for the destination

wo eoobnag3up. [ 0288] Using transient buffers w PET/US2006/018643
suffice in all deadl ock situations involving
m gration: Sinple deadlock |oops involving 2 te 8
tribes Multiple deadl ock | oops with 1 or nore shared
tribes Miultiple deadl ock | oops with no shared tribe
Mul ti pl e deadl ock | oops that are connected[0289] In

[0279 t he Ag%glﬁcei ?%blﬁrg 15{18%1%% sc%%gle.llﬁgs &}1 ha @l%lbgr &m{‘ ’gﬁeréﬁ al\t'lc\%qtlé\lo
ient buffers are enptied. 0290] Har dwar e

stages d%ﬁﬁ?b% RlagRelt s Bhiip owet (s e QRS Restination. The
situation that involve software dependency. For

secondestegepken]ves casdstydiermtho nandeadtowks $ebampedwiar tsltfde desimetions.
result froma tribe in the another deadl ock | oop that
has no tribe in common with the first [ oop. Transient
buffers wll service the first deadl ock | oop and can

[0280] neV%t ey Qﬂ%ftﬂ{;@fils aggeé %deu %q(ugeleec{s c%? %1: c%’{eglt%ted

vvare rese rea
0.to. I'O ess reset event. Thl S reset event ,COITES

encodiph i e itob g bERS et Bed! oteord pesopie srant” signals can
OXBFCOOOOO. [ 0292] Event nodul e spawns a new stream

be calopladed e ORrng tleombiec destiogian dobised on external and tiner
interrupts. The default interrupt vector is
0x80000180. [0293] Each interrupt is maskabl e by
witing to Interrupt Mask configuration registers in

[0281 Conﬁih&%(ﬂﬁé@%d%ga{:gesu ??cgl%a% q'?l%%éf?},ro:gﬁlt oqlqt%l'.a’ﬁlis points to the

|n errupt can be direc

source or destination with the highest priority. The round-robin prioritization logic begin
searching for the first available source or destination beginning at the pointer and moving

in one direction.

' [0282] Fig. 42 illustrates arbiter stages. The arbitration scheme described above is
“greedy," meaning it attempts to pick the requests that can proceed, skipping over sources
and destinations that are busy.v In other words, when a connection is set up between a
source and a destination, the source and destination are locked out from later arbitration.
With this scheme, there are cases when the arbiter starves certain context. It could

“happen that two repeated requests, with overlapp‘iﬁg fransaction times, can prevent other
requests from being processed. To prevent this, the arbitration operates in two modes.
The first mode is "greedy" mode as described above. For each request that cannot

proceed, there is a counter that keeps track of the number of times that request has been
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met hod, the interrupt is directed to any tribe that is
not enpty. This is acconplished by the event nodul e
woredongt7sequests to all 8 destination tribes. REENS2006/018643

there is a grant to one tribe, the event nodul e stops
maki ng requests to the other tribes and start a
mgration for the interrupt handling stream In the

skipp&EC WiknRE BRhter tEBhEH @F dsHOIM, the aRRH-AGndiilletk Riptd¥er this
aparticular tribe. The tribe nunber for the second

) Q01 asS ; 1T . : -

reauef oA RR o {E vy Bl TR, DARoALE SREGTopEReliRt Rbilale
interrupt. [0294] The event nodule has a 32-bit tinmer

If mulfipt SRy EHEHS PEEIR/IOE % SMe\HpERC Ph&?tl}l?‘ﬁ’é“r ﬂ}?&toélﬁng’é"one
the Count configuration register, it activates a new '

will bstaHewnd (0 rotded imrk girigt found-rpitie fasbiome cthe thiegledd camee set via
interrupt vectors default to 0x80000 180 and are

the GbanTaabhad b dupdihregéteNect or confi gurati on
regi sters. [0296] External interrupt occurs when the
external interrupt pinis asserted. If n o thread is
avai l able to accept the interrupt, the interrupt is

Utilizpgonli ng unti|l a thread becones available. [0297] In
order to reserve sone threads for event-based
activations, mgrations fromnetwrk to a tribe can be

[02831! m pﬁﬂzaﬁ;glﬂ%?‘alel i dofindh ﬂe}ze%tds %%1 ﬁle'}lfattlﬂ@ 5!511%19.[191&' A'dnty one

im ters pe

confirguration regls ere |1s one r

tribe). Wh the numbher of threads in.a tribe reaches
SOurce s 1‘§C1‘3:ESPP%§EG?P&PFH%‘” SR IDR{ LA Bﬁ%&‘% Tn7é RS 14%“2%9“?’%’13% k

to that tribe are halted until the nunber of threads
requegiingpmnelssbiowtiphahen e maxgnvwsibdizatiandalle. 50008}t atiSgrosaiile

is an illustration of the crossbar nmodule. This is a

simulft@ed BpishBectiBnOUTPIE Slotr Tssigadtion agidiredidhal, &agaspvdark esl
of a "valid" bit, 64-bit data, and a "last" bit.

" [ i he. ¥ or€ach out put,
irlbeOfEﬁng%g l’&g ch}el | étc.%C{HE{n\’gé ﬁﬁxﬁﬁgx?]tuﬁélgflg@tls OGS P

corréespondi ng 4-
Deadlock Resolution

[0284] Fig. 43 illustrates deadlock resolution. Deadlock occurs when the tribes in
migration loops are all full, 1.e. tribe 1 requests migration to tribe 2 and vice versa and

both tribes are full. The loops can have up to & tribes.

[0285] To break a deadlock, Poﬁhoé uses two transient buffers in the interconnect,
with each buffer capable of storing an entire migration (66 bits times maximum migration
cycles). The migration request with both source and destination full (with destination

wanting to migrate out) can be sent to a transient buffer. The transient stream becomes
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i nput which selects one of 10 inputs for that

particul ar output. Al so, for each output, there's a
wdaz2met2478put whi ch i ndi cates whet her the out pupCPUS1006/618643

bei ng sel ected or busy. This "busy" bit is ANDed with

the selected "valid" and "last" so that those signals

are valid only when the pott is busy The output is

s b Rl
th f or mance. of rconne ca erm ned.

destigiop e SRS SR dV SRR FRIRGEH B e Hont & GomeErEr
Event configuration registers (one per tribe) in

need &olbrf dteficaricanng paetier ghater is Rddwed tolbe destinglidrolibeiand the
the selection bus, and the tribe nenory interface

tribe rsatotinli@vdddo gp ohahew becae naibireitkcEy aMis j0otdst isswvdicyied yethe
via the event bus. The events are: Total nunber of

1 110%3hsiBbt ; REMHO I Pbut of
ar ge{ﬁ% gilﬂ%bszgr?ﬂoflorlg&sdes?gﬁ%n gglh%ﬁ#gglﬁéﬂ#@ga?lgnt sl, f o} elzla}cO h .

atlo Average tinme from

t1ans1|@8tslﬂ.\£% 5 ‘fSS ; SaH}e §II Eisq“b?&iﬂre{jfeé §ratt]loﬂ% from request

to grant for each dest i nation Aver age tinme from

request to grant for each source Average mgration

time overall Average mgration tine per destination
[028¢v er @ nmdtlgrddicgoms byl deeechieg osly possibibbGdfdendioclatidmot the

Regi sters
actual deadlock condition. It allows forward progress while looking for the actual
deadlock, although there maybe cases where no deadlock is found. It also substantially

reduces the hardware complexity with minimal impact on performance.

[0287] A migration that uses the transient buffers will incur an average of 2 migration
delays (a migration delay is the number of cycles needed to complete a migrate). The
delays don't impact performance significantly since the migration is already waiting for

the destination to free up.

[0288] Using transient buffers will suffice in all deadlock situations involving

migration:

Simple deadlock loops involving 2 to 8 tribes
Multiple deadlock loops with 1 or more shared tribes
" Multiple deadlock loops with no shared tribe

Multiple deadlock loops that are connected
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[0300] The configuration registers for interconnect

and their nenory |locations are: Interrupt Masks
w@2000000800 | nterrupt Pendi ng 0x70000804 Ti merPCT/US2006/018643

0x70000808 Count 0x70000810 Tiner Interrupt Vector

0x700008 18 External Interrupt Vector 0x70000820

G eedy Threshold 0x70000828 Network M gration Limt

0x70000830 Menory Interface Bl ock Porthos Chip

Overvi ew [0301] This section describes the

(028971 Cr Dathehhdeadtnleplefloddre thrmiaRs ¥ntiDUFRFsHitiehrBAlOSie, Io¥HACh
connects the nenory controller to the tribe and the

time. g’tﬁ’@ ng& D6k ep ‘51181 thaQ: ahél ﬁ{%tusi@]{ gg%g\]“f; 1&{ i be to menory

interface nD ules. I'ntéerface erface nanes
foll ow the convention SD_signal _name, where Sis
sour ce bl ock code and D is destination block code. The
bl o codes are: T: Tribe M Tribe nenory interface L
[0290] 1r H@@W?é@rﬁ%ﬁl%n??%mlOélrf@m@@ﬂ]wpcﬂhd &radlocly sitegiongha involve
table illustrating Interface to Tribe.
software dependency. For example, a tribe in one deadlock loop waits for some result

~ from a tribe in the another deadlock loop that has no tribe in common with the first loop.

Transient buffers will service the first deadlock loop and can never break that loop.

Event module

[0291] Upon hardware reset, an event module spawns a new stream in tribe 0 to
process reset event. This reset event comes from global block. The reset vector is PC =

0xBFC00000.

[0292] Event module spawns a new stream via the interconnect logic based on

external and timer interrupts. The default interrupt vector is 0x80000180.

[0293] Each interrupt is maskable by writing to Interrupt Mask configuration registers
in configuration space. There are two methods an interrupt can be directed. In the first
method, the interrupt is directed to any tribe that is not empty. This is aoéomplished by
the event module making requests to all 8 destination tribes. When there is a grant to one
tribe, the event module stops making requests to the other tribes and start a migration for

the interrupt handling stream. In the second method, the interrupt is being directed to a
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Fig. 24 is atable illustrating interface to d obal

Fig. 25 is a table illustrating interface to Tribe
worwen478oNt rol | er. Request types (not commandPCHPE)006/018643

are: MEM JJREAD O MVEM . SREAD 1 MEM_.WRI TE 2

MEM . UREAD. _RET 4 MEM . SREAD. _RET 5 MEM _WRI TE_RET 6

MEM ERROR RET 7 Menory size codes are: MEM SIZE 8 0

Z 61|\/E 32 2 MEM S| ZE 64 3 MSIZE128
pamCL&E |\?é§/F P g MF’#% E?Easeemidl Rethgd agebes WQ/E pgigod are
menory interface timng:[0303] Tribe sends all menory
specifie@ qsp@gﬁlstetr@pttMpfb@d pasYRgyationtregiftarsdor ok integust can be
ei ther access to tribe's own nenory or to other nenory
space. If a request accesses tribe's own nenory, the
request is saved in the tribe nenory interface's
[0294]" €943 lev AHGHSHule has a 32-bit timer which increments every cycle. When this
timer matches the Count configuration register, it activaies a new stream via the

migration interconnect.

[0295] The interrupt vectors default to 0x80000180 and are changeable via Interrupt

Vector configuration registers.

[0296] External inferrupt occurs when the external interrupt pin is asserted. If no
thread is available to accept the interrupt, the interrupt is pending until a thread becomes

available.

[0297] In order to reserve some threads for event-based activations, migrations from
network to a tribe can be limited. These limits are set via Network Migration Limit
configuration registers (there is one per tribe). When the number of threads in a tribe

reaches it's corresponding limit, new migrations from network to that tribe are halted until

the number of threads drops below the limit.

Crossbar module

[0298] Fig. 44 is an illustration of the crossbar module. This is a 10 inputs, 8 outputs

crossbar. Each input is comprised of a "valid" bit, 64-bit data, and a "last" bit. Bach
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Else, it is sent to global block's request queue. Each

of these gueues have a corresponding full signal,
waokioch2478d | s tri be bl ock to stop sendi ng requeBCT/US20061¢18643

correspondi ng nenory space. [0304] A request is valid

if the valid bit is set and nust be accepted by the

tribe rrermry interface bl ock. Due to the one cycle

Ou‘ﬁpﬁgggﬁe&e ARERCFiap o e Bich cubrytes § PRI A setee

gure 26 illustrates tribe to tribe nmenory |nterface

mpuftwlwlh selecty s R HBINYS fatladt parisulap OwBHE rolSPdPT £3CH EPUL
[0305] This interface is different from other

therelsrat Bbit apeswhich tinAtatés whethartye coptirpelid iebeing eelected ok bisy.
asserted, the nenory request is held until the ful

This Shigabii i i SAKBLASSEIhEblodib!vaRT" hld 'wafs%'rs@ttﬁa thédda@gnals are
menory interface to controller timng Tribe rrem)ry

valid or cﬂgf\g $1§1 e 5:3811 gs! IQB TBE m&tgt 13[ Qgigglled-g fo?g bgﬁggér}{ to the

an sen reque rn over
transacti on bus (I\/G]xansactl on*). d obal can send
destipipiiddbe-or return over the GM transaction set of
signals.Fig. 28 illustrates tribe nenory interface to
gl obal tining Tribe menory interface bl ock nodul es

o nput u [0307J This nodul e accepts requests from
Pe‘f?‘r‘ﬁ?}bwggf’dmé‘?‘ébal |f the request fromtribe has

address that falls within the range of tribe nenory

space, the request is valid and can be sent to request
[0299)ueuéVitpperfeemahde donetereduestiomasicadtithe sigetchaedt adil ise

outside that range, the request is directed to the

deterelligdial AibbRgkis sdiBeted by Raitigrb e Tnferdoaget ®vk® dd€iguration
request that

registers (one per tribe) in configuration space. Global holds the selection via the
" selection bus, and the tribe memory interface returns to global the selected event count

gvery cycle via the event bus. The events are:

e Total number of requests and fotal number of grants in a period of time

o Number of requests and number of grants for each destination in a period of -
fime

o Average time from request to grant overall

o Average time from request to grant for each destination

o Average time from request to grant for each source

e Average migration time overall

e Average migration time per destination

e Average migration time per source
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goes to gl obal block. [0308] d obal block only send
valid request to a tribe if the request address falls
wowdokitze7sthe range of that tribe' s nmenory spacePCT/0S139§/018643
The input nodul e sel ects one valid request to send to
request buffer, which has only one input port. The
selection is as follows: Pick saved tribe request if
d ved requests and an incomng tribe
Coné%ﬁé@g@?{%giﬁteﬁ? there's only saved tribe request Else
pi ck saved gl obal request if there's only saved gl obal
request Else pick incomng tribe rec&uest if it exists
(0308 £ dhe pordieuraion Aesigfers| f@b@?@l‘@@agfé@nd itlfel] memgislosatitne are:
nodul e sends flow control signals to tribe and gl obal:
Stall tribe requests if there's incom ng gl obal
~reguest Stall global requests if there's incom ng
hnent”mg%@aﬂsequest [033 O (@29%()0&0%& input if input is
InterfiptpS@lgct ed during m@”@@d(%@gi on and saved input sl ot
I's free.” Else keep old saved input. Simlarly for
Timetri be input. Fig. 29 ilx708108a8es i nput nodul e stall
C signals Fig. 46 illustrates the input nodul e datapat h.
OWRequest buffer and i sidU9R9&iPe: [031 1] Fig. 49 is an
Timel Idts ' of a req er and |ssue Mdul e.
Thleﬁﬁgfa?]tgbtgg entries il{%%??@%g%eue. When there is a new

Externgdutestipt Véveoraddr ess damdo&iogeoof the request is
to all the addresses and sizes in the request

_ ar e
Gleecﬁ'ﬁﬂ?%ﬁhp dany dependency*79009898d i n the dependency

NetwSRINTfatiofi ifii€ach bit gops@gepting a dependency
bet ween two entri es.

Memory Interface Block Porthos Chip

Overview
[0301] This section describes the microarchitecture of the memory interface block,
which connects the memory controller to the tribe and the global block. Fig. 45 illustrates

the tribe to memory interface modules.

Interfaces

[0302]  Interface names follow the convention SD_signal name, where S is source

block code and D is destination block code. The block codes are:

T: Tribe
M: Tribe memory interface

L: Tribe memory controller
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When an entry is issued to nmenory controller, the

correspondi ng dependency bits are cleared in the other
werioeiiae30 [ 0312] The different dependenci es arBCT/US2006/018643

Wite-after- wite: the second wite overwites data

witten by the first wite, so the second wite is not

al l owed to be processed before the first wite.

G: C&M%ggfafter-read The read shoul d not be affected by
the wite. Thus, the wite is not be allowd to be
processed before the read. Read-after-wite: If there

. ren enough fes in the witebuffer to forward to

Fig. ZSH%E‘F%L"tﬁh‘?lﬁ%ﬂ’gt%@’f@%stor’#élb\eor warding and the read is
not allowed to be processed before the wite. [0313]

Fig. 2fa¢ a tebimilllaptraimgriptgeace tp Glolale' s no write to the same
address between the reads, the reads can be reordered.

Fig. 2Eachtadid ilysthaiig idtetfhde ty ahrind MeansiytCdayibledaddr ess 3-bi t
size code of read data requested 5-bit stream nunber
3-bit tribe nunber 5-bit register destination (read)
64-bit data (wite) 16-bit dependency vector [0314]
This nodul e al so reorders and i ssues the requests to

the nmepory controller.
Request types (not command type) are:

MEM_UREAD 0

MEM_SREAD 1
MEM_WRITE 2

MEM_UREAD_RET 4
MEM_SREAD RET 5
MEM_WRITE RET 6
MEM_ERROR_RET 7

Memory size codes are:

MEM_SIZE_8 0
MEM_SIZE_16 1
MEM_SIZE 32 2
MEM_SIZE 64 3
MEM_SIZE_128 4
MEM._SIZE_256 5

Interface timings

Tribe to tribe memory interface timing:
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The reordering is necessary so that the nmenory bus is
better utilized. The reordering algorithmis as

wo elobos30 | f an entry i s dependent on anot her PERUS3006/018643
it is not considered for issue until the dependency is
cleared. . . . Find all entries with address in a bank
different fromany issued request in the previous n
cycles, where nis the striping distance (i.e. 8 for
RLDRAM at 300MHz). b Separate the eligible entries

[0303] | Nt Dri¥LRAS ANdembtRGddsis th ribSBeRotinteefade. Mindetuat can
the sane type (read or wite) before switching to

be elthc%régéégg Io #%PEowhind: ﬂ&y%} !:'be&héﬂﬁﬂgmbxzvg%e gf" A éq%@éteaccesses

nue 1ssuing t same type

.., of S ued re uest ry tabl 10315 coun
tribe’s 9‘%‘@?’%’6‘8}% Pt éﬂve&mtﬂﬁ ‘ﬁ? H%/‘?@}O%f‘%?}éﬁcear Qﬂcﬁ %5”‘3
| f the nunber reaches a watermark | evel, both the
Blse, it iTseihio glelplblock g trauesifaubie. drash MEcagIeqanBaetd on_f ul |
signals are asserted. Wite buffer: Fig. 47
correspbhditg fulhdigsal,avhith tedls bl iockmdudesenfidg t€juedine the i t e
buffer stores 16 latest wites. |If subsequent read is

espbRdiRR G fse addresses, then the data stored in the
Conexﬁw?t% %L??%Q can be formarded to the read. Each entry

has: 8-bit valid bits (one for each byte of data)
32-bit address

[0304] A request is valid if the valid bit is set and must be accepted by the tribe
memory interface block. Due to the one cycle delay of the full signal, the full signal must

be asserted when there's one entry left in the queue.

Figure 26 illustrates tribe to tribe memory interface timing.
Tribe memory interface to controller timing:

[0305] This interface is different from other interfaces in that if memory controller

queue full is asserted, the memory request is held until the full signal is de-asserted.

Fig. 27 illustrates tribe memory interface to controller timing
Tribe memory interface to global timing:

[0306] Tribe memory interface can send request or return over the transaction bus
(MG transaction*). Global can send request or return over the GM_transaction set of

signals.
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64-bit data 4-bit LRU [0317] Wen there is a new read,
the address of the read is conpared to all the
wadowazses in the wite buffer. If there i s a Pet/tB2006/018643
the data fromthe buffer can be forwarded.[0318] Wen
there is a newwite, the address of the wite is
conpared to all the addresses in the wite buffer. If
there is a match, the wite data replaces the wite
buffer data. If there's no match, the wite data
Fig. 28 #pbkasestribaeenfory heemidettepubbeimemt ry. The repl acenment
entry is picked based on LRU bits, described bel ow.
[0319] To prevent frequent turning over of witebuffer
p [.& I it fromlocal tribe are allowed to
'T“beﬁg%@ggéﬁgﬁﬂgﬁpﬁ§?r&@r#gﬁ fromother tribes are only
used to overwite an entry with the sane address.
[0320] LRU field indicates how recent the entry has
Input jg@He’accessed. The higher the nunber, the |ess
recently used. A new entry has LRU val ue of zero.
Everytinme there is an access to the sane entry
[0307)( f orTnay :eodulemacepie redietiy fm avberant igl®aDfIf elteylest GBS tribe
value is reset to zero while the other entries' LRU

has ad@eSs ICHARAHIN e 9%1 e of YRk 1ﬂe1fl§yﬁéé’i‘éeeﬁ re{;@@fsé@fgsvg}ig and can

maxi mum 1t 1S unchanged untl

ei ng accessed., [0 The replacenent entry js picked
be senf BT BT FIOHL e f HerHRLeR G TEr S Hao st By e,
picked fromentries with |ower LRUs. Return nodul e:
the requeg2pfliraiest te the gloBalhdeck. bihs tbemupkerfintagget torths request that
tribe: tribe nenory, global, and forwardi ng. Returns
goes td glomlttiéde nmenory bound for tribe are put into an 8
entry queue.

[0308] Global block only send valid request to a iribe if the request address falls

within the range of that tribe’s memory space.

[0309] The input module selects one valid request to send to request buffer, which

has only one input port. The selection is as follows:

e Pick saved tribe request if there are 2 saved requests and an incoming tribe
request, or if there's only saved tribe request

o Else pick saved global request if there's only saved global request

= Else pick incoming tribe request if it exists

o FElse pick incoming global request if it exists

The module sends flow control signals to tribe and global:
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Menory tag information arrives first fromthe request
gqueue. If it's a wite return, it canbe returned to
wao eioba247aomedi ately. If it's a read, it nust waPCT/82006/018643
the read data returning fromthe tribe menory. [0323]
f global is contending for the return to tribe bus,
menory bl ock asserts MG rsp_transaction full signal to
t g L gl ohal so tribe
oo e Tt T R ot 1 or
t rd bgtatiafolil oapests if RG24 lincbAehe trdfeSeduddPSsi bl e sources
for returns to global: tribe nenory and forwardi ng.
These nust contend with tribe requests for the

ra t] . rns.fr.o ri be menory bound for, .
10310} | TSR A Qb SR TS0t s O B PR B g
.ﬁ_l_lGUﬁ i? the simlar to the queue designated for
slotislige Flse keep ¢ldispeed ippo Sjmylarly for gibe igPwont endi ng f or
the return to gl obal bus, nenory bl ock asserts
MI_ext _request _queue_full signal to stop the externa
. equests.fromtrjbe.so tribe nmenory returns and/ or
Fig. 2?21?1{@@ é&lﬂﬂgiﬁ?fi}@ sg%ff#ﬂmisor gl obal " bl ock can proceed.
[0326] Al nenory accesses are returned to the
_original tribe that made the requests. Wites are
Fig. 46 diugtrated thteonpwknodledgepabnpl eti on of wites. Reads
are returned with the read data. Returned infornation
include the information send with the request
Requedf bigthahl Yesud PREGIcAr € stream regdest, type, size,
of fset, and data. Ofset is lower 3 bits of the
original address. Regdest, offset, size and data are
el evant .only for reads.[0327] Stream regdeset, size
10311] o FAEAOSE o sk iereigcmer: BhiTor wclieine Mage. Fhers are 16
_ changed to the corressponding return type. If there is
entrieFgdhe gesyer Sthathereds a oew orqueginthexiidtesngdemosfitherdaqoest is
the type MEM ERROR RET is returned with read return

compdr&BR8a]l1 fRe addigaka af eSidstis 1 R4t Bifferal AgnRPenRfct R8aved in
tribe needs to performshifting and sign-extension if

the defGREEY, hrGelith REcH ﬂ)i?%rgsgﬁc'cﬂ{gt % dependency between two entries.

When an entry is issued to memory controller, the corresponding dependency bits are

cleared in the other entries.

[0312] The different dependencies are:

o Write-after-write: the second write overwrites data written by the first write,
so the second write is not allowed to be processed before the first write.
e Write-after-read: The read should not be affected by the write. Thus, the

write is not be allowed to be processed before the read.
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[0329] Fig. 48 illustrates the return nodul e data

path. Tribe nenory configuration registers [0330] The
woresmongs7éontrol | ers are configured by witing POI/US2006/018643

configuration registers during initialization. These

regi sters are mapped to configuration space begi nni ng

at address 0x70000000. d obal nust detect the wite

glou digd, anrandriky: sadeaste AQ e?ﬁlxeghtmestiﬁ R IRBREY: to forward to

ocks. It needs to assert

GM i rihd iead,itken theretsmol fbevarding ked Heaeidig nbhalomegits ber

addr ess ana data.to be witten on the menory

t r anPAREFG bB%%?“@P@&%e see Denali specification for

descriptions of controller registers. Assunptions

about nmenory controller [0331] Menory controller IPis
[031¥x pefvedad-ofttranced,tihihefelldoomiitedo fhersatmicaddiless heeweerBBEr¢agls,

enabl ed, so read-nodify-wite is included for

the rdd0@bdrangdodecgsses 8-entry ingress queue (data and
command) 1l-entry egress gqueueCan process up to 256-bit

menory requests. Doesn't include reordering or
forwarding features. Performance counters [0332] This

Eachlh®¢kagener ates event counts for perfornmance counters.
The event is selected by witing to Tribe M Event
cohitg@Hét i on registers (one per tribe) in
cogﬁ%g%g@%h&%s pace. d obal holds the selection via
the sel'ection bus, and the tribe nenory interface

r es bitREetcodgbOlRall ditheegmedtect ed event count every cycle
via the event bus. The events counted are: |ength of

r efphdsireay ap@ber
3-bit tribe number
5-bit register destination (read)
64-bit data (write)
16-bit dependency vector

[0314] = This module also reorders and issues the requests to the memory controller.
The reordering is necessary so that the memory bus is better utilized. The reordering

algorithm is as follows:

e Ifan entry is dependent on another entry, it is not considered for issue until
the dependency is cleared.

e Find all entries with address in a bank different from any issued request in the
previous n cycles, where n is the striping distance (i.e. 8 for RLDRAM at
300MHz).

e Separate the eligible entries into reads and writes
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| ength of return queue wite/read issued forwarded

fromwite buffer global request stall global response
W@ e@bl124780 be request stall Tribe Bl ock PCT/US2006/018643

M croarchitecture Porthos Chip Overview [0333] A Tribe

bl ock 104 (See Fig. 1) contains a nultithreaded

pi peline that inplements the processing of

instructions. It fits into the overal I Port)[llqo?L phi\Np .
nfcr%é{rt%ﬁﬁ‘ﬂ"e‘é% f9rentRbes o e serretyry. (regd or PRECITRSIRyS switching
i e A o G R
t he tp@g.or dat.a path connecti ons between those nodul es.
[0334] A Tribe contains an instruction cache and

r &gistve therhapk gumger afzhe igpeddsguerhid sipmydafock

interfaces with the Network bl ock (for handi ng packet
buffer reads and wites), the Interconnect block (for

[0315thand ¢ogt tdaiseadietsgraak b0 e mRthet BEvdnmtiesb IOtk ni:fder
handl i ng | ocal nmenory reads and wites). Interfaces

1'eache§: h gvatéglaﬁmy% 15&3 %{ef I@ﬁe)ﬂté_? Jlagt _Efﬁéﬁy Yul LﬂCk Fig. 31

ows Iinterface to the— ock. Fig. 32 shows

MG 1 ierf ace tSlggalls Qlteearsge%régect bl ock. Tri be Detail ed

Write buffer:

Fig. 47 Illustrates a write buffer module,

[0316] The write buffer stores 16 latest writes. If subsequent read is to one of these

addresses, then the data stored in the write buffer can be forwarded to the read.

Each entry has: -

8-bit valid bits (one for each byte of data)
32-bit address

64-bit data

4-bit LRU

[0317] ‘When there is a new read, the address of the read is compared to all the
addresses in the write buffer. If there is a match, the data from the buffer can be

fom/arded,
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[0335] The Tribe bl ock conists of three decoupl ed
pi pelines. The fetch logic and instruction cache form
w@2doetiz413uni t that will fetch fromtwo threadsPEEBEDS2006/018643

cycle according to thread priority anong the threads

that have a fetch available to be perforned. The
, Stream bl ock within the Tribe contains its own state

mac wites to
0318 t“m%% bRl P S SAEE ] SRR PP eV F st it the

Iy thz ag %3 | er, global ALU and nmenory nodul es

addleS?férlw R SSHE eﬂ@]@ﬁd}lﬂ%ﬁh@mr%daé@w&q%ﬂ@ Wils byfler

on global priority anong the set of threads that have
data. Ihfhereisne metcholhe avae tabieplices oschiitie hirtghufAt enogt Thne
instruction per cycle is scheduled from any given

replacdniuneaghry {dpadd@l bysedwn ITROU bk eRsdrbel bkl ONs can be
scheduled in a single cycle but some instructions can

be fully executed within the Stream bl ock, not
requiring gl obal scheduling Thus t he naxinunrate of
. i nstruction. execution is a detern1ned h
103191 ¢ CR BEET: oo CEaE PGE OB &3@ IR PRIHES: RSt Wit D jocal
, each cycle. A sustained execution rate of five to six
tribe ﬂl‘ﬁrﬁ@??"@% tq wakicpar eripe | Writss feonp eticettibel astanly t§edrio Beemirite
[0336] The instruction fetch nmechani smfetches four

an entry mathrthe taronsddre@am t wo threads for a total fetch
bandw dth of eight instructions. The fetch unit
i ncl udes decoders so that four decoded instructions
are delivered to two different stream nodul es in each

e instruction cache_shared by
(032015 aI ! ! LR SR bl 18?6‘@%3%?%1&73 S tomateracs Bre aigher Y
es each, separated into four ways of 256 lines. The
numbelf: élﬂf‘clﬁswemlﬁu%ﬁd i 4 ngvsalny hes LRW viiue hézeragEvantiossbde is
in the sane cycle as the data. The fetch pipeline is
an acces$ touthit sahedntrn(fBivgrd 86m the eaty & dveiwdid ofene R okl v is
the tag read for all ways is pipelined wwth the data

1eset tol RAFwhE 1R tNerteh@i @Rl Iaﬁetln&laésteﬂ (Bg'?ﬁl@' Whe\ﬁa.li 'L@(Ud%lae

This increases the overall fetc i peline

reaches maximum, it is unchanged until the entry is itself being accessed.

[0321] The replacement entry is picked from the entries with the higher LRUs before

being picked from entries with lower LRUs.

Returm module:

[0322] There are 3 possible sources for returns to tribe: tribe memory, global, and
forwarding. Returns from tribe memory bound for tribe are put into an 8 entry queue.

Memory tag information arrives first from the request queue. Ifit's a write return, it can
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cycle, but it would significantly reduce the anmount of
power and the wiring required to support the
w0 p@bneussé on cache. Stream Modul es [0337] The BUT/E82006/018643
nodul es (one per streamfor a total of 32 within the
Tri be bl ock) are responsi ble for sequenci ng reads and
wites to the register files, executing branch
o ucki i h ' certain.other arj iC.
be selyi3h [ b WEcaRBih AT B SR Rt e A Fgine
) ﬂgeqded instructions at a time fromthe Fetch
from HeIHBHMERPANd saves them for | ater processing. One
instruction is processed at a tinme, with sone
i nstructionstaking multiple cycles to process. Since
there is only a single port to the register file, al

[0323] eadSglad isddnt2EidpUBt (et afdensesudhchivey SlotRaberts
bl ock. The basic pipeline of the Streamnnodule is

MGmingLY‘%ﬁséc@ioE | Q11 5@3&@3&?1}35%@@ d aﬁ??%&o% &H-§in gmb\él & tribe

gl e operan re e register

file, the instruction would be ayail able for gl oba
e PO HGHT {4 TS PRI o e Sa8PEE Ao, ach

regi ster contains a ready bit that is used to

determne if the nost recent version of a register is

inthe register file, or it will be witten by an
[03249ut sTieneimeg poesibleysoln@sl f@ et td Eﬁ)béll:lﬁiﬂeq{i@m{)@?éﬁa]

Wites returning fromthe Network bl ock and the Menory

forwabhifg kTS Inidl &Rd8l @ﬁgﬂﬁﬁc@&sgtﬁ’ Be P%%Jﬁéﬁ@{ bid.! tlln:é g Erom

register wite sequencing pipeline o ream
nstructio?

. is shown in Fiqg.  37. n a nory. |
wibe B RERD et i UEariolD P ROy B e
. .operation matrix, or OM register is updated to
similgr é¢ the cieys Gesignaistl fergretuses fgltobal schedul i ng and execut e
mechani sm [0339] Branch instructions are executed
within the Stream nodule as illustrated in Fig. 38.
Branch operands can conme fromthe register file, or

[0325¢an 1€ if RIS TR Reim to global bus, memory block asserts

. 0or an
h]ls [gaeue 1s the

MT ext request queue_full signal to stop the external requests from tribe so tribe

memory returns and/or forwarded returns bound for global block can proceed.

[0326] All memory accesses are returned to the ori ginal tribe that made the requests.
Writes are returned to acknowledge completion of writes. Reads are rétumed with the
read data. Returned information include the information send with the request originally.
These are stream, regdest, type, size, offset, and data. Offset is lower 3 bits of the

original address. Regdest, offset, size and data are relevant only for reads.
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menory or ALU instructions. The branch operand
registers are updated in the sane cycle in which the
WOwRioba24760 t he register file is schedul ed. Thi SPEI/US286/018643
t he execution of the branch to take place in the
followi ng cycle. Since branches are del ayed, the
instruction after the branch instruction nust be
rocgs . et he qt . { / L Gan :
10327 R DT O e BB G B0 Yo o changes
instructi.on can be process | S the same cycle that.a
to thefORRSROPYI XA &Rf: %ﬁ‘ﬁlﬁ%ﬁ, 15 E%tde‘ﬂ%‘}?“ﬁ@&@éﬂm I PeHHTE
at the end of this cycleat the earliest. The
memqyy gyes shagypo MENeERBORy R&Tos rétmeied wath tond wbuhd occur
| ater than this if it was not yet available fromthe
Fetch pipeline. Scheduling and Execute [0340] The
schedul i ng and execute nodul es schedule up to three
i NSt ' 21 CYehe f: : for ;
[0328'& o d{i&'&it AR ark ¥4 LR a&%@i@, LOhRS:iBE H@Jd@ttc?%%gcﬁﬁ?ée Sm’f. 11%% gnd

e register wites to the stream

. execute_.pipeline is shown jn Fig. 39. Streans are
Slgll'%?né]@tnéag%%ggbo & t%@'}a?ffﬁgfttsr uction is avail abe for
execution (only one instruction per streamis
consi dered a candidate), and on the overall stream
priority. Once selected, a stream vv Il not be able to
[03293 el eEiged? iltustrives fhelrttom moddy dhte paithn'ce there is a
m nimumtwo cycle feedback to the Stream bl ock for
preparing another instruction for execution. Thread
M gration [0341] The thread mgration nodule is
Tribe wemony ci figifrationirggisteisng t hreads into the Tri be bl ock
and out of the Tribe block. A thread can only be
participating in mgration if it is not activlely
Xec : . ol ater
3 P R oD T A D o BO R Pt
._Str.eam nodu and.sent to the Interconnect block. .A
durin PR AR ORI e RS PTG 2P S AR S
i nactive streamis mgrated in, _
address 0x70000000. Global must detect the write condition and broadcast to all the tribe

memory blocks. It needs to assert the GM_initialize controller while placing the register
address and data to be written on the memory transaction bus. Please see Denali

specification for descriptions of controller registers.

Assumptions about memory controller

10331} Memory controller IP is expected to have the following functionalities:

ECC is enabled, so read-modify-write is included for unaligned accesses
. 8-entry ingress queue (data and command)

1-entry egress queue
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all registers that are not explicitly initialized are
set invalid. An invalid register will always return O
WO poosead30 A single valid bit per register all oRST/UR®06/018643
register file to behave as if all registers are
initialized to zero when a thread is
initialized.[0342] In an alternative enbodi nent,
th A atd j ' nd under hardware
coar?t§1 ?gﬂd%%h}l%agrggjb?ﬁg@ﬂggﬁfﬁe tribes nmonitors the
f r Bgesaticyclude racclesses bovadimgneiterdsocal menory vs.
accesses to its own local nenory. If a certain
threshold is reached, or based on a predictive
Perf@ndQck thiRteihe thread is automatically mgrated by the
hardware to another tribe for which a higher
percentage of | ocal accesses will occur. In this case
igration is transparent to software. Thread Priority
0332 g %f”é 1QsktSeRE A {eo SUI catie B perfpBReNCy Cound@s T8¢ eYeEt &h
schedul i ng and execute scheduling) are maintained by
selectef by WrBingdamtibaddu ent dhifguratiulresisibs domepeantidba)sn a
gateability vector used to inplenent FlowGating. The

 confi Bt @AEPabR AGldBal 15oldLHP oa1sthIneyih Ble ARSI AH fhekriRach
t hread whether or not it should stall upon the

d Qn. " N ' Iy tall.
e S O o S DB G R & g s
time a change is nade to any CPO register

bl ock. Any ti

The ey fgp Cﬁlﬁﬁe‘%?i{:'enti ally affect gateability, the LStream
nmodule will export all Os on its gateability vector
(indicating no thread can proceed past a GATE), until

a ne teability vector is conputed. Changes that
aflfﬂé%ﬁl%géﬁqél%iqflﬁ%/ are rare. They are as follows: 1. A

newhithiog aghunsueneated, it will be mgrated in with its
own sequence nunber, gate vector and flow ID register;

2. Wile/resd weiedg thread is deactivated, either due to a
Dqglezilrgg& ﬁ'gl%t\;»ll%ré boffef NEXT

global request stall

global response stall

tribe request stail

Iribe Block Microarchitecture Porthos Chip

Overview

[0333] A Tribe block 104 (See Fig. 1) contains a multithreaded pipeline that
implements the processing of instructions. It fits into the overall Porthos chip

microarchitecture as shown in Fig. 33. The Tribe microarchitecture is shown in Fig. 34,
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instruction (mgration out to another tribe); 3. A
thread explicitly updates one of its gateability CPO
WO e@6aL4B86 (sequence nunber, gate vector, fl owdDUSE06QL8643
the MICO i nstruction. Debuggi ng and Perfornance
Monitoring [0344] The Tri be bl ock contains debuggi ng
hardware to assist software debuggi ng and perfornance
[ [[0345] AU
which 1t “"ﬁﬁ%‘f’e@ﬁ %@8 e R R o i S i
sk %% \ enent%tion of the present invention, and it
CONNCHIN PG 5& g}ogg}no( §'%he skilled artisan that there are
many alterations and anendnents that m ght be nmade to
t he exanpl e provided wi t hout departing fromthe
[O334];pg£% tgggve MERP ?1% 815 h(p.leOél 2 ?CQBEH@EIG%I% 8{ f&lreg)fc%w @ﬂeatdlg ©The
shed vvlth nore or fewer tribes. I\/Iany uni que
tribe bk 1HS lﬁf@\féff%f\’@ﬁ} i Sl ook Gcbanging saeket Haltes G on
of a tribe architecture at all. Interconnection and
writesy; ¢imnintarcraniecrplecko(fier itehélimgthyeap ari pistiof) drdeh®dfdnhay bbdukfor
may be acconplished in a variety of ways within the
handli§@i1dckt manerseamenafwithe. i nvention. [0346] In addition
to the above, in sone enbodi nents of the Porthos chip
a portion of the packet buffer nenory can be
configured as "shared" nenory for all the tribes. This
Interfpegsti on will not be used by the | ogic that decides
where the incom ng packet will be stored into.
Therefore, this portion of shared nenory is avail able
Fig. 3¢ ghovestiaterfrseioghes Menzmy blckr age pur pose. In additi on

to t ck ffer can be used for both

Fig.3 5}9@% ?%g%etgstg%yp%odfsbgfget data and to the shared
Fig. 323Qfo"\x}sQﬂt)arfaéﬂo&ﬁ@&t&@@ﬁ%bt@@&s software can configure
the size of the shared portion of the packet buffer.

One i npl enent at| on of this configuration nechanism
Tribe ﬂetaly\% Dsescrl lOIl

[0335] The Tribe block conists of three decoupled pipelines. The fetch logic and
instndction cache form a fetch unit that will fetch from two threads per cycle according to
thread priority among the threads that have a fetch available to be performed. The Stream
block within the Tribe contains its own state machine that sequences reads and writes to
the register file and executes certain instructions. Finally the scheduler, global ALU and
memory modules form an execute unit that schedules operations based on global priority
among the set of threads that have an instruction available for scheduling. At most one
mstruction per cycle is scheduled from any given thread. Globally, up to three
instructions can be scheduled in a single cycle, but some instructions can be fully

executed within the Stream block, not requiring global scheduling. Thus, the maximum
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to set aside either half, one fourth or none of the
packet buffer as shared nenory. Theshared nenory can
wheoodded3ct o store data that is global to all tP€I/US2006/018643
processing cores, but it can also be divided into the
different cores so that each core has its own space,
thus no nmutual ly exclusive operation is needed to
al |l ocate nenory ,space n sonme enbodi ments th
rate o HARPERT SEOHIRG 1S pAaly i%%f&%nq%y(fh@ frachyityp e oan fetoh up
processi ng cores and/or threads may provi de storage
to eighbinstrisions awck cyeleedctustaimred g ccufion rethof Eve Wrdaifstrugtions per
which |ife corresponds to the Iife of the packet, the
cycleheadretegr om h of f set mechani sm may be used to provide
storage space for the stack. For those threads that
operate on nore than a packet, or that need the stack
after conpleting and sendi ng out the processed packet,
Instractpar Betshent space i s needed for the stack; for these
threads, space in the external nmenory (long |atency)
or in the shared portion of the packet buffer (short
[033(44 at eRgy instrSotlof GHLh ﬁ%‘CRz&TQ 4 ?&tol@g\r{%ﬁqﬁ%t#u%tigﬁeﬁ& QY6 thrkiHs for
e he of fset nec

onme enbodi nents t ader gro anismis

st BTS00 POLANELE L0 PYE SDIE SR SBRCS L INE 1

acket has to growin a few bytes. Note that software
deCOC%éyn%lrL@bmusBée daquéé@ fenidsiaren sherm amdales itheachtdyelee There
space at the end of a packet A by using the header
is a 1gKotdinahicsiet cahackarthay alMiirbadiehs es o@smidel 401022 lines of 16
future incom ng packet B that will be stored after

bytesRAGK 8LpathteBYENF wRECKSLS 6311{59.51?%@ fedn dlﬂg%haﬁirs aLig ?ﬂ) Ae\lined, with

software can use the space at the en pac

, since it.i uar ant eed.t ha L ther. that space has. ..

the ta§§ Pc[oleSSﬁ‘%tm @18 g%n%g%cll% %set&e[glggaaml}e E%;cglkgltp?fllaﬁ,ls\?\ﬁlilslﬁ ag% mn Fig. 35.
assigned to packet B w thout nDdifyLn%_its_content

In an wHermat v gnbodened. thefag mechipes all graynispipglinge tvidthe dptg gedgelor
shared anong the i ncom ng packet B and the packet

only tht eragdhat itlgih toreioy eald] das This gncasasthihe opgel feplappelifie by one
the growth

“cycle, but it would significantly reduce the amount of power and the wiring required to

support the instruction cache.

Stream Modules

[0337] The Stream modules (one per stream for a total of 32 within the Tribe block)
are responsible for séquencing reads and writes to the register files, executing branch -
instructions, and handling certain other arithmetic and logic operations. A Stream
module receives two decoded instructions at a time from the Fetch mechanism and saves

them for later processing. One instruction is processed at a time, with some instructions
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of fset used as tail growth offset of packet A does not
overlap with the | ower space of the growmh offset used
w@sgoohaad3gr om h of f set of packet B. There are sPOI/US200§018643
many other alterations that may be nmade within the
spirit and scope of the invention. Resource Locking
Concept ual Overview [0348] As disclosed previously,
1ak1n§§ﬁ1h1ﬁlc§ EREes kO prddebd - Sidde théde id¥rdy 8RRGMH SN tBE rdolier file, .all

packet processing englne 101 conprises 32 streans.

1eads|§§& O«lﬁés 1ﬁﬁ‘§pb'8§e€&2eﬂ 1%/ tﬁg S‘Séa%% B{ EgT %&srl%‘gtéoeﬁﬁlesoé RE @

glet erern, amrefers

br oa f onent s that cooperate to
Stlea]é‘)&%%‘g@%lség??ﬁlé]é 8 ég o tgﬁm BAseE O3B OB GV BRGAM e
of the conponents that can make up a stream in
needsde bo rerarfomn dia tegsiee fidntiwdnstantionvotiebquvedaie for global
invention. Wth 32 streans, each tribe 104 is able to
schedalippaith ohhiea SOPRIRT LAl sexe oy 08 Qbr chhtdity eaday bMH 18
tribes 104, and 32 streans in each tribe, the packet

used R REESHLN0 flferlgbﬁ?eélagllvélﬁ R0 £rebf %gﬁ&q{la@m file, or it will be

concurrently executing thr eads:
ese threa S ntend for shared
W”“Wﬁ@’lfwgquﬁﬁﬁ?e ¥ RAGO b&ﬁﬁé%gﬂwPﬁ% term resource
refers broadly to anything that contains informtion
that caii be accessed and updated by nultiple threads.

Exanpl es of resources may be nenory/storage |ocations

[0338] hat Wahiedt ratupningeronatiis@éetobrkieukeshdvins Mableg blocR st 856 be
that contain information used by nultiple threads,

sequeﬁE&i to BRCRYREr tfﬁ@ S?hé' 1%% st ag@rcfe {Q@Xe&%%&g ESRES A Stream block

up ated by multiple 'S 1 rtant to ensure
these resources ar.e done

s soopp ol 3 SPigle mERERy BTG o0 e R e EDbAALU is

conp ron1sed In one enbodi nent, atomicity is ensured
encm@yelWayheoqpeaatm@cmatﬂés@"r% Tegistarae WRSMEIAIgyeTlephp sequest to the

nmet hodol ogy is carried out by one or nore | ock
globahshadiding antlteliecute mechanism.

[0339] Branch instructions are executed within the Stream module as illustrated in
Fig. 38. Branch operands can come from the register file, or can come from outstanding
memory or ALU instructions. The branch operand registers are updated in the same cycle
in which the write to the register file is scheduled. This allows the execution of the
branch to take place in the following cycle. Since branches are delayed, the instruction
after the branch instruction must be processed before the target of the branch can be
fetched. The earliest that a branch delay slot instruction can be processed is the same

cycle that a branch is executed. Thus, a fetch request can be made at the end of this cycle

99



cooperation fromthe various streans, in accordance

W th one enbodi nent of the present invention.[0350] In
woer@eandyeai ment, the | ock reservati on net hodol PQUSE06/018643

i npl enented as follows. Initially, a | ock manager "

receives, froma particular stream executing a

particular thread, a request to obtain a |l ock on a

al the SSHYE Cohe %1%053@ QRER defs gsﬁuﬁnét&%hoﬁ %uﬁ%ocmt ﬁﬁel Iﬂ%%kthis ifit

nanager ern1n S wheth he resource is
Sl&gc ﬁ I Eoth rFS%ﬁ If the resource |s currently
was 1ol SRy 2 é3818Fh PFEEP B " hen the | ock manager adds
the particular streamto a wait |ist of streams
waiting to obtain a |l ock on the resource. By doing so,

SdnﬁnﬁnéQEgEﬂBaﬁger in effect gives the particul ar stream
a reservatron to obtain a lock on the resource in the

future Thus, the particular stream does not need to
m t another | ock request. In one enbodi nent, in
[034(Hdd| he schegubipgianspreside pedtics atledulstupdathes itshrectiwistper
list, the | ock nmanager al so causes the particul ar

cyclestare fired sephald stexome uhd bmdnd reigiyeer pattbd vadcas tdyteash modules.
That way, the particular stream does not consume any

The a‘%@&i@ pHleNfe -8B OWH SEB; g"‘@@ | gtﬂe&mé ar e%ie{:{eﬂ%age%rm?wil&)c(mstﬁﬁllon

the resource. This i S advantageous In rocess
cri bed above. beca se

h d
S O e G

resources If the particul ar stream does not consune
on the, yerpll slgeaea PrgI o S5GE seecterhpisEeam Wil nabbe plrlg td sxlecied in the
| ock, then those processing resources can be used by
follo\minlgezwcls sineabere Batmiamud divo gyeis €fadbasiotokhe Thedn block for
causing the particular thread to halt execution of the

p1epaﬂ§§bh@tﬁé1ﬁhst§&dh@ﬁ@& &Baklogs processing resources to be
used nore efficiently. [0351] After it is put on the

wait list, the particular streamwaits for a | ock on
the resource. In the neantinme, the | ock manager all ows

Tl %ggg streamon the wait list, in turn, to obtain a
ireg SH'%he resource, access and optionally update the
contents of the resource,

[0341] The thread migration module is responsible for migrating threads into the
Tribe block and out of the Tribe block. A thread can only be participating in mi gl‘atio11 if
it is not activiely executing instructions. During miration, a single register read or write
per cycle is processed by the Stream module and sent to the Interconnect block. A
migration may contain any number of registers. When an inactive stream is mi grated in,
all registers that are not explicitly initialized are set invalid. "An invalid register will
always return 0 if read. A single valid bit per register allows the register file to behave as

if all registers are initialized to zero when a thread is initialized.
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and rel ease the lock on the resource. At sone point,
based upon the wait list, the | ock manager determ nes
WO b@b/124730 s the particular stream s turn to oObPEI/NSH06/018643

| ock on the resource. At that point, the |ock manager

grants the particular streama |ock on the resource.

I n oneenbodinent, in addition to granting the |ock,

the | ock_manager al so causes the particular streamto
[0342) o5 renalieraty orbedumsat. Baeed wgrgionippgapatiped Baf¥ er |

the particul ar stream can access the resource, perform
hardwehatewei. Hrudvessinregelantithe pdadsesonitoraths fregyenam of pedesss & 2

the lock when it is done. In this manner, a |ock

1emotreQ§dfé|I MRiropyviretdeeteegy otve 1bdPheARAL e a c&‘lam threshold is
i mpl ementing locking in this way, streans do not need

. I 0
1each{;rg of S&%g%ﬁ? r)({) ecf @Woéﬁﬁeécfl ﬂh{é ﬁlé% qtf&lgg is aﬁ?o%%%gl}y hﬁgﬁa{%@% the
he rt 0 .obt l.ock, the rant ed t.
hardzelp eopfopi T RaY TS o HE BT 0 e agheyer é*&ﬂ@grm In
| ocks, the lock reservation nethodol ogy nakes it
ﬂHSC¢@§@maenﬂ%UMmeéWﬂﬁﬁOﬁéeﬁurce | ocking efficiently in
a massively multi-threaded environnent. Sanple
I mpl ementation [0352] To facilitate a conplete
under st anding of the | ock reservation nethodol ogy, a
Tjuegéﬁﬁméﬂyﬁ%@@%ﬁﬁ?ﬁ@@@n wi Il now be described hi the
foll owi ng description, it will be assuned, for
illustrative purposes, that the resource to be | ocked

[0343]S OMgedd pH®E® (MRATHYTesdhachgRlihoaat &anseatitduliak) drbe
[ ock manager coordi nates access to a nmenory. Overvi ew

mamtlal%%g’ %# i gLStr%Qms Ry 2 ﬂ}lgﬁlgldﬁl\éeaﬁso *ﬁllaQﬁtjﬁmg 'a%%@a@llﬁ{l V&

ents that are 1 nvo o sonme extent

ack res at h 0] These co i ncl ud
used {Orrepéﬁlreﬁ E@'@%&g% A ol R - 50 R0R Tob e PlatE Tor
32 streans. Each stream has a streanrnunber or st ream
each fhrzad Friether peaghi| hoald Helb upercihe skecation phe YHATHY Gegsstipy or
engi ne 101 to
should stall. This single bit per thread is exported to each Stream block. Any time a

change is made to any CPO register that can potentially affect gateability, the LStream
module will export all 0’s on its gateability vector (indicating no thread can proceed past

a GATE), until a new gateability vector is computed.

Changes that affect gateability are rare. They are as follows:
1. A new thread is created, it will be migrated in with its own sequence number,
gate vector and flow ID register;
2. An existing thread is deactivated, either due to a DONE instruction or a NEXT
instruction (migration out to another tribe);
. 3. A thread explicitly updates one of its gateability CPO registers (sequence

number, gate vector, flow ID)using the MTCO instruction.
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be uniquely identified. In one enbodi nent, the stream
E) is a nunber between 0 and 255 (because there are
wWQ2®6a2478@ns i n the processing engine), hi thePERERPE018643
shown, streans0 through 31 are in tribe 0 104(0),
streanms 32 through 63 are in tribe 1 104(1), and so
forth, with streans 224 through 255 being in tribe 7
104(7). [0354] Each tribe 104 has an associ ated | ocal
external nenory 5004. The streans in a tribe 104 can
access the local external nmenory 5004 associated with
that tribe through a | ock managenent bl ock 5002. For
DebufXafRha Pekfeniincedbmitopingr i be 0 104(0) can access
ocal external nenory 5004(0) through |ock managenent
bl ock 5002(0). Likew se, the streans in tribe 7 104(7)

s e L T T

can al so access the | ocal external, nenories 5004

and PFERBAPE GG 9 25BIFER Achiterdye irslfEiv®r, to do so, the
stream woul d have to go through the global unit 108.
Thus, for exanple, if the streanms in tribe 0 104(0)
wanted to access |ocal external nmenory 5004(7), they

[0345y0ul ghbawe apo@va@eskﬁﬁtwﬁ%dm%mag@éﬁgdecimi ib aX@1and t he
ock managenent bl ock 5002(7). [0355] Each lock

. ma . . cont.roks cesse Q J : _
ol AR TBE e 35 o Rant oSy 50T bR B o
| ock managenent bl ock 5002(0) controls accesses to .
there grg &aany MERFIART AR mee Ata Tnight dernansia Jemeinls Berided,
5002(1) controls accesses to |ocal external nmenory
witho®0Bpaitng feomd thespirdrant scopm obtie ievdntidinndior exartiplesthehe
| ock managenent bl ocks 5002 that inplenment, in |arge

aggredfely muhBtHr@ekd bRERENBE hf beRthRaal a6y withtlre or fewer tribes.
Managenent Bl ock [0356] Fig. 5 1 shows one of the | ock

v TGRS BSEkS: RORZ, B0k Aokl oy IRy Pl
at all. ]injte%ccaln%gcl;(tio%aarl]lg%ggenﬂ}nication among the many parts of the Porthos‘chip meiy
be accomplished in a variety of ways within the spirit and scope of the invention.
[0346] In addition to the above, in some embodiments of the Porthos chip a portion of
the p;acket buffer memory can be configured as "shared" memory for all the tribes. This
portion will not be used by the logic that decides where the incoming packet will be
stored into. Therefore, this portion of shared memory is available for the tribes for any
storage purpose. In addition the ports to the packet buffe‘:r can be used for both types of
accésses (to pack~et data and to the shared portion).

In some embodiments software can configure the size of the shared portion of

the packet buffer. One implementation of this configuration mechanism allows software

to set aside either half, one fourth or none of the packet buffer as shared memory. The



bl ock 5002(0) that is local to tribe 0 104(0) and
menory 5004(0). In one enbodinent, all of the |ock
worewagedtent bl ocks 5002 have basical ly the sankCT/US2006/018643
structure as that shown inFig. 51. As shown, | ock
managenent bl ock 5002(0) conprises a | ock manager
5102, a plurality of | ock managenent storages 5106,
and a wait |ist storage structure 5104. In one
shareshmerdprvean be pged te sioedaty Hhat iseghelpé to Bl the propgssing cores, but it
i npl enents, in large part, the |lock reservation
can diwt feadlvlded)into fherdifleremases softhdt kechpdoes Bmt itd swie Bidcothus no
the functionality of the | ock nmanager 5104 nay be

mutdalP bRITRMN Ech ek RioRNY n&HRSH E@Qlo‘é@%-mé%%ry%ﬁ@d@' e, the [ock
manager 5104 may be inpl enented using hardware | ogic

conp@enent s, functionality. may also be derived b
oy 6 s b s B 0RO o e Ber i et
instructions. In addition, the functionality of the

PIOCPSGER CHiEA a&g@Pr Bygpds Hey PEY i deesipipgeior e Hack ofeaeh Hagadomor
of hardware | ogi c conponents and software-executing
thosepthomés 5i wigcle 6 fppomespeds Thihe éi faotihe phedet,ithpheengatvitosnSset
of the | ock manager 5104 are within the scope of the

mecnREEAky baeattb 8fbv_ic{eos:§(§‘ﬁe HocSRRWE dthkE My ke tHrBSIs that
| ock manager 5102 is coupled to a scheduler 5130. In

ur i erl. ' led to receiv :
operb bl 8ot a BEOK T 0 e B OB RS sy e
fr%g1l cal streans gsjnce t he | ock managenment bl ock .
Procesy Ra@?eti L PPIESTRt $p3°¢ Isinserday fente oiacksy tes thege Breads rpagesn the
are stream O through stream 31). The requests may al so
extergelmeerheryrtiong hatbmya br witheshmsed partismchtha pecisse bufftreshort
requests would cone through the global unit 108. The
latens@eedhized. 5130 receives all such requests and
sel ectively passes themto the | ock manager 5102 for

034} OV $35h89, REREDE i SorlP ORub Ak KE Rl PRYEH peddls,
met hodol o 0358] In the course of

Nt he reqguest.
e RTORGHETING T8 T EE o OLe FUAE POHDHERHOU SR OgRaRgO the
| ock
packet in case the header of the packet has to grow in a few bytes. Note that software

may also use this mechanism to guarantee that there is space at the end of a packet A by
‘using the header growth offset space that will be set aside for a future incoming packet B
that will be stored after packet A. Even if packet B has still not arrived, software can use
the space at the end of packet A since it is guaranteed that either that space has still not
been assigned to any packet, or will be assigned to packet B without modifying its content
when this occurs. The header growth offset can also be shared among the incoming
packet B and the packet stored right above A, as long as the upper space of the growth
offset used as tail growth offset of packet A does not overlap with the lower space of the

growth offset used as head growth offset of packet B.

103



manager 5102 stores and updates information in the
| ock managenent storages 5106 and the wait |i st
W@ t@rage3st ructure 5104. I n one enbodi nent, theCT/084006/018643
managenent storages 5106 store informati on pertaining
to the locks (if any) that have been inposed on
certai nmenory |ocations, and the wait |ist storage

2: : ggla%rr i Zsﬂ'rg;}? }?bljﬂél I8 e%q\ﬂ’c'y%s éha}t lgia&s e%a{?ﬁanﬁ%@{e spirit

shown in % each Iock managenent storage 5106

and seapRY thed8ve BPurallty of portions. A first portion 5
110 stores a lock bit. This bit indicates whether the
| ock managenent storage 5106 is currently being used

to lock a nmenpry | ocatjon.. A secqnd partion 5 112
stores an adgﬁ%%@ﬂﬁéﬂﬁgmﬁélﬂﬁ@ﬂgéglﬁggL%ﬁ the menory
[0348] OCakk %cfoB@éprbaon%%ﬂ eﬁ)'gq% é\o“ﬂ 1%?%%%0‘&[1} g&%ﬁme

Stores the stream | streé?m at curren

ocC on and a
pecke) PP AT E8 00 PTG B Hai | FOTSioHE IS ErRi Ql‘fﬁ@cutmg
is currently last on the wait list (if any) to obtain
instrugtiqusciRr @Pﬂngll)fvé hrepdrofy useddtdinrihe Fma sirsamaefersiopdi ko any set

managenent storages 5106 and the significance of the
of compérentathitanostratced et dvatea thraatl) Fidse34133bads @ showpaiedafple
a later section. [0360] For purposes of the present

of thel dOUBLERD tha@calrﬁ%ﬁcé@"@ﬁ%" b RlcOmkn 094 TRy eféx%@%ﬂeﬁ? of the

any n nunber of ock manageénment storages 510

. .n LD k

pwsenbt %%zmg 03 ot 1205 B0 NBragEiancgto, J5ee o0
storages 5106, it is possible for the |ock

execuﬁaﬁ aée@ ﬂ’Si@f VGt ke 1Pbcted 3ritimams ff eackiberdlmopagket

| ocati ons concurrently. [0361] Each of the nenory
proce$sorzatrigomes] (1as kield thyuppac2S6feohdierdntiy kx eoatiag ememnts.
storages 5106 may have associated therewith a wait

[0349% | StD@finS bicRan®n, WRist tHghdk ehRAidAd For s@i%dcf@sotu%ts Used in
nmenory l'ocation. These wait |ists are naintained in

this céln&ty\@lettmlrrl e i broadly to anything that contains information that
¢an be accessed and updated by multiple threads. Examples c->f resources may be
memory/storage locations that contain the values of shared variables, registers that
contain information used by multiple threads, etc. Because these resources may be
accessed and updated by multiple threads, it is important to ensure that updates to these
resources are done atomically. If they are not, then data consistency may be
compromised. In one embodiment, atomicity is ensured by way of a lock reservation
methodology. This ;nethodology is carried out by one or more lock managers with

cooperation from the various streams, in accordance with one embodiment of the present

invention.
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structure 5104. In one enbodinent, the wait |ist
storage structure 5104 conprises an entry
w@orosespaendi ng to each streamin the processi NECEOfINE018643

101. As noted previously, this enbodi nent of the
processi ng engi ne 101 has 256 streans; thus, the wait
list storage structure 5104 has 256 entries. Entry O
corresponds to stream O, entry 1 corresponds tostream

[0350]  arfd ospersbodimshheredkresanvatomonethedpiogyDs snplemented 26
Since there are 256 streans, 8 bits are needed to

followni fnighlly, b dehtrndnacer rsctaimnfromrummchﬂar@tream rhediting atparticular
each entry is 8 bits in size. [0362J Wien a stream |ID

threaliSa RlqREQE bitaid 166K d¥a RkolBE WalebpdnkSio tﬁis%cﬁ@ﬁquest the lock
structure 5104, it indicates that t hat stream fol

manﬁt%gle ilgt%%%%gge\&lgﬁﬁpﬁr%ﬁg Lregostﬁi ng Sc%ntq(e)nt rxhl?) e%nbty; P{eilae%n S A\A«J’?&If the
for short% is stored in entry it nmeans that stream

resoujeq i U RIS IO PR YEma e BstiRa: ﬂnqnsthe lock psppgss adrly thepparticular
stream | D of stream 120 (S 120) is stored in entry 4,

~ streatniten Wwiit hgt af streahstwastinge@ambido aflodd evibe stspe@m Byidoing so, the
wait list. Thus, if a wait list consists of S8, $4,

lock BlAfagek 20 effdoh givlaﬁﬂle@ﬁﬂ@mar thein S9eceBMtish Reobihiargdcit fn the
entry 8 (the entry that corresponds to stream8), and

resou?&e%% tHo Tﬂt%sbq’hﬁg Q% 1%1(2 Iﬁwgﬁﬁog% Hoec e (5 L, suﬁop ané)tllleﬁ lock

correspon to Str orma Ion s

to, determ ne which stream . .
xequish Foe St R B0 B0 bl e ware e Srots Lq Gepait s,
4 consulting the entry corresponding to the particular
the lagkmearage] @86 sasnhopratiefiyodicerto halt heeowtipn of thetparticular
storage structure 5104 can be used to maintain all of

threal h@hwewhy, hesiastiduddr setbdm abed hie cﬁﬁém{eyanly%@iebﬁﬂ% rdsoGiehvhile
by the | ock managenent storages 5106 hus | ock

Citis vvaagg@&%ﬂgdé&pﬁ@g@so%@%ﬂ s %?d%a‘?ﬂg' H 3 ﬁsifg o>én

nanagenent storage 510 n a 8re
bot h of these Igm%m,can

arohiffprind BedBbia 30eRh Birte B8 Vhuioyl Pt piks hlfgpys BRaS

structure
processing resources. If the particular stream does not consume any processing resources

while it is waiting for a lock, then those processing resources can be used by other
streams that are doing useful work. Thus, causing the particular thread to halt execution
of the particular streams enables processing resources to be used more efficiently.

[0351] After it is put on the wait list, the particular stream waits for a lock on the
resource. In the meantime, the lock manager allows each stream on the wait list, in turn,
to obtain a lock on the resource, access and optionally update the contents of the resource,
and release the lock on the resource. At some point, based upon the wait list, the lock
manager determines that it is the particular stream's turn to obtain a lock on the resource.

At that point, the lock manager grants the particular stream a lock on the resource. In one
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5104. For exanple, suppose that the wait list for

address X is S8, $4, and S120, and the wait |ist for
w@daeass3y is S50, S90, and SO In this case, B4T/WA2006018643

be stored in entry 8, S120 would be stored in entry 4,

S90 woul d be stored in entry 50, and S Owul d be

stored in entry 90. As this exanple shows, only one

wait |ist _storage structure 5104 i.s needed tomaj ntaj.n
embogieniyih adihan ' N the loek AR IRE MSFET GIRISPBIES hoRttger
by all of the | ock managenent storages 5106 in a | ock
streanpiorzgenesrecliock tBopaticGertheear Chbper3ari b6 PROBELY sisgam can
noted previously, it is the |ock manager 5102 t hat
accesd 1B &OBME,Sherfofm hitlag® eppotessinBandl apdat¢sas eishat,i o release the
met hodol ogy. While this is true, the streans do al so

lock Wighlit €/dBAL. Enithis tnl[}@m&r, quesiel'\;bﬁ'gﬁ S BIRRH ggelmmplteﬁ%nted. By
ocC n

Streans participate I'n t he reservati

. met hodol .agy. by. executin Wwo  speci al i ructions: .t he

implefE R opHAY G n HCTOHD T SBEEP MR b A & ek
stream executes the instructions for a thread. The

resouchy Butpadmiley swemilanly pee lock sy estmdsdandtisitheit fusn o obtpia a
LL instruction is executed to request and obtain a

lock, theg kregpamedtizntioyk. | Be alimbnting e 186 tonsp eatedly oequiest locks, the
executed to update the contents of the nenory | ocation

lock rBdeyien hRURRASR gl Reikos ?osslg le Edqﬁnﬁaﬁélﬁ@és%u&lfe 1bB&n & foﬁfégﬂy

iIs witten properly, the SCinstruction wll cone
: after an Ll | ructionnga stream cannot | ogically
lnan¥%$g%§gmglh%%%%%ﬁ?quF?e‘as request ed and obtai ned a
| ock). Any nunber of other instructions nay cone
between the LL and the SC instructions. These ot her

i nstructions MDU|dS&%§kﬁ§ﬁg% é@ﬁkﬁrocessing that is
perfornmed using th -tfiat is read fromthe
[0352QenTTy fakidicat b odmplead uiderst@akeds thdi366tesWhanoanetiodaley, a
encounters and executes an LL instruction, it submts

sampl@ i gﬁ;ﬂl%ﬁfatigﬁ whilBok B i&eg@ﬁ)@?eﬁl R Cdidvan Q%&ﬁﬁti@ﬁ‘,qt HRBGE
information froma particul ar address.
assumed, for illustrative purposes, that the resource to be locked is one or more

memory/storage locations and that the lock manager coordinates access to a memory.

Qverview

[0353] Fig. 50 shows a high level block diagram of the components that are involved
to some extent in the lock reservation methodology. These components include the 8
tribes 104. As shown, each tribe 104 comprises 32 streams, Each stream has a stream
number or stream ID. The stream ID allows each stream in the processing engine 101 to
be uniquely identified. In one embodiment, the stream ID is a number between 0 and 255

(because there are 256 streams in the processing engine). In the example shown, streams
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part of this request, the stream provides a set of
information. This information may include the streanis
WO Dystig3crenory address to be accessed, and t hECT/Ypm®06618643

access desired. In this case, the type of access is
LL, which the | ock manager 5102 recogni zes as a
| ocki ng request. Thus, in response to this request,
the | ock manager 5102 will illinplenment the |ock

0 through 8 1 weet indribere L Ad@dIstrgyms 3 thpargh G arexwetriltel IN4( Heatd so
instruction, the streamw Il wait for a response from

forth, tWith dteaksman dgengtb2iB2 el Brehexe 9211@7') ng anot her
instruction for the thread. If the Stream receives a

[0354Y"a' tEa%hQﬂ% 1{)13: el a&ll% cflc?a%ﬁ g@ﬂ%g%'fneﬁ %Qemcgrzgﬁéﬁ??fg}e streams in

i ndi catlng that t esire ress 1s cC

ot.her stre t the stream hal t
o oo (G o P A R R o osod W o gl e o
"sleep” and waits to be awakened. If the stream
lock mzagepen bhogkr W8 e dosegimalle, tireotreame ih tritle hrddvdOpranFtORs local
(thereby indicating that the stream has been granted a

exterrlabmlernony 500z} Oethidugl lattdn@sgimedthestit S09260) @ABwise, the
continues or resunes (if execution was halted)

strean®@XBEHEd 2108F) Eﬁleacic&rsqg& Bl ekl 1%65@%2(5048&)@3&1%%{1 ?% t he

cooperates with the manager

| ock rt of the l.oc rese vation

menag s BB G0 B3] i s bite P& tfgcal extermal
executes an SC instruction, it subn1ts a request to

memoyigg SVt rsspeiad st thethe tilbeswhowevedap oisnt e atrpesm tooid lawve to
address and to release the | ock on that address. As

go thrpeglt thefgldblal snit 8@f€Rus, fohexslledmiRr oiehaiesn Ribset 102(0) wanted
information. This information may include the streanis

to accéddlodall 8x R AEnREHS ®RS7) Beh&oMd fd&Mo 1B ﬁoﬁ%}gt}%e global unit

rel eased, the data that" 1s"to be witten

108 2 Eﬁﬁiﬂgélglégmﬁﬂ%ﬂgﬁgﬁﬁga register in mh!ch th?L

pe of access desired

thls case, the type of access is SC, which the | ock
(0355} ran difsh 1%01@2&%@@@% bleck 5002 gonirels aceesens de itanssosiateddécal

rel ease. Thus, in
external memory 5004, For example, lock management block 5002(0) controls accesses

to local external memory 5004(0), lock management block 5002(1) controls accesses to
local external memory 5004(1), and so forth. In one embodiment, it is the lock

management blocks 5002 that implement, in large part, the lock reservation methodology.

Lock Management Block

[0356] Fig. 51 shows one of the lock management blocks 5002 in greater detail. For
the sake of example, the lock management block shown in Fig. 51 is lock management
block 5002(0) that is local to tribe 0 104(0) and memory 5004(0). In one embodiment, all

of the lock management blocks 5002 have basically the same structure as that shown in
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response to this request, the | ock nmanager 5102 wil|
wite the information into the address, release the

wo owk/1bB@ by the stream on the address, and aPCDWS100€018643
next streamon a wait list (if any) to obtain a |ock
on the address. In this manner, the stream cooperates
with the | ock manager 5102 to inplenent the | ock

rel easing part of the |lock reservation

Fig. et Asdindvag Yo GamphageBpmrtasdkai 0R 08 68npilisesfadoch mapdger 8102, a

conpl ete understanding of the present invention, a

plura?ﬁ‘}nw BclP Hﬁhﬁédﬁﬁlﬂt btbtalsd 5@l Reh 4 DRt |h@t°§foﬂé§§§cfﬁ6?ﬁlé ‘3'1‘04 In one
hodol ogy w now be descrl bed WI t h refer ence

w0, 10@ SRRSO el il %aenw&e

t hr ead @B S executin Upon . executl ng [
TeSCTVHAQTY TiiE 6‘?110g5ét E LSRRI R PIREET EHgalen, tl@f‘e%eetlwhty of the
access an address X. For the sake of exanple, it wll
lock penagss dridé ntayde impidmested Xn bisy desirad dags Somextahipe, ientocky
5004(0); thus, access to this nenory |location is

mandFRASUROMBY bk Q6K eBMad BR haldkarkiogRR3Phnes As idetblality

of executing the LL instruction, Stream 3 submts an

oo PR AL T b B

caai bSO B2 BB, e B Bt R0 2 A e SRS St
After submtting the request, streamS waits for a

of hardspehewic panpeusnisead @@ﬂwgemcmmg@oqenmg cenparenisn These
thread. [0370] At some point, the access request is

and dteediptandyations kf ﬂiam@;g&har@g@@s fosam WhBinSE6 eehpe@F 113 ent
Fromthe information in the request, |ock manager 5102

mvexllft ws that this is an LL type of request (which is a
ing request); thus, it knows to inplenent the |ock

[035 eser Vi Io?vﬁén %Sg,stg %yc}(ggﬁ%]ag%eﬁ%,’z 1s! go%llgleréatro] % sg}rled%lllecr)% 130.
In turn, the scheduler 5130 is coupled to receive requests from various streams. These
requests may come from local streams (since the lock management block 5002(0) is local
to tribe 0 104(0), the local streams are stream 0 through stream 31). The requests may
also come from non-local streams. In such a case, the requests would come through.the
global unit 108. The scheduler 5130 receives all such requests and selectively passes
them to the lock manager 5102 for processing. Depending upon the type of request, the
lock manager 5102 may implement the lock reservation methodology on the request.
[0358] In the course of implementing the lock reservation methodology, the lock
manager 5102 stores and updates information in the lock management storages 5106 and
the wait list storage structure 5104. In one embodiment, the lock management storages

5106 store information pertaining to the locks (if any) that have been imposed on certain

108



request, and conpares it with the addresses stored in
portion 5 112 of the | ock managenent storages 5106.
waowk/1zeaager 5102 al so | ooks at the | ock bit BCDUSI06/018643
portion 5 110 of each | ock managenent storage 5106.
Unl ess a | ock nmanagenent storage 5106 has both a match
for the address X and its lock bit set, the address X
is not currently | ocked by any other stream 1In the
memanyrlo@tibng adrfleeyaii list wiordgelstructisrehied nidyatning doly wsis lixXtsi(if any)
" not currently |locked. Thus, |ock manager 5102 can

of strédnddhaPart QGKir@HnadeveasssX to stream 3 . [0371] To do
so Iock nanager 5102 sel ects one of the |ock

[035 ce d ? 1% ﬁlt 15’1% ?1]199( ﬁxlaﬁz{ge n%nps‘?g)ragélgf@()néclr}{%}?s%' 19

exa

plur aix hat pgytéf%égg IFW&Tl%}? IS]I Ofﬁ?%gﬁ? :tf fo&fg 'bgL rggﬂl%gcea%g%hethel the
wites the address X into portion 5 112 In addition,

lock meergemanizsiereGl TP 18 teraslytbhmgused ®©3pclof menarshoc@tipmt s
portion 5 114 to indicate that stream 3 currently has

secorld@rti@ck 1antaedireaRiress. Fhik tdi@E ABdress dfAEKmEBdag RicaBdiDRat is
stores the ID of stream3 into portion 5 116 to

bein% 1851&eﬁa%eth§1]a?%rt%&nfﬁﬁms?m bsthb BPeahPES oﬂ[h g&nq rt]hag gﬁn‘%i}&lolds

of streans walting to obtaln a ress

e logk PR e B mp Euede #ﬁa&vgﬁaoﬁ?i@ﬁﬁ% b oo B 52k

streamon the wait list, Fig. 52 shows the contents of
strearp dledk iaEgeyast o the Medidish GO &0 Yo abtrisra lople oh dlakmpaery

been granted. Since there is currently no wait |ist
locatibar Théiesd aftke ok addsgssenXstoraged SI0BrAm@tthosi ghificatde &kd Y

stored in the wait |ist storage structure 5104 for

inforthRich 1@ thek QR (AT bAEL86r a% @Bh R0, 108 sbagly, | ock

nanager 5102 accesses ad I'n menory 5004(0),
provi

ead ther from .and
[0360) 7' %%%% L8 EF Pl e o b o i RReb g2 may
5102 sends proceed signal to stream 3 to cause
COMPESG HHIH @ulxlleﬁl (9 SRk arpnaReRent Ioreser 6 LR, ovhest n ix an infrgendn one
Thereafter, stream 3 can execute other
embodiment, each lock management block 5002 comprises 8 lock management storages
5106. With 8 storages 5106, it is possible for the lock manager 5102 to manage locks on
- 8 different memory locations concurrently.
[0361] Each of the memory locations locked by each of the lock management
storages 5106 may have associated therewith a wait list of streams waiting to obtain a
lock on that memory location. These wait lists are maintained in the wait list storage
structure 5104. In one embodiment, the wait list storage structure 5104 comprises an
entry corresponding to each stream in the processing engine 101. As noted previously,

this embodiment of the processing engine 101 has 256 streams; thus, the wait list storage

structure 5104 has 256 entries. Entry O corresponds to stream 0, entry 1 corresponds to
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instructions inits thread that use the information
fromaddress X. [0373] Suppose now that while stream 3
whawea247esck on address X, stream 8 of tribe O ROH{S8)006/018643
encounters an LL instruction in the thread that it is
executing. Suppose further that execution of this
instruction causes stream 8 to determne that it also
needs to access address X. As a result of executing
streatnhli, end ko pmsEsdicmirygan storeshenlI3 of alstreans. Simcatimesare 256 streams, .
request (through scheduler 5130 in Fig. 51) to |ock

8 bit@d ageded2d QRiqudlnidenti§oIGSar; BtlsUBleshe BhiRa Mt SeaPentry is 8
(S8), address X, and an indi cation that this is an LL

lnmlh¥9§ of request. Aftersubmtting the request, stream8
s for a response before executing any other

nst ructio ts thread. [037 At .sonme poi nt
103630 oo SisER PGS o G eBy Pt Hhin S S TEEOR 104,
~ the schedul er 5130. Fromthe information in the
it indgeagngdhat that sesenninllaye thessganikhavesrebpands ki that entenorl d wait list.
type of request; thus, it knows to inplenent the | ock

For ek&ﬁﬁfe}/fftth&)ﬂreﬂﬁtl@&ﬂ@hﬁ@ﬁ 4 (T0 felashsa) isl serkd (rRaRges, ihess that
extracts the address X fromthe request, and conpares

strea:'ntél MHBGJS kheanRddh Seesls! Eg(%g%ée Lf@l‘?igtfegﬁ ﬁ)lgriz 851 ﬁl% (8120)

nanagenent st or ages nanager
ortjon 110 of. .ea

l.ock bi.t store ,
s Storegd" ik oD iSps i BEEo R0 PSS i Lidar Raitg b, it
5102 finds that |ock managenent storage 5106(0) has
a waih Epteogsigiof RS f ok anhel A dr gﬁsmﬂelaﬁl@m Yewpedibestared it entry 8
thus, address X is currently |ocked by another stream
(the dniryshatlvomrespondunstranc &), andSk20rmmagese $dQ2 inehiry adtle entry
stream8 to a wait list of streanms waiting to obtain

that c'oﬁ%?o‘ﬂﬂs Mﬁe%ﬂi Xwi Ip%?oﬁ-]naa% 08 r&0in thiQ %g”ﬁ n%%&gég)

rea portl on 5116 of ock managenent storage

a1 SOy MR SRR oS S Bl

address X. hi the present exanple, the last streamis
enhy&ayriz%)ﬁpqi}g;g to the particular stream.

[0363] In one embodiment, the wait list storage structure 5104 can be used to
maintain all of the wait ‘lists for all of the memory locations locked by the lock
management storages 5106. Thus, if lock management storage 5106(0) is locking an
“address X and lock management storage 5106(n) is locking an address Y, the wait lists Gf
any) for both of these locks can be maintained within the same wait list storage structure
5104. For example, suppose that the wait list for address X is S8, S4, and S120, and the
wait list for address Y is S50, $90, and S0. In this case, S4 would be stored in entry 8,
S120 would be stored in entry 4, S90 would be stored in entry 50, and SO would be stored

in entry 90. As this example shows, only one wait list storage structure 5104 is needed to
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stream 3. Upon learning this, |ock manager 5102
accesses entry 3 (the entry that corresponds to stream
W@2006m247B wait |ist storage structure 5104, aPCI/ESWNEE18643
in that entry the streamID (S8) for stream8. This is
shown in Fig. 53. By doing so, |ock manager 5102 adds
stream 8 (and hence, the thread that stream8 is
executing) tot list. In addition, |ock manager
Inmn@&ﬂ&eﬁﬁﬁg @§bbﬁp?f ﬁH@“ETBkﬁﬁ“@ﬁéR“ﬁﬁﬁ&@@ﬁ%ﬁWa@P%rage
5106(0) with the ID (S8) for stream8 to indicate that
managémersicBages 5Showint hleck ahagstreatiblookh 500k wait | i st .
After that is done, |ock manager 5102 sends a wait
signal to stream 8. This signal causes stream 8 to halt
execution of its thread, and to wait for the |ock on
Streamddyaperatixit o becone avail abl e. [0376] Suppose now t hat

am 3 s ck treal
osodfly ofs bl erriadht by Bdedpaiteom A dha b AR
the thread that jt_ is executing. Sup%ose further that
part, iz dedlitTeemavasonapgtiodokaayy YWKkilohisia @esths e dpliparticipate
deternmine that it also needs to access address X. As a
in ther@sedst. Inf orexedwotiimenttthe strdains' gansdipatetr ta locktreeamtH0
submts an access request (through global unit 108 and

mcth@d‘d?@ﬁ% xeSHHY) twloQpt @A kndFRRAGRS: tBd 02 andTheSSC @AUGSHons.
i ncl udes stream 60 s ID (S60), address X, and an

036§éndl ‘f ma% h%acl eregm eﬁec%&tesl‘die 5%5 Sct?orisrfglgéjﬁééad /ifhte%read
€ request of a respons
efore executl ng any other instructioninits thread
may ipghygy fhedsL gyt ihe %6% iRptTuCfipRs. athcelsls MSEH e s e¥equisddp yemyest
by | ock manager 5102 fromthe schedul er 5130. Fromthe
and obtafiioa hakioora memotydocatiqne$he SCankirurding greexebdio tdumuiass the
that this is an LL type of request; thus, it knows to

conteh¥RIFERBRAEMbALI oL Al ahe S FeVtké £HR 108E NP EQ) L@Yarclr tHO tHHed is
| ock manager 5102 extracts the address X fromthe

il BSOS i B 29 0en gt

loglczlﬂ?y release a lock until it has requested and obtained a lock). Any number of other

instructions may come between the LL and the SC instructions. ‘These other instructions
would represent the processing that is performed using the information that is read from
the memory location that is locked.

[03 6‘6] When a stream encounters and executes an LL instruction, it submits a request
to‘ the lock manager 5102 to access and read information from a particular address. As
part of this request, the stream provides a set of information. This information may
include the stream's ID, the memory address to be accessed, and the type of access
-desired. In this case, the type of access is LL, which the lock manager 5102 recognizes as

a locking request. Thus, in response to this request, the lock manager 5102 will
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manager 5102 al so | ooks at the lock bit stored in
portion 5110 of each | ock managenent storage 5106.
We\g@bn247Bock manager 5102 finds that | ock nanaPEnER1006/018643

storage 5106(0) has both a match for the address X and

its lock bit set; thus, address X is currently | ocked

by another stream In such a circunstance, |ock

manager 5102 will add stream 60 to the wait |ist of
implgrnens desloglarasegtieomeogdelagn Aopkt ohexgauingsthe XL ing3raion, the

To do so, |ock manager 5102 reads portion 51 16 of
strealmoekl waihfug enesponstt fosa diee 10dl0meRYget 61 Mebefor axecwittigtihother

streamis currently the last streamin the wait |ist

1113t1£8¢t10§tf6ﬁf19§hr% U 713 sﬁx@ﬁm@ede%ga %ﬂ%@éﬁaﬁﬁ%m&he hbkihager
present exanpl e, the |ast St ream | Current ystream 8.

ar.ni.n ses
s1o2 ke SO BR b s o BRSO LR TR P Bl e,
| ist storage structure 5104, and stores in that entry
then {hgestrgap élaliﬁ prscpiingt the freadr dapited. thykirgan goemigwalen and
Fig. 54. By doing so, |ock nanager 5102 adds stream 60

waitytarnd ahekemd. {Athe Sheaackctivat a pioceaini Gl frenethe dodli ma)agtio
the wait list. In addition, |ock manager 5102 updates

5102RHekdb9Indic ke Bt th@ﬁf%aﬁﬂ[h@%@&?@ﬁnt%& Qﬁ@(g(eorf’t:l-lg%g}edvﬂdtdﬁss)
the ID (S60) for stream 60 to indicate that stream 60

then 31% sﬂggﬁlp ﬁtuju?e*é %1 ?‘e%ﬁ@%f) %eeélg&?onv@astl atlteg)t edqneg}ltl?rboft tp 16 gléﬁaid In

60. This S|gnal causes stream 60 to halt execution of
this mampey, fhesiEpaihrRepeistaiaith theock FEDPEEEK 16 tcaawlé%@nb(h@ ek
becone avail able. [0379] Suppose now that stream 3
requesticopat ef dedockSEsarvatonuetthaiolagy. t he thread that it is
executing. Upon executing this instruction, stream 3

[036Tet eryhdiesstidaat encbu@8dsd bcWek he Stomﬁﬂgztlbﬁ' ® @ﬁﬁnf‘tshe?request
' ock on address X. As a result of executing the S

to thé Rty Jl‘é?l&%qui g%w \?%F% Bt Mponl é\ﬁ 1&11&5(@?63%%% ?osltelc(agy{hg li'gck on

sche
that #?e%%dggpitt%g gile%l?sit,ttg%s(t qa[}(nd:n gﬂlgrpgai getéf ngfggnafatfotnu a’llhls
information may include the stream's ID, the memory address to be written into and
released, the data that is to be written into the address or a reference to a register in which
that data is stored, and the type of access desired. In this case, the type of access is SC,
which the lock manager 5102 recognizes as a write access and a lock release. Thus, in
response to this request, the lock manager 5102 will write the information into the
address, release the lock held by the stream on the address, and allow the next streém ona
wait list (if any) to obtain a lock on the address. In this manner, the stream cooperates
with the lock manager 5102 to implement the lock releasing part of the lock reservation

methodology.
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or areference to a register that currently contains
the wite data, and an indication that this is an SC

wo ywe/12€730 equest . I n one enbodi nent, after subPCT/UB2096/018643
the wite request, stream 3 can proceed to execute
other instructions in its thread. It does not need to
wait for a response fromlock manager 5102. O course,
if it is desirable for stream3 to wait for a

response, it may do _ﬂl {1 some point, the
osedf . SoENR e TRl eRiod Sk PROBRENGAER L8a

request, .l ock nager 5102 knows that this.is an
operatign Alisiraliag (hedeck TR oR FogRIRlo By r?ﬁi“&?e‘?ﬁsm{ﬂi’ﬁ‘éi VoK
reservati on nmethodol ogy. To do so, | ock manager 5102

referece &t FiageriOfiGes that the wite request is froma stream
thatcurrently has a |l ock on the address X. To do so,

[0369] OCK Stpypae @fat Bildah B tride 0S OIE (Rigds®Sehicotdsd ah g instruction
stream | D (S3) fromthe request, and conpares the

_ o ' cod | : .
n i X Dbl B SSash SRl Slgel
Sstream|IDwith the streamED s stored jn.portion 5 114
that 1G0T H96ER “raRgeont oo Bor AGoY SI06IE K aieer g i
| ock manager 5102 also | ooks at the lock bit stored in
addrepoKtip ah agdreg vothieaemorneR04ten dyensaessdo driagen®rp®cation is
the present exanple, |ock manager 5102 finds, fromthe

managed By fek intmagdnome tllocl S002(R). NANAGSIE BF e:5dc0fifg eheTI0BsMction,
that there currently is a | ock on address X, and that

strearh R&ubREH ah Sc fBMst Mlnl?)ﬁgﬁi sQEaSEkf SR A Fi % I'S‘riz to a8 manager

Wite request is froma proper stream | sponse to

51004 8 A LSS 50 FRABEET 3102 SESRSRERLNS, s

therein. The menory | ocation at address X is thus
X, angh g pdeptignthet (e Haad-le bine ehrequph38dier pwkitiirenthg s3qusst,

102 recogni zes that the wite request (because it is
strearnf3 waipefoSCespansabsioraeeeatiresinylyhe iist@mntid inoity @lkedse

its lock on address X. Thus, in response to this
[0370] At some point, the access request is received by lock manager 5102 from the
scheduler 5130. From the information in the request, lock manager 5102 knows that this
is an LL type of request (which is a locking request); thus, it knows to implement the lock
reservation methodology. To do so, lock manager 5102 extracts the address X from the
request, and compares it with the addresses stored in portion 5112 of the lock
management storages 5106. Lock manager 5102 also looks at the lock bit stored in
portion 5110 of each lock management storage 5106. Unless a lock management storage
5106 has both a match for the address X and its lock bit set, the address X is not currently

locked by any other stream. In the current example, it will be assumed that address X is

not currently locked. Thus, lock manager 5102 can grant a lock on address X to stream 3.
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wite request, |ock manager 5102 checks to see which
stream (if any) is the next streamto be granted the
wo owk/1o113@ddr ess X. To do so, | ock nmanager 5100CT/US2006/018643
conpares the streamID stored in portion 5114 of | ock
managenent storage 5106(0) with the stream FD stored
in portion 5116. If these are the sane (thereby
indicating that the streamwith the current lock is
[037he Taglp sstlpdamanieet hEOAweldctd drstof thet lhelnmahageaent storages
streanms waiting for a lock on the address X. In the
5106 cht isemdt cexxanpl einghoe@ Ver thetshes6f dxbnplaiteyilicie dshan&BNe:
Thus, |ock manager 5102 knows that at | east one stream

stora%eSS MR(0) N1 .aLbQ&Iﬁa&%eﬁgﬂdﬁﬁ& &its (h03%4d bi?&bpogtion 5110 to

eterm'ne which streamis the next streamto

r ant a, 1 ock, on addre .+ | ack. manager 510 ads
1, anFs3e QS A% BRRORITL et tcPapap Braatin o) gres the
ascertain which streamcurrently has the | ock on
ID (S@hefrssamy infoparfien L4 terndiestathsl streanh ewtrensinhgsghe lock on
stream 3. Thereafter, |ock manager 5102 accesses entry
addre8s Xt frertbertmoye, tibekt mamgeesSiantsed the SDrofatread) 3iiftotgoetions 116
i st storage structure 5104 and obtains therefrom a

to indidHe@Et dtfdam! NistelaGUteen toneXARRY Bist dMiGelts (Néﬁ)n&g? ogtf&a

stream8 is stored in entry 3; thus, |ock mana

e ' - tream8. s the next.streamto be
ook GEAERTS 6 bR LEAMEL) o M L b e pte B on
stream 8, | ock mapager. 5102 wites stream8's | D (S8)
addl'eﬁ%%ost]ff&?ﬁ sricdmcplly Hie lpg skeara A st lig dinge Hovs o)
to indicate that stream 8 now has the | ock on address
conteits of hack managéroent siomagei 5 06@5 aftéf thetockhat bées gtaned. Bekthere
manager 5102 accesses the nenory | ocation at address X

is curfdntlrReyayt 150 G489 locRBH 2A@BESK L EMENHHEBE iSCREBAY Stored in the
therefrom Lock manager 5102 then provides the turrent

wait lﬁ?%géﬁtr{?&m%%%ﬁg&tffﬁﬁflgclé.tream 8, and sends a proceed

sign to stream Signal causes stream8 to
iits thread. In this nmanner, |ock

S UTE Ao D oL L bncad, ) s raoner. Lock
5004(%5),.reads the information therefrom, and provides the information to stream 3. In
addition, lock manager 5102 sends a proceed signal to stream 3 to cause stream 3 to
proceed with the execution of its thread. Thereafter, stream 3 can execute other
instructions in its thread that use the information from address X.

[0373] Suppose now that while stream 3 has a lock on address X, stream 8 of tribe 0
104(0) encounters an LL instruction in the thread that it is executing. Suppose further
that e%cecution of this instruction causes stream 8 to determine that it also needs to access
address X. As aresult of executing this LL instruction, stream 8 submits an access
request (through scheduler 5130 in Fig. 51) to lock manager 5102. This request includes

stream 8's ID (S8), address X, and an indication that this is an LL type of request. After
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[ 0383] Suppose now that stream 8, at sone point,
encounters an SC instruction in the thread that it is
we@oue478@. Upon executing this instruction, SPCEHHA2086/018643
determnes that it needs to wite to and rel ease the
| ock on address X. As a result of executing the SC
instruction, stream 8 submts a wite request (through
schedul er 5130) to | ock manager 5 ] 02. This request
submijtiieg e sxqussty BEGHD 8Wails 9T e seponssdeias sxscuting any ethen
wite data to be witten into address X or a reference
instrutorainnesghstér that currently contains the wite data,
and an indication that this is an SC type of request.

[0374] N OREsAERAhIBR accRb tRfIest WHRELTTENEy 1038 MMnhE& F189 %8R the

Sstream 8 proceeds to execute other instructions 1nits
. : point. th ite re t is .
schedhBE 3P, P S o BRE o el Dol e Sebranf iap v g i
. ’Ellrﬂom the information in the request, |ock manager 5102
is an el bRe of FRgetthihus.iickogysde mplsment the depliagservatippgnethedology.
knows to inplenment the |ock reservation nethodol ogy. To
To dodse, ol manegder Fhdagerack102 address tX fremi the espukebtatnd dvenpardstie
request is froma streamthat currently has a | ock on

with thigdRetdesLasreXin portioh 81 PI 85@H10cR ¥R MRLEMchiQEtafRPAOE Lock
5102 finds, fromthe infornation stored in |ock

. . 1 . urrently is a
mena (B IIEIR okt AL Ao PGk AP FICoP b iyl
b ream.8. Thus, the ite request is froma proper
Stm‘ag&i\éﬂ éémf P&Eplﬂqcﬁén%n&g?frﬁ'@ Wit & %P logl emaggrpe swgsfgﬁgé%m)
5102 accesses the address X in nmenory 5004(0), and
has bagh e rrsschy fae theradeleessl Xt andtitsdoddi it seTHbusyeddreys X oxatriantly ddcked

address X is thus again updated with updated content.

by ant088kbarh otksurhnageunshaee, ﬁ&&@&ﬁia%&sj 10na4i1tia8 sWedrh 8 to a wait
request (because it is of type SC) is also a request

list ofR¥esthd €&ELS td ﬁt,’t%fﬁl £8SEoh LeibQGk on address X. Thus, in

response to t s wite request, |ock manager 5102
S NDS R XA N AN
manager 5102 conpares the stream | D
5106(0) to determine which stream is currently the last stream in the wait list of streams
waiting for a lock on address X. In the present examéle, the last stream is currently
stream 3. Upon learning this, lock manager 5102 accesses entry 3 (the entry that
corresponds to stream‘3) in the wait list storage structure 5104, and stores in that entry the
stream ID (S8) for stream 8. This is shown in Fig. 53. By doing so, lock manager 5102
adds stream 8 (and hence, the thread that stream 8 is éxecuting) to the wait list. In
addition, lock managér 5102 updates portion 5116 of lock management storage 5106(0)

with the ID (S8) for stream 8 to indicate that stream 8 is now the last stream on the wait

list. After that is done, lock manager 5102 sends a wait s gnal to stream 8. This signal
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stored in portion 5114 of |ock managenent storage
5106(0) with the streamID stored in portion 5 116. |If
w0 b@sa248@ t he sane, then there are no streansP@EUSI00¢018643
for a lock on the address X. In the current exanple,
however, these ID s are not the sanme. Thus, |ock
manager 5102 knows that at | east one streamis waiting
for a lock on address X, [0386] To. determ ne whjch
ceuses Sreambi1s beREXHENEN SUFCHIPLATE0 grPEle OIS X to
address X, |ock manager 5102 reads portion 5114 of
becotheakaimbiragenent storage 5106(0) to ascertain which
streamcurrently has the | ock on address X. In the

[0376UT I 80 S4B tBat iR tstrEdrh 8aMIiNSs 816 Rldresd e @& 80 of
I'ock manhager 5102 accesses entry 8 (the entry that

. [ ESPON t B it . g

wive £AD4EY BB DS SHa BB on? e chact! F A hBRBuprose
the current exanple, the ID (S60) of stream go S

furthegtbtee e i s BISTIGHPR capsse RUFmn 4B & degipnt Brab isqdieds
that stream 60 is the next streamto be granted a | ock

to acamss aditte®ss. Ks aTesufodmtectitieg thockL istisittieair@dn 60 eulmits an
manager 5102 wites stream60's ID(S60) into portion

acces? @cﬁleﬁf(tﬁrﬁﬁﬁl FBRAYENR0E asd Wha@8eDI B3O &) loblormandi 3t 62, This
that stream 60 now has the | ock on address X his is

1'eque§{l118ﬂ§ﬂldie@stl‘:éagﬂ 605512%3 @fggg Ll %! $,A0NGdic tgﬁégé@@?sgg bn LL type

accesses t ry location at a

menory_ 5004(0).,, and reads the _current contents .
of requggl e%ﬁ%'n%ub%b%kg ﬁﬂﬁﬁe@sﬁt iR ?%fﬁ%?oa@i RPN e fRtg S ERting
contents of address X to stream 60, and sends a
any ofirep ¢cesticB Py ails thxsagt r eam 60. This signal causes stream
60 to resune execution of its thread hi this nmanner,

[0377]0CK ATRBRGSbinD 1R2a@eRntuckhie réledtby 16dK RaMAgeds Bfrom the
- wakes it up. [0387] Suppose now that stream 60, at

sohecﬁﬁ&% 1B @.i Bt om %&qgﬁﬁﬁlgﬁcﬁUﬁQhesg h&ﬁ,t Y frjaﬁé}re.k 81 6?%1&\47‘{ fa%nis
that” Tt t o this

IS execu_ I Ng. on_ execut1 ng : I nstructi on,

s PGP0 S D55 OB, ooMa ShBcnony

executing the SC
To do so, lock manager 5102 extracts the address X from the request, and compares it
with the addresses stored in portion 5112 of the lock management storages 5106. Lock
manager 5102 also looks at the lock bit stored in-portion 5110 of each lock management
storage 5106. Again, lock maﬁager 5102 finds that lock managgment storage 5106(0) has
both a mqtch for the address X and its lock bit set; thus, address X is currently locked by
another stream. In such a circumstance, lock manage;' 5102 will add stream 60 to the
wait list of streams waitling to obtain a lock on address X.
[0378] To do so, lock manager 5102 reads portion 5116 of lock management storage

5106(0) to determine which stream is currently the last stream in the wait list of streams

waiting for a lock on address X. In the present example, the last stream is currently
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instruction, stream 60 submts a wite request
(through the global unit 108 and schedul er 5130) to
wo owk/1pEB@ger 5102. This request includes streROBUSHIG 018643
ID (S60), address X, the actual wite data to be
witten into address X or a reference to a register
that currently contains the wite data, and an
indication that this is an _SC type of request n one
stream i ddparelarningfisy oglBANtacr AR0Z #r8CSRpS ?néfyrgea]&f'eglﬁ ry dgh eam
60 proceeds to execute other instructions inits
corretjundach sife@B8H]in te vwahiest poirage, stribterevirliof eandederss tn ihet entry the
received by | ock manager 5102 fromthe schedul er 5130,

stremﬁrIB”OSBb)efol Bk QRI®0.1 QRisiig sidven meapest By @ikg E@Ne@ehabde?
knows that this is an SC type o request thus, it

5102.|a§8§/\§rea81 é({@hgﬁﬁgﬁa%g fﬁnéﬁcﬁ@ t? Sl%fes e el'F“ |8 ?cqﬁﬁgﬁtg%@gfﬁn list.
ite request froma streamth urrentl

In acfeR lorc CHEAESA UL SRS PRI e I3pat bk A e
manager 5102 finds, fromthe information stored in

5106(® oitnttan 8 énh tostisrad® t610E¢0y that izgam ¢lesaosihedsst Fyeam
is a lock on address X, and that the lock is currently

on thB&laet 1hy At i6Qonel ek midageVd1i0R eereiguesdit signdlrnoviréam 60.
proper stream In response to this wite request, |ock

This gi‘a‘gﬂgﬁﬁs e‘§ 1‘9@.@28% ﬁ?lt?zgls g{(tep@m dcg{xﬁstﬁ e?i?ir afld '&?%ftfof@lc %c@on

stores t ereln he nenory ation
‘at ess X i.s thus again updated with updated
add“@é%ﬁ@ﬂchPﬁéﬁﬁTb%ock manager 5102 recogni zes that the
wite request (because it is of type SC) is also a
[0379]equésppdsy newribaimiredn Beneeynsers en Sﬂslmstﬁ@klm@ i Egdhisad that it is
Thus, in response to this wite request, |ock manager

exec@ IR Ohw@ckscitidgseie indictons stremnB (eferraing) tHas ittdeednextrite to
streamto be granted the | ock on address X. To do so,

and ﬂeﬁﬁé% {RRRESH 'Lé&l%gs RONRA Be It frexSlifiB ?%5@ %ﬁﬁ%ﬁoh rbtream 3

por ion 5114 of [ock management storage 5106( Wi t
t. | t d 5.116.
subifia e erdHT ?Iﬁ%fs RS bPaseich fiaeet %EP% th e
on the

includes streams 3's ID (S3), address X, the actual write data to be written into address X
or a reference to a register that currently contains the write data, and an indication that
this is an SC type of request. In one embodiment, after submitting the write request,
stream 3 can proceed to execute other instructions in its thread. It does not need to wait
for a response from lock manager 5102. Of course, if it is desirable for stream 3 to wait
for a response, it may do so. |

[0380] At some point, the write request is received by lock manager 5102 from the
scheduler 5130. From the information in the request, lock manager 5102 knows that this
is an SC type of request; thus, it knows to implement the lock reservation methodology.

To do so, lock manager 5102 first verifies that the write request is from a stream that

117



address X. In the current exanple, the sane E) is
stored in both portion 5114 and portion 5 116. Thus,
W@ b@oa2418&@ no streans on the wait list. |n thi BCUES®)6/018643

| ock manager 5102 resets the lock bit in portion 5 110

of | ock managenent storage 5106(0) to rel ease the |ock

on address X Lock nanagenent st orage 5106(0) nay

th rea ter be r u l ock.the sang | t
curen i fres 9ok Pt RS et A hiess

above sanple operatlon the | ockin of only_one
X and &uiciteses 1DA8a) Bem thy reqyed wid genpares %te @%@S& wéhils ed,

t hough, that |ock manager 5102 can nanage the
addrese@ngored nportiod Ki Iiyofthe taeck nigphgenactd sesages 51 6@ rand xamp hes

whil e I ock managenent storage 5106(0) is used to store
the strbd3€ I Q& HY st O TR LR i PbrtRAG €59 f dhe léél@hﬁﬁﬁoehﬂsﬁk

rranagerrent storage such as storage 5106(n) rray be
e th | ocki ng, r
storee 505" it ne% BRR e i S TBY & P Rok B B orion
st or age 5106(n and wait list stora e structure 5104
5110 ofwpctpleckminpamaaé 8osed Shpealndhe PIFseRExFams. gk manag 5102
t hat descri bedabove for address X. Overall, each of
finds, fibe the dkonenagenend irsibck agespeht0bstomyge 5é06(§&gdha;t ¢here
manage a | ock on a particul ar address, and the wait

currenltlk $¢a BER 6@@@(11%5@ HCiMH Bat2d ﬂ)CH?sVCLQ&nHﬁ %Qldtt%/ Rt R Thus, the
e wait lists (if any) for all of these locks. Nennry

write rggge%r g‘%}r a@)@%& IS@%HL OJI% %Po!%gentém%s %%g[g igqpt Qte'[eo?s( érga@lgger

wite request (of type froma stream, ck na
5102 aegspesdne ALUES X Hbmalire %34@» s VI@S‘MEEP(%} 2 g, [he
times. The first tinme is to wite the updated contents
memorebeitionckt Addrss Kes ts epdaté¢dvish apdhatebeonentThe second
time is to read the updated contents fromaddress X to

[0381fr OVIidR niASH 500DtQREHizEOthhihtBe ReXS reglié @AM PR of@yde SC)
i st. Because these two ,

is also a request by stream 3 to release its lock on address X. Thus, in response to this
write request, lock manager 5102 checks to see which stream (if any) is the next stream to ‘
be granted the lock on address X. To do so, lock manager 5102 compares the stream ID
stored in portion 5114 of lock management storage 5106(0) with the stream ID stored in
portion 5116. If these are the same (thereby indicating that the stream with the current

lock is the last stream on the wait list), then there are no streams waiting for a lock on the
address X. In the current example, however, these ID.'s are not the same. Thus, lock
manager 5102 knows that at least one stream is waiting for a lock on address X.

[0382] To determine which stream is the next stream to be granted a lock on address

X, lock manager 5102 reads portion 5114 of lock management storage 5106(0) to

ascertain which stream currently has the lock on address X. In the current example, that
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accesses are perforned one after the other, the
information witten into and read fromthe address X
wae®otitgdcane. Thus, the read operation i s SoONMBEITES2006/018643
redundant. [0392] To elim nate the need for the read
operation, several additional portions may be added to
each | ock managenent storage 5106(0). This is shown in
Fig. 57, wherein the | ock managenent stora 5106£ )
sirearp AstraRh3- abbFretfteadotionpraeehel V2cshpisps ety 3\@%@“@6 i on
5702, a value valid portion 5704, and a dirty bit
corres;mmtii; EnstEI063) iTHe weal likk sq@mgteustmctsm)ﬁzl Odfead lobtagrsgiereigom a
store the nost current contents of the address | ocked

thread®YD ! iethle @Gk e iR AGFIREME TB (08 efenB4aE is Wokdd ihRatrgar thegtiock
contents available in portion 5702, it is no |onger

managgrcfieﬁ)%%e)/el ﬂleﬁgﬁgggeahhﬁ 1sr[ﬁer e%{ shr@arh ?ﬁge b te‘c‘ilﬁrl[)ﬁ{%l address

ontents o ress rom e Val'ue va

orti n 5704 stores, a Sin . If this
x. Th gt HaBdOD SO0 I BB ol bt etttiamel Iy @?@ a%? .
portion 5702 are valid, and hence, can be used.
portlctrhi 19 4siftlodksmprpgement s(qra@ 5106((y to gad}catq m@wtﬁegmn?em has the
that the contents in portion 5702 are not valid and

lock @ranipésshe Tsieds shotve iglFrd §5 bialftepthiat isaldvnb, 106k Standges 5 02
bit that indicates whether thecontents stored in

acces?&rtflé MR P B S £ léfl&l%gkt ‘Jiﬁf ﬁ%ﬂ%&%g@ﬂgogﬂaﬁ&‘ réaﬁ?the current

contents stored in the address

contefBIRSERPR (RLRT RGP R0 Bk R S il ¥R St acdress X

portion 5702 wi thout al so storing those contents in
to strepmprSr §nd(SeRise Biveredsignahiofeymae cays yignatisausgp sirganps fo
portion 5706 provides an indication as to whether this
resuntraex ebetdom eforsehrespel thiseadnnys, 1édk rmataker § 02grattetheilock to
portion 5706, then it neans that the contents of

strearR @ dnldQPalRd @4 phave not been witten into nenory
(t hereby neanlng that the contents of 5702 are "dirty"

[03 83? g {%}?]pgssl(i?]l gﬁat\%réam %Oa.% Sglglg F??’gﬁ;%l%%ﬁtﬁl 5P Ia*”%?ﬁmé%t&élon in the
en i.t nmeans that the contents of portion 5702 and
threac@ Hit Eanexsistdnd f Uppinssesitiedhis spgiustianstream 8 determines that it

needs to write to and release the lock on address X. As a result of executing the SC
instruction, stream 8 submits a write request (through scheduler 5130) to lock manager
5102. This request includes streams 8's ID (S8), address X, the actual write data te be
written into address X or areference to a register that currently contains the write data,
and an indication that this is an SC type of request. In.. one embodiment, after submitting
the write request, stream & proceeds to execute other instructions in its thread.

[0384] At some point, the write request is received by lock manager 5102 from the
scheduler 5130. From the information in the request, lock manager 5102 knows that this

is an SC type of request; thus, it knows to implement the lock reservation methodology.

119



[0393] To illustrate how these portions 5702, 5704,
5706 may be used, reference wll be nmade to an
We@x@npl430 Suppose that stream 3 executes an LLPCT/US2006/018643
instruction, and as a result thereof, submts a
request to | ock manager 5102 to | ock address X of
menory 5004(0). Suppose further that address X is not
currently |l ocked by another stream Thus, stream 3
To dagyoatrckanaagen 00k ToH vaaarshe the wrife AU ISTPTR RSUPHRIL at
| ock manager 5102 sel ects one of the | ock managenent
currestiylizagdsck as themddstoXadreths poGed) example, 1aek nerkgerofl 02 finds,
exanpl e), and updates it as follows: (1) wites a "1"

from 'tH'ét iRfRRALibPRoRd 3 Bck (rﬁahagé @ Stodage 3 06 (0N thdt @Rerb cllitnitly is a
(3) stores the ID (S3) of stream3 into portions 5114

lock ?lh%ddS S5 & aH& ??a% ﬁl{ee 158{’13 %Illl’rl] 85[ H% cf)b ﬁ afaf(r)lgg] 5'5% %4 tHeQrite request
currently not _vali d; ) mwltes "0" int

s SomrQmODpOOAT. A FEPOITE AT SO ER S SHRE o P Aot the
5106(0) in the above manner, |ock manager 5102

addreac ¥as sesncan dPeK8), Xndl atoras iy ‘}'1 1B0b WpBinantherraa@eryt laeation at
current contents therefrom Lock manager 5102 then

addrest Wieshushgaig whiasd winbestd cafteraddress X into portion
5702, and sets the bit in portion 5704 to "1" to

O38‘.Und' ggélgg%gﬁvtel ﬁﬂ% %@6 ie8 tﬁ’a]‘?'tl{éewﬁ?@ B (BLL é‘séltnéjéﬂ\f ype SQC)

one manager 5106 provid
the current contents to tream ends a roc
is alsg pgeraicst iy LrepBanP 3 EReds %‘-‘é‘ & ar@é‘?‘?? §<d t'0™pr'6cé thtﬂls
the execution of its thread. [0395] Su ose now t hat
writewkquest, ftck eranageridd?2 ghecke ko won veldelr drpgm égw} &dhe gext stream to
submts a request to | ock address X In t he manner

be gral@s€ theheck g @dras . yTo doek Isoknagererl02 caggarestiiesiraat ID
to await list of streanms waiting for a | ock on

Store@gﬂ%ﬁﬁﬁn ﬁi 1AA§E 195’15 %naﬁﬁgehﬁhtsst&r g@ §E(0) WK RBRRGAIDNARA in

es t tream 8.into portion 5116 to
portig {5 e Q%Sﬁbr P fop Bl et P a1 BEAgRE ok B8 e

address X. In the current example, however, these ID's are not the same. Thus, lock
manager 5102 knows that at least one stream is waiting for a lock on address X.

[0386] To determine which stream is the next stream to be granted a lock on address
X, lock manager 5102 reads portion 5114 of lock management storage 5106(0) to
ascertain which stream currently has the lock on address X. In the current example, that
stream is stream 8. Thereafter, lock manager 5102 accesses entry 8 (the entry that
corresponds to stream 8) in the wait list storage structure 5104 and obtains therefrom a
thread ID. In the cuirent example, the ID (S60) of stream 60 is stored in entry §; thus,
lock manager 5102 determines that stream 60 is the next stream to be granted a lock on

address X. To grant the lock to stream 60, lock manager 5102 writes stream 60's ID
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wait signal to stream 8 to cause stream 8 to wait for

a lock on address X. [0396] Suppose now that | ock
worwaget736102 receives a wite request (of typrCBC2006/018643

fromstream3 . In response to this wite request,

| ock manager 5102 stores a set of updated contents

(the updated contents are provided by stream 3 as part

of the wjte r est) into valu ion 5702. 1n
(60) SetapeTion 5 ek kARG R RErD 210286 S DHO) b PEipots e fpeams 60
' portion 5706 to "1" to indicate that the contents of
now haathedogor idsiness 20 2This & shown o FigoAge Afieoihst stdame. IpFl h-
the contents in address X. Thereafter, | ock manager
mana@etG207 gl Rase thetthembigtbcatioh dt airat Keafmanory Hdd(@samdieads
and grants the lock on address X to stream 8. In

the m%elﬁ{]éed ﬂ?#e ﬁl?rl%h?%g)ﬂ&}c%glﬁg{apﬁ 02 bRk ORARIABE 8404 contents of

s of stream8 into portion 5 114 to
indicate that stream 8 now.has .the | o . address X
adirei X o SHHE THERT DA aBe PE Tes bt Olkc b
5102 provides to stream 8 the current contents of
streana dd tersue exrsution ebils el MaikigersLioclBesagist | 8¢ 8@ES
address X (in fact, if it did, it would obtain stale
the lodlat@gireafiadohed, wikes k upanager 5102 reads the val ue
portion 5702 of |ock managenent storage 5106(0), and

[038’75’|r g\é:ﬁﬂ%gbsé R BRPEES 66, W LR OSSN BRIRInRE £ SENi8&McBon in

nager 5102 knows the contents of val ue portion

e 4 e KBS Ul Y PREL B BH g

_ In addition to providing the contents of portion 5702

it neeiptosyriedprrel ralessk thedPrkg@y ads1e Xal Aba 5BRY 91 §xecuipg disert
signal to stream 8 to wake it up. [0397] Suppose now

instruthied, streaak coaniages a Hd2reqese (thesgh ther gloal negu®Stand efheduler
type SC) fromstream8 . In response to this wite

5130 1894EShandg8CK 07RNBLEI kO B cRIIBY QftathsHRls 10f (S¥DTakERss X, the
contents (the updated contents are provided by stream

By B 05 1 BRI BB B
con’ta%lsttheI \r;vrite data, and an indication that this is an SC ~type of request. In one
embodiment, after submitting the write request, stream 60 proceeds to execute other
instructiéns in its thread.

[0388] At some point, the write request is received by lock manager 5102 from the
scheduler 5130. From the information in the request, lock manager 5102 knows that this
is an SC type of request; thus, it knows to implement‘the lock reservation methodology.
To do so, Jock manager 5102 first verifies that the write request is frcﬁn a stream that
currently has a lock on the address X. In the present example, lock manager 5102 finds,

from the information stored in lock management storage 5106(0), that there currently is a

lock on address X, and that the lock is currently held by stream 60. Thus, the write



portion 5706 to "1" (if it is not already set) to

indicate that the contents of value portion 5702 are
woeMenpi7Bonger consi stent with the contents i NPEHUSBIG 018643

X. Thereafter, |ock manager 5102 rel eases the |ock

hel d by stream 8 on address X, and grants the | ock on

address X to the next streamon the wait list. In the

current exanmple, there is Stre L L esk
requestf TP ECQ RO Rl LT GRS rb o FE TRl | B ki 51 6%
|l ock on address X by resetting the laock bit in portion
accessgs the@digss i MEMOBY g@%% ARt sigEss tl?lﬁ?‘%@éastﬁ“f’}?&t- pﬁi?e :
dirty bit in 5706 is set, which neans that address X
memola®cntiin deddressp¥at tds egaihupdréedmosh updateeomiadnt ent s.
Thus, |ock manager 5102 reads the current contents

[03 89];f OMRIRa PRI DD RecogilZes REGRS S8i%e REded SisccXudent IWRADDY SC)
004(0), and stores the current contents therein. The

iSﬂEO%&%%%%ﬁ%ﬁﬁ&%¥oaagg¥E%%%%%@iﬁg§a@#g%ég??g§§g%“%€§ﬁg?gmm
X i ...[] 0398] . |
e Skt 208 Lot aqmal (Bl Lo

| ock on address X (by resetting the lock bit in
be grapedttholwck ol 20ressi X. Tpdatsesloakidreasger X107 eompares g sieays [D
contents in value portion 5702 (assum ng the val ue
stored\’lﬁg)bﬂicﬁi 3114 0f PRk h QRAgETEH stngbet 1060 Riith the btréam FDEtoredrin
5706 are set). As an alternative, |ock manager 5102
- of. 5 i r
g L R O R
: is_not updated after _the |ock gn address X.is .
addredogk o s O LA ETB oS STBP B0 VSRR TP G oBistys L1 4ranf gpriion
| ock manager 5102 may receive a request froma stream
5116.t Bhuspthiereaatel ne siseaxnseqyaiha waitiiss ubHhis cesss dockgnanagen PR resets
managenent storage 5106(0) already has address X
the loSlt Bt @0pdrtioRs1 10 eflo8d hanadearkt staragg st 0GLPD rakeadedheelk on
| ock managenent storage 5106(0) again to | ock address

addreds X T2o0f %%%a%eﬁﬁnﬂ sqt&ﬁéé g% (%ﬁﬁ@) EAHRRI B0 SThRAM 162GkKe same

nanager sets I'm l'ock portion 5 110 to
%%", agg wites the I D of
or a different address.

Management of Concurrent Locks

[0390] In the above sample operation, the locking of only one address (address X) is
discussed. It should be noted, though, that lock manager 5102 can manage the concurrent
locking of multiple addresses. For example, while lock management storage 5 106(0)‘is
used to store the locking informa‘tion for address X, another lock management storage,
such as storage 5106(n), may be used to store the locking information for an address Y.
To manage the lock on address Y, lock management storage 5106(n) and wait list storage

structure 5104 may be manipulated and updated in the same manner as that described
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the streaminto portions 5114 and 5116. In addition,

| ock manager 5102 checks the bit in value valid
wWEbiot136704. If this bit is set (and it shouPdI/b8)006/018643

thereby indicating that the data in value portion 5702

is still valid, then | ock manager 5102 obtains the

data fromval ue portion 5702 and provides that data to

the requesting strea I hi s manner, |oc nager
sboverfaomldastorasORge Rt h g ek Sttt 47 S TR Gy B sed t
, [0400] A second possibility is that | ock manager 5102
manageecletk s apartiules ddiessormdaha et digt storage sRuEWE HER may be
address (assune address Y for the sake of exanple),
used t8RshikiepkhewnadRes (X07) Weeall dededcolotise | ock managenent
storage 5106(0) to manage the | ock on that address. In
such a case, before | ock manager 5102 wites any
information into | ock nmanagenent storage 5.106(0), it
checks the bits iMehdve Acatss©piiatizaiiquorti on 5704 and
the dirty bit portion 5706. |If bqth of these bjts are
[0391} 1" InttheFArmile RP AT €ISCIREg 208 41158 10 He AuAEsT P1dzprBlefocs o
val ue portion 5702, and wites that data into address
write ¥q(ibhéobigtpe 83 fivhad stiesmelock exnhger S 62 eeresses Aavirdssess X n
portion 5112). By doing so, |ock manager 5102 ensures

memdrP3D0RAUFHAS Em¥s.| Thk SRt tiHPist0 vk ehe Upjtafedabhtenis recaiked from
nmanager” 5102 can use the | ock managenent storage

5106 I : . i Dt dr
the st e e e r B sl Pl a e TR
to being used for _the | ock rel ease/ gr [ OCESS,

X to pyBYiRF B1pos POBeRA)0 oG EotB o8 P ol b r D SR a0
wites. Basicall¥, whenever a read or wite request. is
accesseaes pertbrimgd looe kiterdhagiber, SERformatienmyTitten mte pngsgad droppthe -

an address that is currently in address portion 5112

addre8d Xard oekamenayeaseid resd afeagRnid 0hOyhdtrediadidhtess of
whet her the bit in lock portion 5 110 is set), |ock

[03 92&2? ﬁg? reliéﬂl%t%% ARER R gﬂ%gr@?deég%rﬁ&%? Ssvetdl %dﬁ'iﬁ@ﬁﬁ%o%imay

, I'n € case o , It can obtain the nos
be adgg t%eeggh fo%ﬂtrr?anntagergcfantts%?ag%%q6&6?, Irfu‘s”{é shown in Fig. 57, wherein

the lock management storage 5106(0) has been augmented to further comprise a value
portion 5702, a value valid portion 5704, and a dirty bit portion 5706. The value portion
5702 may be used to store the most current contents of the address locked by the lock
management storage 5106. With the current contents available in portion 5702, it is no
longer necessary to access the memory to read the current contents of the address
therefrom. The value valid portion 5704 stores a single bit. If this bit is set (i.e. 152 "1"),
it means that the contents stored in portion 5702 are valid, and hence, can be used. If this
bit is not set (i.e. is 2 "0"), then it means that the contents in portion 5702 are not valid

and cannot be used. The dirty bit portion 5706 stores a bit that indicates whether the

123



portion 5702 of the | ock managenent storage 5106(0)
instead of going to nenory (assumng the bit in val ue

w 200624080t i on 5704 is set). In the case of a BT/US006/018643
can wite the wite data into value portion 5702, set
the bit in value valid portion 5704, and set the bit
indirty bit portion 5706 instead of going to nenory.

Thus, porti.on used I C
L e e B L L L P
the present invention. Accommbdating Non-Lockin i
addresSiaiag ey [1@400] mpragemenesivraeh mdH0)d Soaratimes: %H&?é/gbreélfﬁ?nable
it has been assuned that once a stream has a | ock on
to stor® Fﬂh@l@l@ﬁ%‘aﬁ entt@n@hizen psttioaan? svitabhtoaiedstomngithiosecdmiernss in
that address. While this assunption is generally true,

memo%;g&lﬁ 2UBMs Rl R BERED AtTh OBty it 1?/@?’[1@151 5706 P vilies ki akli@tion

Iowa streamto vvrlte i Nnto an address even when

as to v%l?pﬂtée qg 1S Sliegl Plléé) C$ e}? n)@ 5 hle rlS §%01e%ﬁﬂ]po{1}f61§5w&gﬁ it

ride purp

accommodat e such i Iement ations, several chawg S @
meanshibatrthel eontents REP@HBb AT Helitve de5Been FEd R BIPICPE o@]‘er Ye

change is to incorporate another portion into each
meanih® Elat FRNDYEABNT 50D pagdirtl 06 incAssisthoiwith themogiensef the
| ock managenent storage 5106(0) may be further

IR0 P nhie htidey as §i0@K iPhokRA 5706 tthenit HEAAs tiak the
memo?# ks %l manlt1 this portion ESOZst ores a Ssi ngI e bit.

conteqtf 8? p?rlqgngzg.?% Sthd Rty Eoﬁ 15161%0 SreBon g)i nt I U indicates

Specl ortion 12 has not

been witten into S|ncethe str t.he ¢
103931 oGKT AR &HODHEESR GERCB oL P A br 08 Mo S 31
bit is not set, the streamwith the current |ock still
be madaso ex etamsiei Sgpp@ae thaesteduir esciteh as LLtihgricbiek, adss Baesult
been broken). On the other hand, if the bit in portion

thereoﬁfSQl% il S8hudst toQoclt Sadaged 002 tbh&’!k dddrdte anst thiabry 5004(0).
fwer stream has witten into the address specified

Suppose f&%er 4 aé&r]egs 5( J]ll[lCﬁ 'cunaﬁl}J 188153(1”%/5311%%? stream. Thus, stream 3

is granted the lock on address X. In granting the lock, lock manager 5 102 éelects one of
the lock management storages (assume storage 5106(0), for the sake of example), and
updates it as follows: (1) writes a"1" into portion 5110; (2) stores X into portion 5112;
(3) stores the ID (S3) of stream 3 into portions 5114 and 5116; (4) writes a "0" into
portion 5704 to indicate that the data in value portion 5702 is currently not valid; and (5)
writes a "0" into portion 5706.

[0394] After updating lock managelrﬁelll‘tn stoi';lge 51 0'6-(0) Ain ;the-ab~OVB mzu'mer, loélc
manager 5102 accesses address X in memory 5004(0), and reads the current contents

therefrom. Lock manager 5102 then stores the current contents of address X into portion

5702, and sets the bit in portion 5704 to "1" to indicate that the data in value portion 5702

124



broken). This in turn nmeans that the streamwth the
current lock on the address no | onger has exclusivity
woeoshat7addr ess and hence, is working w th staPer/tist0a6/018643
(the data in the address has been updated since the
stream obtained the data). In such a case, the stream
should not be allowed to wite into the address since

so woul d.result in dat onsi bei n
(s nove BT b o ek 3 0a6d SLRE P ieh TSRt fyents to
portion 5802, the |ock manager 5102 mnll behave
streantl Bf drelrsends ayprotesd sisfuapiorstican 35802Uyed 3|t BROGFRH A De
5102 will be discussed further in a |later section.
executi8f@4its Angidher change that can be nmade is to the
manner in which each stream executes the SC

[0395.2nSt §L§ﬁ%§ké§ﬁo\%@§t desecioed 3 thhys 1dcRon MBREs B, Stda@asubmits a

Xecu Instruction, It submts a erte request

to th er _5102.. Th trea

requegiie 1o G Sper At o EBG LemERe S Dropesas TRBHTE 3107 Bas
other instructions in its thread without waitin for_ a

streamn @sipeveet LisThf reams oI DT aAerkn A0ERsS 1f %&E%%PVHR}OCSSS’
to the address is guaranteed. However, in an

lock mBRdceMBIRAYien thatiBr (8 8RoBdtrerans ingo pmtlolwétjl& © ndiceie thait o
an address even when another stream has a | ock on that

str emﬁqﬂg S5% thSHst s’ﬂ%hﬁﬂ'o‘iﬁh& $aN0kt, OHRFAREL &bk thiMiger § 102Ssends a
nption cannot be nade For such an i npl enent ati on,

c strea xecut es . an ly -
wait G &5 SRS o fed 5 i wal REP G0N RN U e
request, a streamwaits for a response fromth Iocﬁ
[0396tana§appse 09w that lekempragsbkii fﬁ%ﬁlYﬁétﬂéf‘éﬂfé 1%@&6% &
the stream proceeds to execute other instructions in
from istrSarh Br @agksp@se tdihisob e retpasst) lodkfmarhager BB shaes a set of
indicates a failure, then the stream nmay need to take

upda%'a(&%h%ﬁts Qﬁh\é ru%@at@cf cAHELAO Bre(frOFidaXR U am T apesdf daother
dress, re-update the contents of the

e T
manager 5102 nmy operate in the pr esence5%2 é)l_grntmi)von% longer
portion 5706 to "1" to indicate that the contents of value portion g
consistent with the contents in address X. Thereafter, lock manager 5102 releases the
lock held by stream 3 on address X, and grants the lock on address X to stream 8. In
granting the lock to stream 8, lock manager 5102 writes the ID (S8) of stream 8 into
portion 5114 to indicate that stream 8 now has the lock on address X. After the lock is
granted to stream 8, lock manager 5102 provides to st“ream 8 the current contents of
address X. To do so, lock manager 5102 does not access address X (in fact, if it did, it
would obtain stale data). Rather, lock manager 5102 reads the value portion 5702 of lock

management storage 5106(0), and provides the contents contained therein to stream 8

(lock manager 5102 knows the contents of value portion 5702 are valid because the bit in



5802, reference will now be made to an exanpl e.
Suppose that: (a) stream 3 currently has a | ock on
w@oasass3X i n nmenory 5004(0); (b) stream 8 i s PCEHUSMRG/018643

and |last streamon the wait list for address X, (c)

the current contents of address X is V; and (d) no

other thread has witten into address X si nce stream 3

obtai ned the | ock on address X. In such s(ff agg
portio 5704 hasgwen sgh BIRE mamng; hsgyempiyrerds eélétm?ft? el agdition to

"1"), portion 5112 would contain address X, portion 5
providlddihweuhtents @fibaitions702 anstiBas 8 Dok SBInagpod 1020ms0BsERds 2

woul d contain stream8's TD (S8), portion 5702 would

proceegfn T\(C«fa of 1d WRear @@ woul d contain .a "1", portion

contaln a "0" (it is assuned that address X

een u th_the ent. )
oswt“heﬁ BEorSHare I Besna pe s « ot POAGR Ao,
now t hat Iock manager 5102 receives a wite request
from streaim & tIngesPORERIIOLBIS Tt EdBEFtUpHTaRPAFEP LY fOTH 3&“ of
address X. Suppose further that this wite request is
updateéf comtdnyp@hd iatatedl dontwmtsar: @ddided by ttoedne 8w iptttof therwmte
even when that address is |ocked by another stream In

requedt PRRPPAEe pOrtibAIST0L ERURRLon, 106K TABARY SN 02 142 HENBEK it 110
see If address X is currentl y | ocked by anot her

poﬂiogtﬁﬁggﬁ 31"%{1'%[] 1(;:? dt% Elgeeaﬂg s&%%{lﬂé@‘éﬂtg@ﬁaié@ﬁ?éqg@?of \ga‘f&gé%r@éﬁt

the value in portion 5702 to

n
5702 gempar 9pee cogsistent witl thae%tlt?tﬂéﬂl afi%&t@%ﬁﬁ@%? zﬂ@%k

sets the bit in portion 5802 to "1" to indicate that
managdi& 1 0D rdlemtstheflockdiidsgsiana/en bbkessipoadedantIgdock on
stream 3 no | onger has exclusivity on address X,

addr eﬁeﬁ'ﬂé 13 dekedtrdahitord ®ekvahgisd ThYhSéureamedargple Atidieas sXstiamm
been broken. Thereafter | ock manager 5102 may

s E T L

by 1es%§3§té§%fo?§@woomnp%.1b o5 - FegrtinsepoH g e BROLE
now t hat stream 3 executes an SC instruction. As a

dirty biesud 2060 set, which means that address X has not been updated with the most
current contents. Thus, lock manager 5102 reads the current contents from value portion
5702, accesses address X in memory 5004(0), and stores the current contents therein.
The address X in memory 5004(0) is thus updated. The lock management storage
5106(0) may thereafter be used to lock another address (or address X again).
[0398] In the above example, when lock manager 5102 releases the lock on address X
(by resetting the lock bit in portion 5110), it updates address X with the current contents
in value portion 5702 (assuming the value valid bit in portion 5704 and the dirty bit in

portion 5706 are set). As an alternative, lock manager 5102 may forego this update. In

such a case, the address X would continue to have stale data.



executing this instruction, stream3 submts a wite
request (of type SC to | ock manager 5102 to wite a
wa@eacat47apdat ed content into address X After PCT/US2006/018643
submtting this wite request, stream3 waits for a
response from | ock manager 5102 before executing any
other instructions. In response to this wite request

| ock manager 5102 determ nes that urr.e
[0399has Thaddsese Joif b HPE akter E&?\A@Q}%PH a@é §Ent§r¥ elepeed U fikn Yoo
information in portion 5802, |ock manager 5102 sees
possitldaenst ihiphhoQus Fiod Koonmadlares § 5OXMAREECHIFE i THYUskieiom a
Thus, | ock manager 5102 does not wite the updated
streant ANbEPLARERQW S8ch by 6K 8aiBe3sihdd [OclagdnagmeNt stbagk 5106(0)
nanager 5102 al so does not wite the updat ed cont ent

alread ﬁsa & %Et%%seéiﬁggbﬁlobnjtl% RBLL hﬂHa%?@?OZ Logterd 1001{00 K

ail'ure ness to stream 3
indicate th he att te e fai
managegharnr sEs ] 1) RS RgBk St ST AT fi*ﬁéocew%ieg Epgtne
course of action, including for exanple, requestin
streanariotierndgeckl Greetsdbiy Bis & Xek ppdiani Sigo thd " et wies st D of

address X again, and trying again to wite the updated

the stE@RMBR portidrR 5addeess1 6. hQ4QiEhn Rvelnmahameg bl 0Dclecks the bit in
nanager 5102 does not wite the updated content from

value vafu? gggu%n '59{) ﬂq}% Sﬁ%s &t tn%%?}@ﬂ?&gfthé%% irffiddiihg that the

i'zes te req est as a request

" %%3%%%3375% A ieSt el oI RRREG A o

rel eases stream 3's | ock on address X. hi addltlon
valuelpoctiomn@itagad PETDEs @@t drigitp e TafivasANS StreaETm 10 this amnes, Jock
the next streamto obtain a | ock on address X, and

mana§éré¥108 avoitioadcetsingmidrat Beamerhbryt3084@ur r ent  exanpl e,
stream 8 is the nextstreamon the wait |ist; thus,

[040d§ ? ¢ kA%gkﬁﬂ%oséﬂ%%y g rtﬁaﬂtl Jp&égeﬁ!ﬂ G%rte&qj@ers%%‘éqﬁésf ﬁ?om a

ream I'n granting t ock, lock manager 510

e B P B D SR P B ey
5802 back to "0" to indicate that
manager 5102 decides to use lock management storage 5106(0) to manage the lock on
that address. In such a case, before lock manager 5102 writes any information into lock
management storage 5106(0), it checks the bits in the value valid portion 5704 and the
dirty bit portion 5706. If both of these bits are "1", then lock manager 5102 obtains ttle
data from valﬁe portion 5702, and writes that data into address X (the address that is
currently stored in address portion 5112). By doing se, lock manager 5102 ensures that
address X is kept up to date. ”t‘hereafter, lock manager 5102 can use the lock

management storage 5106(0) to manage the lock on address Y in the same manner as that

described previously.
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the current stream (stream 8) has exclusivity on
address X (i.e. the lock held by the current stream
whawenot73been broken). Thereafter, |ock nmanagePCBHUSD06/018643

reads the current value V of address X from portion

5702, provides that value to stream8 (it knows the

value is valid because the bit in portion 5704 has

been set to "1"), and sends a_ proceed signal E.o Jmeam ,
(040113, Treddhics toehsigrused eRbenaAa A GEan: ATt P EPBA {1y

the lock on address X, and wakes it up. [0409] In the
also b RBAEdr dissceddoadd wiine. Baskally sdevater o neadet Yoo Fetpgsingy

be i nmpl emented even in an inplenentation in which an

receiveﬁﬁgf 1BSIS nARYeeP 8108 dolrb &NrbAlR wENE R M Idreh lab & cisientinin
as a lock on the address. [0410] At this point, it

shoul d neted, t hat al t ' N :
adiresSBREPP ot R ¢ kot bpalia e e oo FHEREABE JrncReThe bit
_ shoul d _not, be_construed to _be so Iin%ted. VgLi ous 5004
in lockrpsaiion & 50 is aed.hegk Banagaiel UyloehBdIegt IOnfagrIsars ey »004.

inthe art with the benefit of this disclosure wthout
Ratherglapie taseglfmeat, ithven shiain the afost dwerenhecstantoef thFladdress fiem

i nvention should not be Iimted by the specific

portior® FRM RO ot vs@dadrRent klobilrsabe(0) inskead oDgbifig Ry miehry
scope of the issued clainms and the equival ents

t.her.eaf. . i St Iy hg: A ' t
cassor B VA Al B TR 702 e SRRt e i v
conpri sing: receiving, froma particular stream
the wrigg deladntagake ﬁamqnc%grse{ megé n VgluP é(&]‘?f%eg?mf)& 52@%%"14 sgt the
| ock on a resource; determ ning whether the resource
bit in digty bitrpoetinm §7060uked dfygotngdo hemasy.r Ehus, perigni 707 amydresised
to a determ nation that the resource is currently
like a tREK &S thy ad@R@dshahis and other uses are within the scope of the present

invention.

Accommodating Non-Locking Storage

[0402] In the embodiment described thus far, it has been assumed that once a stream
has a lock on an address, no other stream is allowed to write into that address. While this
assumption is generaﬂy true, there may be iniplementations in which it is desirable to
allow a stream to write into an address even when that address is locked by another
stream. This may be done, for example, for override purposes. To accommodate such
implementations, several changes may be made to the embodiment described above.
[0403] One change is to incorporate another portion into each lock management
storage 5106. As shown in Fig. 58, a lock management storage 5106(0) may be further

augmented to include a lock broken portion 5802. In one embodiment, this portion 5802



stream adding the particular streamto a wait |ist of

streans waiting to obtain a | ock on the resource, 2.
wab@enet7Bbod of claim 1, further conprising: PCT/US2006/018643

determining, at a later tinme based upon the wait I|ist,

that it is the particular streanis turn to obtain a

I ock on the resource; and granting the particul ar

stor: esza g@glm bit. n\ﬁ'ﬁ R GNE nbE Sseggr N 'i)") gﬂgdlgﬁtteg ad, ol a%dfacjsgn

resource n‘p}‘sa nore ‘storag
ocations. 4. The nethod, of claim?2, further
Spemfé%m%‘ilw 12has é@b‘&?&éﬂtt@nanta Sise igdicPBnVith die quignt lock
resource is currently | ocked by another stream
acquicsaiube hagktonehpaddréssullans, sthee diis b ihaditselp decutehonwiti thehe
particular thread. 5. The nethod of claim4, wherein

curre€AUSIE Bd1 hdzexprkivitg vh @ile SliFRAhER thalbbk BAEEH e bket)n@n
particular thread conprises: instructing the

the o@@# ﬂdn‘au Rl St fn%%&PS %’1@ it sétg{. 3 50?5 tﬁ@n hl?x? : szf?alt' biSther

ore contl nuing wt EXEC Ion O e par

t hr ead. t hod of a|n14 further co :
stea o g gk B A NG hSROTIETHe PRI gR¢ (1Bt g Bk eampin

turn to obtain a | ock on the resource, causing the
brokepar Thisuh swm stepesilint be sesumwith Necatrieshiosk onhike address no longer

particular thread.7. The nethod of claim®6, wherein

has etdigsiviesontheaddespindiesc fewofkidDé &h Staly @ge(the eathinns,
and wherein causing the particular streamto resune

addre@g(ﬁ&tﬂe'eﬁ’ Bp@lied Hﬁcepcﬁé Gl @iaihBE ﬁ%%a?ag %chc‘ﬁsa cas, the  siream
provi ding a set current contents e one
should no{ g9 g‘llowecda% IV\%H% mftg the a%dress since doing so would result in data
consistency being compromised. Depending upon the state of the bit in portion 5802, the
lock manager 5102 will behave differently. Use of portion 5802 by the lock manager
5102 will be discussed further in a later section.
[0404] Another change that can be made is to the manner in which each stream
executes the SC instruction. As described thus far, when a stream executes an SC
instruction, it submits a write request to the lock manager 5102. The stream then assumes
that the write operation succeeded and proceeds to execute other instructions in its thread
without waiting for a response. This assumption can be made if exclusivity to the address
is guaranteed. However, in an implementation where a stream is allowed to write into an
address even when another stream has a lock on that address, exclusivity is not
guaranteed; thus, this assumption cannot be made. For such an implementation, each

stream executes an SC instruction slightly differently. Specifically, after submitting a

write request, a stream waits for a response from the lock manager 5102. If the response
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particular stream and instructing the particul ar
streamto proceed with execution of the particular
w0 boveazh738 , The nmet hod of claim 2, wherein adedCTyS100€018643
particular streamto the wait |ist of streans
conprises: accessing a | ock managenent storage that
contains information pertaining to |ocking of the
resource; ascertaining frominformation in. the | ogck
indicatann ageasnthes ther sigamtTiateeds ©exediln odier BaRNoDs 1§ 4s ﬁlread.
streamon the wait |list; accessing, in a wait |ist
On thediidragrd St the etspoase iadicetns 4 Yailrmthendhe sspongey need tedake
certain stream and storing into the entry a set of

. e Bt dArhME NGqidICarR@lch 1deltl carths tddragm rSupdhtehe
anOﬂmkg%%%gﬂzoag?gin18, %%er%in %ddf}g the particul ar

stream the it List of r ' ;
contergu AT METFHT GEnRt P R et SRR a oo OPRILESS: |
indicate that the particular streamis now the I?st.
[0405]st r darloviratenzowidack mangger 62 M OPREEHIEFGPTeEFRge Mt §ortion
wherein determning that it is the particular streams
5802, faférdndeowitintoai be matiotkanoaxatupée. rlepposecbaic daprtieges? currently
determining that the certain streamno | onger needs a

has a 1{089 K QirbdIe HESCHLERS0(RCHERS istéhnt BEs BRtieYt drdl laftatrean bn
Ist storage structure that corresponds to the certain

d gbt ai.ni ng_f . ,
oo P SLAL O IR ST A8 2 50 g

met hod of claim10, wherein granting the particul.ar
threaddtag saitics intp @ldysps X since stream B%btamed tge {ocﬁ oD Addtess ka In such

a case, the bit in portion 5110 (Fig. 58) would be set (i.e. a "1"), portion 5112 would
contain address X, portion 5114 would contain stream 3's ID (S3), portion 51 16 would
contain stream 8's ID (S8), portion 5702 would contain V, portion 5704 would contain a
"1" portion 5706 would contain a "0" (it is assumed that address X has been updated with
the most current contents), and the bit in portion 5802 would be a "0".

[0406] Suppose now that lock manager 5102 receives a write request from stream 191
to write an updated value V' into address X. Suppose further that this write request is of a
type that allows an address to be written into even when that address is locked by another
stream. In response to this request, lock manager 5102 checks to see if address X is
currently locked by another stream. In the current exémple, address X is locked by
stream 3. In such a case, lock manager 5102 updates the value in portion 5702 to V', and
sets the bit in portion 5704 to "1". In addition, lock manager 5102 sets the bit in portion
5802» to "1" to indicate that the contents of address X have been updated. Thus, stream 3

no longer has exclusivity on address X, meaning that the lock held by stream 3 on address
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the resource conprises: updating information in the
| ock managenent storage to indicate that the
wW@200bi1zaIB@r stream now has a | ock on the resouPCEUSDAG/018643
The method of claim 11, further conprising: in
response to a determnation that the resource is
currently | ocked by another stream causing the
articular streamto halt execution of the particul ar
X ha ‘Pﬁeéé’a&“‘ils.ﬁ’ﬁﬁéﬁ%i%lsa“aaﬁgf‘éI5APW2,OPF19¥%IW@F€GSS address X in
conprising; after determining that it is the
mem@rarX00é(1) aandsttore die updutad maltie VObteadin. # it dade sonit tdsets the bit in
resource, causing the particular streamto resune

porti@XEX06t tb 90".0ff it dv@s pey, itisebl ki bit rRagon 4706 thher. met hod  of
claim9, further conprising: receiving, froma second

[040A2rt Egﬂ;&% oS! tﬁcg'ﬁr@ﬁﬁ? S lé%(.é&lgesazgl%%? ﬁﬁfﬁﬁo ét i}gSUA Ault of

threa a second request to obtaln a n a second,

li fferent resource; .determ ning whether the second
exeorfing 4 SRR EEGRPPER: PP rBEREU B AHGH Rl RS § Ghim o ymanager
response to a determnation that the second resource
5102 fesweilg ¢ 83itof ypflaedenttanyinkmaddress 36t Adansubadtlingghistveite request,
second particular streamto a second wait |ist of

strears Brveaitssfona iréspogsetidnohta hiinagdr 3¢ B2 BBk e eS y other
resource; determning, at a later tine based upon the

instrus8GRNdnWedgonbd §tinis 1'65565&,%0%}&21&1?5@3%9 g gOpré};%jnﬁHésgﬁatcsgpém

streamis turn to obtain"a I'oc n the second resour
an ranting .the second particul ar stream a.l ock on

> curfify b b R B8PSR T8N erEbtoaf Rpdh o R RAR RS buporion 2502
wher ei n._addi ng the second particular streamto the

lock rg@agRtlS Lk oo fhat stispmsYsleelngn eddrpysi X des been broken. Thus, lock

manager 5102 does not write the updated content provided by stream 3 into address X.
Lock manager 5102 also does not write the updated content provided by stream 3 into
portion 5702. Instead, lock manager 5102 sends a failure message to stream 3 to indicate
that the attempted write failed. In response to this failure message, stream 3 may take any
desired course of action, includiné for example, requesting another lock on address X,
updating the contents of address X again, and trying again to write the updated_contént
into address X.

[0408] Even though lock manager 5102 does not write the updated content from
stream 3 into address X, lock manager 5102 still reco gnizes tﬁe write request (of type SC)
as arequest from stream 3 to release its lock on address X. Thus, in response to the write
request, lock manager 5102 releases stream 3's lock on address X. In addition, lock
manager 5102 determines which stream (if any) is the next stream to obtain a lock on

address X, and grants a lock to that stream. In the current example, stream 8 is the next
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accessing a second | ock managenent storage that
contains information pertaining to | ocking of the
W@ ewonzt7sesour ce; ascertaining from i nformati oPCT/HS100€018643
second | ock nmanagenent storage that a second certain
streamis a last streamon the second wait |ist;
accessing, in the wait |list storage structure, an
entry that corresponds to the second certain stream
streana ol thetveait igy; thng, dodkhmammger §1 02hmunte e desponalkiress X twestream 8.
second certain streama set of information identifying
In grahii€s §:8 GO IRR MidAnE b 03 lip @ALH dpo%@en Fhie weh 1ReATOfS8F baétBam

15, wherei n addi ng the second particular streamto the

8. In g%gg&tﬂ? riléé@é; 1%?1%1?&151%5 ot HEA0P if Rﬁ&?ﬁffdggcg@k kS8

‘o i
mation 1 n the econd managene

storage to indicate that.the second particul ar, stream
the cufieh SRS BTG PhalGegan g avaia ot Bria By she

The nmet hod of claim 16, wherein determning that it is

currentt fgeare batiabt hasnt brokewr Toereafier Bek aranagey 5667 a¢ads &id agtent

‘ on the second resource conprises: determ ning that the

value SL60NMr&L 1L BbM PR Hi@ASTINOplcOREE FhaheAdS todstle@iks ANlaidies the
second resource; accessing the entry in the wait |ist

‘value SR AR AEE HEH 8 rﬁ?p%%lt £RUGs B?&ds%t {0 lt')g gt?c? s&%ﬁ g tproceed

certaln stream a al ni ng romthe

.__correspands..to the second certain streamthe set of ‘
signaf S GTRREI Gh BTy Py eSS S R A ETach S Gl Sadress
18. A l ock manager, conprising: neans for receiving,

X, and wekgsdt Barti cul ar stream executing a particul ar

thread, a
[0409] In the manner described, the lock reservation methodology may be

nt%icate that
n

implemented even in an implementation in which an address may be written into even

when another stream has a lock on the address.

{041 0} At this point, it shounld be noted that although the invention has been described
with reference to a specific embodiment, it should not be construed to be so limited.
Various modifications may bé made by those of ordinary skill in the art with the benefit
of this disclosure without departing from the spirit of the invention. Thus, the invention
should not be limited by the specific embodiments used to illustrate it but only by the

scope of the issued claims and the equivalents thereof.
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)

request to obtain a |ock on a resource; neans for
determ ning whether the resource is currently | ocked

whyooanat7ber stream and neans for addi ng, in rESPURNE6/018643

to a determ nation that the resource is currently

| ocked by another stream the particular streamto a

wait list of streans waiting to obtain a | ock on the

resource. 19. The | ock manager of claim 18, further
What ig glagnedishg: means for determining, at a later tine

T A Al

Sstrea urn resource; and

enviroRRaMs cd@firi@i@nt i ng the particular streama |ock on the
resource, 20. The |ock manager of claim 19, wherein

tiReciyiasolems @ nesigytar sigarp geccotingd partisvler dyead, aeducsiis.

. 21, .The | ock manager of claim 19, further conprising:
Obtamrarlé%%(s&}%lfesékﬁ%i ng, in response to a determ nation that

t iertrRSAY WhSthieS the WedoRde iy cilrGie dodi¥d BRALBRE: StdagARhd
the particular streamto halt execution of the
pareipebicde atdeteaminatiop that e ressgkceriaaagarlopckiddihmpther
wher.ei p the. mpans for causi.n e particular.stre to
steay (5% e DR Seannle ST EAh s owR bt Risp PLA AL 8
the resBB@BS for instructing the particular streamto wait
for a lock on the resource before continuing with
execution of the particular thread, 23. The | ock

nag of elaimz2l, .further conprising: neans for
crzusi ng.° 13?@83051%?@%&%8 thgpntb' is the particular
Sddi@ahisg,tal hNatbi0iABbaded vBoh By AMidiNAal @ KOME pastichiRe
e

particular streamto resunme execution of th
streamsap te wbhiin 2 lnckag.the resource; and

granting the particular stream a lock on the resource.

3. The method of claim 2, wherein the resource comprises one or more

storage locations.

4. The method of claim 2, further comprising:
in response to a determination that the resource is currently locked by another

stream, causing the particular stream to halt execution of the particular thread.

5. The method of claim 4, wherein causing the particular stream to halt
execution of the particular thread comprises: ‘
instructing the particular stream to wait for a lock on the resource before

continuing with execution of the particular thread.
6. The method of claim 4, further comprising:

after determining that it is the particular stream's turn to obtain a lock on the

resource, causing the particular stream to resume execution of the particular thread.
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24. The | ock manager of claim 23, wherein the resource
conprises one or nore storage | ocations, and wherein
wo b@otreeass f or causing the particul ar stream t BCT/ESH0®018643
execution of the particular thread conprises: means
for providing a set of current contents of the one or
nore storage locations to the particular stream and
means for instructing the particular streamto proceed
wi th execution of the particular thread. 25. The | ock
maRager ' . ' S ..addi
part curde Tyt Sl iR e AR ok AN ke
storapefratises ane amsrefrocausiag essianidcdar shekm e n&gRERRAECution of the
storage that contains information pertaining to
partipglak hgpdOMESY esour ce; means for ascertaining from
in At | [ I ade t.or that. a .
cop bk Aot &l ok oy B AR T8 e (ko to e
partivelansirdanr; aadcessing, in a wait |ist storage structure,
an_entry that corresponds to the certain stream and
e dREUEEE B BritiRRlar Hedm R dreased yith exeeution of gioparieylarihread.
identifying the particular stream. 26. The | ock
manager of claim 25, wherein the neans for adding the

pagt i crirae nidlicdiaNcladmNehe@it addisd thefpaftciRAEBed M td M8 Kvait
conprises: neans for updating information in the | ock

list (Y aYBHENEPEYHT age to i ndicate that the particul ar
e o sl sl e S A SR Bt fe o
lockih@togting kdiged;hat it is
ascertaining from information in the lock management storage that a certain
stream is a last stream on the wait list;
accessing, in a wait list storage structure, an entry that corresponds to the certain

stream; and

storing into the eniry a set of information identifying the particular stream.

9. The method of claim 8, wherein adding the particular stream to the wait
list of streams further comprises:
updating information in the lock management storage to indicate that the

particular stream is now the last stream on the wait list.

10. The method of claim 9, wherein determining that it is the particular
stream's turn to obtain a lock on the resource comprises:

determining that the certain stream no longer needs a lock on the resource;

accessing the entry in the wait list storage structure that corresponds to the certain
stream; and

obtaining from the entry the set of information identifying the particular stream.
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the particular streams turn to obtain a | ock on the
resource conprises: nmeans for determ ning that the

W@ 2006424136t r eam no | onger needs a | ock on t he PEBU0E)18643
means for accessing the entry in the wait |ist storage
structure that corresponds to the certain stream and
nmeans for obtaining fromthe entry the set of

information identifying the part,| cuII ar s%]ieam 28.1 'Iipgn
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the respyFR FPEYRESreans for updating information in the |ock
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stream now has a | ock on the resource. 29. The | ock
particutershigen rofv ks lasloen thegpsoRER- conprising: 1! nmeans for
causing, in response to a determ nation that the
resource is currently | ocked by another stream the
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thread. 30. The | ock manager of c|aim29, furfher
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execution of the particular thread. 31. The | ock

manager of claim 26, further conprising: nmeans for
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14.  The method of claim 9, further comprising:

receiving, from a second particular stream executing a second particular thread, a
second request to obtain a lock on a second, different resource;

determining whether the second resource is currently locked by another streani;

in response to a determination that the second resource is currently locked by
another stream, adding the second particular stream to a second wait list of streams
waiting to obtain a lock on the second resource;

determining, at a later time based upon the second wait list, that it is the second
particular streain's turn to obtain a lock on the second resource; and

granting the second particular stream a lock on the second resource,

15.  The method of claim 14, wherein adding the second particular stream to
the second wait list of streams comprises:

accessing a second lock management storage that contains information pertaining
to locking of the second resource;

ascertaining from information in the second lock management storage that a

second certain stream is a last stream on the second wait list;
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stream neans for adding, in response to a
determ nation that the second resource is currently

wo cwkazht7By anot her stream the second parti cul BET/E5200€0M8643
to a second wait ;i st of streans waiting to obtain a
| ock on the second resource; nmeans for deternining, at
a later tine based upon the second wait list, that it

is_the.second pa Iéic |ar streamls turn to obtain a

| 08CTH 1R ﬂ&e@%ﬁ st FE’&&:’?@@B@H@E@. an fafan dhat entregpakilsitaghe second
certdifer&@geAd particular streama | ock on the second

resource. 32. The | ock manager of claim 31, wherein

t hetopa igo therendiydhatigotrbsposédscionte gabhd cattan sisdaheageitod
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second resource; neans for ascertaining from
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accessing the entry in the wait list storage structure that corresponds to the second
certain stream; and
obtaining from the entry that corresponds to the second certain stream the set of

information identifying the second particular stream.

18. A lock manager, comprising:

means for receiving, from a particular stream executing a particular thread, a
request to obtain a lock on a resource;

means for determining whether the resource is currenily locked by another stream;
and |

means for adding, in response to a determination that the resource is currently
locked by another stre j : it li iti '

y 1 stream, the particular stream to a wait list of streams waiting to obtain a

lock on the resource.

19. The lock manager of claim 18, further comprising:
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34. The | ock manager of claim 33, wherein the neans
for determning that it is the second particul ar
w@reoeard730 turn to obtain a | ock on the second PERUS200€018643

conpri ses: neans for determ ning that the second
certain streamno | onger needs a | ock on the second

resource; neans for accessing the entry in the wait
second

|1 $hcafil RIrAYR I 51”2{ Bitdr Iﬁﬁ’%eor & Lt1p %gfa%tglahhf% &t 18 ey y

certain stream and neans
pamwﬂat steeany egpoteddtaina iduk sehordogeEtadn stream the set

| nfo mtl%%ﬁ’&emlfi/ ? t he second particul ar
St P}sﬁ]ﬁ‘? O3 grAnAN HeRHHC U s Tresne pdesdk angthpogsousenpr i si ng:

receiving, froma first stream executing a first
thread, a request to obtain a | ock on a resource;

gr ant | n@ht lte:kﬁmwwger@f chamia, Weekindhe td3Bulks %&H@ﬁ?es ne or
roma second stream executing a s cond

n“”ﬁﬁ?@ﬁ% g“@@quest to obtain a lock on the resource;
detern1n|ng that the resource is currently |ocked; and
in response to a determnation that the resource is

cutt-ent Te look kedageadflelagn t heruargQRthiRaM L0 a wait
list of, streans, waiting to obtain a'lock on the
r e@gﬂ}scfgl C%ﬁ’@gépﬁe%JHJésevyg@tderqumna,tmd tlcatlesetchate ish&rrently
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| ock on the résource
further conprising: receiving, fromthe first stream

aqz;ndufatlon that the first streamis releasing the
he lock manager of claim 21, wherein the means for causing the
particular stream to halt execution of the particular thread comprises:

means for instructing the particular stream to wait for a lock on the resource

before continuing with execution of the particular thread,

23.  The lock manager of claim 21, further comprising:
means for causing, after determining that it is the particular stream's turn to obtain

a lock on the resource, the particular stream to resume execution of the particular thread.

24.  The lock manager of claim 23, wherein the resource comprises one or
more storage locations, and wherein the means for causing the particular stream to
resume execution of the particular thread comprises:

means for providing a set of current contents of the one or more storage locations
to the particular stream; and

means for instructing the particular stream to proceed with execution of the

particular thread.

25. The lock manager of claim 19, wherein the means for adding the particular

stream to the wait list of streams comprises:
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| ock on the resource;4 deleptiining, based upon the

wait list, that it is the second streams turn to
wo@bioailzu730 5 | ock on the resource; and 6 grantiPQI/U®06/018643

second streama |l gck on the resource. 1 37. The method

of claim 36, wherein granting the first streama | ock

on the 2 resource conprises: 3 storing, into a |ock
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pﬂﬁmmdgudbdnggpﬁ&mrthmm@xrst strean1current|y has a Iock
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met hod of claim 37, wherein adding the second stream

t omehre fmideedsing irPa ehit ditr @@nEe SoNE,I@ENF that corresponds to
i ceréalnln fromthe set of information in the | ock
e cf HAGEHEM?™ St orage, that the 4 first streamis

C URERRIbYstb s 1185 theShir§ 'g};tQﬂ' uﬁfgﬁnéﬂ@dn i édtﬁ%mgftﬁ ;garﬁé{"[%

5 accessing, in a malt |st or age s
streagnt ry that corresponds to the first 6 stream 7

storing into that entry a set of information

identifying the second stream and 8 updating the set

0f 4. N OFFEBLEO ol 1Qgeg he cllaf?ﬁ z fl?ﬁk?aﬁ 'ﬁ?&%e%s%hgfqné%?le particular

i ndi cate that reamis now
streamttpelmwmnllsthe”swamﬁs fmﬁbr @iysiseeans. 1 39. The nethod
of claim 38, further conprising. 2 receiving, froma
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the p&@cﬁ‘l‘af‘st?sahloﬁ Kio® 00 145N GrenfSRULE Fait list.

27.  The lock manager of claim 26, wherein the means for determining that it is
the particular stream's turn to obtain a lock on the resource comprises:

means for determining that the certain stream no longer needs a lock on the
resource;

means for accessing the entry in the wait list storage structure that corresponds to
the certain stream; and

means for obtaining from the entry the set of information identifying the particular

stream.

28. The lock manager of claim 27, wherein the means for granting the
particular stream a lock on the resource comprises:

means for updating information in the lock management storage to indicate that

the particular stream now has a lock on the resource,

29.  The lock manager of claim 28, further comprising:
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4 determning that the resource is currently | ocked;

and 5 in response to a determ nation that the resource
W0 gooeuza78nt | y | ocked, adding the 6 third strearCT/US100€018643

wait |ist of streams by: 7 ascertaining, fromthe set

of information in the | ock managenent storage, S that

the second streamis currently the [ast streamon the

| i .9 +ACCESSI Ng,. | e wait |ist

ekl 850D, SLLOUS QSSRGS lgen

lockesldgyand st steenm, tisd onficudari shean thBhlt exdchiMo@oBRE p@fticular thread.
information identifying the third stream and updating

the set of information in the | ock managemﬁnt I st or age
t o34 ndi b i reami s _now t he | ast
s ?Brdé am %ﬁé 1t(é‘)ﬁlt(’é H]\%g?%cp ?If %?1 &%gg’gbrr@%}% TPHSEThe method of
clrabans38; canbiep eifier debetiningiihg it B ahe pdrtidBat 29860 obtain
stream s turn to obtain a lock on the resource
a locle 8“‘&65 IEQUICE, @égﬂgt;qqgﬁr SreAng Heropine exgogtion phihagerticular thread.
structure, the entry that corresponds to the first
stream and obtaining fromthat entry the information

i dint i fPHerigelt mensec ondaist 76 Farth 4 cémpﬁ@i%g”m hod of
claim40, wherein granting the second streama | ock on

t HBequs §‘E¥JF%f‘éV1€&n%?m géecond paricilag strémm sxtcutifig a second particular
hread N i ' dé Lock managenent . .storage to indicate
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resource COTTpFi Ses one or nore
Streamn,

means for adding, in response to a determination that the second resource 18
currently locked by another stream, the second particuiar stream to a second wait list of
streams waiting to obtain a lock on the second resource;

means for determining, at a later time based upon the second wait list, that it is the

second particular stream's turn to obtain a lock on the second resource; and

means for granting the second particular stream a lock on the second resource.

32. The lock manager of claim 31, wherein the means for adding the second
particular stream to the second wait list of streams comprises:

means for accessing a second lock management storage that contains information
pertaining to locking of the second resource;

means for ascertaining from information in the second lock management storage
that a second certain stream is a last stream on the second waijt list;

means for accessing, in the wait list storage structure, an entry that corresponds to
the second certain stream; and

means for storing into the entry that corresponds to the second certain stream a set

of information identifying the second particular stream.
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storage locations. 43. The nethod of claim 36, further
conprising: in response to a determ nation that the

WO e®oenr480 i s currently | ocked, causing the secPCiiUS2006/018643
streamto halt exgcution of the second thread. 44. The

met hod of claim43, further conprising: after
determ ni ng that |t is the second thread's turn to

obizi n Bhd BEKnRRadNES EIH0YS g?netr%ﬁl%e' rﬂga ! e_ Sdgic rggntiag second

streamto resune executl on e seco

particTifee stretrh dolthefseaindiwaitdst ofktes@istuithe obﬁ@@ﬂdésce conpri ses
ocations, and wherein the nethod
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resource and to rel ease t ock on
response to this request: storing the set of updated

t hat st
o e iedRe BP0, GERI g ot fm?@&aﬁéﬁg haiti
it
fhe Seﬁ?ﬁ%ﬁm‘g‘%@?a“ﬁ??%?ﬂ?lﬁg P F 1R e thd S PRhwh ot
gmaeais iy detremdapthelt the semm @eﬂt:ﬁﬁ létr@aﬁ‘n 1O EorlpBS QLIS §; lock on

|n|ng fromthe | ock managenent storage and not
1heSqWQé%?m@7?esource the set of updated contents; and

p E@%t%l ntents to th
g PR Rl B S5 on o
thesemeaburmﬂlﬂmnmmhmhs one or nore storage |ocations, and
thFEI? E nmet hod further conprises:
means for o tauung from the entry that corresponds to the second certain stream

the set of information identifying the second particular stream.

3s. A machine implemented method, comprising:

receiving, from a ﬁrst stream executing a first thread, a request to obtain a lock on
a resource;

granting the first stream a lock on the resource;

receiving, from a second stream executing a second thread, a request to obtain a
lock on the resource;

determining that the resource is currently locked; and

in response to a determination that the resource is currently locked, adding the
second stream to a wait list of streams waiting to obtain a lock on the resource, wherein
the wait list indicates that the second stream follows the first stream in obtaining a lock

on the resource.
36.  Themethod of claim 35, further comprising:

receiving, from the first stream, an indication that the first stream is releasing the

lo<,k on the resource;
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receiving, fromthe first stream a request to wite a
set of updated contents into the resource and to

WO 2doeas3d he | ock on the resource; in responseP€DUSING018643
request: determ nisng whet her the resource has been

.....

granted the |l ock on the resource; in response to a
dej& L S S updat ed by
s g B0ed D OBl TR0 HT T BB i i o itain
lock botle resoutrdeg amesour ce, sending a failure indication to
t he ftrsh streamto indicate that the set of updated -
&y

c R ERHEhE 835end eean 8 qokiea the Tesourse.r eam was not st or ed
into the resource; determ ning, based upon the wait
list, that it is the second streamis turn to .obtain a

| Gk orTlichmethes oficlaizn 36 RehadsiABLdnRE: tﬂéeﬁleﬁﬁ%ﬁq éfofcﬁeﬂ‘tﬁe
| ock on, the resource.47. The net hod of claim 3

resOuGBINNISE e resour ce conprlses one or nore storage

| t h th
. ggglﬁi ﬂ§o a fock r#\%%r l;c%;gggw et of }1%@@%{01{183 rqlnggg%dockmg

of thesretounde, ttl’mdﬁt eﬁhnfcﬁﬁiaﬁﬁﬁ ﬁtdﬁdflh fg flﬁ?ttfe%é’c%t%@m o?th%ﬁﬂ?ﬂast J]I%ck
of updat ed contents into the resource; accessi

et
on thq: J&é%ﬂlﬁ%ﬁ%@%@@ Tyt Siraye is urentdy ftedist strearh onrthd wain hst of
strearfi®lol Hith Ao diCord EKLAG,QF the resource: and updating

or mat € 1 ock nmanagenent storage to
indicate that the resource has been updated after the

first stream was qpanted the lock on the resource.
The method of claim 37, wherein adding the second stream to the wait list

of streams comprises:

ascertaining, from the set of information in the lock management storage, that the
first stream is currently the last stream on the wait list of streams;

accessing, in a wait list storage structure, an entry that corresponds to the first
stream,;

storing into that entry a set of information identifying the second stream; and

updating the set of information in the lock management storage to indicate that the

second stream is now the last stream on the wait list of streams.

39. ~ The method of claim 38, further comprising:

receiving, from a third stream executing a third thread, a request to obtain a lock
on the resource;

determining that the resource is currently locked; and

in response to a determination that the resource is currently locked, adding the
third stream to the wait list of streams by:

ascertaining, from the set of information in the lock management storage,
that the second stream is currently the last stream on the wait Jist of

streams;
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48. The nethod of claim47, further conprising:

receiving, fromthe first stream a request to wite a
waewonzh7set of updated contents into the resouPCEUS2V06/018643

to release the |l ock on the resource; in response to

this request: accessing the |ock managenment storage'

ascertaining, fromthe information in the | ock

g§ : gg ga?ﬁgstrsn% A B9 Ga tthlgt’"gtcf)rhgg ?1{ {EIQM! £CehInAeBRedRdA Rhe

‘edm ar t er ITst streamwas granted
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updat eg d‘é;a ﬁ s%% <§1 eﬁﬁﬁ?ﬁﬁﬁo{ IOk {8 rhdifagém&Ht rsﬁﬁzf@e%%hdlcate

not stof resource; determning, based upon
the wait |i gt thihigitd itteainsis hbe the bondrestraaie svaitdishof o
obtain a | ock on the resource; granting the second
stream a | o8kea8- t he resource; and updating the
information in the | ock managenent storage to indicate
that the resource has not been updated after the

S @G ondTHE FREHHIWES 00 38! Vet eddtgakning thahe is Escarwd. stream's
. A lock manager, conprising:2 neans for receiving,
turn tcf obnmaa lbclfgmtwtrﬁ@ameéﬁé@tﬁlﬁ@sng a first thread, a
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Snemﬂﬁﬁ.s for receiving, froma second strean1execut|hg a
econd thread, a request to
obtammg from that entry the information identifying the second stream.

41. The method of claim 40, wherein granting the second stream a lock on the
resource comprises:
updating the set of information in the lock management storage to indjcate that the

second stream currently has a lock on the resource.

" 42.  The method of claim 36, wherein the resource comprises one or more

storage locations.

43,  The method of claim 36, further comprising:
in reéponse to a determination that the resource is currently locked, causing the

second stream to halt execution of the second thread. ‘
44.  The method of claim 43, further comprising:

after determining that it is the second thread's turn to obtain a lock on the

resource, causing the second stream to resume execution of the second thread.
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of the resource, the set of information indicating
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resour Cﬁaﬁ‘tﬂga %Q?%]Cowgm{a%gfocﬁ ]?m i.s. currently the
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46. The method of claim 35, wherein the resource comprises one or more
storage locations, and wherein the method further comprises:
receiving, from the first stream, a request to write a set of updated contents into
the resource and to release the lock on the resource;
in response to this request:
determining whether the resource has been updated by another stream after
the first stream was granted the lock on the resource;
in response to a determination that the resource has been updated by
anothe:r stream after the first stream was granted the lock on the
resource, sending a failure indication to the first stream to indicate
that the set of updated contents received from the first stream was
not stored into the resource;
determining, based upon the wait list, that it is the second stream’s turn to
obtain a lock on the resource; and

granting the second stream a lock on the resource.
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4 storage, that the first streamis currently the | ast
streamon the wait |list of streans;nmeans for

W@ewedsi7am, in a wait |ist storage structure, BCT/E8100§018643
that corresponds o the first stream neans for
storing into that entry a set of information _
identifying the second stream and neans for up?atl ng
3% eI RIR LD, ke o TR BETREL ol g1

to indicate e second’s

storagstlomsinngrnt e thelmahodofurtatr @ApRised. The | ock

f claim52, further conprising: neans for -
;rg?r% \%%1 ront ¢ HHsdastieATy Yregtiess dovelket satiohypdatedheordents into the

resoufcBr €ad, a request to obtain a |ock on the resource;

means for detepriining that the resource is currently
| stokieg thesetofeaiatedfoonteal dh dhe fcholr€gPoNse to a

det er mi na&i n that the resource is currently |ocked,

t AECCENS K ramastacnt ReragsithatIcpgtring finfrmetarmspertauengion

lockink ¢ tHBaBSEon,@dding the third streamto the wait |ist
of '

streans cdonprises: neans for ascertaining, fromthe

sepdaigitif inforafationid fe (RR th@RKABRABSIRNG i84:RLRYSH the
that the second streamis currently the |ast stream on

resouregasien upflaed eftordhg Bhreamennsgrinied duclesls bn ghe iesoutrdte

wait |ist storage structure, an entry that corresponds
to the second stream neans for storing into that

edd.ry @hsetetholl ofnfaan maf fueied dedsing. ng the third
stream and means for updating the set of information

i I5CINBIE) e thﬁﬁg@ lieat, ageqireatfe write a second set of updated contents

into the resource and to release the lock on the resource;

in response to this request:

accessing the lock management storage;

ascertaining, from the information in the lock management storage, that
the resource has been updated by another stream after the first
stream was granted the lock on the resource; -

in response to this determination, sending a failure indication to the first
stream to indicate that the second set of updated contents received
from the first stream was not stored into the resource;

determining, based upon the wait list, that it is the second stream's turn to
obtain a lock on the resource;

granting the second stream a lock on the resource; and

updating the information in the lock management storage to indicate that
the resource has not been updated after the second stream was

granted the lock on the resource.

49, A lock manager, comprising;
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to indicate that the third streamis now the | ast
streamon the wait list of streans. 54. The | ock

worewagz730f cl ai m 52, wherein the neans for deREr/IBIWEAYS643
that it is the second streams turn to obtain a 1ock
on the resource conprises: neans for accessing, in the
wait |ist storage structure, the entry that

8,%%%}% %ngﬁ% fyﬁrﬁt f £ 1Blrestyl &aHtin@RAiBRASAS Ofequest to

entry the information identifying
obtaintd1BcISGEPRAowLE;2am 55. The Iock manager of clai m 54,

wherei n the neans. for % (gﬂli hee selccond stream a
| ekasdar ERRinGEHS Heste ?“é‘e REERE For updating the

,S%{ijl gsl;fpgrecg (/{T%t PB& | é]l»:cBllft?st}e‘éﬁlkexgaﬁﬁ]@%ﬁéncﬁﬂlﬁaagﬁrekmest to

e second streamcurrently has a | ock
obmu@ﬂo&l@@nﬂﬁ&@s&ﬁ@@, 56. The | ock manager of clai m 50,

wherein the resource conprises onelor ?%{ storage
I owans fondetemrnineHBal e ResHRAg S oT i 887 further

n‘g?sngso‘ (?dll(l)%‘?]? Eecépglg o 1§ 3USleAGimatith 1B6MRNSRuER ifcurrently

e resource 1s currently | ocked,
1ocke<§ nﬁe 86N Eres i t@mﬁlohi‘taiftstrmnmumtmgn tcncﬁbtmhel lede o he
ead. 58. The | ock managef{q Ialmzl {]1 R,  siream in
lesoumcmharsmﬁ@e Wwéhﬁtsmfh@ate&ﬁ@ fhggecor AeRpan i e Ve FHEE

fﬂﬁ% t$ O éhread s turn to obtain a |l ock on the
Obtan?a@%% He ReEbnd streamto resune execution of the

second thread. 59. The I ock manager of cl aim 49,

wherein the resource conprises one or .nore storage
I d@at | i Jockrrdaneset of el FEeier RIRBIGEPST ur t her

a rp ﬁl tlec(eggl‘?é] %{o Qe & gteﬁ%bﬁg%n {nﬁgﬁi 508 af iestrsiSieam

a se
releasing the lock on the resource;

means for determining, based upon the wait list, that it is the second stream's turn
to obtain a lock on the resource; and

means for granting the second stream a lock on the resource:

51.  The lock manager of claim 50, wherein the means for granting the first
stream a lock on the resource comprises:

means for storing, into a lock management storage, a set of information pertaining
to locking of the resource, the set of information indicating that the first stream currently
has a lock on the resource and that the first stream is currently the Jast stream on the wait

list of streams to obtain a lock on the resource.

52, The lock manager of claim 51, wherein the means for adding the second

. stream to the wait list of streams comprises:

means for ascertaining, from the set of information in the lock management

storage, that the first stream is currently the last stream on the wait list of streams,;
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contents into the resource and to release the | ock on

the resource; neans for responding to this request,
w@ovpn24Bng: nmeans for storing the set of updap@dUS2006/018643

contents into a | ock managenent storage that stores

information pertaining to | ocking of the resource;

means for determ ning, based upon the wait |ist, that

| tméasis 5 QERB! dmsat\ﬁ?ﬁﬂ'fgt StobageRirh QuAbLA gﬁltrf‘tHaPG&rég oﬂcEeco

resource; means for granting the seéon ream a
theﬁ@hﬁﬁﬁalresource means for obtaining, fromthe | ock
the resource, the s

star and not fro
if%a? esﬁime“&di@%ﬁ%’f Sy A At pd AHS TR E o g ing ghe Ff’émé‘ét
Suem@fmﬁpdated contents to the second stream 1 60. The
| ock manager of claim49, wherein the resource
Cc @m@nns Swgipdaiengthe zetmﬁnﬁomtmagmthedodt mnSgerr&ndst\bfng @ n

a urt her conprises
imdicd gt s aE SR rIE i Pt pRempr s WHb B e8ewr L o a
set of updated 4 contents into the resource and to
rel ease the | ock on the resource; 5 neans for
ré§pondﬂmQO@@mmhg@xﬁeqma§Q fictepedmpngng6 means for
deterninin er the resource has been updated by

anGeRRtOT 7o Vr”é% O ¢ diird tsFFémflleP‘%‘im%’@raéﬁﬁﬁ\Flﬁ§ﬂ(§radmt@ét to

Obmnigﬁmk%gkh@ﬂﬁ&ﬁgzresource S neans for sending, in
response to a determination that the resource has 9

b emanyfid aleedninn gihet theressirceamuafkhey 1dcked fangst st ream

was 8r?ntﬁg 0 the lock on the resource, a failure
i AfCa & 'PABPPTISSE 2 deicrninption that ﬁWé%&uecetln qUITey

locke® 8he firaupdated nkantienk st £tﬁa%ﬁisy%ﬂe1 el O G R kS adding the third

stream to the wait list of streams comprises:

means for ascertaining, from the set of information in the lock
management storage, that the second stream is currently the last
stream on the wait list of streams;

means for accessing, in the wait list storage structure, an entry that
corresponds to the second stream;

means for storing into that entry a set of information identifying the third
stream; and

means for updating the set of information in the lock management storage
to indicate that the third stream is now the last stream on the wait

list of streams.

54, The lock manager of claim 52, wherein the means for determining that it is
the second stream's turn to obtain a lock on the resource comprises:

means for accessing, in the wait list storage structure, the entry that corresponds to
the first stream; and

means for obtaining from that entry the information identifying the second stream.
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2 stream was not stored into the resource; 3 neans for

determ ning, based upon the wait list, that it is the
w@emonzh7do stream s turn to obtain a | ock on t hECT/US2006/018643

resource; and 5 npans for granting the second streama

| ock on the resource. 1 61. The | ock manager of claim

49, wherein the resource conprises one or 2 nore

storage | ocations, and wherein the | ock nmanager

further_conprises: 3 nmeans for receiving, froma third

st¥%eam The lelgmentset of dlpin 84, aviveeindie wpantfevgintunthe steond

streaulnrlm o IEIc? e%?é%ﬂrc%econ ans for storing the set of
c}% dnc S PP the resource; 6 neans for

aCrﬁm ifpRlatiSCHae @Rﬁﬁl@ﬁﬁﬁ&tloﬁi BragRck lﬂ?&ﬁm&éﬁ'ﬂéx@ sfd%age to
information 7 pertaining to |ocking of thé resource;

mdlC%Fﬁ@h%tliﬁéﬁﬁ@}lq‘%ﬁeamwsr?nfﬁghftsrﬁelodnﬁolthm‘ca;cmmca n the | ock
managenent storage. to indicate 9 that the resource has
been updated after the first streamwas granted the

| ek OMTHBcIOmMERERHSCAainl 56 3wheFg tllxeqfégot gﬁns% one or

claim6l, further conprising: 18643 nmeans

lﬂmeﬁﬁﬁﬁﬁvpﬁéwﬂﬁron1the first stream a request to wite a
second set of 3 updated contents into the resource and
to release the lock on the resource; 4 neans for

reﬂpondmgo&@mtnm%l SRAMBSS0, FGARRIH gngm 5 means for
accessing the |lo managemnent stora % nmeans for

ageens Krrianghe, fin oasperive to aflotematriaton ihat theeedoande is currently
res Hﬁ&%'has been

ook RIS o 3

58.  The lock manager of claim 57, further comprising:
means for causing, after determining that it is the second thread's turn to obtain a

lock on the resource, the second stream to resume execution of the second thread.

59.  The lock manager of claim 49, wherein the resource comprises one or
more storage locations, and wherein the lock manager further comprises:
means for receiving, from the first stream, a request to write a set of updated
contents into the resource and to release the lock on the resource;
means for responding to this request, comprising;
means for storing the set of updated contents into a lock management
storage that stores information pertaining to locking of the
resource;
means for determining, based upon the wait list, that it is the second
stream'’s turn to obtain a lock on the resource;
means for granting the second stream a lock on the resource;
means for obtaining, from the lock management storage and not from the

resource, the set of updated contents; and
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8 the first streamwas granted the |ock on the
resource; 9 neans for sending, in response to this
wa@ledoenzd7a@t i on, a failure indication to 10 theP€¢T/S1006/018643
streamto indicat& that the second set of updated
contents i i received fromthe first streamwas not
stored into the resource; 12 neans for determ ning,

based umemstfhepnaiding ths ket dfipliated cdrSerdtd® H6SHMAd LBeam.
streanmis turn to obtain a lock on the resource; 14
nmeans for granting the second streama |ock on the

r ur cer ; dat.ing the information in
| R oFhe ROk 80 Slabblto PRALL Tk I0b L iR st R of

morerstgagerloeativars, andtwizedn thepdelt ednalet airtieh BorfpgeRd 17
streamwas granted the |lock on the resource. 1 63. A

mIF358 (9 e Wl S o ore dss fistystenngl, mesquesitp gk nget o wpdated
ish; cut i a first thread; 3 a
Co e R ROt P B P bt s Efond 1t hr eac:
amgeats fo1l reglondimgag élfis reghest dompiifigl ock manager
conpri ses: nmeans for receiving, fromthe first
st r eam™MEA0p g‘a’tﬁf?%‘?lmﬁ%n%kYﬂlaﬁhﬁl' e resousk hombeenrgsioted by anbther
means for gr@anti fi.rst stream ck on the .
resour ce; g S?rggélhg gtf: {){r?lg i é%é’l%?‘ﬁd‘fas fg}aé]ﬁ’?dlt tﬁ% ll(%cg(cfﬁwge resource;
st r eammannt éguesding,dn 6Rphad 18 aldekm AL 1S tl{e%%ﬁ&%as
9 nmeans for determning that the resource is currently
| ocked; and PEOR Wt oot sinepm ifterrtes fon stecdnn was granted
det erm nat i ‘ e resource is.currently 1 ]
| ocked, t hquee{:og%éng]?errg%or%r?eo a dalyre indpgatipn iy M’setf%"éfa?%am to
Waiting to abdiedtatlat theek GMipdB€d contents received from the first
stream was not stored into ti1e resource;‘
means for determining, based upon the wait list, that it is the second
stream's turn to obtain a lock on the resource; and

means for granting the second stream a lock on the resource,

61. The lock manager of claim 49, wherein the resource COMPriSES One or
more storage locafi01ls, and wherein the lock manager further comprises:

means for receiving, from a third stream, a request to write a set of updated
contents into the resource;

means for storing the set of updated contents into the resource;

means for accessing a lock management storage that contains information
pertaining to locking of the resource; and '

means for updating the information in the lock management storage to indicate
that the resource has been updated after the first stream was granted the lock on the

résource.

62, The lock manager of claim 61, further comprising:
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of claim63, wherein the |ock manager further

conpri ses: neans for receiving, fromthe first stream
an indication that the first streamis rel easing the
hO%K f&nre&,ri‘@n%ﬁ'ﬁ@id Hechirsh@aas, § arqudstermitni aerond ssad
upon'the wait list, that it is the second stream s

updatedtcufitents dnto caiespracd Bwkio orcash éheleglo o 81 ECHeans f or

granting the.
Srn roeeeding S0 RbeE M ErLRE) “Unerein the o

proc eSSt GoeRgt ARl tHE IR meegmidns e®rage] ock managenent

storage, and wherein the neans faqr [ '

st r eameans|fociscoteining, Fes dif BETRGHM 8@3@ f‘g@fgﬁ%’i‘ga%?’%‘l?ﬁ‘ﬁ
_storing, into t l.ock mana BYE -
i nformatio o%g;,ngtﬁﬁ%rges r{g&f %%@%u%c%a@{ he %11ecgléezstég@lﬁ { %2

set of i nf@EnBktiseBah Ks gadntetight bk ontike fdspgicest r eam
currently has a | ock on the resource and t

If i rst n;ﬁtntsefamdnéilmmr@mqwe tortals| dgtermial A %ﬂ&ﬁfﬂ%ﬁ&tﬂn to
ist of stre 0 obtain a |

The proce S&eﬁggtéhﬁﬁw 0 8}({?%51'?% tlhgtnf:tglg ?&%g?gﬁﬁﬁ%ﬁg@@ corfiénts
processi Ny, LBGLNEfht s sGesPhias @6t Aondittolthstesource;

storage structure, and wherein the nmeans .for, addi
the sesandiostieteamning, bired wapt theivét I5¥, hetip ke Second
conpri ses: means_ for cer t.ai,ni.n the set of
i nf or mat i oA fgn Foo%aawgg%ér%%t’e rés{ogfr'@g@e’ that the
First @éaﬁwmﬁmﬁg FEeREbNM dtheml Alstk sh feantwmed; hed wai t
list of stredns;

means for updating the information in the lock management storage to

indicate that the resource has not been updated after the second

\ .
stream was granted the lock on the resource.

63. A multi-threaded processing engine, comprising:

a first stream capable of executing a first thread;

a second stream capable of executing a second thread; and

a lock manager, wherein the lock manager comprises:

means for receiving, from the first stream, a request to obtain a lock on a resource;
means for granting the first stream a lock on the resource;

means for receiving, from the second stream, 2 request to obtain a lock on the

resource;

means for determining that the resource is currently locked; and

means for adding, in response to a determination that the resource is currently

locked, the second stream to a wait list of streams waiting to obtain a lock on the
resource, wherein the wait list indicates that the second stream follows the first stream in

obtaining a lock on the resource.
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means for accessing, in the wait |ist storage
structure, an entry that corresponds to the first
w@reoear73reans for storing into that entry a sSeCT/082006/018643
information identigfying the second stream and neans
for updating the set of information in the lock
managenent storage to indicate that the second stream
is now the |ast stream on the wait |ist of streans.67.
Thés4 pro%chﬁg ne é m 66, vvher ein the
process gpfg??g?lﬁé PRI A “rla@bﬁ%}r"Y1§é%n e Ipple paneges fther
comppabl e of executing a third thread, and wherein the
| ock manager further conprises: nmeans for receiving,
f rioeaTs e redrividg somedlm fimt steque st irddicacbh @ian ti@ fireCkream is
nmeans for determ ning that the resource

relea§mg gﬁﬁ? icnc}nl @é [BEREE; and means for adding, in response
t Qn@an@ el Qfef&rﬁﬁﬁh%rbager@l alpoh it &/ﬁgﬂ%ﬁltﬁt 1‘[?58 @8 {_s)%c%%%ilsx Sa's turn

| ocked, the third streamto t rea
to ob{ghe? lick ob e memames; fod  addi ng the third streamto the
wai t st _of. streans conprises; neans for
agﬁaeé’ipfgxl%raﬁﬁmggl}%ﬁc? St@?é‘{n Block AR Sicigsausee- i n t he | ock
managenent storage, that the second streamis
currently the last streamon the wait |list of streans;

neédns flbe pagesssd egind of ddig G ivheteiBtheSr6iedE8s engine further
an entry that corresponds to the second

Compélts‘?seaglﬂf RERARETIER} SIRER-igag Wheten fieancasa forerantaw thofirst
strearh @fl&ikr@ltth@fbsbﬂ%@kbrfnﬁh&g. the third-stream and

means for storing, into the lock management storage, a set of information
pertaining to locking of the resource, the set of information indicating that the first stream
currently has a lock on the resource and that the first stream is currently the last stream on

the wait list of streams to obtain a lock on the resource,

66.  The processing engine of claim 65, wherein the processing engine further
comprises a wait list storage structure, and wherein the means for adding the second
stream to the wait list of streams comprises:

means for ascertaining, from the set of information in the lock management
storage, that the first stream is currently the last stream on the wait list of streams;

means for accessing, in the wait list storage structure, an entry that corresponds to
the first stream;

means for storing into that entry a set of information 1dentifying the second
stream; and

means for updating the set of information in the lock management storage to

indicate that the second stream is now the last stream on the wait list of streams.
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means for updating the set of information in the |ock
managenent storage to indicate that the third stream
w0 200602478he | ast streamon the wait |ist of stPEEHDS2006/018643

68. The processi ng engi ne of claim®66, wherein the

means for determning that it is the second streanm s

turn to obtain a lock on the resource conprises: neans
fr aceRsS3bGking ndifieoRelhitn 66, sthestintimgrosssing euglas furker
entry that corresponds to the, first s,t(gﬁlg{g] .a{%ldlmsfans

compriser a idaieim gafabbetteraeutngd Pire faedds £BT WEETCPHte lock

id i fying. the second stream 69. The processing
manag@ﬁ&{%%r %jplp % m 68, wherein the means for granting the

SBEAR GoSkeARE, Xrdia G Birdishearneseyuaetocdripniadesk omtgns
for updating the set of information in the | ock
resour¢mgnagenent storage to indicate that the second stream

currently . has .a l,ock an the i« .
prETE 2 g5 %eée“éwap% (k—:haghj ecrgséq ulri]n&G1 i?éﬁﬂ{é@g?%&d h;émf esour ce
COBRLHSLRIIRNSIDles PR 1S4 B¢ 8gEnhdeahitahs resglrce Thaurrently

processi ng engi ne of claim64, wherein the oc(ilf . hicd
lockedgtirabied stean lodhe werpist etgreamsaniersis ihemgasgr ading the thir

] res],?ons.(% t oga deTtlSerm' nl_astei on that the resource is
streamcig ARe K S B SRERTS YHE'$S80nd stream to halt execution

of the $aaapLasbAaGle, F3m thbt PF bEessitiog ietigiInek of
claim 71, wherein the | ock manager further conpri

ri ses:
means for cmesigsgienhstowge.dbtidhnsasprrstiasm isicrpgtly %@ﬁa“

second thread's turn to obtain a | ock on the resource,
t he second gfaﬁg’aﬁ\“ﬂ {}’8 Vfaétslfﬁ%@?% G

ecution of the second
t hr eadyeans for accessing, in the wait list storage structure, an entry that

corresponds to the second stream;

means for storing into that entry a set of information identifying the third
stream; and

means for updating the set of information in the lock management storage
to indicate that the third stream is now the last stream on the wait

list of streamnis.

68.  The processing engine of claim 66, wherein the means for determining that
it is the second stream's turn to obtain a lock on the resource comprises:

means for accessing, in the wait list storage structure, the entry that corresponds to

_ the first stream; and

means for obtaining from that entry the information identifying the second stream.

69.  The processing engine of claim 68, wherein the means for granting the
second stream a lock on the resource comprises:
means for updating the set of information in the lock management storage to

indicate that the second stream currently has a lock on the resource.
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73. A nethod inplenented by a | ock manager in a
mul ti-threaded environnent, conprising: receiving,
wobnrawa4parti cul ar thread, a request to obtai nPaTiused06/018643
on a resource; determ ning whether the resource is
currently | ocked by another thread; in response to a
determ nation that the resource is currently | ocked by
anot her thread, adding the particular thread to a wait
list o r - L] t
A our St PRERISR LhL Bty B Phitof hofgaRl: totfrises gge o
more sW@hge locstionst hat it is the particular thread's turn to
obtain a |l ock on the resource; and granting the
particular thread a | ock on the resource. 74. The
t hod [ ' . one
ort mor S eAs e e BELE ok nEa bt RSB 395
conqwﬁufther conpri si ng: |n response to a determ nation that
the resource is currently | ocked by another thread,
CHEHISHET eAvEHEt IaRSPeRse h@ deigrmiteaiion that Hhcoigepures ls@urrently
1ockedhﬁllets§90nd7s§1eaﬁmf hiE éﬂ:ﬁ%ﬂmg I oﬂhe S O??’thleuﬁ[ tshteae
partlcular thread s turn to obtain a lock on the
resource, causing execution of the particular thread
t&-be Feapriveessing Engine poelRinndhaykscindberinck sianggerfodhe
Conmmwg{ receiving, froma particular thread, a request to
ain a lock on a resource; neans for deternining
wheiRebr Eeingestn de@mhinirgUhianid the beke thrfdd sanat R&btain a

t hr ead;
lock on the resource, the second stream to resume execution of the second thread.

73. A method implemented by a lock manager in a multi-threaded
environment, comprising:

receiving, from a particular thread, a request to obtaih a lock on a resource;

determining whether the resource is currently locked by another thread;

in response to a determination that the resource is currently locked by another
thread, adding the particular thread to a wait list of threads waiting to obtain a lock on the
resource;

determining, at a later time based upon the wait list, that it is the particular
thread's turn to obtain a lock on the resource; and

granting the particular thread a lock on the resource.

74.  The method of claim 73, wherein the resource comprises one or more

storage locations.

75.  The method of claim 73, further comprising:
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means for adding, in response to a determ nation that
the resource is currently | ocked by another thread,

W0 b@opat7so cul ar thread to a wait |ist of threaP&T/US2006/018643
waiting to obtain a lock on the resource; neans for
determning, at a later time based upon the wait Iist,
that it ist thread's turn to ain
| Bakngiss fie PeBiibnt hedbhe rioiies gl Poigr fidtother

thleadP@ahhhgléké’cﬁmbll%?ﬁﬁ@ ?an loomk iR BeTERQHr ce. 78. The |ock
managér of claim 77, wherein the resource conprises
one or nore storage | ocations. 79. The | ock manager of

r CcO nmeans for causing, in
: %ﬁpoﬁﬁghps%gé e 9&3%& qPﬂ%YmFﬁe resource is
CaHfer @Blelfink Kﬁqt R ¥h 1&1@&1 thidh&8¢im %8)( Sﬁt‘zlhz' @R)cﬁ’fon e
particul ar t read to ted. 80. The manager
resoures, C@HSmgﬁXEQ}tIOﬁlmflﬂirﬁe}vam@mJﬂhRad]gi bmamsed.or cau5| ng,
after determning that it is the particular thread's
turn to obtain a lock on the resource, execution of

te pagtbguhMactNESAFidig.Pe resuned.

means for receiving, from a particular thread, a request to obtain a lock on a
resource;

means for determining whether the resource is currently locked by another thread;

means for adding, in response to a determination that the resource is currently
locked by another thread, the particular thread to a wait list of threads waiting to obtain a
lock on the resource; '

means for determining, at a later time based upon the wait list, that it is the
particular thread's turn to obtain a lock on the resource; and

means for granting the particular thread a lock on the resource.

78.  The lock manager of claim 77, wherein the resource comprises one or

more storage locations.

79.  The lock manager of claim 77, further comprising;
means for causing, in response to a determination that the resource is currently

locked by another thread, execution of the particular thread to be halted.
0. The lock manager of claim 79, further comprising:

means for causing, after determining that it is the particular thread's turn to obtain

a lock on the resource, execution of the particular thread to be resumed.
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