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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 reason,
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
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resour&MELo 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



2 valid. In this case, the thread has to start the
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Summasour ce. As used herein, the termstreamrefers
[0005] 2; g 219 %ééofﬁ%l%ea\g}‘% %ﬁ% ﬁl%fgﬂ (glge %ﬂ%ére%gﬁt%\%%? glg,‘r(tﬁglﬁalé ]gz ovided
d t hat t
o ey GGG T S GRS (e derest O e ?w"ﬂx%ﬁgbé%‘c%hamsm

determ nes whether the resource is currently |ocked by
(referrechiotipeginafter 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 a resource. 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



3 stream If the resource is currently |ocked by
anot her stream the |ock nanager does not sinply
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| ock on the resource. In one enbodinment, in addition
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particular streamto resunme execution of the
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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



4 elimnating the need to repeatedly request | ocks,
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resource |locking efficiently in a massively

mul ti-threaded environnent. Brief Description of the
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enbodi nent of the present invention. [0015] Fig. 8
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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 is 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.



[0017] Fig. 10 is an illustration of G obal bl ock
architecture in an enbodi nent of the invention.
[0018] Fig. 11 is an expanded view show ng internal
conponents of the d obal block. [0019] Fig. 12 is an
illustration of a Routing block in an enbodi nent of
{001 he Figvéhisi corillustf0020f Giolgl blbdk bschaedtatelie ah Rehibodiniang of the
m gration protocol between tribes. [0021] Fig. 14 is a
invenibpck di agram of the Network Unit for an enbodi mnent of
the invention. 10022] Fig. 15 is a diagramof a Port
nt exf.ace: I 5 qt rk_Unit in an  enhodi t,.
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in the twork Unit i n .enbodj ment of the
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. Buf fer Control Block in an enbodinent. [00251 Fig. 18
mvenfign.a di agram of a Packet Buffer Menory Block in an
enbodi nent. 10026] Fig. 19 is a table illustrating
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Bl ock. [0027] Fig. 20 is a table illustrating the
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. .llustrating the interface between the G obal Bl ock

Vel the Interconnect Bl ock. [0029] Fig. 22 is a
diagramindicating mgration protocol timng in the

[0022] nt efigohhsctdiampgadd a Bort Interface block 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.



[0030] Fig. 23 is atable illustrating the interface
between a Tribe and a Menory Interface block in an
enbodi ment of the invention. [0031] Fig. 24 is a table
illustrating the interface between the d obal Bl ock
and a Menory Interface block in an enbodi nent of the
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Intelfir\ @é%l?x&emtélngf iﬁuLéht%@ﬂl%ﬂﬁ@e k%‘%”t of the invention.
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Memeiyrfintegface pl0088] anmingbod@erglvdiles innpuionnodul e st al |
signals in a nmenory block. [0037] Fig. 30 is a table

[0032]1 | uBigr 28 iswgtabhellilﬂltaﬁ% afeaniebtyeERydenld Meghoxdodtroller and a
Menory Bl ock in an enbodi nent of the invention.
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t. of e inventio 0039 Fi
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Interconnect bl ock in an enbodi ment of the invention.

invenfig®40] Fig. 33 is a block diagram of an enbodi nent of
the invention. [0041] Fig. 34 is a Tribe
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[0037?Xecgitgl. g (5] 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.



7 [0046] Fig. 39 illustrates an execute pipeline.
[0047] Fig. 40 illustrates interconnect nodul es.
[0048] Fig. 41 illustrates a matching matrix for the
arbitration problem [0049] Fig. 42 illustrates
arbiter stages. [0050] Fig. 43 illustrates deadl ock
[0046)€SOlr, BORIushRRbAY] exdegie Adeling. an il lustration of a
crossbar nodule. [0052] Fig. 45 illustrates the tribe

0 R 0053] Fig. 46
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[0050]es eFyaYb diusreteh detall @fyresdlmiac cor dance with one
enbodi nent of the present invention. [0058] Fig. 51
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the present invention. [0060] Fig. 57 shows an
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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.



one enbodi nent of the present invention. 8 [0061] Fig.
58 shows an augnented | ock managenent storage which
further conprises a reservation still valid portion,
i n accordance with one enbodi nent of the present
invention. Detailed Description of Enbodi nent(s)
[0061QVer V88 ehoviodit A1psndMiddtibek; ﬁ%ﬁ%ﬁf@mpﬁ&&gé whlcPGRERiNg
e
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for stateful packet processing at bit rates up to
m@ﬁ%b@%ﬁ%ﬂrn both directions. Fig. | is an architectural
overview for a packet processing engine 101 in an
enbodi ment of the present invention. [0063] A two
Detai WO X port 102 is provided with
e RO o outp rates of 10 Gbps each.
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buffer that stores individual packets from data
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stored externally and may also be created by software
processitg e hsiastuped 20500641 bt dipeesfoss.r Big. &nbuodirolsitecsiral overview
processi ng on packets that are resident in the chip

for a pEkel SrotdsiBE2PeBe 10 ihacasbodinRgeofabspebat atentibl an
I ndependent bl ock of nenory. In the exanple of Fig. |
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t hreads sinultaneously. A software thread wil|
storeg y]@p/@@}aﬂ packets fpme faterstdarenpodiihis nietsrrofned ndiether 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 tribe, can execute up to 32 software

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



9 invention, execute on a single packet in one tribe

at a tinme, and may junp fromone tribe to another.
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inverafon] deciitewart single paddat hrdnb érilexgcLtiras, and stayguinpditen dboe tribe

acconpl i sh the necessary workl oad for each packet. The
to anbfhgt.ruction set architecture (1SA) inplenmented by

Porthos is simlar to the well-known 64-bit MPS-1V

oS o By S AR, ROl 0wl
are sunnarlzed as_.foll 1. Menory Addressing and

1”°°¢@@F§¥@P°§ﬁ§§sfb@%§ﬂ Ny E“ﬁBHFhos | SA contains 64-bit
registers, and utilizes 32-bit addresses with no TLB.

[006TIher &0 prsfaced3eatisidimendelef the usntibn eichstibeexdcotes tshrattions to
operate on registers operate on all 64-bits. The

accoimpAg the haddstary indrikibal Hasmhasckdie The hhsthbdwnsdvbRBitR4Q0
in 64-bit node. Al nenory is treated as bi g-endi an

(ISA%H%)I&H@LF}% by PBHh(Squ §1nmat1 1§ BRty GeRIFA 84-bBRHPRIREESA with 2

ere i s no there I1's no address

transl ati.on, an ther are. pr 0
fow qlﬂlﬁflgﬂsemdeadfwﬁﬂ%gf%a b8 i Sl B e GR e oy 5 and
al| regions of nenory. This would be equivalent to a
MIPMPerproseaess spfidievsal | code was running in  kernel
node and the TLB nmapped the entire physical address
space, The physical address space of Porthos is
32-bits, so the upper 32 bits of a generated 64-bit
vi rtual addrés@“@?@”ﬁﬁéﬁb¥@ﬂgaﬁéIﬁ@“ﬁﬂdﬁ%?at|on t akes
pl ace. There are no TLB-related CPO regi sters and no
[0068]LB ilis Pouthod scomtfins 64-bit registers, and utilizes 32-bit addresses with

no TLB. There is no 32-bit mode, thus all instructions that operate on registers operate
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.

10



2. Ontted Instructions [0069] In preferred

enbodi nents there is no floating-point unit in the
Port hos chip, and therefore no floating-point

i nstructions. However the floating-point registers are
i mpl emented. Four instructions that |oad, store, and

nove data between thematd Bistruc88hst ers and the
floating-point registers (CPl registers) are

[OOGbﬂp lcgp?)péf&ged( én%d’uné%ﬁlelcf G %da G;P&%g’ unitth A6 %&HSSQ'Chlp,

conditions are i rocessor
egi sters are al.so. i emsni1119 al o W|th t hei
VE

and GG 4P A BROTMO P PG ROV eritRS APURERSHY TPeisies are
SDC2, DMFC2, DMIC2). The unaligned | oad and store

implemsttedc Fowrisstrugtiensibet loadbstarerind duoveiiatadsapeEn the regular
instruction is not inplenented. 3. Synchronization

regisserp pad thelthatibgpoineranee(CR OREQ]erdhee Biedaed (ILDE@NKDCI,
LLD instructions are inplenented. Additionally, there

DMPS1 35N NOS}4rdRds c91an° habnAE& a?@inlg%/lelﬁgg% acyRloH& st

a mermry ‘ocation and returns t I n addition

th T truct t hat t
feglsfs?rgél& aee e b ARt 25T oot BB B AP

e detail in a follown % section on flow gating. 4.
msimr@trpéllséuaﬁ?a $IAESr P, BNET eRantediaberet]logkanst sigie instructions

events and tiner interrupts are treated such that new
are riohirepldsicateéd. ThaGACHER insThetsm ighobialpleveantd are not
t hread-specific and are thus not delivered to an
active thread. Thus, a thread has no way to enable or
di sabl e these events itself, they are configured
3. Syhdbbatizagion Tiipsrtihes beepleahanedd i n detail in a section
bel ow on tinmers and interrupts. 11 5. New Set of CPO
Regi sters CP7 Sequence Nunber
[0070] The SC, SCD, LL and LLD instructions are implemented. 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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CP21 Tri be/ Stream Nunber CP22 Flow D, CP23
GateVector, 6. Thread control instructions DONE
Terminates a thread FORK Forks a new thread NEXT
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 i nstructions, In addition there are bit field

5. NewQet et CPGReBIstfSert  instructions. Finally, an
opti m zed ones-conpl enent add is provided for TCP
checksum acceleration. 8. Menory Map [0073] Porthos
hagyei ght pSsduenduGfdrg. 1) to external menory
devi ces. Each of these ports represents a distinct
r€§2bn of thebgihyemediumaEdr ess space. All tribes can
agﬁgf aII rles al though there is a performnce

ty for acceSS|ng menory that is not local to the
tcpgg I n whigefeVieber i nstructions are executed. A
di agram of the nenory map is shown in Fig. 2. 12
[0074] The region of configuration space is used to
regi sters including packet buffer

6'Th5@ gﬁﬂ :mnBNA configuration and Hyper Transport

port conflguratlon space. More details of the

breakdown of this space are provided later in this
doiMEent .  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. '"t'ribe Mgration. [0075] A process in enbodinents
of the present invention by which a thread executing
on a streamin one tribe is transferred to a streamin
another tribe is called magration. Wien mgration
happens, a variabl e anount of context follows the

[0074% hr eFigk regibhef CPhfige g @31t Pase shadd @raecasointtmanststarenicluding
are lost and initialized to zero in the new tri be.

packe%ﬁ%?tcbﬁf" WFBNOD M. ki g@ifatiON &S IrIy1$éﬂT1 ahEpdr@p&‘%' ahahefthn
to preserve t hread prlorlty as de SegNum

spaccnlggle rr(# garllastog%e 16511 n oftkfsgﬁ%clgaab?fr\é?{ cf ﬁétt i e] g 1s d]pcuerggnt
has a different destlnatlon 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 Migmgot o t he SegNum regi ster. [0077] The thread
mgration instruction: NEXT specifies a register that

[0075¢ ONt RipAScebd iR entl@RMihBRs bPhe ?Me&sﬁv@lﬂan 30 iR iata
t hat cont ains the anmpbunt of thread context to

execugﬂég gﬁ \éﬁ‘emﬁ‘# o{aéeg b%tlg {1 Fn s&‘e!}?etd t Qfﬂ‘{l ]glp 51{30361[? 1Vt1qge A &iled

I on COﬂ

. omagr estothetrlbelt alread e registers
migragigy. g‘?@émv%@dw&#@%%a% é%}la%ﬁ ey 'f@l%g@?%m:ihswmad
gating is a uni que nmechani smin enbodi nents of the
The Ghlexsgisters thabareivohtrangieresi are patket ingihzol fotagre & the new tribe.
enforced by hardware through the use of a gate

Migratios ifaycict@out b3 ofdeatbut & it peeidied b Pr@etvhehpag kabrity as
processi ng wor Kl oad. Wen a gate instruction iIs

deﬁne%rlﬁpi"g\%ﬁ {gﬁj b e&ﬁ#?’r g E,rlTéQJe'v&n tlﬁﬁg ?d%ér%ﬁofl 11&&@111@%%%‘?&6

I's st der packets o e sane

sheat B RSB P R SRR bR P by upciat i

ng
a GateVector register. Miltiple gates may be specified
[00761 or 4 tiyesdmigrabreto thotikicahel ianduyentiainiiy tivitod 202 8 A
for each gate individually.
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 senjority 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
this sequence nunber is maintained during the
processi ng of the packet. [0080] A configurable
hardware pre-classifier is used to conbine specified

that isipsesied fnto e pasketpaedcetinamdrigeste r'dhen a g svdtdchemiser
fromthe packet itself. The FlowlD is initialized by

encouh@raiaieaniiagedn execuitien frartlohwpeeeh tssdalfed nntil ginpldbtipackely of
be nodified by software. The configurabl e hash

the safnd ok B4V elSa ! 13?9%1‘2& disete Eﬁn@ﬁéiﬁ&?%&%a@&ﬁaﬁ%@% fvances a

packet 1s sent Afterward, tribe to tri

Lgration,is under s re control. [0081] A new .
packel WPy UG De F Sl s SEP b v P ber R apecifiod
the invention that operates in conjunction with three
for 2 givangraghet waglosd @ps serjafizalgwi qoreis felocach 8w upldyi st er
and the Packet Sequence regi ster di scussed above, each
[00791 hr dadkeloateagingn ascGatevacmber by tgipatiet buSaf donavBemmlyen
set and clear this register arbitrarily, but it is
they atdVcbdidbd ZRALIsGcQuarbe ﬁum@erri;?YMaﬁﬂﬁﬁ@(ﬂdﬁl%ﬁ@ BiREsdh Y oftthe
new packet. A new instruction, nanmed E "is
npl enented. The GATE instruction causes execution to
tall until there is no thread wth the sane Fl ow D,
a Packet@equence nunber that is lower, and with a
(00801 eveeRipFfe hapdivars merglastiiierie vaehie dprbEneapacified fytes from
This logic serializes all packets within the sanme flow
the pagltet thdgengpae ntfleuldhnirhiatr feeniherpatet itselénThe EledID14
[0082] Software is responsible for setting a bit in

initializB@ biFALRIMEES Bdsed 6F kiRl IRFIWRE Radl fun@RY 88t thAEbEMotiikalhy
section. This wll allow other packets to ‘enter the

| & ' : e r_.r.egi.st r.epresents .
st €U AR 0 P! AYE6L O SRS PGSRy
res onsi bl e forxﬁetting bits in this register manual ly
sent {q. tAGCTOEFE T R° 19t R PUSRTI P IS AME 8T RGOl to prevent
younger packets from unnecessarily stalling. [f the
[0081]Gat eVaewarstivstigets widized in d jweferred embodiment of the invention that

packeis.

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.

14



this wll disable flow gating for that packet, since

no younger packets will wait for that packet. Note
that forward progress is guaranteed since the ol dest
packet in the processing systemw | never be stalled

and when it conpletes, another packet will be the
[0082p! desdftwapaiskedponfibRA3Y sdttinga pit &f e Catk Vst degreiat when it
seniority scheduling policy is inplenented such that

leavePhd 8L RRCAEbE. ThE VIMBWS (9;11&3)1015&“@ Rrdntey ﬂﬁd)&ntﬁ?éﬁ%éhbﬁ’ NThe
resources within a proceSS|n el emrent. One

Gate\}:eg I 3{&}1§ fer 1&%%1 (e) c—,ingf 1tog1le§% ﬁﬁ (%ug 1fihc{ wmm?oa?&g?gﬁgk&e @bﬁ{;&)a}é/is
executi ng the exact same sequence of |nséruct|ons

1'esp019,s(3,12}ﬁ é@'rset @g@p&égn g reeisksy @}anﬁ%llya%p seiyin gacket slms gﬁertam gate,
ol der packet. In certain cases, the characteristic of

to pr enmtwwngeapaqutsrfa;m suqun;lessfaylyrwadhhb g. nig thef Gega¥ kedpr is set to all 1s,
dependencies in software. This is because a

this wllQ dRYISIE Fla¥i dain B FOCBSHSI0Ret SdiefERbtycaniR hedsktawlll welt ifnetlat
i npl ementati on of packet workl oads, so the ol dest

P aokeg Z@é@:’chz{t %@ a‘f\@éﬁv ggéégl Eﬁﬁ?&%@eeﬁ gbllgg ﬂgrbq@égt ?EfLCk% n the Hf&@g sing

ased 1 nstruction

sch dule bas d cac | ac t
systeg 1§ DER 6 SR PSR biepmplei, T REES Vi o e oldest

executing the exact sanme sequence of instructions. If
packetondi ti onal branches cause packets to take different

paths, a flow gate woul d be necessary. Flow gating in

[0083¢ onj incirefeneiMetnbodionapy & kéradsith gcltw@meg,spdltw is @helerRrhied such
| ow a cl ean pr ogr amTl ng nodel to be presented that

that Oiﬁn %Jlx'eﬁ' Fé%gta? % fo | & DH B Rirced iR Qﬁah rcgsésmg

e categorized into

ro tri r.om.e ter nt s
clemay QR HtestTRg of ﬁ}l%aiac el eC oY cRBHne PR
first two groups, the events are not specific to any
that ifsyedtapkas PR S PMINS I SRd! Same SEIENEN PF IASERBIOPS, SHTOSRT
can 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 sohedﬁler 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 In this section the follow ng nonenclature is

used: Port - Physically independent frill-duplex

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

packets or frames that are in the process of being
Eventrapdliey or transnitted out. [0085] The packet buffer
[0084?)103 F' 1%)ca111 ?%@Reg%ﬁzg inrt)o pe}% ﬁ(oﬁlrk%mmleg&ts

acket s WAT I & ey are bel ng e pack

buf f er | e .FI FO t hat. ke acket
timer B s Gr Qe d %(%g‘éea%@éﬁl%éca“‘?ﬂugp ﬁlﬁrﬁa %tégf'g %‘Eék@? s
di scarded, or consunmed by the chip (by transfer into
are ncd speai¢ tormwopsdific pesicphdkend. v tle tb@d grcamsa}ﬁftwéa Cqpsignal
the order that it was received. The packet buffer
betwedh ¢Rb kptfiv ghyalchioweeafior an ef ficient conbination of
pass-through and re-assenbly scenarios. In a
pass-through scenario, packets are not substantially
changed; they are only marked, or nodified only
Packa|BuglfdrIQverbiefvor e being transmtted. The payl oad of the
packets remains substantially the sane. Pass-through
scenari os occur in TCP-splicing, nonitoring and
In thid S8l o TRIAARIRGhenoBRRE LGAELONS. 10 @ 1 e-assenbl y
scenari o, packets nust be consunmed by the chip and
Phut Peygchliynhdeperdan jullatherlex inbesacar e re- assenbl ed.

f nbl
Chigiehn 82 HRpERGE 1sih S A HEREts S PRERT S 6 AAugh a port.
]rz? égzﬁz ng@l‘éﬁzae%seﬁﬂgl ¥ax§1ﬁﬁﬂg{uﬁl%1 oP&GHLer 1]lt P %,léefsedﬁ‘@{ dSes@A are in

cl ng ny applications ca
the prduessad i leim gifecqiasisor ttahsmitgld cand re- assenbly scenari os
[ 0086] The Packet Buffer nmodule 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
combination 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
schedul ed to start executing its workload. Satisfying
the requests to the packet buffer nmenory and the

shar ed nenory Satisfying the requests to the

on th&f%ﬁfablg Wb A tskieRin 88 ifdne! Efcl,anﬁlﬁfssﬂoﬁ i AeBur. IHesiksbMBGise@itrios
configuration Packet table read'requests Packet

occury utx ?’tl é{%lﬂlgg % ut%a%‘c‘:@gt r}gﬁ) 3H0281%Bg?a11 ﬁ?%lﬁgglb'ﬁ%u%ﬁ of pass-

ransm e counters rea

atln ace i.n the packet buffer for software to
throu%}bﬁglﬂ?éfe’b@gﬁ‘éetnél”o?:r ames of packets arrive to the

Packet Buffer through a configurabl e nunber of
ingress ports and | eave the Packet Buffer through the
sane nunber of egress ports. The naxinmum

[0086] Ngr €S PagEEBSftnhedilie Ve tegH embdeRendsniiadideitn yabesre in
and type of ports, but it does not exceed 4. [0087]

the follR&/iid ss/egress ports can be configured in one of
e Otlhenég(}??}%wl ng six configurations (all of themfull

dupl ex): 1 chanelized port 2 chanmielized ports 4
channel i zed ports 1 non-channelized port 17 2

o N5 GRRINEL 178l vRRES Sf sontt APRs GRAODE LI Z8L s BOfieSime a thread is
scheduled to start executing its workload.
o Satisfying the requests to the packet buffer memory and the shared memory
s Satisfying the requests to the configuration registers, for instance
o Hash function configuration
» 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):

©

1 channelized port

®

2 channelized ports

4 channelized ports

(-]

1 non-channelized port
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[0088] The channelized port is intended to map into an
SPI 4.2 interface, and the non- channelized port is
intended to map into a GM1 interface. Moreover, for
the 1-port and 2-port channelized cases, software can
configure the egress interl eaving degree as follows:
o 1259@@H§hb@gglﬁg& egress interleave degree of 1, 2,
.72 channel i zed ports: egress interleave degree
° o4ndnommmc@aﬁ}pmmt [0089] Software is responsible to
conpl ete the processing of the ol dest packets that
the Packet Buffer nodule keeps track of in a tinely

[0088]TRNAG 'ch%]ﬁﬁﬁkyd férlﬁtﬁnéed tgfg%ﬁ%%%csﬁmtz iREWESE and the non-

packet s e packet fer so that no nore

buffer. At 300
cham@}zsﬁ Fu 4§ Ana0E o tnpn nfp 2 g B R, M%lfo‘f‘ocﬁ%ihe Ghare gnd
packet buffer size of 256KB, this will occur
2-port gbﬁrr@kz%ﬁaéw soltypare s P esrbe coraprdnErleyag éeaﬁ@ a%12
total packets in the system fromthe oldest to the
followaewest, no matter whether packets in between the
ol dest and the newest have been dropped (or DVA out

e 1P cﬁﬁiﬁ@ﬁi&@l poE @glreys) 111Fé¥16§\%f JooRie®r 13 hes i se the Packet
Buf fer nodule will drop h€ i ncomng franes, [0090]

o |2 cbazﬁbhmﬂq;od@e@xmhmeﬂmbdbgeé be1 pae et Ismbef ore any
of the previous two events occurs, the Packet Buffer
module wil| start dropping the incom ng packets until
[0089hot IPodipnani siresponsibls theomplstpehe mocessigta thhaldestpackststhat
node of dropping packet data, no flow control wll
the Padlat Buffonmbbieleikegieisekpdinag timel. miier, masist befbiet be
accepted at wire speed but the packets will never be

1. T1?§§1%9éa%&1ttlﬁv@@e/pafckapm1 u@qg # RedRfR, W hiat Re+ %legs&se{sr&an

e packet buffer. s on packet rop
bep(ﬁ‘routodhdbﬂn@d:mmat 3@(8\41—12 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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Packet Buffer Address Space [0091] Two regions of the
Porthos chip 32-bit physical address space are
controlled directly by the Packet Buffer nodul e.
These are shown in Fig. 3: the packet buffer nenory:
256KB of nmenory where the packets are stored as they
arrive. Software is responsible to take them out of

this. menory if needed (for exanple, in applications
Pﬂc”ﬁﬂ%‘%‘ﬁﬁéﬁ@"&ég&é‘g%mly of the frames) the

configuration register space: 16KB (not all used) that
contains the follow ng sections: the configuration

[0091} egiBreregionbefithePoehos drip 30dgichbHysicalorifliays simes arecontrolled

functionality of the Packet Buffer nodule. the packet

directlyal§l tBe PAQBH B MRS nSdAIdISTHABE AeRbivay fRr 3each of the

packets being kept track of. the get room space:

u t o gst consecuti ve ehunks of .
L AL, TR SR SR B AP 8l o
packetSditffers ragdness 15 pea{@ehc{l%%ftﬁ@fntmlg ifadeded (for

perform any byte read/wite, half-word (2-byte)
r EEIRAR.ilR aPligaliens thaf negd wrassemblyfithesiiamnesioubl e wor d

(8-byvte) read/wijite to t acket buffer. Single gquad-
W bR M sk oiehh BRE 85 gl it bl dieibaime
atRtighso al |l owed, but not the single quad-word and

octo-word wites. To wite 2 or 4 consecutive (in
spadky cadighviag onvorgiigers tisofstivas:erdhasdtio caeiduos sme

respectively, . r 4 doupl e- d wites. The Packet
Buf 'B?Ct’\%l"l‘el}ty Oﬁﬁ’te%&%‘?t%h‘%gém@ Y t hese consecutive
Wit he ksl : - i’ : -

2 RS RSt oo USHST or 2B e
wr i tesk pbut accesses fromother tribes can).

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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19 [0093] Even though the size of the packet buffer

menory is 256KB, it actually occupies 512KB in the

| ogi cal address space of the streans. This has been

done in order to help mnimzing the nenory

fragnentation that occurs incom ng packets are stored
[0093]i nt Evemthopgle Ketsideuffiter packhl siffea gy iss250&H, o aviwhllyy

har dwar e; packets are always stored consecutively

occupit$ PRI e thé 2B DhdsRACHatd OMMé BiPeRRl ThisQas ¥e@WIdHe in order
software. [0094] Software should only use the packet

o LY A aBachsho, P IR OR pELC B
o BB, Bl SRRl P B P B e s

the packet buffer. Accesses to the configuration
consecBy¢lY fudp theniSiKdhe! waer Sew thppeist ¢00e% ot Fofévare.
configuration registers are logically organi zed as
[0094]douBb&wuerstisuldQalyuscdbepiokeMartetr reads tanshclsts tes haveEbeen
allowed to the configuration register space.

stored DPEed@k& Biltfer ntRfulNah @1 NBO: _ﬁlgsé;ﬁQicétX. aTﬁcpﬁighggt§ﬁ'0m the
byte within a particular configuration register, it
s ool RT3l A L BRSOl e e BBLRP R BAE

back. Wites to the reserved portion of the
buffer.confi guration register space will be disregarded.
Reads within this portion will return a value of O.
[ 0096] Sone bits of the configuration registers are
reserved for future use. Wites to these bits will be
Accessgs E‘%@@&P SR TAELIGEISESE PhYebadiress SRA9Y return a val ue
of 0. 20 [0097] Unl ess otherw se noted, the
configuration registers can be both read and witten.
[0095]W i Ths chdfiguetionaekistorstablogicand ot@nie as eaghlofloyds. Only
configuration registers will be

double word reads and writes are allowed to the configuration 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
Packet Buffer is in quiescent node, as explai ned
bel ow, and there are no packets in the system
ot herw se results will be undefined. Software can
[0097froni Uolesk dthersastt wteds thfconfiguratipacdestiert abl ke b kesdsmd
configuration register to figure out whether the
writteRa®kits Buhd packestablstand to the egidngh]p asikBiusativh re@ibters will be
Configuration register Iist [0099] Al the
disreca@2fl guration registers have an after-reset val ue of
0x0 unl ess ot herwise spe(:| fied. Figs. 4a-4d conprise

lis |on regi.ster
10098 o *Fesfranhg M efines e ol thdiatisstdion SRS omengpe
the configuration registers. Hashing function [0100]
Packet-Byffenisiin Quissent wede. fe exalained helew: @rrrpg tharecprape packets in the
structured into two |evels, each containing one
systerf fathatvideawellls vail bﬁamludef(lﬁadcﬁaifdwéue‘tah jnonéshiha gortegis € she
The result of the hashing engine of the first |evel

paclxétstab _%)&(ﬁ@e@’ cﬁlf?%uile@roﬁhéglé/tél L] u?@&?cqyﬁehﬁel fﬂlleoi“\écket Buffer is
dentitier (or owd for sh oﬁi This value wll be

e tribe as part of the initial mgration
still k&%p%%/éh]ga%ﬁe%%é%& Software may use this value, for
exanple, as aninitial classification of the packet
into aflow s a 2-bit value, that is used by the
Confi duware ko gel ect the result of one of the 4 hashing
o lgﬂﬁcw?{)ﬁé&tﬁgt conpose the second | evel of the hashing
hardvvare 21 [0101] Each of the four hashing

functjons in the second | evel generates a 3-bit val ue
[0099 hat AR &g @aHiSHEEoR LSt e anarseresetrdue pf @Hbwdessour
results is selected by the first level, and becones

otherwihespraifirdr Fogs. tadd toinbesd hmbletleeinpal loéthd @nfgimgoh cegisters.
initially mgrate into.
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. Software 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

| evel is alnost also the same as the ones in the

second | evel . Each hashing engine can be configured

i ndependently. The following is the configuration :
[0101F eathackof tﬂqefouldra@hmg fwnshionoinghe sdched eaglhdengratasgi bl value

sel ect vector [O .i..63] configuration register: each
that cdttdsp@idstibii Sribfﬁﬂ,ﬁlﬁifer.@ﬁ@diﬂﬂlé@@om%ﬁﬂﬂ@G}sf selcted by @b frfigevel,

pacﬁet will be selected to conpute the result of the

and b{s@ﬁﬁg ng nuﬁn,gi Bﬁh@: BibOhanat gg&)et is rgeﬁ'%' tb i3 fal Y}%‘f]‘i%?ﬁte into.

con |gurat| on registe he 16-bi esu

ft ine .iS cO d u bi.t . XOR
10102, A1 G i SERan Plefe i e oBReS a%ﬁleowle
for the Iovver 8-bits. In the case that byte i
engines iy the fiesd 1aygl is phnesd pbe thasssteqs thepnresiin the spepad 19%4 Edachn
vector determ nes whether the byte will be used to
hashirgoamgitteeat he coovgireBinbegeadely. Thefdlowhigd is fihowdrdiguesioht
(0) or the upper 8 bits (1). If the byte was not

featur&Eh@CHE dorhMon k1811 81 1RGRInY 64iQLs: - 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 nany LSB

o selct Feclfr [0.Ne6 QOB EURESHdrisvir! dach Bit Dk iRPEE S HSLERLY ne

the chosen second | evel "hashing engine. If the skip

Whealhqy dyieg, of thgrpacketvaitide, selevisd t¢ pamputhtesendimf thehething

mnoq ngi ne will be chosen using bits [2.3] of the
en?éle s ) Note that the skip configuration

° porsﬁi%h%&f)r icsi. QS@I] Moﬂif’geéﬁjatfo% S8ker ind f@bl% RGANGS 'Ll'%"lﬁkhmg engine
hashi ng function and it does not nodify the 16

is repilted tifiag the 8-oneXORMendtl omal whiteadnedpr {h0 1A¢r Fboits aai:dme .
0 he secon evel hashi ng engi nes there_al so exi
{hgﬁ?‘ﬁel %0 ffgh ST B Ve SRR e éfe%iah@lt in the

po@ﬁ%h Riebdf 18 nAhed \bﬁ’etﬁ@rstHé byt@Sill Be hiw bl ﬁﬁlﬁ)uﬂeq}{@ ower 8its

After this shifting of the result, anot
ofriteen] it dbivddrdsslt P@rdr dliamgben 8 ibitg (lt)wtﬁf tht hete 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

set of possible tribe nunbers. This total nunber of

tribes inthis 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 tfis gefigsaf Ehq sult, 2angher mirtip@lagonis peffprmgd ugipg two other

[0,1,2,3,4,5,6,7], [4,5,6,7], [6,7,0,1 1, [7,0,1,2],
configgiration Thgistersa ﬂieguiqadssie @fithis Smﬁi(pmatioh isad goyerhitaea tribe number out

addi tional configuration registers, one per each of

ofa sa%%péggg@ﬁxﬂeqmbbmmml 1Pl ﬁﬂﬁbé}%?ua%s fih 186 5et3s Q}JBWBI of 2
val ue that spe(:|f|es which is the first tribe o

(i.e. lsﬁtél (Sl% gnd th seq can staﬂ at a@/otﬁl%e pliiol 31e&'1?\an %e 021" sb%s a1e #‘i

at s eC fiesS how

3:8 tr
123¢4138) wﬁéoﬁwmaﬁ&}ﬁwa&sm F R4S Hoctaf Bvanawipulation
will look into the packet is 64 bytes fromthe start
is contybllechley preccidatitional confeguppioketgistsrssone ea cadthalithé 4edopt-éevel
and nore bytes are selected by the select vectors,
hashifge@ighiies: Wi I | be undefined. [0106] Software should be
careful in configuring the hashing function hardware
» SHRELLL QDRI YRUKE Y158 360 935, e MOTARBERL S
hagyei yg conputati on; otherw se, di ffer ent flow
identifiers for the Packets of the same flow m ght be
o gégielr atheioveciuitlesd sporiliavdaw OnORDsENE Y Paticsthaiet hey (0.1 tribe,
m?%um%esn%& be%dse %gJ o be in qui escent node whenever

fand accepting) any packet and

(01055 of t ey @ahafE éith @t Bherabiling D& dwaRNiINE8k into the acket is 64
configuration register. Note that the Packet Buf

e t d_st | ha
bytes ﬁgﬂlttﬁg sfsgcq% l‘ﬂ ]E&gﬂe Ifrfﬁéj ar():gc 18 g u?rfthan (\{%})Zto %rgc} 23 Zjtes
23
are se ectedtby 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 guiescent 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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transm ssion-rel ated operations wll be perforned
normal | y; however any incom ng packet wll be dropped
since the “continue' configuration register is zero.
[0108] When the contents of the "continue
configuration register toggles fromO to 1, the
transmiBdoedlatBd bp @ntiomsdulllebendel forped hanmilyhiewWeolet av imgoming
operation: (r) any new inconming packet that starts
packet #1{ bé’ iRgped difide thbecor@htid’ '&nﬁ{guﬁp@n 1B RT iR .
conf |gurat|on regi ster takes place physically will be
accepted (it may be eventually dropped for other
reasons as explaied below). Wien the toggling is from

[0108] 1 tWhen tich@nfeats cTWhd GopRRIALLAkRIRS e@bt@@%ggle@rﬂ%m Oto 1,
packet that was currently being received when the

the PackLtGRId gl]({a{llct Vbﬁlf Ifﬁ}fy?ﬁl thY follo ﬁ)é]glsany G ion r egl ster

occurs w recelve néw i ncom ng
packet that starts arriving after the setting of the
configuration register takes place will be fully

° gﬁ?ﬁ@@ theol PP ckeoh b é‘% aaﬁgﬂg gﬂ@lul,rhe tdgn g Qf:%ﬁ%t‘ ccﬁﬂ%ﬁ?’r

nodul e I n guiescent nn never

comi gugalicabbgistoe tlces glacy piosalinatll ’bé] aaccE’pireH éitt nﬁlyf Heefvcntually
gones ut of reset in quiescent node). The follow ng
FPPERET AR $oaSBHY e Bl2SHRAW F ol 1 ow: 1. Wite a 0

When t%lﬂéo%ghﬁ]%ls Mﬁ]tl 'tQ @ethe%)ﬂg\*flgg g& aﬁﬁ]n {aﬁgé gﬁ%@‘é’ 2. Moni tor

tus' register unti When this
occurs, the quiescent state has been entered. 3.
Configure the desired feature 4. Wite a 1 into the
o ARHPRGAELEA W R PeiBa Tecetyied tden s dgariw afdle ‘continue’

24 [0110] If the
E@ﬁ@%ﬁﬁ?gg§&§§£8gﬁﬁﬁwﬁﬁaﬁﬁﬁﬁgégﬂﬁﬂll be no packets
o Bey Ngv iiReRIIVEShcMBERat starts arriving after the setting of the configuration
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 | transition happens on the "continue
configuration register. This is not true if software
does not wait for quiescent node before setting the
“continue' configuration register; in this case, the
Packet Buffer may keep receiving the packet it was
[0110]r ecHithé sigpvestepn atehelldwtd tird wilhisd 1o pacledieiny rmegved when
Performance counters [0111] There are a total of 128

the 0 tdPF [1519&15@{‘1@%19@13{@&{ el Sorlin€e’ RRsKSIra iR fegfstdmﬂlﬂls & (RJue if
defi ned reserved) that can be nonitored by

soﬁwn%oc{ote%(\ﬁgte\%zal%& tq(IB]l es&éﬁ?ﬁl%dg ﬁ&@fa s’e‘%@g tﬁ% aéonﬁﬁltleg coﬁfagm Qt?on

assi.gned t cuI event , a rements the
registey; 3 { Wewiﬁ%gé‘gﬁﬁﬁgﬁmwaﬁﬁ@’ prGpdRe lﬁé’ﬂ{;lf“tifﬂ RAECRCE TV HE
the event occurs. Events are tracked by hardware
when the &ty bydigon {0k pl2p. Sof tware can configure which
event to nonitor in. each of the 8 counters, The
contents of the counters are nade visible to software
through a separate set of configuration registers.
Performagce goun{ers t gbl e showi ng t he performance events t hat

can n ernal_ state [
oSS f?\/\%?éuec%{r??ﬂ%g%g PGSR Ao e Rt e
er rmdule usi ng the 'internal-state-nunb
deﬁned@ éﬁfff?sgmeé tehedehsi pwiored eTo TS tsre et ! s &V, & totel of §
configuration register, the contents of sone internal
can be stoatteredrag thersewiedak. a T ebii qutieten assigatdetotdnatpaitecular event
provided to software is yet TBD. It is organized in

and indBdn&té (Ha0MRER, oM@ BAntdd b o d}%x @ﬁlﬁn‘ut RékstimSeid WA ceurs.

wites an internal state wor ntot internal state
Events%%fdked%ﬁh&%a&egwg)% }%EE register pr ev' ously to
sanme configuration register to get the

contents of the.stat This feature is jntended only
0112]f or écp KALE S po%ﬁ@aﬁw& event to monycor n each o% t% % countels The

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
configuration register it provides, anong other
i nformati on, the egress channel associated to the
transm ssion. This channel ranges fromO to 255, and
configafdivareisatpuatibyslptoodhdes tia salrekbhf %mamni ieYistanadTRd the
the encoded egress channel, that will be used to
contGRPhE sthiBE TAG e 8 FhBSRICAANRE ow v de%u%g‘in% table
that specifies how the actual “egress channe
conputed fromthe encoded egress channel. [0115] The
egress channel information is only needed in the case
Lord cledigRn@dteafthatiparts. O herwise, this field is
tretaed as a don"t care. Egress port determ nation
[0116] When software wites into the done' or
Egr pat.h determ.ned. ,. it , provides, ng.wth
01148 Rt b T orlE tagdobe BotresicBin Rt e
~ transmssion. This port nunber ranges fromO to 3 _
COHﬁ@H’@ﬁ@% HERFLONPRE WS HEnmg oldesr i dionnhd gREshelpnnplesppciated
configured), and software actually provides a 5-bit
to theyramshiissyon. Aarvedanied regeotet 0 @56ssdrolitvard dvalialyigrbvibes a
used to conpute the actual egress port. Fig. 8 is a

9-bitlg@khiRy,ldded tS@WBIEPYS R LRSI Rhat 811 B8 S5 RO coliDute the actual
computed fromthe encoded egress port. 26 Conpleting

oo L PRL TS ANEHE U LOLIEL S0l SHRL Pl 198
pacl cet buffer, and it has two options: Conplete the
from thegrcaded qeresS GhaBSE will be transmitted out whenever
t he packet becones the ol dest packet in the packet
[011Huf f dhe egBpsoqhatied ipfavkation & belypmedeettin wid dasdef channelized
eventual |y renoved fromthe packet buffer.

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

Egoress 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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In both cases, the nenory that the paclcet occupies in
the packet buffer and the entry in the packet table
will be nade available to other incom ng packets as
soon as the packet is fully transmtted out or
dropped. Also, in both cases, the Packet Buffer nodule
does not guarantee that the packet will be either
transmtted or dropped right away. Mreover, there is
also no upper Iimt on the tinme the paclcet mght sit
Compieﬁng%dpﬁ@bﬁingwckeﬂs before it gets transmtted out
or dropped. exanple of a |arge period of tine
bet ween software requests a packet to be transnmitted
and .t he act ual r.a s

[0]17]e gr ég Ware Qveniu Ig}ofj\ s C‘)tP 018 Lt Wﬂe ﬁf’ J% ﬁ%kgf:t%g{ dis 11[1 tl?en

e case
et that is not the ol dest one, and the oI dest
133C1<61|é’éi£ﬁ@etanii§11?‘6?""%6]%%(?1& ed nor dropped for a long tine.
[0118] Software conpletes and drops packets by witing
® i@@ﬁphhﬂaéﬁmﬁ&tﬂ&m@wkdndﬁtmtcmmﬁﬁ@ﬂmath@amnegﬂsqsdgﬁ

respectlvel i.nformati rovided in both cases
CPW@”@@&%F@E CRURbR PagKet S’ng‘packet For the

;xﬁg]g)' e L0g 39@1@33@@ cﬁm S Sétgm&g Sﬂéstgea gg&rltg@ h&%‘cb ffer

t]hl&foﬂﬁ@@@ ﬂie&ﬁelﬁ@thfmﬂM phMIee sccupies 1 @k padddet bltﬂﬁﬁ ana&iee:mny

has eit her %r own (positive value) or shrunk (negative .
in the Regkerd3blowilh em@%@@flaltlﬁéo ShordngealingaIket as 198 apahqRacke! is
fully tl? 1S 1%{?(901#1%1 ghoﬁnﬁ&? F?g%ﬁ{ ﬂf]%ﬂti ﬁisgs \%/lgﬁf %ﬁgﬁétﬁ%ufﬁ:? ﬁ@dﬂ%tdogpl\{&

guarankRabd gtk Rgk &S GBahNe transmitisd o0& OpRdrreds apayr. Moi2aver, thele
[0119] The head of a packet is allowed to grow ti

is alsopg 11pb§1t1@@1t e thedimg thr Pafset ighhet nfhapapleh ey hefore Pge gets
tr ansmgtgetdh i C o éﬁl And egc&rg?l@ %99 g:%é) F}jenlL()g 14 he%@ﬁe\é@ gﬁ%@r@ %(ﬂlests

a packetitd 8k Bfgnitted 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 mnformation
is also provided:

o THeader growth offset: 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 FEncoded 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
packet data stored in the packet buffer will be
coherent after software has conpleted or drop the
packet. Egress path determ nation [0121] The egress
pat h infornation (egress port and, in case of

cha t ress chanpel tor
11515 nq okt ¥ g Bt it Pasi N SR b arRRLE fRlg e
the processing of a particular packet has been
mmnn@mm@t}@tcgwmaﬂq@ cpefize gkt lddr e can at any time
communi cate the egress path information of a packet,
even if the processing of the packet still has not
been conpleted. Software does this by witing into the

[0120] €9KE8RaR@hbIE %hﬁélrsoﬁﬁmét@& di®9hd }%éf(@t RedU1t Sdi Pe@hdéfed
sequence nunber of the packet, the egress port an

d,
if multkp&e &%}nqetlcms cp %%se i%l (f‘lﬁasg{]]t% é)aclgcq ]1\%81]60% ﬁlg}f‘{{ 1\%21}0 egtL glecmtee

unt

wites into the done ut the earl
that theprslipledéfestened ih deqgried émgf \Nﬂgqu %\%@f@flh%t% ﬁ?%[tﬁ%rf&ia? on
of the scheduling of packets to be transmitted out in
compl¢tbeorf bp dwimagketases: 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 1 29 Note that even if softmare notified the egress
Egressppathrdeterfumiaiighi on through the "eagress
pat h_determ nation' configuration register, it needs
to provide it again when notifying the conpletion of

[0121]t he TRE eEe&Siafinthination (hess pdanad, iaeafd clwhalidied port, the
regi ster. GetRoom Conmand [0123] Software can

egress g%%%g‘rﬁ m@ncpa"fl&@%hd th&fs tb be Bﬁ)@lcﬁﬁ%{eﬁtsgﬂwtaﬁr&lﬂ%s 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 Thi s nmechani smworks as follows: Software
requests sonme space to be set aside in the packet
buffer. This is done through a regular read to the
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 Get Room configuration

space. . EePacket Buf fer nodule will reply to the
Note thegyen g Wareadifigritye egress wpthy infoanation %ﬂ@t}gh they the VBB

n At f.
gl ppfdhtehind font REnSERHE pbibEn AleSas IHEARE T dhelbindy
notifyinlgehestcantletiof oftthe pspasng thatgh as b@ﬁ’l cahﬁ@ﬁ ati @dregtnd.
in bits [47..32] the correspondi ng sequence nunber
associ ated to that space. Software, upon the
GetR&%ﬁ?@%ﬁ?ﬁ% Get Room conmand, wi || construct the packet
Nt o € Tequest ed space. Wen the packet is fully
constructed software will conplete it though the
Kgcket conpl ete mechani sm expl ai ned before. [01241
[0123]Not eofthate Cfaéirfl gt derasket i didys pargreied thrpyel & Gellinem ed
the delta to be always 0O when the packet is conpleted
mechagisnt @ hisheedheader workows foloffsset is not taken into
account when the size is allocated. 29 Configuring
° t@@ftﬁé%@@&fueﬁ@@mhM @ﬁﬂc@f’co 995@’5%&&9}12@1]3 206t Y)‘@i’f& ‘Tﬁfé is done
configure the nunber of ports, ﬁer t hey
ethzovghiazeghlarreadtit the &ietR ¢dme Spileg Dé’éle@fbnﬁgtnemdne aplaca GThe
Al wi || chai neljzatj on an
e 8531.0%% ésg?%wﬁ?@amedﬂl&t 6 FRIURTIOGSAC HoPHEpRdRe base
tm;le ORERRBH cdiifi RPatRM&phdczed and  another port not).

o ThePacket Buffer module will reply to the load:

e Unsuccessfully: it will return a ‘1° in the MSB 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 info

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
nunber of ingress and egress ports. Fig. 9 shows six
di fferent configurations in terns of nunmber of ports
and type of port (chamelized/ non-channelized). For
each configuration, it is shown the interleaving
degree all owed per port (which can also be configured
if nore than an option exists). The channelization
and interleaving degree properties applies to both the

! | ,ﬁﬁﬁ% ReLbhssof the port. [0127] Software
Conﬁ%@?@fﬁﬁﬁé@ﬂ?ﬁginu gr %P Eorts by witing into the

“total _ports' configuration register, and the type of
ports by witing into the 'port-type. configuratiagn i
[0125] ggiSefigjare qa@fﬁaﬁgtﬁsﬂhqm@lbfz BEPRI s it eﬁl-ebgw AL
cases, software can configure the degree of egress
not, ardrthe dé¢gres o igterTimang gt thepoitatell heeihngade gramackzationend
be configured since it is determned by the sender of
interleh 18 Rk e bSopeBidh (i Mt @AAYioGaFSen thalCodR patis Exeeekzed and
the 1-port channelized case and 2 in the 2-port
\i zed case; for the other cases, it has to be 1
mmﬂm%?ﬁggglbket Buf fer nodule will silently drop any
packet that violates the .maxi num ingress inter|eaving
101260 gy b0 BaHEPIeg s (BOEI0] CrEeaPRLS of EBrt By Fags
degree is configured through the "islot_enabled and
ports. Figs P showhsinéliferentFongnpiiensriatarms of aynseeaiportagnd type of
"islot" stands for interleaving slot, and is 30
port (cASis@tized/ach-titnasltzedp Eloe tadd@oRfgiraans i i tRslviotie, inRe D85
all the pnts. Thus, the maxi mum nunber of islots at
Toli PR it bR et D16 T RRE L ghd diopT
degreibwleld Fer %&u@é d1 P l{e n&% ‘%ee&ﬁrﬁ 1Rk Rld 8 af 856on &li ds)f'ohe

I sl ots ar egress port 1s configure
upport an interl eaving degree qof 4: for. the 1l-port
channglizgfon gt e lrang daere Honelie” dvahise bt Yeissr fiy ceress
transmtted out -one per port-). Note that the nunber
paths ¢fftheneihl ed i sl ots shoul d coincide with the nunber of

ports tinmes the
[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 dégree 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 has to 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 interleaving degree. [0130] Notification about
how many ports there are i s made through the

"total -Ports' configuration register. It will also be
notified about the type of the ports (all have to be
of the sane type) through the '"port type
configuration register. [0131] For channelized (ie

e e e
the 4 outbound "interleaving slots" ("islot" f
numbes e islgts by dineol 4 (Gurtae | oRrtichagnslizest 4 ‘{-Irﬁl&ﬁ’é‘hﬁfﬁ peed
“islot_channelsO', .., “islot_channels_3'. For
when #xappkeport fs Cbhﬁglﬂ‘etﬂ ® apeosiandlter]EPIg,. Rgo of 4 afvd theel -port
islot channels 0: 0-63 islot chamels 1. 64-127 o

case, Upstb ApaeRANES! 15 stinult2Bod8) beihk krahshidkd 6haBAEb & pbrt-). Note
i é)55 then the output packét data may have, for

r
that th 8 H_ul%ﬁ e&gﬁgg ’?sllc?}@ 81:10@% 6(31&%? 2 @7%11 tﬂ‘ @Lmtlﬂe'? %FP&%@% g‘lgs &1%\/ o
channel s and 1 interleaved. [0132] For the 2-port
egressapieAedV g e85 0, islotO and islotl are assigned to
port O, and islotl, and islot3 are assigned to port
[01301L. ThuEicatidreabork hom manytperts dwvd arg idegdabroeh thoitotal ports’
2. Wth the sane channel range exanpl e above, port O

confightdtion RENSE:. BeE1IGIRWcSifikd BbAR e e aNde ?sbrty\(eﬂﬂ_ hdve¥®be of
see channels 70 and 80 interleaved. The follow ng

the saﬁggﬁ giﬁgéﬁ%}ﬁﬂe rtgt %al:dnqi ‘a %o}xtﬂ?%?t%‘?vers all the

ess p channel s: 0-127 o

chanpel s;:
%01 channelized (ie glgﬁ 2§p01'ts software will configure a range of channel

(0131] S
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 SPI4.2 scenario, islotO 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,
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islot2 chanels:0-127 islot3 channels: 128-255 [0133]
Note that if software fails to cover a particular
charnel with an islot assigned to the channel and
packets with that particul ar channel have to be
transmtted to that port, results will be undefined.
[0134] Software can al so disable the islots to force

no interleaving on the SPl4. 2 orts. This i.s done.
and it WiKTSYgH e RRannety B al)é@&ﬂp@rle%@ﬁfﬁ@foﬁtm’aw %@&ﬁg{%ﬂl r

exanple, in the 1-port SPI4.2 case, if "islot_enable'
valid ohsthakdoveissiliohg chaatslsad eaghbgrdse pogst  di sabl ed), then an

interleaving of just | will happen on the egress port,

o aRG:0f Banhble: 0.apge of chapels specified in the
- “islot2_ehannels' configuration register. [01351 For

o tifletl4clpontlsG\V3-255e, the channel -range associated to

gach of the i ts is meaningless since a GNM port is
ﬁgf’&eﬂ%ﬂﬁ’ﬁasig'zla? An interleaving degree of 1 will

o aLMBY ShanfSEUIrbseach egress port. Software can
-conplete a]H packets in any order, even those that

will change its ingress port or channel. There is no
need for software to do anything special mgen_ .

[0133] ¢ ookt thfg L softpare H@ids tRicoYer A RaFiehie chinnet with Rgriglekassigred
or channel, other than notifying the new egress path

to the ¢hafuodl mad packetshwitlugtat phréiculaoehna bafd glhedtanomiiteioghamport,
32 Initial mgration [0136] Wen packets have been

resultsfdll Ib¥ uhegmieded by the Packet Buffer nodul e and they
have been fully stored into the packet buffer nenory,
the first mgration of those packets into one of the
tribes will be initiated. The migration process

 consgists of a request of a mjgration to.a tribe
[0134)qi BPRYaTFGAN Blfe FrpIsele &1t bapreerd it IGans R HasT 2
provi di ng sone _
ports. This is done through 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
packét 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
software visible registers of one of the avail able
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
arrival. This order of arrival is across al

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

[0136] . 1St QAR C}ﬁef(ét%ﬁavetﬂb%n il ’é‘céN/cJ,dl b;ﬂﬁ& P@@I&@Bhﬂ"elt R8dule and they
grati Packet Buffer nodule will keep

have bF ég {,eri]gdelln ngﬁﬂfﬁ gﬁﬁ el ﬁlrl]c%%%ryt { U £ ft il nltr)r atl%%foﬁ RiRe lpErckets

follomnn isters are initialized in one of the

into onstot denisibet WIS R iBed. THPEEHpR PRICFSEUHFE R ARESS) e
in the correspondi ng 32-bit program- counter

migrattonbiagtibgtvi aiing Eegitlst tebe tNoepttthamighiion, had praveding some
within a tribe that are activated due to an initial

contro[En@dr@takign oMilel paskathid 1RAE6ITMRAnfRGhatied wildBe S@F®I by the tribe
initial program counter. . CPO 22: the flow

. ¢ J - bt ai ned by the
lnsomﬁﬁgﬁW%m‘lﬂg 3 c§%he§£%@§9£4 égégﬁﬂgnce nunber a
bit val ue that contai.ns the ord& % ber
[0137}t he Térscl?ra@lfct Butepmodpleapsigsrtp epgh Rac rt\ﬁefgow 1 larfi%lrn%ll et
packet B, the sequence nunber of A wll be the
and a tsibgnember wrimde confiBipghlabadhingdwsdimiragpsrissettedrabpes Kde

from other port conpleted nor a Get Room conmand
packet§ WG L 88 $iidtakod thappenedpdniindigiiateMes inf BeicH @ Guesaae order of

umber w aps around at OxFFFF.
arrival. This order of arrival is across all ingress ports and, if applicable, all channels. If 2
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 3 1: the 32-bit | ogica
address where the packet resides. This address points
to the first byte of the packet. If the NET nodul e

| eft space at the front of the packet (specified by

t he header _growt h_offset configuration register), this

address still points to the first byte.that arrive
» 3P0 fiabhosmaketo TBICH 3 1ol T4 v abganis the fiter Aty el of

‘;tfr:féel cket'_l?fr aSl fc?t A MI%Jkaz}ﬁ%ir g%‘ﬂ KBk éj]? e?)\%gtr% [1?% %}1513%3{1%113 er

crfepsill B@ﬂie\&aq@neemhnlw tolf Y3 plequ eesmsnmgp)arqﬂm plaalret ﬂ om
packet to be aﬁgd. Fbrdmare-initua g rogi
pﬁ]é% ot C@“’cﬂ’#“éﬁiﬁp’éﬂ sdaee coRerand;syosrssiy @;& BPrBeSior e
t rol td Fur t her nor e,
tlﬁgv%glzl;@}eo? 511611%@} gﬁgérlev91 |a él %Fgltwg ?gchoul d be one of
o tHRRRBO| thewidress poithiBitpaa Reindutihied] off shefpakket (llnﬁs (D ﬁ}a
occupancy of the packet buffer when a new

° s@BRﬁé @pﬂﬂx}qlwgglpél addeens Phere the packaiseidere T @aﬂdé?ﬁséé%iﬂﬁs
Azt deEBiir PY By Padt MEHENEL AR R el o fr d B ofite

1@1@1{& (bseciielby thd héah@ - bakhe dﬂk@t Cdlﬁigu&@dnﬁ@lﬂéﬂ),r tBistddedress
packet descriptors (control information)

piidlkeniags tosth dirst bitksehatarmess g dekeackst; aptts the fﬁli S@bﬁ@ oftlige
hag%ldi/are will drop that incom ng packet. The packet
7% consi dered to be full when there are |ess
than 4 entries available in the packet table upon a
packet arrival. 34 (r ) “continue' configuration
register is 0. Huahdwaresindti ppeliet/didpd e cones out of

[0139] There are two types of packet drops:

o Software-initiated drops: software explicitly requests a particular packet to be
dropped.
s 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:

e 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.

o 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

i ncom ng packet will be dropped. Interleaving degree
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 | oned packet size. The maxinmym packet size
° t kbt ‘centinuse C%fb@éw@a pgisissisdl Thy Packet Bufeniap@le gpmmes out of

ONRE gl 2 b Bl e "B AP @nﬁgeltago&%g?s rr(m' Rt QB dsKB in

always 1n 1ncre

Cﬂféfd gy atomingragkatrall berboppeacket _size' ) 1. If an
i ncom ng packet is detected that it nmay be over the

° nrﬁ»tcrl rrarnp deise Vinlgonalliagvipgrcwstiont iplgtes H@%pwanmud@mc—aof
)a tk{at 111{)631%5?}1%?[{&% Jhl\é%\?ET %up )PH?CKGI is forced to finish

‘he data that eventually

° 14: sﬁ@Gﬁhé E@é’ﬁeﬁ béthg RReKRl exdcelis 1€ nthaPRadlIBed hhReket size.
hardmare Therefore, a packet that exceeds the maxi num

arfh@mmnpm kagkessizeiliapwan betpscepseshis 16y 5 ok tiew Peftagrecan

hat
PR Tt e S P et R it PSR S
Mfisnchtd &t IRC Bed BordfudationdbdistePYABS pikePaLKE. 1At Ric6Rihg
arrive every cycle). (r) The ingreSs port notifies

t halkat ihdeipeiok drat Eumayelre dyer ﬂ@u meximaoepagke sivasilawed mhen the

ifi an. occ a ur.i ng the
r eeageltit Pt Bretad per b abrRB e r B St Py ¥y ana
paféls@ét of a{e%ﬂartﬁ@méntum_\mllacdaﬁ@ k6t the AEeRRed bB¥iropped by
hardware, there is no 1nterrupt generated. Software
cthe hetioke. Atheafyregt peiet thateexcbrals ot mbxinumbaliovedd packet size
due o each. of

ave been 0 d
PSS et Bhise R Ga eaau SO roFs oot Fores pecreen due
PRELRNIRALSY &Y QA $nd e HiRARuhASbHHEE L0 Mimal7 @Rce 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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[0141J The Porthos instruction set in a preferred
enbodi nent of the present invention is as foll ows:
ALU Arithnmetic ADD, ADDU, SUB, SUBU, ADDI, ADDI U,
SLT, SLTU, SLTI, SLTIU DADD, DADDU, DSUB, DSUBU,
DADDI , DADDI U, Logical AND, OR, XOR, NOR, ANDI, OCN,
XORI, NORI shift SLL, SRL, SRA, SLLV, SRLV, SRAY,

DS :
[0141] lene@%ﬁ}% R L e R T R

DMULTU, DDV, DDIVU Menory Load LB, LH LHU LW LW,

is as folldwvs: Store SB, SH, SW SD Synchronization LL, LLD,

ALU

SC, SCD SYNC ADDM

Arithmetic
ADD, ADDU, SUB, SUBU, ADDI, ADDIU, SLT, SLTU, SLTI, SLTIU
DADD, DADDU, DSUB, DSUBU, DADDI, DADDIU,
Logical
AND, OR, XOR, NOR, ANDI, 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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Control Branch BEQ BNE, BLEZ, BGTZ, BLTZ, BGEZ,
BLTZAL, BGEZAL Junp 36 J, JR JAL, JALR Trap TGE,
TGEU, TLT, TLTU, TEQ TNE, TGElI, TGE1U, TLTI, TLTIU,
TEQ , TNEI M scell aneous SYSCALL, BREAK, ERET, NEXT,
DONE, GATE, FORK M scell aneous MFH , MIH , MFLGQ,
MILO, MICO, MFCO CPO Regi sters The CPO registers in a

prefer5$&m§nt of the invention are as foll ows:
Confi g’ Fri t rean™Ni un (CPO Regi ster 21) Status
ERC, Cause Flow D (CPO Register 22) GateVector (CPO

Reglpst er 23)
TGE, TGEU, TLT, TLTU, TEQ, TNE,

TGEIL TGEIU, TLTIL, 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 (CPO Register 23)
SegNum (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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SegNun{ CPO Regi ster 7) Mcro architecture Description
of the A obal Block of the Porthos Chip Overview of
the d 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 nmenory functions.
Further, interconnections of global unit 108 with
ot her portions of the Porthos chip are not all

keep therigurarkt vély cRiagand simpte. Gibakelopk { 6% howguerels isatoippentsd
cl ear and sinple. dobal block 108, however, is

to Netddi& Uaptund Haekkt BudfeNe 03yanK aldbitd cafdnPac¢ ketmBubfyamittQ85.
and also to each one of the nmenory units 105. [0143]

The gl obal (or "GBL") block 106 of the Porthos chip is
responsi ble for the followng functions: |nplenents

a ry ntr er. for ternal EP . _Interfaces
101431 ¢ B G o e P Bl ios Prigui SBO R ad e
out put paths for the general purpose UGCs Satisfies
followiag fesrcighs: JTAG conmands Generates interrupts as a
result of HI, GPIO or STAG activity Interfaces wth
the network block to satisfy HyperTransport requests

o ImplemBas K etenfi befitrolB M kien) @pREA a path for nenory
i nterconnection anong the different |ocal nenories of

e Interfrect withégo Noperchmpart &P blorks@ obal Bl ock processes:
Request : oma so e to_a destination to

o Pl‘oab%eaiuwuémggwﬁgﬁﬁsa?}sf Qe é%%er%rrp@awse V&§uest) or to

o SaPE LMeRaPATAL Sl anBgdr ess (write request)

e Generates 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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Response: a petition froma source to a destination to
provi de 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 Ato
destination B and the correspondi ng response
initiated by the source B to the destination A Note
that a transaction is always conposed of a request
and a response; if the request is for a wite, the

PORES Wi bt HRreYdWia s initstulan acknow edge that the
TheGﬁES!P ss been ful fil Fed. Fig. 10 is a top-Ievel

m)dul e diagram of the GBL block 108. 38 The GBL is

¢ RSB L LT B e P By
Tl lgllﬁﬁé conthi}€ tl ﬁqaﬁc%eﬁ% thaA€achiB8d FotQhé B€RhYElocal memory to
transacti ons mthe attached local nenory to

anatheit loed] nhanoa Iy, Emdrtm iogicalndenheansagians ions e gal memory to the
transactions froma |l ocal nenory to the attached
attpEaloEMSIYTY-a Routing bl ock 1002 (RTN): routes

° ROdlggg ERLR 1562 @Tﬁgﬁ%ﬁ 1%%[@553 rtﬁ@&lﬂtefélﬁ O8r&istih @feaitrerent

sti'nati ons ntro 1003 (EPC): contains
debtheiibegi ¢ to interface with the ext er nal EPROM and
the RTN HyperTr anSfort control|er 1004 (HIC ther?
o BRROMrentritsrdop3 dyifek vraiais s logio 1o hilgdiee V{l}h) éh@éﬁ@‘r‘%
Efﬁgélﬁoa&l b él@rfﬁon”m ler 1005 (10OC): contains the logic

e activity from the GPIO input pins and to

° H}q{ei 'M@nstpeﬁ ERkENRubPAY (H’PCWS]&&@ iSJAGITORET Bl peTrahefGt 1P
(JTC): contains the logic to convert JTAG conmands to
blodke

o General purpose /O controller 1005 (IOC): 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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correspondi ng requests to the different |oca
menories. a Interrupt handler 1007 (1NT): generates
interrupts to the tribes as a result of HI, JTAG or
GPI O activity o Network controller 1008 (NTC): logic
that interfaces to the network block to satisfy HT
commands that affect the packet buffer nmenory w thout
software intervention. Local Menory Queues bl ock 1001
(LMQ [0144] Block 1001 contains the logic to receive
Descrigidnsachi®ongof.romthe attached local nenory to
another Tocal nenory, and the logic to send

ra t.i;0nS om a |local nmenmpr to the attached
0145} (T ARO B0 d ARy S e oS st HPEWRE kS gmory
Internal conponents of block 1001. 39 Description of
blocky fyseqysgyresyparpe spnipipeths ERW TadEldsdthsinpader syparstibessn s the
responses fromthe |l ocal nmenory block. A
widthrebjtest / r esponse contains the following fields (the
nunber in parentheses is the wdth in bits): wvalid

o valid)1): 38t RHeMIB Modal B chRERb10BERIY 3 l?écﬁl%é o‘:x‘ 2%?)%8% i[fhdéa-

request or response. |If de- asserte

asteriefl.dbe mseol'tHo ficlds eag '@lon’teatt a (64): the data
associ.ated to a wiite request or a read response;

da%t (ﬁ%} \‘/&‘es@?f’( assegated & B8HC BAGH Pt RIopg $poARE) Ofherwigefread

re@f6t€or write bds @ﬁ@eg‘?":doh' c&ﬁ‘se of a request, this field
contai ns the nuiber of the streamw thin the tribe

° stitha(S)perdase ofa tdy@edtefiieidld tentdinethl @ERIbNBIMME ¥ired wiRSEhe
a rg@)ponse, this field contains the sane val ue

.Of
bl RrEG B erfediecst ioedhpnsal memerg de stse of areggest, tfisield
h2inE A%Es0f: - wthis field contains the
cor eléli o era o 2 n%tféi?@\lg%\g%g&fﬁ% coﬁesponémg 1eques(%.
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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requested data wll be stored. hi case of a response,
this field contains the sane value received on the
corresponding request. (r) type (3): specifies the
type of the request (signed read , unsigned read,
wite) or response (signed read, unsigned read,
wite). maddress (32): in case of a request, this
field contains the physical address associated to the
read or wite. In case of a response, contains the
[0148]s and'ho &M@ bleskesendsaeairsisiiad resperses oingilong! msgipss block. A
[0146] LMQ bl ock 1001 | ooks at the type field to
request/idgbibite Quiitaing tine sahiedieldf astiere ngstiesp opse wessiteldefr@n deslscal
fromthe local nenory will be inserted into. [0147]
memory ModMR R eQekinbahdreiNAG RERARBE (2% UNQY dihde 1he allfesd §B8ad of
nory when it can not accept nore requests or
; ﬁ qqﬁ@lemO]ﬁs bl ock guarantees that it can accept
cach of g ToGRl Premox response when it asserts the
request/response full signal. 40 [01481 The LMQ bl ock
sends requests and responses to the |ocal nenory
bl ock. A request/response contains the sane fields as
[0149]t he The qerpstis nespon®dahe bedinvadorfyio thet damel cpdeal are remyed from
bl ock. However the address bus is shorter (23 bits)

the Rm BIE)@k tshﬁu@ﬂg r&SHe fRPEROTWhaRleqf at ARilapeabqIERNNG £S
8MB. The requests are sent to the |ocal

avallalge né)ska&légr%o %h %elft%'?le% ﬂneﬁlro? WECEAKS 8@11 T f[oﬂ%z LA

I esponses. ere IS an
avail abl e req uest anﬂ tavallabl resgonse to be
%?11

respong@nkhug Pehiee r?SB@%%GS REARFCLRAD UFFITCGHFE: priority
-to the response. Thus, newer responses can be sent
before than ol der requests. Routing bl ock 1002 (RTN)

Routif @bk 1002 REMN9ck contains the paths and logic to
route requests fromthe different

[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.
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sources to the different destinations. Fig. 12 shows
this block (interacting only to the LMJ) bl ocks).
Description [0151] The RTN bl ock 1002 contains two

i ndependent routing structures, one that takes care
of routing requests froma LMQ block to a different
one, and another one that routes responses froma LM

block to a different one, The t
(0152] | nBiraRast &R ST CHFARATISE 408 ° MO die NG i
route a request and a response originating fromthe
undefiredme LMQ in the sane cycle. 41 [01521 The result of
routing of a request/response froma LMQ to the sane
LMQ is wundefined. Mcroarchitecture Description of
t he Network Bl ock 103 of the Porthos Chip Overview
REDARE o R Nl k 19&19*263 &Pt%e(lﬁhﬂwsﬂdm f

oW ng
functions: Receiving the packets fron11, 2 or 4 ports
and storing theminto the packet buffer nenory.

Overvigst i fyi ng one of the tribes that a now packet has
arrived, and providing informati on about the packet

[0153]t O Thenétwiotie(or “SEIT Ehlpeln g0} (g rio ad thertprihes elapivtigesdle
to the packet buffer nenory perfornmed by the

;mrﬂmq%@£ﬁ5§$&xhbh@es and the gl obal block. Keeping track
0 he status of a packet. e Mnitoring the ol dest
packet to each of the egress ports and sending it out
to the

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 amrived, 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.

o 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 1Memory.

[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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corresponding port if it has already been processed
Provi ding a DVA nechanismto the tribes to transfer
data out of the packet buffer nenory and into the
external global nenory. [01541 The NET bl ock wil |l
al ways consune the data that the ingress ports provide
at wre speed (up to | OCGbps of aggregated ingress
bandw dt h), Wi provi de the rocess d ackets to
(0155} he Tée da@ép&b@dﬁ@%@}rbﬁ%e Do tdockif thgga T RCEBeL
The NET block will not performflow control on the
not fitimgreasrepatiets, 42 tjeddES huhe dfaneke thit the nefinsplodtbclskeeps
the NET block if the packet buffer nenory can not fit
track dfﬂeﬁﬁé/s {HDhEexiBREK 6L 512, OF tiehsis haidhtidubie SPi4 packatise
hat the network bl ock keeps track of reaches its

mammum #%&13}{ uﬁéﬁeav%ﬁjlme[&%tg ila? 11%{:1\[&50!)131111%1%% BYidigor rl ﬁ)e

nanber I hter eaV|ng pac

that it sen or there is a violation

P R A WA SRR e A FPe%%&???ape'HJ
packets to be dropped [0156] Newly arrived packets
will be presented to the tribes at a rate no | ower
than a packet every 5 clock cycles. This provides the

[0156] eqw&xﬂg@ﬁlve@fpaal&ﬁs @ill Bgpscheday g pidekata ratoonoiveventhan a
the tribes (assum ng that there are avail abl e streans

packefr &eéhﬁg e 'Thg% @P s"YLE ?equ RREH-of LREHRE & 40L1Rkdpacket

ncy of the OON+E [0157T Franes of
cket t NET th h .
o RS s skE NET Al oyl

same nunber of egress ports. The maxi mum

speedi Thgrasss¢legls Gsgudnay ef hedVel Hegk s0ddEéhds on the nunber
and type of ports, but it does not exceed 4. [0158]
The i ngress/egress ports can be configured in one of
the following six configurations (all ofthern full

[01 57fj UplEXhes 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):

» 1 channelized port

s 2 channelized ports

¢ 4 channelized ports

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

» 4 non-channelized ports
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1 chanelized port 2 chamelized ports 4
channel i zed ports 1 non-ehannelized port 2

non- chanel i zed ports 4 non-channel i zed ports 43

[ 01591 The channelized port is intended to map into an
SP14.2 interface, and the non- channelized port is
intended to map into a GM1| interface. Mreover, for
the 1-port and 2-port chammelized cases, software can
configure the egress interleaving degree as foll ows:

[0159] lc IT“ﬁQ Ql‘?'in%xé %%[ 1lis 11REHdRE o hidp §iib 6AGLTAPEt@€1cef ankl thenon-
nel i zed ports: egress i nterl eave degree

ch'ume&z@&% Wért }sgn eBd tg\rﬂtlﬁ&) 1[11 @%}H‘I Blgeﬁ o“??&ﬂ%ﬁ; th ri ep%d

packets out of the packet buf f er to the exte
2-port mpwe(dtqﬁﬂ%%u%tvﬁﬁ‘ecﬁl %&gm@l%‘zf@le%fﬂm@k/lﬁar"éngs %F as
Bl ock diagram [0161] Fig. 14 shows the bl ock diagram -
followef the NET bl ock 103. The NET block is divided into 5
sub- bl ocks, narnely: Portlinterface (PIF): responsible
for receiving the packets on the different ingress
ports (1,2 or 4) and deciding to which of the 4
e 1 chagretissd port:egteauiteripase diged ¢fe1 dadar 6f the packet
bel ongs_to, and. respons ble f géﬂlnterfgcing with the

« 2 chgmEdEopTs CHPSUN IO o B RE4 " BaTh PO
[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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[0162]

Packet Loader (PLD): responsible for: 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 44
Deci ding where to store the packet into the packet
grrfer and performng all the necessary wites
ocating an entr t he pa

o CBARTGE TR O P R e G ol piing ol he

PL&%&Q n{?e information of newWy arrived packets, in
arrival across all ingress ports, to the

odpﬂm@ﬁ@g&nbhnpesﬂﬁ@mdﬁﬂomHSWﬁmgmchhﬁmhaﬁmnmgomhémenmmw
status of each of the packets in the packet table, in
p&@ﬁ@@ﬁ&&ﬁt whet her the packets" have been conpl eteély

° 18)%? m%tgl Pffiohggticﬂ]éﬁge%éi&%&}? b%/c?*gits in'Y e %@f V\EQI’]R’Q]%]C&OSS

Wal‘] thgidss i, Ro thetdifterehhigibpalk gtocessingot valid -ie
software has explicitly requested to the NET block to
o divbynteihmgphe ketus of ecirndiha packety it the agisb tabls IEBHYRAHR MG
L AR R S L
of Rffonﬁaﬁﬂ% tlf%folﬁéiﬁpﬁﬂ%ﬁi%sthé REHtBAY kd@ecfdOkBat to do with it (skip
Packet BufferController (PBC: its function is to
pitafihd @asiets oo iled Hegofraarctie exlrl@que]sm@estﬁd tedbh NGfl' block
t he souyrces. of access acket buf RNl
BRI HBSERAI B e Fresdne gt o TTTY Hiske
d !hg.sf SR RbmBRIS oPhothi 1P@1€ gtk P HfskiBracHREDINE do tHhefor each
different sources are: the network ingress path, the
nef theckreegiméseapiagisjott.he DMA  engine (TBD), the gl oba
bl ock and the 8 tribes. The schedul er inplenments a
fixed '

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.

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.

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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priority scheme in the order |isted before (ingress
pat h having the highest priority). The 8 tribes are
treated fairly anong them Packet BufferMenory (PBM:
it contains the packet buffer nenory, divided into 8
i nterl eaved banks. Perforns the different accesses
that the PBC has scheduled to each of the banks, and

., rqutes t result ta.the p r squrce. This ock ]
wide et Ty AEpiESt e b Qs Rl Sess SRR G ap et Spets are
. wites, thus interacting with the different sub-Dbl ocks
pointtierpaing b asspiéedddgh-espondi ng confi guration register.
[01621 The followi ng sections provide detailed
All ontphiaofitte dfferabiowb-béadds (BIF, PhD, BBM kisd PBO) tikeedietewudr K
bl ock. The mai n datapath busses are shown in bold and
they are 64-bit 45 w de. Moreover, all busses are
uni directional. Unless otherwi se noted, all the
Porilgieybzdedlogiel 403dPHE)- t 0- poi nt and asserted high. All
out puts of the different sub-blocks (PIF, PLD, PBM and
PBC) are registered. Portlnterface block 1401 (PIF)
DetaildatREdBfiodescription [0163] The PIT bl ock has two
top-Tevel functions: ingress function and egress
function. Fig. 15 shows its block diagram |Ingress

functj o 164] The ingress functjon interfaces with
10163 o &8 AT 4} Aasitwarf% VBl RCIaH ete Mokt e
(PLD) and with the Pacl cet Buf fer Menory (PBM.
functigpy Higo) aWiowsgsrdogkalieBmFr om a SPI 4.2/ GM | port, it
receives the following information: Valid (1): if
asserted, validates the rest of the inputs. It

specifies that SPl4 i ges@Bdidfdon

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

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

SPI4.2/GMII port

[0165] From a SP14.2/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 SPI4. 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.

» 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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valid data in the current cycle. Data (64): contains
the 64 bits of packet data provided by the SPI4. 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. Last byte
(3): pointer to the |ast vaIid NBB byte in data'. If

fogi}:lf:a@?nlg tes ar Va Itzllgylftg-not Tyt 1 Ipfoﬂ}cr(gv‘ %}ﬁﬂ%{jfﬂéés not

th@ %1‘?%81@'1113 gacke’é @l‘f‘éﬁ ?E[s@ bryté? b o4 | bQ Qeﬁ‘ tfef dak s ¥ ddo NS Backet,
I's byteO, then byte™T, etc.). can not occur that,

théaﬁ lﬁsﬂ)rbyeo{aaptﬁe abytvelue. and 2 are val id, but not byte

er. wor [ he data i s not t he

° C]E,eaaélp—g]e(@) t}l%%l}anncplgﬁocwcctto ﬂgq:]B%HREt a @ccwccp eTﬁ]@ %g’g? qut%col

alfo% i qg 2?% eﬁa@gﬁﬁtﬂc}] d ety IS r 2GNTE e any
anne e channel associated to the

packet data received. The SPI 4 protocol allows up to

256 channels. This field is a don't care in case of a

[01 66?\/I | 5 RQY Eycld, (é]p%@l] miy %n)d d‘éﬁéc(b? a sﬁgl@%"a&kc’ﬂ’@ﬂlﬁ e dateds can

singl e packet” only). But pac ets can arrive
amvcépt,cﬁeaevegilﬁt Ocyg:fe X 59%:{@(6? dg'_i fi 8%1?%8 ett<:1l<gta cr%% étrr&“ 12dr gln&é% x1%hta

ane- packet may arrive), The ingress function wi
from & ﬁtffﬁl W6 hiaEte- BRckef MY gibiest SieaeiRy RIS Iios t?a\tlach of
bel ongs to by | ooking at- the channel nunber. Note that
the pgoketk bting canived theadata belongstte bly denkag atriheaci@vhdl myorter. Note
[0167] In a SPI 4.2 port, up to 256 packets (matching

that ph&l@tdHaRet aipive GhametsIn £anPgorti Nt erl eaved. However,
the Porthos chip will only handle up to 4. Therefore,

any packet interleaving violation wll be detected
and t he correspondi ng packet data will be dropped by
s. function 68 Th i on

' f
(0167 Teoarg%P FRPBatR&r B rkorkeoti R % Ghabis) can be

dr opped
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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due to the interleaving violation. [0169] The nunber
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 2 SPI4.2 ports, the maxi numinterl| eaving
degree is 2 per port. In the case of 4 ports no

nt e .S a e ort 017
o175, 5o s Aok G Bhe U o 2 RS vl b e P rone
i ngress function  perforns an aSSOC|at|ve search into
per foanaalb%ﬁ@watwﬁ@p@cl(l fe adheminydrbls (e champrkylot fhéd). &ael gntry of
of these table (called slot), corresponds to one of
thesettdide Falikdbtlst)tdvatespandbér o sfehepackeks tizh thbeigntacyived. Each
contains two fields: active (1) and channel (8). If

enirycB@aims $06 Fislds VARS8 G d fchds) %8'? at thel B cERRRREAr R FnlNBiat
i ncom ng packet matches the channel val ue stored I'n

the cl%ﬂﬁ?(] %ff tl%é]? 1{11 fgx acket rﬁ téht%g' ﬂ%fchgnq(eé%/gpﬁ gt’oz c—:d m B)éle r?g the active

esp on
t he assom ative search does not find the

entries Hgﬁttéf%ﬂ? ibhiePapiie daterererpdsiPrpae Fdnat raleing eeaed It
(r) There is at |east one non-active entry in the
the assotiztivsrscath dhes natfing theswonatiethettable iben twigsiessiopomty
in this case, the valid data received is the start of
occura hew packet. The entry is nmarked as active and the.
i ncom ng channel is stored into that entry. (r) Al
the entries in the portion of the table associated to
the ingress port are active. This inplies a protocol

o Thirolwdtilant @arcthonhetipaekef indaé ortibh bt DR ta510RROiatiNS the
hardware sets a Xth bit in a 256-bit array (where X

Ingeesy AL IR EBATHG, thﬁézﬁhé rlatﬁ ueRsEeyl i sy qf.amw pamget The entry

1s91t1] frgéhgiss agtl{/% %tzd]tgﬁekl) Cé)ng1r1 c%a\}u%ﬁhg gerd]t(lgto%kﬁt enB%/rt for
° Allm@e Sl i ﬂ@@%&“ﬂoﬁ Bethithié adoSRkl | H@ﬁl@%ﬁ & | REAE GG FOThis

port O, and the second two entries for
1mphes 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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port 1, thus forcing a maxi mumingress interleaving
degree of 2 per port. [0172] The incom ng channe
associated to every valid data is |ooked up in the
vi ol ating_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, vjolated the interleave restriction) t he
channel é loglpsbiiinhe Hhapnslaslphiable: efhaisthe Raskehdtta 1 éloeped [fihe
then the 48 channel is |ooked up in the channel sl ot
packettdabi leppeshe boiledast etapd dkepactiel theicorrdspoppiag bit it thhe
packet data happens to be the |ast data of the packet,
violatihf @heidlLsRPNSEBGedI t i n the violating channels array
IS cleared. [0173] There is no flow control between
the SPI 4 ingress port and the ingress functlon PLD

[01 73 | t i Eﬁ%ﬁg ap 5%7046 HP ol beﬁxﬁeeé 1?? gﬂfﬁ g%te%%%ﬁ a n‘&he 1n£ g?s '
this FIFO contains the information that cane fron1the
functiogp 4 ingress port: data (64), end of packet (1), | ast
byte (3), channel (8), and information generated by
the ingress function: slot (2), start of packet (1).
%F%YS Only valid packet data of packets that conply
PLD ilfeif#£€ nt erl eave restriction will be stored into the
FIFO. If the FIFOis not enpty, the contents of the
head entry of the FIFO are provided to the PLD and
[0174]t he Ifwhagackt data issnat dmpyped].it {sQisé6Ed Autd agiantigEIEOs Ebdladntry
will nonitor the head of each of the 4 fifos and w |

of thls?‘?p@ coM@iﬂs%éj@?&mtaﬁoﬂ bRt SR EBmang Qppldinél%’é Port: Qfagd @M,

his logic is capabl e of sendlng up byt es
val i D core fre
end O%Pagﬁbﬁﬁlzl%ﬂ ?yt% E%I (IdP léuslmﬁﬁé)[ %M(? ﬁléfohné %%1 FENSHRk ate b}g%gl% 11%{ €SS
absor b packet da}a at a peak close to 20Gbps
functlon slot (2), start_of packet (1).
[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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49 [0177] There is no flow control between the ingress
function and the PLD bl ock. This inplies that the
aggregat ed bandwi dth of across all ingress ports
shoul d be less than 19.2Gops (for 300MHz core
frequency operation). There are, no configuration
registers affecting the ingress function. Performnce

[017 7EV enpiR O hb ffE cm%h]g?&%gn Ia‘)é ih ‘gsssi ngétﬁﬁsanﬁ Ucﬂé:PLBrblock. This

gress function [01 e egr unction 1 nterfaces

) PR 50D S SRS Sy 0B

egress _function receives packet data fromthe PBM of

19.2Ghpag {fet 200MHe cpiedigaendypperséiopacket buffer. There is an
I ndependent interface for each of the egress
interleaving slots, as follows: o Valid (1): if

Thereagsey t@dhgusatibh dedigasrs ihRctiigsSihe @fgrdshGuricAipait s. 1t
specifies that valid data is sent in the current
cycle or not. Data (64): contains the 64 bits of

iy data vided. This 64-bit. vector is logically

perfof RS AR PRI B e faatsl R [T accerted
it specifies that valid data is the |last data of the
packet . Last-byte (3): pointer to the last valid M5B
byte in “data'. |f alE2@shipnelionare valid, 'last-byte
is 7; if only 1 byte is valid, 'last-byte' is 0. If 1
or nore bytes are valid, they are right aligned

[0178) f i rite ogadsk diryibe itardeys eh ﬂﬁé%%'ﬂesl@)pgﬁb,’th@PéleetLdaHel_C@[ED)

not occur that, for exanple, byte and 2 are valid,

and thEWhclkPBufh Rndory (PR NEr words, if the data is not 50

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 thé 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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the end of the packet, then "last byte' should be 3;

if the data is the end of the packet, then "|ast
byte' can take any value. o Port (2): the outbound
port. (r) Channel (8): the outbound channel associ ated
to the packet data. Meaningless if the egress port is
not channelized. [0180] A total of up 4 FIFGs, one

th@%ﬁ@ 6f @k %Qcﬁe@ tB8E N HyeS Shbiil ﬁé h eﬁ\ﬂhé‘&tas 1sAhS en$bOME packet,

he 1 ncom ng informati'on. Eac FO has 8 entri es.
ﬂ@@ﬂ&ﬂlbﬂﬁemev@mzmh@amunber of occupled entries in the
MFIFOis 5 or nore, a signal is provided to the
© PCPB@%W%@W’Q@“@%Chanl smof flow control. xx There

® Cfg%gle?@yﬁﬁggﬁtpg{g%% gémﬁg%g&%m%d 8 %ﬁéﬁ?%l{gta&a@a %éq%ﬁgg\fesg e

edresd @bitdfnotdiaessizpar t |nterface [0182] A Ioglc exi sts
that will ook at the head of each of the 4 FIFGs and,
in a round- robin fashion, will send the valid data to
[0180f he AdetabspundiifOsgmesssopipiead. to Ratheegreratintefleayinggjplesgore
ports exist, then there is a 1-to-1 correspondence

the inb@hw@enfoambfid:0 FaBE FEFPRELS ertfies2 channel i zed ports
exi st, then the round-robin logic is applied between

[01 81&' f o\ﬂﬁleﬁé\% il Qudod: Q)F oco?tﬁfeﬁ eHuRed, '{he }C}%ﬁpor C sé 5Q3; o?é a

he case O on- C anne et

mgnaif is PBovegqﬁlrtoft he gégtm%ckeaﬁﬁgi}ﬁsc 15’1&%1% o&" [1%8&1 %qnlixgl t harfhgrgltcg]ll be at
and islot3 (for fifo 2 and fifo 3). In the case of 1
most ¢ lshe|of paekop opte alrealy reasliang in dlisi nTOCqsH 06 AILEVInAANO] B egress
applied anong all the fifos; for the 1 non-channelized
functjpart case, all except one fifo should be enpty.
[0183] The round robin logic works in parallel for
each of the egress ports. 51

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 ports, 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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[0184] The valid contents of the head of the FIFO that
the prioritization |logic chooses are sent to the
correspondi ng egress port. This information is
structured in the sane fields as in the ingress port
interface. [0185] There is an extra 1-bit signal from
the egress port to egress function, "advance' that is
used for flow control between the port and the egress
function in case the egress port can not accept data,

[0184]  t Aihs vielsd edngerdmgiehe heas! piche FIRO thebibe pyoriherimndegic chooses
Whenever " advance' is asserted, the egress function

are séif t@tHevadspoadiag Rgrevapdrtl Thad @ fdrmatibeispatiturdd indRe same fields
asserted, the egress function will not send any valid

astQ§ﬁ§m£¥§¥'HMQH@9 there m ght be valid data ready to

the egress port de-asserts " advance'

it sti ceive valid acket ,
015880 Sudter by Rt 1 eaal BRI it %e%@&suﬁ@au% tlyance
registered at the port side. @&0186] The egress
that i wprst o Howsaniolhetiteopdhe gorhank e caesaiiaption yewuke hategress
of 8 bytes per «cycle, which transl ates approxi nately
port tan 1l aleefbirsa. (GhBOAO Mdzcasgtiee porederesseyy ‘adldngs’,. Vdhenever
mechani smis needed for a port to provision for flow

adv%ﬁﬁ@’t fs %sext%’ 5O QUR AR BRI S8 sen ¥R datatolth ﬁoﬂ If de-
Per f or nance events 12-23 are nonitored by

%@I SRR e ERESS St Lol TR i

: four top-Ilevel functions: packet i nsertion, packet

Vahdrﬁaber 1gadiq be ﬁ%kgtt 1§ GEAPRS mogrsqeoqﬁsqﬁ;d a‘b‘@@f@etﬂl @gcﬂp &, 1t still may
access. Fig. 16 shows its block diagram 52 Packet

receivers@id pashetfdaradh icpele 61 8Bke T ‘sdvahuei cignahisiapduenddaods
with the Portlnterface (Pp) and

registered at the port side.

[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 pelined (throughput 1) into 3 stages (0, | and 2).
Stage 1: [0189] Packet data is received fromthe PLD
along with the slot nunber 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, whet her the packet
bei ng recelved has@qaah&%'gﬁm%ﬁliL%here are three
reasons why the |ncon1ng packet has to be dropped, and

t happe the first data of the

WIS@ackngah?ﬁ%@dggﬂg 3@@“&6 spritigtaog Pl anthe ~ conti nue

configuration register was 0. The total nunber of
PacketRhufipdonirplle@Bgac Kée furmbibe iy tipdinet (ihas:ghpel Daciost stages (0,

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

able to guarantee the storage of a packet of the

maxi mum al | oned size. [01901 If the packet data is the
Swgéfart of the packet, sonme | ogic decides whether to
drop the packet or not. If any of the above t hree
018ﬁ|nd?tloF§nh0|ds the packet_data is dro and the

¥ teprdved Bem P leD plongayileige §§t pwaber thetiihe PLD
packet data that arrives for that packet is also
compited pl élek PBBe BiDBMoTHie stagudrartiaeskett{ats infi@nwitiohés provided
packet will be dropped, no matter whether the above

by theBhD), tthosist ohiskr o udeato W& aﬂ){bl@gneﬁl'i@ & Sétaf) taSontains,
data of the packet arrives. [01921 For the pur pose of ~

for e'@ﬁ%%%ﬁél@@ﬂ%thﬁlé ﬁltgﬁagk ﬁ C}E &l n}a%& hR H}%tdrg]go d,eThgfz'ue

ful or not res er o ent ri

§ m nunber ?{ ent r{)eg) m nus  the
three teasons Wh t ¢ mcoming packet has to be dfopped, and all of them happened when

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

e The ‘continue’ configuration 1'egister was 0,

o 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
when the first data of the packet arrives is nore than
508, the packet w Il 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

[01 9%}? orfd bR Qg A 'tli&wﬁﬂlévpg&lh ghﬁe %gé&%, 89 gxrrxegn%[‘ tv&}.rl]%ther the

sed onthis information eci si

s BEGRR  PRSHESOAD  SR3E s O i 0

descri be how t he packet buffer is logically organized
by the hardware to store the packets [0194] The
[ 019@%& Err dre nunposp &€ Relernpigiiet stage 1 dibethgetheipatietftdue is full or
chunks (henceforth naned sectors) of 641 CB. Sector O
not, @it dtreshobd nibybe oF eamids &K (Gie ytigueXinitfer o@Bare)Ch s die
starts at byte 0x30000 and ends at byte Ox3FFFF. The

mamﬂﬁﬁ‘fpﬁz{ck@fs {BRChRHSE 1dBEEHES il 1*&%1169%@9? W‘hlé’f:ﬁé '4'.“1"%1&01 e, if the

packets that at any given tine can b

il o SpREs pREREE et e ol htvendS 4265 ﬁwg?ogn@e@ecket

sectors, and the packet will be stored sonewhere
""ﬂ“i"?n‘?tD A2d- sector. That sector becones 54 active until
the | ast data of the packet is received. No other
packet will be assigned to that sector if it is
active. [0196] Thus, when a new packet arrives and al

[01931he Teeei S WhAkditNe Iiaackgﬁf‘lffeh%qlﬂ)ﬁ@l{tﬁte to %lldlthé]?ﬁ 3 rnot
able to be stored. Ano reason why the pac m ght

t t ot al
sk RSpAEASH S ok L AR UR UL, R o
maximum_ al | ovve@@ packet size. This maxi num al | oned
Base(l 9u it infpeatio, Hhedesinion seidisy thaackaduplaciecketdiugier space is
configuration register, and it ranges fromIKB to
perfogai®B, 1o ynderstandriemt 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 O starts at byte 0 and ends at byte O0xFFFF, and sector 3
starts at byte 0x30000 and ends at byte 0x3FFFF. 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 1K. B. Wen the start of a new packet is received,
no information regarding the size of the packet is
provi ded up front (the NET bl ock is protocol agnostic,
and no buffering of the frill packet occurs to
determine its size). Therefore, it has to be assuned
that the size of the packet is the maxi num size
activéhdtDediastianrdelie paekétig vioeivedt Nybakhgicketheilled ssighalighhat
space in the sector or not to store the packet. [0197]
sectol 1@1&5@&‘?\/6 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
[0196Ihe Thes apemagey apet arbispend alf Geosgtorsiisediys, then theeacket
| ogic maintains, for all the packets being received,
will riohbe tigie &d be stomcbeﬁnmiﬁel’ayawa vtltyahe haoket inégdin notdwtic‘celdeds'm if
far. This value is conpared with the allowed maxi num

the toRAGKSlabY @@ce’iﬂﬂ dacll 61 thBRoRACKRL seSlogs s SARI@HERLThe & imum
maxi nrum al' l oned si ze when the next valid data of the

allow@c\?é[a(&(et ?Ec[ Efgﬁes meg! P]?lnpﬁ? d pba%[(etglz%e%détgrngﬁ({ﬁ the' ght

ange
and t he rest of the data t

sent to stag gg

‘max RASKEtLSIPS yome 1§ aw@gtst%*ﬁlemataneacfm 1B to 0&Ey i plseraments
Therefore, a packet that exceeds the nmaxi mum al | owed

of 1KBa dKketn the glertwif b ncw@aglee is teyeisal, hnanfermaica regdriltbgdhe ket of
of a size that varies between the maxi num al | owed

the paﬁﬂké‘tels aieliddaamprreos (ABTNE T BNVEIE isSir@ coll A3HSsti6, 418 MEBuffdHhg of
8 valid bytes of packet data can arrive every

the fu(t‘%%cﬁét oc&%l ?&@é\téﬂtﬂﬂ@ﬁs élQ o*fﬂatefo%] 1t' 1‘?&3 '[(%359 %@8%8? tﬂ%‘t the size

no I nterrupt O error ét

oo BT P L em EL0L LS Rrchogel ol LILg o0 2
' error, and the following results fromstage 1: revi sed
Spaceehdh%ﬁ‘eci@a@kmtto étm’ﬁrfélﬂmadﬁacket size. |f 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
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information is propagated into stage 2. 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] Wen
the first data of a packet arrives at stage 2, a
non-active sector (guaranteed by stage 1 to exist) is

end_ (?is ééli@ﬁﬂt fs% Eﬁ‘%dﬁé‘q K)@{en sdhi8o §t§§$ Y arldBd rdsBof 8 Sata that

cuple osen. This is done€ to mnimze the
eventg%lro\g}ﬁ] agfrglrlllt tﬁfﬂ' p%nke%t I&/&}{l b8 %C ) E)%d aIthe{“gf'gllepQﬁchcte that exceeds

for each of th sectors, the total nunber of 8- b

the maKkg atayed W@%Sé%q BHL Motears by FolpEk at & Vﬁ%?a%@%oiiaeﬁ%e that
in the network block (ie packets that have been

\mnesb@ewme@emumumonl&Edewgban@dm1@@@%9H@£kﬂﬁﬂsaﬁenb@sﬁgmnce
56 processed by the tribes, and packets that have been

up to[3rReESyRE o Phcist ddth czﬂﬂhub@@s‘bly tyodd) SNb tati@ith 004 1dfPPRBEY is
[0202] Each of the four sectors is managed as a Fl FO

, inter are maintained for
pm\lgé}gﬁegog{ﬁheﬁﬁo @h 111?{5115%%%‘%&61 cket data will be stored
at the position within the sector pointed by the tai
pointer. The head and tail pointers point to double
words (8 bytes) since the incomng data is in chunks
[019%9f 8SpyeésforrpazgBioTRély iaipronseited exto flege Lhenlid; stert_efapacket,
of the packet will becone (after converted to byte
data, pahdy @asna Wotiappednd it dolldvang bt fpmystigedl: repace of
Port hos) the physical address where the packet

end St ﬁ&cﬂ"ﬁt cﬁiﬁ‘éh 1215510‘1&"%:1! kizber B'é%‘éél{é?gatﬁgs K?B & in's etOr hbesia

e pac first “mgrate IS W
vered on on function). [0204] The ta|
13&“88?%1@#”%¥@@§§W%é%é' ? is incremented every time a

new val i d 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

and start at the beginning of the sector. This inplies

that the packet m ght physically be stored in a

non- consecutively wanner (but with at nost one

di scontinuity, the end of the sector). However, as
procesgedyy|the Bibes sad Pé‘ii(etﬁath@t hae bben mbageedbut sigll aot leech e-

mappi ng of the address is performed before providing
transtohied ot drapped). addr ess of the packet to software,

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

t he occupancy for the corresponding sector is

i ncrenment ed by the nunber of bytes recei ved. V%enever

p t 7 ved fro acket buffer

02028, PSS o g o e R e ST Pl Rt ors o oh ead
.texpl ned% gb- pancy is decrenented by the anmount

pomtgargmamiaingdfor ¢ Ogélt@.@ét harcongog ppskiehdpti will he speckathe

buffer. [0206] Tn. stage 2 the hashing function is

Pomhgbwﬂh@dbﬁ@mﬁh@omnabhyﬁgtmhp&ﬁ&ndata The hashi ng
function and its configuration is explai ned above. The

The hb‘aiiszhndngl peinetd goinapRloLss w61@s GShc%/tésb § ﬁt:e t@? Py tn%ﬁ% ﬁfna i8 1%

(p % % Therefore, when a chunk cont

chunks T 8 bylgg) i d bytes) arrives at stage 2 t he
correspondi ng configuration bits of the hashing
function need to be used in order to compute the

[0203par tT1eltainpsiied GortBS Bl sk dath g?@ﬂ ]It@ wil lﬁ)ééonlmfe{ja? er Q%lsvlgi'tg(gto

function and all the second- hashi'n
byte afiies, ARRLREG Lt BRI ANER %caﬁ m? p&&hw‘%?ﬁ% b Sical addios
on bits to apply to the next chunk of
Whele@aﬁl?a&g% e Byt waaive i IsH 805 of e tlwawvhien ghepet i firs

interleaving slots. hi this state, if there is a

migratge Fhisrig LlGstRuend ev tiramigratian fusctzeyved. The Get Room
connand is generated by software by witing 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 wll 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 conmand w Il be unsuccessful if, o
there are no available entries in the packet table

is 1 emgvet%r ﬁa‘?ﬂrﬁ ﬂgacﬁa%?feﬂ/a@ it l%le gaééﬁkvi&ech@ ackehishuh figlctibR is

request pendi ng Get Room

i be. serve her vaI| dat a
explaifg) Lag %qo&mzmwwor%?g R R G P
Stage | that corresponds to a start of packet [0210]
occupYihg if tielpevlich §uiieit or mati on is provided to stage 3:

valid, data, port, channel, slot, end of packet,
st art of packet, si ze of the packet t he dword
ress, erraor, room, result, and the curre

0206} es thstagﬁ 2tw14811¥1§tf11v%\9é|18 F0lia &hihg dngopHEs PaTiet %%tag%he
3: [0211] In stage 3, the valid packet data is sent to

hashifghfen®B@ and it rcdaﬁgm@udumswxpltamewh abomeo Thethesipng Ketction applies
buffer, and, in case the valid data. corresponds to

to the R 68 %@te@fof eteqa@tsat TheBRMWhER bk EXuriltuitdae (eastsaling aptees
is witten with the descriptor of the packet. [0212]

valid l%}rtes:) g \%%%ks%cred?tﬂ?%éoﬁl ' O}SCL dglg éoGﬁgtgﬁggtr Bltéj@it 1§s1ﬁ1?%] nt s

ess
bl e mprd wi thin the pack uffer the 8
funcuwl%eé tGiPFISedh8 afRTiee NP S R ettty byt es are
actually valid). The PBC is guaranteed to accept this
request for wite into the packet buffer. There is no
flow control between the PBC and stage 3. [0213] If

020’7} he Tal fid-datinaiappenstibe aleall the sbasi-1ewad dasifing functions are
packet, a new entry in the packet table is

apphedn1'1 Féu% 1L glqhﬁ‘gagket@eﬁa P&Qf@ﬁ% descriptor. Stage |

ant ee ere wou

[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:

e 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
nunber corresponds to the 9 LSB bits of the sequence
nunber, a 16-bit value that is assigned by stage 3 to
each 59 packet. Thus, it is not possible that two
packets exist with a sequence nunber having the 9 LSB

[0209;'?i t SAy%gdiﬁg'@TetR&OQ@ I:,l?Ai hm20E whi g%wé’@&ﬁ& ﬁiﬁhé% 1é ﬁ’o vahd data in

the toll'owm ng |n or mat | on: dress

t he "e anded"” wi.t hin th
sure BN D RN vE1Pa 3 SEET i eOeki StBeassiﬂa% of
The expanded dword address consists on performng the
packef.ol | ow ng mani pul ation of the original dword address
conputed in stage 2: mBit[l5] becones bit[14] e
Bit[14] becones bit[13] (r) Bit[13] becones 0 [0215]
Thi's expanded dword address is conpressed back

[021 O? ol | i RIotNE; InPHBhES: 13% %ﬁé’deoestélgB%n vhife d@@cf&ﬁ{ chnnel,
ransmtted out as wi I I" be explained in'th

slot, cnd r9g o 1%(3?' toffH)lﬁ s%]e)ckf t% %Mcﬂr gw (§\7‘§C}ld F&(lﬂ"ess ‘gr get room

|nto. Thi s val¥ derived fromthe second Ievel
resulthgchihg GUireE et @éH@rfgﬁelSV‘? o bashire gl af t er appl yi ng
in stage 3 sone of the configuration bits of the
hashing function. a Flowmd (16): the result of the
Stagefd:rst | evel of the hashing function, conmputed in stage
2. a Sequence nunber (16): the value that is assigned

[021 lﬁ)y anaﬁ%e% LR .8 aﬁé@!ﬂﬁﬁ ]@Stellt)\Q)QhQ!@gC:lﬁf 1&&?@0 9@%1 n into

hé packe has f een recelved. After a

the paoEgt%ul}ﬁﬂ anH 13 %ase 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 § 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, a new 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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has been provided, the register that contains the
current sequence nunber is increnented. The sequence
nunber wraps around at OxFrFF. | nbound port (2): the
port nunber associated to the incom ng packet. (r)
I nbound channel (8): the channel nunber associated to
the incom ng packet. 60 Qutbound port (5): this
i ; , o
packé;.o’@iu\%al‘f’iesl_ll&t gg?sgggﬁh\‘t'/ gxﬂa }éac%ﬂestﬁklt%ﬂxéﬁﬂl gagﬁ%té%g? number having the
9 LSBégs #ssapat h- det erm ned' configuration registers are
witten. At stage 3, this field is initialized to O.
Qut bound channel (9): this field will be eventually
it ' of.t = P VA ; : .done' or
O s A oot
witten. At stage 3, this field is initialized to O.
Status (2): it is initialized with.l (Active). This
o DY HGirWs!(l 6)eURN US4 AARAGdRR Sl TRI the BaddePYidid: Dinere
iT software requests the packet to be dropped, or to 2
theDosied) bytés fahe panket residgquBstegptinied gackésddressizensists on

transmtt out. Siz 19): the size i tes of the
DR RERERE (o e A Rl s el Spioed ek gpiputeliin
«Sechor, ie 65536 bytes (but software can override the
xi'mum al l owed size to a |ower value with the
e maxsacketsize' configuration register). Header
gromh delta (8): initialized with 0. Eventually this
fi%el Bithidl beewresdiiii4lhe anobunt of bytes that the head

of t packet has . gfown or shrunk, and it will be
prﬁovgﬁgﬁﬁéﬁco%?sﬁv\g% when the packet is requested to
be, t AN HELRGesaWt .  Schedul ed (1): specifies whether

the egress path information is known for this packet.
At stage 3, this bit is initialized to O (ie not

-schedul ed) . unc . .bit that jndicates whether
[0214]1e ﬂﬁi@ﬁé%a%eflf v ﬁff*%%%ﬁi RGO R v fipa e
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 OxFFFE.

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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for processing. At stage 3, this bit is initialized to
| (ie the packet will be provided to one of the
tribes for processing). Error (1); bit that indicates
that the packet arrived with an error notification
fromthe ingress port. [0216] The follow ng are the
valid conbination of the "launch' and “error' bits in

=. =.0. The .

o QUBruRRRAELo CRSCRLINI e ok SUSE ks B0 M 5Pl
‘tfeh@e whEthhb| i’ of |dg1 e@y _giélﬂlu abtbdniib@r b ghition feidiérbre
packet descriptor originated

error
WHFt@hgﬁ%Shag@étﬁé%ﬁﬁléWH ized @x}l ai ned | ater on). The

descrj

° 8% 35‘%‘8"2@ Tl fi & e@éfF?fb*Eﬁwzf elAWﬁ@ﬁf&%foféWP\Pé@Vlded

\\Ovhélhth@ﬂd&fef 61 ‘cBrks | fd'eﬁa@hh{éﬂ’ cohlfiguRask %glét@is afd \kfﬂ‘(ﬁg /%t%mge
occup}y space in the packet buffer and packet table
Ifie

Bithasif td*ﬁym?léla@éﬂ@() (since the error can come in the

1 ddl & S|erto et the pac
+ TP D fie WP BRT $Eiy GersBniBh s&ém&l Sismhefly BRnge to cither
0 EEPMRY F NG kAR reg RAGS: "
tﬁg vvagt ed tspacléﬁshouhgBﬁcg(l\(})g@zjencﬁé mal 01 9 ﬁ(ﬂ?{eﬁﬁ%ﬁwam
1ogedetstthelpankei tothoriransmittedroked with an i nval id status,
ore the it occupies in the acket

° @gﬁg f 1:?5 eﬁ&?fﬁze Feboeehiiart Qt? t@&lp BFEIURISAVER 8126 At tbetsize of a
s‘é@t%? rlé B5 6 BRGABRS: G @&aqeo%ften?ﬁqhe 191%2}1151%1 aﬁgwgg s&n?o a

he egress interleavin
lmWeW:ﬂhe el dre ‘azou _pack[ef)gilz@’]co]ilﬁguﬂﬁw[dg@stt@'f) will be

‘aacll at | east twi,ce: once by the migration function to
% L Ghw ihel) initiglizas wigh aEw:nb’raBy rdtie ﬁneld widl qamégin the

d(l)l{i}%:l,ﬁ’l )ﬁéé tlﬂgl’hth@ ﬂgacﬁ T tﬁggaeo‘(i]{etq%ﬁ gbowli ? i tag% 1t|\g1#ll béar
lﬂoviripxbbly software when the packet is requested to be 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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[02181 And the descriptor will be (partially) witten
at | east 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) m ght be
witten twice if software decides to notify this
infornation to the NET bl ock before it notifies the

| of ket nfi | egl
FAFR- 58052, BIARAS Gl R LU AL P CRh bl
aﬂbe'edi enekcapyl éplil‘ce iar the ‘p@ékebbuﬂ&%m@ @@Jﬂ@? tabléh‘.'éf«‘ Eifdpdiity reasons
f uncti on: packet _size': to cap the maxinmm

(paexée eaPyean; cwnt?rla dhe mldhs of the 2@ck16hei ipre#pbtryo 1ot the packet
lgi&gﬁerﬁé & éa‘a% 15‘02&&131( é%%%%ﬁe? ]%Jé %ﬂ)v% 653{151 sg% e bemdes grrors

new I nco

eu mcég &b U&bmtqmas@k@t SlouldtHi®e batialma lﬂﬂ’?ﬁﬁ) ate pa@&@eaésm iptor is
hat the packet table keeps track st at us’
1%8@1@%4 Vithgn méllﬁ é@itﬁh@l%@wém tlis spede that if pecupisein Fscracket

b‘aﬁ‘é% m%é1<?\/ren{d;all{é ?ec'ls{'m edl Wh%la_?l}eegéacﬂ ccilefm 1@&0?%%(2({)1}3% t g % d8& one

con urationr

obht1¢1)dd$jytd1ﬁr®ftlﬂe]e_g3ésb DterfeaSapaéts,| evel
(12_selection[ Q.. 3],

o lamch Fosierrponl OWiBpeve ostwi p[ 0. . 3], 12 first[O0..3],
12total[0..3]) Performance events nunbers 32-36 are

nitored b t he. packet insertion function. Packet
W“ﬂl.p ﬁﬁeéﬁs%éiﬂf&t"flﬂﬁ’ef BERdearhiavinsi PRess e muaiasion drration i
is to nonitor the ol dest packet in the packet table
get serapf Beiinformattonmsd tedde rhtg teetipial mibe, mndydhe trhesmit logic, to
tribes and performthe mgration. The
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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m gration protocol is illustrated in the table of Fig.
13. [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 is greater than O, the state machine that
irrplementsthisfunction wll request to readthe

- seheans iohen: (RGP Gt st AE ok E! BRI Sr ek

ooy the packet table access function (explalned | at er
on) the packet mgration function requests the
o ‘stantsérspesifiecwhthecthe netweidgblatleisan pesekapd¢ mdowhether it is in
articular tribe (the tribe nunber was stored into
THPREC dﬂ%gt tabl e by the packet insert function). Wen
o r& g&ﬁ@ the mgration, the packet
H%$§ﬂ%&%§ﬁ%'f8ﬁ%§§%RQMA élgend in 3 63 consecutive
ecfmkegvdmﬁfsﬂmﬁkmoﬂ_pbmh@elbakb&t that one of the
streans of the selected trib store_ in
° geseqTs leya Kﬁoﬁ@ecéwat%éﬂv#@@t%@ §} é%ssqu[@z%jz]Z ﬁh%[o 3],
fqiug%ﬂa &Rfornatlon is provided in each of the 3
yctes |n ich data is transferred fromthe packet
ntgratlon function to the interconnect block (all the
information is available fromthe information stored
Perfojrpancph VYT pamben Ze3 Q,@retnhféntpﬁg artthe papkel ippeygon function.
function): First cycle: PC (32): address where the
stream of the tri bRaoket higsdtmntfietieaut i ng i nstructions
Flowd (16): the result of the first |evel of hashing
Second cycle: Sequence nunber (16) Third cycl e:
[0220((!)\:;j dtr ﬁlgé%&gﬁge of M Sh &@1'011 agdr, 1?ﬁ&om%roqdéspﬁacfk%{ ergiel] ﬁ&é&%{ table

resi

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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Ingress port (2): the ingress poet of the packet.

I ngress charnel (8): the ingress channel of the
packet. [0223] Note that the sane anount of

i nformati on could be sent in only two cycles, but the
single wite port of the register file of the stream
along wwth the mapping of this infornation into the

differe isters, Y f
consCapgI B P GTBRP RN @Paa??f&ﬁat o of FLELEGER ff i ide
I nterconnect block is p elined in such a way that,

will gfgre|ip ﬁ@neasenmémuﬁta@ra@éﬁ%e@Pﬁumﬁiglsaccept s the
m gration, every cycle the packet mgration function
Wil | provide data. This inplies that a mgration takes
a total of 3 <cycles. 64 [0225] To maintain the
[022% cy ate féivieneigimatibhBiBovigeddin She & e bydle ih katich data is
ways tries to read the ol dest packet to be mgrated

tra.ns?m&ﬁid%a e %Eﬁe@nﬁgl A GhMidR th Qe 1”&%91%@ Bloak ea11 dBChi ne

consu t he entrles In FO and performthe

T TR

the latency in accessing the packet table. As it wll
inseiien §@HOWat er on when descri bing the packet table
access function, requests perforned by the packet
e Fiisgcyld: on functi on to the packet table m ght not be
served ri Figure 13 shows a ti nlnﬁ di agr

m of

% h8C i(%%)e?‘?d&(@é e AN ﬂb"a%‘ﬂ?@twﬂrlrﬁré’ﬁéf(?%‘ N AT B

an t ast' signal is

asglé)tr“?gg6g tﬁ% ﬁe%wgﬁiefﬁ%?n%/?%%fﬁgﬁn?%ncti on when sendi ng
o &ﬁ@mjakmfnatlon in the second data cycle. If the

I nt erconnect does not grant the request, the packet

m éﬁcmenwwﬂmﬂ%n wi || keep requesting the mgration
. ﬂnléf,ﬁ %,rant ed. [0226] The migration protocol suffers
e follow ng performnce drawback: if the

N QlatdsON2Y: QAUEE ad@edsOviRtrd the Biest ¥adkdadf tE@packet resideept
he mgration, the mgration

e Ingress port (2): the i ingress port of the packet.

o 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 interconmect always accepts the migration, every cycle the packet
migration function will provide data. This implies that a migration takes a total of 3

cycles.
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function wll keep requesting for this mgration, even
if the followng 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 overall performance of the processor. [0227) The
foll owing configuration registers are read and/ or

[0229'[)' RN O ﬁle%aéki?ﬁgﬁhﬂﬂ]g?lﬁﬁt h%letls Qf:a&édggchuqé‘%%t alwaysnmes

rogran1counter Fom
wi | |

ea be associ at ed
to re%iﬁg ‘%?F V\{f" PR QTR Bt ﬁé’é@?é‘t‘l W%@ﬁé Singer state
function [0228] The purpose of this function is to
machipp il eonsimedhelegtiepadkistFIF@ and phgorpaibketcycieaditatrkeépsnd
track and deci de what to do based on its status (drop

complyingrwitls thednietcohteet proid 1.1 The FIBOfiOhdBEEd fniquedcite Oteitdyan
four egress interleaving slots. [0229] There is an

accesmgem@ RE&RL t5lahe lmﬁmeﬁs%eﬁ &Cdnqgrae% deOcr B eé‘th% a&ltb% table

f our egress i nterl eavi ng S ach stat

o U St LB Bl
gic to read the entry pointed by its pointer. The
mlgl}‘fél@f be $19d i away- d'1guie 1dishewy e inredegrensofithe mierface
round-robin fashion and whenever the packet table
betwaer s patiehotigmtiomfunotisn ad the @23Rhnbemedel. Tlod tn@T @gnal is
requests to transmt or drop the ol dest packet in the

asseff@Cikefhe phadet fi@atdhid fu6BRFEwWakIesHiA fﬁg%ﬂ?ﬁ‘)nah%n $8the sgcond

V%enever the state nachi ne reads entry pointed by
data E}:vosle @ﬂh@th?t(iﬁo%eec{ gc‘z %tn%t gﬂﬁt glgtl cﬁltegttghug p%él&eﬁg gk aﬁg})'l function

will keep requesting the migration until 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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[0231] The state machine will read the entry pointed
by its pointer whenever the total nunber of packet in
the table is greater than | and 1. 'ol dest-touched' is
1, or 2. the previous packet read was dropped or
transmtted out ( ol dest_processed = 1). 66 [0232]
This algoritlhmprevents the state nmachine to
n t ;
o p?o%géﬁjn %%H%Ir[%@o?ﬁaa?ﬁeg%t%]ﬁ ﬁgﬁ laegg the sﬂ%ﬁlﬁqgéﬁ 1ll}sl’ﬁgg€oichaéed
'mpmmgnkeﬂ®ﬂﬁﬁ@imﬁﬂnngswhﬁammsthe readi ng of the packet
table is presented to all of the state nmachines, so
each state machi ne needs to figure out whether the

provided result i q E . g e (by conpari ng
the entry nunber 132 ctk emnglﬁﬁyf)ﬁtfﬁgctl i sult). Noreover,

in the case that the entry was indeed request ed by
the state nmachine, it mght occur that the packet

[022851€S CTh Phipodeo MR FERELA X thethr e &dé@@?ac%@@ﬂﬂaﬁh@ﬁaﬁcket
machi ne controls a speC|f|c egress por

h
table %eﬁgg Elgﬁléﬂ%é}e d. cu{ehvxslharl % (g E%Sg% b 1%?1{;]1315 (§10H 6{] Oln%aﬁ}spll )eghls is

y the state machine, it is skipped and the next entry
Pelfokl%edrf@h%@toééhe fotneststsi infedpaving §10er ement 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:

[0229 Ot & h RO & mddpendéilt stk hTRCALNESE YR b BRI buPegress
total _ports = 2. State machine 0 and 1 control port O,

mteﬂ?ar\lfg asﬁsstlc?tg e@ﬁﬁ%pﬁ@ %%ﬁl%ngf‘% a pon%ngl{]ttort% ol@ggti)a&ket it kee]%s track of.

corr

betmeen state machi pe and port. ot her val ue o
When §RYoRr 3450 PED Sigip FIACHA Rt et logieqt e gniry B%ﬁ‘?fi by its

The range of channels that each state nachine controls
pointérs The loglcdeld dehediie 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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“islot0 _channels', ,,,. “islot3 channels
configuration registers. 67 (02361 The status field of
t he packet descriptor indicates what to do with the
packet: drop (status is invalid), transmt (status is
done), schedul ed (the egress path information is
known) or nothing (status is active). |If the packet
descriptor is controlled by the state nachine, then:
if the status field is invalid, the state nmachine wl|
[0232pdatEnis hgopdimprevents thewtalid mhehiné rcsoatipmdsly deydihy theasmd-y of
it wll decrenent the occupancy figure of the sector
the pAdkMABEwith MR PaskRtiok 66ihd@%dYpdcRe, &ug @a\@lﬁg\l\%mer_.
packet, including the offset for header growth, if
any. It will also set the "ol dest_processed bit and
decrenent the total nunber of packets. if the status
field is c eted, the state machine will start
I023.3lq ueshs 1‘%\3{@&%@@&?& of thegrackeidalia isqaesepicade pll oAy state
will performas many reads as necessary to conpletely
machisad so euth sifienpakencedfie§gurcegtvbtthenthe provglmeistadt isdhe
a logic that receives these requests fromall the
requéétad endV®9 kbnesrinaid evty husbaeduhSrchR@MADrekiNg. RBE cblerdin
round robin fashion. If this logic can not schedul e

: : ' r _ LNne:.or: | Tt
e GRESERUES She BuPel LhS AL LRGN, Qi g
hi ne know, and.the state chine will need to hold
packef ErRiar GErbAUPLEREY e et e macing PG cRpFitic caress
schedul e the requests. The request to the PBC
port; ap¢ foridwneglized ppripwisaeriiinfaneaal tlomnelstindheaende dw thefrequested
the double word to be read out fromthe packet buffer

entry fsenoc banndked by tibatatandcipos,tit BukpeEd amvhk ekt 4t is requested
request is for the |last data of the packet or not

(the WoInED i OMER A8 aM@WrSbped 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:

e total_ports = 1. All state machines control port 0

s total_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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if the packet is not conpleted, the state nmachine wl|
take no action and will wait until software resolves
the correspondi ng packet by either witing into the
“done' or “drop’ configuration register. If the
packet descriptor is not controlled by the state
machine, then 63 o if the status field is invalid or

[023610NP Tl @ehtust fid 6 Ble@asiae BbREpRKiREchdievRACKES witnBe biket:
next entry is requested. o |P the status field not

drop E%Eltﬁls ﬁs elgg?lﬁig d; EI’HEI%H @ﬁﬁl@ qy&oq%%, ts?lllg aﬂer%l e(ghc? ﬁ'ﬁ fbtclﬁ')t f‘lfmmatlon 15

entry. %[ he status, fi eI d not conpl eted and the
““““Q@hé@@@ Sagsﬂsﬁg“@) the state nmachine will take no
action and will wait until software resolves the

correspondi ng packet by either witing into the

o [0} at.ion reqgiste or until

i e e et P P R e @R E R hBG: vt s on by
witing into the "egress_path_determn nation'
configuration register. [0237] Any request to the

o iffhekietustigld srinvilid, thyotatometien®Bll spriadito plinter(d will be
.event ya th requested data wil | rive .to the PIF
EUEPBLRY Dhdnt o hrer R e 06 0ot R Heh PREOL Bt sar s 2 Which
thh ﬁ&ﬁ%ﬁd o8 ;R YIRRNACIK
PR I p R el AL RS (Bl SR e, i
admlawnlh tloo sé¢iehgpiodrst pFicEQed | H238] dédhmmend tiregath] negpbesd!

@ erforned (up to 8 bytes worth of valid data), the
PEEhancy of the corresponding sector is decrenented

o iPYe ts.ﬂﬁlsmé'f@%rcoﬁg)léf@d gk Q L ?r?achm P o? d‘tl %[Llﬂa%tlﬂ zjﬁl?aé Yo read

read requests Been one pro es

thod ppackest mehomnehd it hell patf@ain ammheyr r e@ds Packeksyits completely read
decrenented. The "ol dest processed' bit is reset when

oft TeRepEtKiEest igrestedie Fgdteged ioplogic 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

68



[0239] The follow ng configuration registers are read
and/or witten by the packet mgration function: e
"default_egress channel': this is the egress channe
in case the encoded egress channel in the packet
descriptor is OxI. 69 o "to_transnmit_ptr': the pointer
to the ol dest packet descriptor in the acket tabl e

o ifthe sidtug figlk in Inyj3HE or completedniti rstatedﬂa@blﬁc%ﬂméé%l@ tagg the
e% gag% AP=Te ) that its head can grow. This
DEHEBHR AR S needed by the packet transnission

o iffth&%hh@Meldnd @bmektddandups atBeduld’ B tNaANCHate ingiehie also
when a packet is dropped or transmtted out. [ 0240]
sRihethe racket aed freds Gemaxiceimvent s associ ated to packet

N

1k flb @EBHL aRCHRERES bl bR aRAGKSes theBBospdiiBngd: @oﬁéﬁby either
can cone fromthe packet insertion fincttion, t

wingettorthgidané’an *dfophedrifiguratiohecpstek et umtrlanﬁwammﬁlﬁles the

f t ft, (th
e“E?Sg?a}f@ﬂ’é?%ﬁe%jf%]ry”f%ﬁ%géﬂm’i%dﬁ%tng‘%sa%ﬂbd{ﬂﬁﬁmﬁgﬁ%t‘”{l‘&%ﬁuéﬂm
kgl f. It has 512 entries; therefore, the nmaxi num

nunber of packets that can be kept in the network
bl ock is 512. See the packet insertion function for
e fields in ach t ries e.is
102301+ A eevrtyo SRR i 50 B e PG BruSih fnd Pty
occur Since there are several sources that can _
the raquatied data 261 axivedo ierRIF sabrdbuk| Bart of tse rregedtée e RBC contains
arbitrate and select one request at a tine. [0243]

the sthitansthediingler, ha%orst inx@Tbapink Qlot hitmb e esMiai NRIRIemi-Bbck
providing.the hlghest priority to the packet

can ekﬁe%@@ﬁaﬁﬁ@met}ﬁ%&@ t insertion tribe. Second

st priority e requests from software
through t he PBM interface, followed by the requests
from

[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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t he packet mgration function and finally the requests

fromthe packet transmt function. 70 The access to

the packet table takes one cycle, and the result is

routed back to the source of the request. [0244] The

requests fromsoftware to the packet table can be

divided into two types: e Direct accesSes. The packet
° ‘waibih?@miitspfpaﬂte mintteh@ theldldes padlishdescripior wkeeoaglgds table

er f ds | LN -
© OB TR et BETHT o ke EhPR Dbt ol HOng LG read

c%@fowg%@ﬁﬁ@ﬂnaﬁ&ﬁ@ $b&ded by ey oRE AMAER SRAGHAGRS 18 correctly
WTte access to appropri atye packet table entry with

updete the vespangy figfro wirhiagackedisujpolzted or irengnidtedoubf t he
packet. [0245] Al the reads/wites perforned by
software to the configuration registers of the PLD

[024@' OCIfhé‘é%req anohredniycd af%meagés%tehqglpgclfe@ﬁ@ﬁsﬁmfsy&?mlﬁnon

he only conflguratlon registers not Iisted above
are: a done': software wites in this register to
notify that the processi ng of the packet is

conpl eted. The se%uence nunber, egress channel and

head grow h delta_éﬂélﬁﬂﬁﬁﬁﬂﬁﬁvw£%9¥ “drop': software

wites inthis register to notify that a packet has to
[024De ditappegoscldrahissenitmndetotchdtmie ths dpffowitdedess¢0B 4l packet

Perf ormance events nunbers 37-43 are nonitored by the

tablePRGHRLed R @mﬁ@ %ﬁﬁthe Gt in@&tlon R %ﬁ@ﬁ Bui f)&‘tﬂ@@ﬁﬁ%@ﬂl&lﬁr
bl ock 1.403 (PBC) [02 7] he PBC bl ock perforns

d
tunofGh s ey RS RER fuleRlh aﬁg VDA eEEPt
1nter}a266) requests to the packet

[0242] This function 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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buffer, and the requests scheduling perforns the
schedul i ng of the ol dest request of each source into
the 8 banks of the packet nenory. Figure 17 shows its
bl ock di agram Requests enqueui ng function [0248] The
purpose of this function is to receive the requests
fromall the different sources and put themjin the

The acepss i e naekat (tatg tak gy @ecyalecang 1&1@#&@’%& ropgpddgh épthiesgurce
tribes, packet stores fromthe ingress path, packet

aﬁheﬁaads.fr0n1the egress path) [and DVA .and tribe-Iike
requests fromthe GB block - TBD]. Only one request
per cycle is allowed fromeach of the sources. [0249]
Wth the exception of the requests fromthe ingress
pat n t u he .

o264 b SBRes O Bh et Do R OGP B Ao R kL B

request fron1the ingress path is stored in a
° D”@é‘g@‘@?@?S Hbe Radet tahite ig éwgeﬁﬂmr@édm@wﬁ%rﬁo frpgessean nselgrm

| ways provide priority to these requests
]&mghﬁé%%@%ékgﬁe they are guaranteed to be served

o Indite@hiccasway Whédb&lsoAlvbretvireE IOl Ae o2 ‘®akT écﬁﬁig@?&ﬁﬁn
and whenever they get 1 or 2 entries with val

1@@@}@5@@ Sardayazd ganalatdse vedanctess tohappeenriads pasiieli tnglesmw owdth
ontro For the requests

1h%%%?ﬁ§yPP§ﬁWfW%“P‘Pﬂgs%fdﬁﬁu% égé%% CSkm and tribe-1ike

requests - TBD] bl ock, the requests enqueui ng function
- perforns a transfornation of the address as follows:
[0245]72 Al fhe r¢rdsiaddessmsiotmed By saftweart hetheaohfiguraen mgisters of the
regi ster space containing the configuration registers

PLD b&i#l atdieanaaeksithe p&ﬂket) table R€cddPARIctidB THelchlPEorifip@ration
address are zero'ed out (only the 14 LSB bits are

1egsm§ﬁ%%im%ﬁ §Evgﬁgrespond the configuration register

upper 1024 conflguratlon regi sters

B&ond to the 512 entries in the packet table (2.

° done are writes 1 this register to notify that the processing of the packet is

completed. The sequence number, egress channel and head growth delta are provided.
e ‘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..

PacketBufferControlier block 1403 (PBC)

[0247] The PBC block performs two top-level functions: requests enqueuing and

requests scheduling. The requests enqueuing function buffers the requests to the packet
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consecutive configuration registers conpose one
entry). o If the address falls into the packet buffer
space, the address is nodified as follows: o Bit 16
becones Bit 17 o Bit 17 becones Bit 18 Bit 19 is
reset. [0252] This is done to convert the 512KB
| ogi cal space of the packet buffer that software sees
buffet, end He rpiyesiscahed2BokBerspacahe Alsdyling diithe ¢ldesy esvmesttcfdach
into the FIFO that specifies whether the access is to
sourck o pRckeinkb uf fiRpHatiet biteh FONFi L GN1AthORs 1t€BlbSE BlaghRACE.
This function does not affect or is affected by any
configuration register. Performance events nunbers
64-86 and 58 are nonitored by the packet insertion ’
function. RequestRegehtedudiddthd ufgionon [ 0253] This
function | ooks at the ol dest request in the FIFOs and
chedul®s t:f b b e, & banks: of. t 2 Y S
O oar L TR S, fortie SRR e DRRRHAS 2 THP o
er bank). lt.will als hedul e up t request per
sourcg ARIaNy fihin ipcnbtesbochisd et Z@m Hh Ly | LEBRCEp A Do
.£0254] The packet buffer nmenory is organized in 8
packef piptss |feoay B IngrRsePallEaerkeb saks from thhegre@4r)i frnd DN Azand
its wwdth is 64 bits. The scheduler will conpute into
tribe-Ikd iehudsantkom 718 GhB tdodkf-€TRD]. Mdndhealgest paussiess blibeed
ol dest requests in each of the FIFGCs and the network
from éddhlo@eSlefcksW | | access. Then, it will schedul e one
request to each bank, if possible. [0255] The
schedul er has a fixed-priority schene inplenented as
follows (in order of priority):

[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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I ngress requests Egress requests @ obal requests -
TBD Tribe requests. The tribe requests are treated
fairly anong thensel ves. Even banks w |l pick the
access of the tribe with the | owest index, whereas odd
banks wi Il pick the access of the tribe wth the
hi ghest index. Since the accesses of a tribe are

o licthpeddress falls ivbo Ui ganfignraimguegisicaspace evdapingithe configuration

‘accesses, W ll. visit consecutive nk t hus pr,oyi di n
TGRSR map ). B8 VR R sl B et AR bty
tid 140ES P bité e KefQWaSdh REEHHEThd MafieORlibE Wk s Aimber). The
regi ster space, no other configuration space access
uppdr|1 08¢ ceftmaticadegisiorn canygspond thise i 2 lsegico in BBIpagkdtitdble (2
t he tEreviﬁus_access has been ger&p med. This function
CHSEE SO MP IR TECB R HEIRE? 8% 9%y confi gurati on

o I88h&d8s-ralNBES @F ﬁsaa&ebﬁﬁé@b&emea@a@s&%a&%m.ékfaééuo@z
and 59 are nonitored by the packet insertion function
o Palgik &6 BedohessMandr y bl ock 1404 (PBM [0257] The purpose
of _this block is to performthe request to the packet
*puBif &F begpssRit B the configuration register space.
Menfhe result of the access is ready, it will 74

route the fTesul t (if needed) to the correspondi ng

[025H0Ur TRisQf déderolcfkeSthe STIRBAbdiER KR of iMHNGACk O TR that
this block are the configuration register function and

o EBSERLL ik UG Sy P 48,3DRYSJ b

.Elocr_ Th gacket.b ffer Lgﬁ%SGIa in size and it is
speci g Wl W@e (OGSIF SR ReiPACKS! PR ar dha conighrakian Tegistar A
havi ng one 64-bit port.

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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Therefore, the peak bandwi dth of the nenory is 64
bytes per cycle, or 2.4G bytes/sec. Configuration
regi ster function [0259] The PBC scheduled up to 1
request to the configuration regi ster space. This
function serves this request. |If the configuration
regi ster nunber falls into the configuration

the dlff@ga,tstamhéat@ tequestsithe dldert rdqueste oneachlof tie Féli\@ﬁ apbipgmepwork
event[0-7]" and " pert counter_value[0..7]'), this

in regiktef) Giill@Bcex Qb aswilhehede 66 feqatdes woﬁfbalﬂt,hépwssﬂ)ﬂxest
is broadcast to both the PIF and PLD bl ocks. One of
themw || execute the request, whoever controls the
correspondi ng configuration register. [0260] This

fun e tr he events. tha
10255300 1m0 SEk e i SR or G APl BB (i o of
8 of those events, (software can configure which ones
priotity)ly keep track). 75 Result routing function [0261] The
result routing function has the goal of receiving the
o Indresukduesk both the packet nenory access and the
configuration regi ster space access and rout it to the
o DBgresprag@cstdf the request. [0262] To do that, this
. Glfunctlor{ mﬁg ed sone control information of the
Plg) Fipsts is later on used to decide where the

o Trib834Hubsts. mﬁhﬁb@@qué@&eme%ﬁe@kﬁw 69bhg BlehRBS O EVeRBanks
result "of the request are the same sources of requests

w1ﬂ pidktibe BBEswiftle tribe vethdbpidvaest nflet, véheregodd Haplest hill pick
. etmo%@rfué X gests t hat no need coEglrnatlon

“eo%cc?%%é? fagw 1"? 1eph e Pct"est 18 37RESTSF SR LR Phcket
ex;?é& dd8b b%&?ﬂ @t?,\én{lae &%éﬁuﬁ%‘ bades QB will §%HiSoBEecutive banks,

ncti on. ormance events nor
ﬂnﬁqm$m@mgaﬂmbnamqgusﬁﬁnﬁmmhGMﬁSSOC|ated to this

[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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function. Interconnect Block of the Porthos Chip
Overview [ 0265] The m gration interconnect block of
the Porthos chip (see Fig. 1, elenent 109) arbitrates
stream m gration requests and directs mgration
traffic between the network block and the 8 tribes

t S resolves deadl ocks and ha es e

route 41%%@@1«11# ﬁépgedeﬁm PREUTesPY u%f@éﬂ.lﬁf@ﬁﬂﬁ@lﬁﬁ&?@?ﬁhﬁ Cﬁf% Phce
nanes follow the convention SD-nane, where S js source

functidyisow ks blode averilie prfiguesionireristriofnetisctaddbriesul KB o c k
codes are: T. Tribe |I: Mgration interconnect.. G

functid0 Mg B Isksw{ DRBIOLk Fagrand 9 is a tabl e providing
Interface to tribe # (ranging fromO to 7), giving
name and description. [0268] Fig. 20 is a table
providing Interface to Network bl ock, with name and
des pt i . 21 i a _table prov

025515 G5 B0 h D28 Bl B i Aol S8 LB B, PLOULANE 1 5
Tribe full codes are: TRIBE—FULL 3 TRIBE NEARLY FULL

~ it is plyysically organized in 8 interleaved banks, each bank having one 64-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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TRIBE HALF FULL 1 TRIBE EMPTY 0O M gration Protocol
Timng [0270] A requester sends out requests to the

i nterconnect, which replies with grant signals. If a
request is granted, the requester sends 64-bit chunks
of data, and finalizes the 77 transaction with a
finish signal. The first set of data nust be sent one
cycle after "grant ResulThetispdmadtiotil ast” is sent one
cycle before the last chunk of data, and a new request

[0261Fan De refEO@tiAg FMEHGERR BY %&ﬁ of kR i theysul BeHH@Whe
data transfer to happen right after the |ast data has

paokegﬁ@ﬁ]lo} iz seﬁ] %coﬁnﬁé@ﬂﬂmﬂe@%&& écgenacl:g'ss %ﬁ%%{ % to lhe source

enever t eStI natit on rati

or a destlnatlon tribe is halted when "grant" |s
Ofﬂméggﬁﬁted and can restart one cycle after "last" is
asserted for network-tribe / interrupt-tribe
m gration, or the sane cycle as "last" for tribe-
tribe mgration. [0272] There is a race condition

[0262pet VIEEdo ihag thik &gictios bigral somrdohtisl 111fd#h1|at101§5b19ﬂﬂa|1ec%u-gﬁewhloh
"l ast" signal can be sent as soon as one cycle after

is later Tl r

18 latela ?ﬁ a0 ta‘rﬂg%lkig \&?1?% rtnﬁ@feglbl?%o_}ddc %A Thg"i') %élylg%e%tlze}]a@é% d&sthe

) apd prevent aqverf | nost f .S

result 8@@18 e gt aee e § TR 16 g 3 actha presmtion of tre
tribe. [OZ?BL The Network-Tribe / Tribe-tribe

egressagy @eiverk prbtegaests) thatida goi seed lpowfirrhatioRiod the wtes.
I nt erconnect nodules [0274] Fig. 40 illustrates

[0263] nt efteanngBiconedithete patiest bifrer 6o bsCindBhOek ipangiost S
of 3 nodules. An Event nodul e coll ects event

registdr H.QHagt i on and activate a new streamto

[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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78 process the event. An Arbiter nodul e perforns
arbitration between sources and destinations. A
Crossbar nodule directs data from sources to
destinations. Arbiter Arbitration problem[0275]
There are 11 sources of requests, the 8 tribes, the
networ k bl ock, the event handling nodul e and
transi ent buffers. Each source tribe can nake up to 7
Inter %uests one for each destination tribe. The network
gf event handling nodul e, and transient buffers
each can. nmake one request to one of the 8 tribes.
0276] If there's a request fromtransient buffers to
[026¢] t r e ace hames feowdhe peryentien HP gz, wheye Sisi soyregidodko
arbitration is necessary for that tribe. If transient
code bif Deg §esaingiondtlodkedoidag The @R sbdestalen arbitration i s
necessary. [0277] Fig. 41 illustrates a matching
matrix for the arbitration problem Each point is a
possi ble match, with 1 representing a request, and X
T: Tribeani ng illegal match (a tribe talking to itself). If
a source is husy, the entire rowis unavailable for
I Miggi EFe™8H in prioritization and appear as zeroes
G: Cdfvdilpe matching matrix. Likew se, an entire colum is
zeroed out if the correspondi ng destination is busy.
[0278] The arbiter needs to match the requester to the
estlna on i.n such a way as to xim ze utilization
0267§f g L ARESHd MG R Pidaca e 81%’%@@}&% Gowt G A #igHE
79 [0279] A round-robin prioritizing schene is used in
nameznd dpgsoigiionent . There are two stages. The first stage
sel ects one non-busy source for a given non-busy
destination. The second stage resolves cases where
the sane source was selected for nultiple

[ozss‘ieSt Ff%aé(') R Sable providing Interface to Network block, with name and

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

77



[0280] At the end of the first stage, a crossbar nux
sel ects can be cal cul ated by encoding the destination
colums. At the end of the second stage, the "grant”
signals can be calculated by OR-ing the entire
destination columm. [0281] Each source and each
destination has a round-robin pointer. This points to
transagtipa wigoufinish signgle sklierfasti sshofidatehmusidetsentastcypleiager tayant."
The round-robin prioritization |ogic begin searching
The sifiel "Takte if densdneooseld aire tiedpdt @Bl o RS, ian@k new request can be
begi nning at the pointer and noving in one direction.
made 388 ddyB1e. 4Phid AR Hahes dgirab?tahﬁgr fUAY6en 1‘iglli‘tedfter the last
arbitrati'on schene descri bed above 1Is gr eédy, "
aning it attenpts to pick the requests that can
dmah%ﬁgglgg?ﬂg %%ping over sources and destinations that
are busy. In other words, when a connection is set up
between a source and a destination, the source and
destination are | ocked out fromlater arbitration.
[0271]W t Arbiiagos chergeingtwienevearle datesionhgbe tshfeecartibiteation for a
starves certain context. It could happen that two

destindtRReAbEH NaRGHUGRES ' o Whit Iy RYLfcl1ARP Eﬁgretsfa?tnﬁ@“c&.bl@@ﬂ%f NESY is
can prevent other "requests from being procéssed. T

d 0
ATV, thi . he arhi.tration operates in .two,odes.. .
assert 6ol e G A e Bl R BE IR B R e D i R0 &5 b

. For .each request that cannot proceed, there is a
tiibe MAGAHPer that keeps track of the number of times that
request has been 80 ski pped. When the counter reaches
a threshold, the arbitration will not skip over this
request, but rather wait at the request until the

[0272]sOuTBEcans e Sbhdiabh BRwWRES OREI AV dAPLET the FullMlifiap! €he
requests reach this priority for the sane source or

113 29 i i = 'o _uV\All.n e alo.'d t‘ 29 -
e 5380061 B0 ol D 905 B PR b B LI B e
can be sef yia_.th%,C}eed . Threshol d configuration
4 cycles é"tgtfzrs tesant” fom tribgy iLggvoid this race condition and prevent overflow, the

“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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[0283] Utilization of the interconnect depends on the
nature of mgration. If only one source is requesting
all destinations (say tribeO wants tribel-7) or if al
sources are requesting one destination, then the

maxi mum utilization is 1.2. 596(1 out of 8 possible

pwoea%ﬁ“.e%'%@te%?;ﬁ%ﬁ%"f&?rﬁé e B v BEion Bl S g g ' °
tribel, etc hen the maxi mumutilization is 100%
destisisgh. o € reaga 19?416‘?1dlﬂ eedAla PG, souges 19 destinations

deadl ock resol uti on. Deadl ock occurs when the tri bes

in mgration |loops are all full, i.e. tribe 1
requests mgration to tribe 2 and vice versa and both
biterihes are full. The | oops can have up to 8 tribes.

[0285] To break a deadl ock, Porthos uses two transient
buffers in the interconnect, wth each buffer capable
Arbightiet proldgman entire mgration (66 bits tines maxi mum
mgration cycles). The mgration request with both
source and destination full (with destination wanting

[0275t 0 Wl“lgirl ate 1ngo),u c@%gf 1@%&%” 1et80t11ﬁe§ rﬂ%‘?&t\?&k Iﬁ&fklfﬁ g{e' ev-nge

tranS|ent st ream beco I orit
e destlnatlon mhllg at the

nanclyfh @i Fstl Bhh i o SpedR it o SR P rfeqRFSishene
second transient buffer. Both of these transfers need
for eagly dgstingli @nirige. Abanegrinbloel peentthandiédgmode,snd dwesictio
the destination tribe and the tribe is not allowed to
buffespatincanemistaneasquakittbione bf thelsftribddhi s process is
indicated to the target tribe by the signa
| T _transient _swap_valid#. The migrations into and out
of a transient buffers use the sane protocol as
[0276 r i bié1iterd'heraqirept doinmamsidnOB@Brs khi sibepthandqheghasthbitighest
detecting only possibility of deadl ock and not the

prioriBCdntab adeasti Qrk ne@Rgy F@hat |t1tlb@| Ilf‘ﬂ‘éﬁsﬁlﬁ rbﬁﬁ&q e 8RR
whil e 1 ooking for the actual deadl ock, although there’

rﬁﬂw%ﬁ%@f%ﬁ?ﬁﬁ@13@3&%“38ﬂdead'°Ck is found. .It al so

[0277] Fig. 41 illustrates a matching matrix. for the arbitration problem. Bach point is’
a possible match, with 1 representing a request, and X meaning illegal match (a tribe
talling 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 starvation.
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reduces the hardware conplexity with m nimal inpact on
performance. [0287] A mgration that uses the
transient buffers will incur an average of 2 mgration
del ays (a mgration delay is the nunber of cycles
needed to conplete a mgrate). The delays don't

i npact performance significantly since the mgration
is already waiting for the destination to free up.
[0288] Using transient buffers will suffice in al

dead| ock 0y ol vi.n maration:. Sinple
[0279] de % i é:llgd ?%b&ﬁ'?hloﬁg %i 1emf 1?8 eg 1{1% Bléléo&%ep{ n:gllleée are two
dl.ock | oops with 1 or nore shared tribes Miltiple
stages défﬁ%l Fieg RlapORPCIPRCHIORP IS 0 Wer FoF RIseY coMgRtqusY éesd@a@% ckhe
| oops that are connected 82 [0289] In the case of
secondnaiidge ipsadvdscogps witehetht sans samte wud febrcsedvint mubipdakestinetions.
loop at a tinme. The loop is broken when the transient
buffers are enptied. [0290] Hardware deadl ock
resolution cannot sol ve the deadl ock situation that

[0280] ' nv \ﬁge d?lﬁqﬁ‘tﬂi(@ﬁl%t ggé) o@glym g} E&rseﬁac &thn g? cgiculg{e? yb e

one For s Omé
in_the another adlock | oop. 1 hat has no tribe in

BncodIE% }H%oq%smﬂﬁn@ﬂlémms <t theoend of the seqendesiegepier’ @ffgl‘f mﬁlgmals can
service the first deadl ock | oop and can never break

be calquteged booB-ing Bveeantirgrdeitingin0@diin.Upon har dwar e reset,
an event nodul e spawns a new streamin tribe 0 to
process reset event. This reset event cones from
gl obal bl ock. The reset vector is PC = OxBFC0000O.

[0281] [ 0292, Bygnta, HH%Q&{ E%sﬁﬂﬁyﬁ%aé 2 TEMETHE aprgu\{tlela ’E“hlg points to the

I nt er connect o

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 transaction 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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external and tinmer interrupts. The default interrupt
vector is 0x80000180. [0293] Each interrupt is
maskabl e by witing to Interrupt Maslc configuration
registers in configuration space. There are two

nmet hods an interrupt can be directed. In the first

nmet hod, the interrupt is directed to any tribe that is

sklppélpt Ve e colike? réSh@GCOrRhbaNgd afytratidhsyEMRRkIiARAE Bis

meki ng requests to all 8 destination tribes. Wen
1eque§mh§ut ralﬁ1§1e\%a&gét?tgé egﬁ?sﬁ ﬂgultt%é IS(Q.?CC !B{ezlgdegtx %ﬁ%op%%?&hg avHiRBR.

ration for _the |nterrupt handlln stream In th
Ifmu%’@ AuerksRYY, thiswEofiv feF igpeme sOHes ﬁb degtipahane thepong-tyPre
particular tribe. The tribe nunber for the second ' '
will beretlbvedd tosproesier! img stnial hndreotiodashion. Tdpdlmietlicdd cusbmget via
Interrupt Method configuration registers for each
the GleBEeThtéplold EOZSAkatiohegigeent nodul e has a" ) 2-bit
tinier which increments every cycle. Wien this tinier
mat ches the Count configuration register, it activates
a new streamvia the mgration interconnect. [0295]
Utilizdtieni nterrupt vectors default to 0x80000180 and are
changeabl e via Interrupt Vector configuration
registers. [0296] External interrupt occurs when the

02832)(t .G{J{lg%atflo ?I[l{GLiB{e Pﬂeclt de nﬁe%r ?Eltj ?1% ntaLlIle np 111!;1]3.{131?(111" Io*?‘dy one

0 accep e?ru

ndi n til a thread becanes bIe 0297 In
sourc fgeqieng b e-Pat S BATE T b PO BadhRgt1oeb ale
activations, rations from network to a tribe can
requeiing angi cteetdmtlmetg@l the mexgmamertisieation ia 1RVl kutvif Griessible
Limit configuration registers (there is one per

simuliahbd®)coni¥ieibnd)hef fe fioarofehigtlios adsnidifedtiohdl (ay newaghes
it's corresponding limt, new mgrations from network

tribe0t Qited %% gf%i\}\ibgf{zrtﬁ?ﬂ?% beditih ki 4 iDyelgr of threads

drops
Deadlock Resolution

[0284] Fig. 43 illustrates deadlock resolution. Deadlock occurs when the tribes in
migration loops are all full, i.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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Crossbar nodule [0298] Fig. 44 is an illustration of
the crossbar nodule. This is a 10 inputs, 8 outputs
crossbar. Each input is conprised of a "valid" bit,
64-bit data, and a "last" bit. Each 84 output is
conprised of the sane. For each output, there's a
corresponding 4-bit select input which selects one of
bighel Ol AR, R DAt LU SRR b P B Bt BAR:
.the output port.is being sel ected or. busy. hi s
dostinagu gs0igpis PEHIQSIR 10 THOR LSBT Trbl PEnSsrsTes
"last" so that those signals are valid only when the
need fobq atpwichweyning he oter pansiviss pgivet lertbadiséingian bk agd the
sent to the destination tribe. Performance Counters
tribe {sQ29 AMoWNdtth sperd nevwranesn ool @es. tihes frecdsoistabeetedfo the
the interconnect can be determned. An event is

targeBEILE BT B s%ylal"ﬁ_ttﬂaﬂéieﬁtgsvt/i})e vhid & ¢eR Qﬁ%fatigi{@ﬁ‘ltto and out of a
configuration Tegisters (oneper tribe) In
confi-gurati.on space,. obal | ds. the selection via

B ans]teﬂtenb uf%éﬁ g e @é?tog?ﬁ%oasgﬁ%e’{}%eﬂ%lg@%?‘y i nterface
returns to global the selected event count every
cycle via the event bus. The events are: Total nunber
of requests and total nunmber of grants in a period of

[028d]i meThislumierd teginségyulesictnga oy posdisitityodf dgadintls addiotelac h
destination in a period of tinme m Average tinme from

actual 8RRk chRIIBEANTE A0YRE RAlrlva (AYEEAAShild BBKLE 5P heduest
to grant for each destinatiionn m Average tine from

dead]%?l%ﬁ%éu&ilglﬁ% %pa&bé Odsc§ %%Qre%%ucfeg(ﬁocek @Vfgﬁl?@ %t gsg L tsita%ﬁally

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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Average migration tinme per destination Average
mgration tinme per source As Configuration Registers
[ 0300] The configuration registers for interconnect
and their nmenory locations are: |Interrupt Masks
0x70000800 I nterrupt Pendi ng Ox70000804 Ti ner
000000808 Count 0x70000810 Tiner Interrupt Vector
0x70000818 External Interrupt Vector 0x70000820
Greedy Threshol d 0x70000828 Network Mgration Limt

[02891% 70ﬂ%§%93e'@@iﬁﬂ 1k 'Mog)% FRC BBl Q¢ Kuffs W%l deRioRe loop at a

ervi ew 103011 ection describes the

. arc ctu i nterface bl ock,

U“’C-mge R bsnﬂgle & W{eﬁl A %Sr]?}]nglgﬁ?r)l’{g EPHS the tribe and
the gl obal block. Fig. 45 illustrates the tribe to
menory interface nodules. Interfaces [0302] Interface
nanes follow the convention SD signal _nane, where S is

[029¢our terdvizredéadtrel ecsaindioD camnot eslve tiatdeadiotlt Dolkticotet involve
The bl ock codes are: T: Tribe M Tribe nenory

softwlafd @i)%ﬁfe@cy. For example, a tribe in one deadlock loop waits for some result

~ from a fribe 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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L: Tribe nenory controller 86 G Controller Fig. 23 is

a table illustrating Interface to Tribe. Fig. 24 is a
table illustrating interface to Gobal. Fig. 25 is a
table illustrating interface to Tribe Menory

Controller. Request types (not cornrrand type) are:
MEM UREAD 0 MEM SREAD 1 MEM WRITE 2 NMEM_ UREAD RET4

R RET 5 ME ITERET6 MEM ERROR RET
Pammv\%ﬂﬁﬁff?% 86‘&8%’8%0 he sepidgpotogapwiltRs Bhiefk ni%hqd are
MEM SI ZE 32 2 MEM S| ZE 64 3 MEM SIZE 128 4 MEM SI ZE
specifipé @siBg Intarraptfdelbod Penlipysatibnirbg@stes for ¢aok intemty
interface timng:

[0294]  The event module has a 32-bit timer which increments every cycle. When this
timer matches the Count configuration register, it activates a new stream via the

migration interconnect.

[0295] The interrupt vectors default to 0x80000180 and are changeable via Interrupt

Vector configuration registers.

[0296] External interrupt occurs when the external interrupt pin is asserted. Ifno
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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97 [0303] Tribe sends all nenory requests to tribe
menory interface. The request can be either access to
tribe's own nmenory or to other nenory space. If a
request accesses tribe's own nenory, the request is
saved in the tribe nenory interface's request queue.
Else it is sent to gIobaI bl ock' s request queue. Each
t hese es_hav rres ndi,n [,y

outp it ETRGET ST T CBEeD| BeReoh GUeTD e ar el R T sttt
correspondi ng menory space. [0304] A request is valid

inpuf whiehecleed ong WBile Hill?}ﬁ”s & thed garvfigular peipal CElpt. 8T sRFhaNEL,
tribe nenory interface block. Due to the one cycle

theretiel Ialyit fput Which ubdicasésgnadtherttheodtptit post ighaihg selstted bebusy.
asserted when there's one entry left in the queue.

This Fbtggyr Bit ?sGANbE&‘ ShhabEseIEdit D8 ali@ Ald BerTRBENLbY SEfaBCRe
timng. Tribe nenory interface to controller timng:

vahd.[on? %1611 ttﬂe }S)Otl't E]St lﬁtr { a‘fﬁe oﬁtr]?gt {an%% X oI 1%“% Qétft% Gent fto hle .

aces'in
asserted, the nenory request is held unt|I the ful
destiggtoRdrib§-s de-asserted. Fig. 27 illustrates tribe
menory interface to controller timng Tribe nenory
interface to global timng: [0306] Tribe nenory
i nterf n send request or return over the
Perfprmancs qu%”Bus (M*transaction*). dobal can send
request or return over the GMtransacti on set of
signals. 88 Fig. 28 illustrates tribe nenory interface
[0299]0 glVdidaperfdrmiang cofinichethapadoynannt ef thadeetsbwodet nodd es
I nput nodul e:

determined. An event is selected by writing to the Interconnect Event configuration
registers (one per tribe) in configuration space. Global holds the selection via the
" selection bus, and the tribe memory interface retums 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

e Average time from request to grant for each destination

o Average time from request to grant for each source

e Average migration time overall

o Average migration time per destination

e Average migration time per source
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[0307] This nodul e accepts requests fromtribe and
global. If the request fromtribe has address that
falls within the range of tribe nenory space, the
request is valid and can be sent to request queue
nodul e. If the request has address that falls outside
that range, the request is directed to the gl oba
@%&QF. he, tri be nunber is tagged to the request that
Con §1?'b£§¥‘6f85ﬁ bl ock. [0308] G obal block only send
valid request to a tribe if the request address falls
W thin the range of that tribe's nmenory space. [0309]
[0300fhe ThpeanfigpdtiPe regasienstfer inteeowadel ehd thquesindary leetidhstage:
request buffer, which has only one input port. The
selection is as follows: Piclc saved tribe request if
there are 2 saved requests and an incomng tribe
InterppiMesg®, or if there' 9x8910P8ddved tribe request a El se
i ed gl obal req j here's only saved gl oba
]h““ﬁggﬁEﬁﬁé (r) Else picﬁﬁﬁg%@EQ%g tribe request if it
TimeeXi sts e El se pick i nganmoigsgs obal request if it
exi sts The nodul e sends flow control signals to tribe
Counhnd gl obal : 89 Stal [0x¥9G0881¢ equests if there's
L 1] | obal requesy | gl obal requests if
Tmﬂ%ﬂggghggﬁggbning tribzﬁ?ggﬁés [ 0310] Save gl oba
Extemaldferiiht Veypatt is not osed@oBe@ during nux sel ection
and saved input slot is free, Else keep old saved
Greeghhpliyesho®l ni | arly for tRVOO08BAbut. Fig. 29 illustrates

Netﬂoﬁﬁ%ﬁgr%@%ﬁi@t all si %)Q%@OS% g. 46 illustrates the

pu e data path. equest buffer and issue
nmodul e:
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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[0311] Fig. 49 is an illustration of a request Buffer
and | ssue Module. There are 16 entries in the queue.
When there is a new request, the address and size of
the request is conpared to all the addresses and
sizes in the request buffer. Any dependency is saved
in the dependency matrix, with each bit representing
G: cAndgpendency between two entries. Wen an entry is
issued to menory controller, the correspondi ng
dependency bits are cleared in the other entries.
%w312 Th diff t dependencies are:
Fig. 295 ¢ & g?ltué‘?’“%qgt tel 1990 dEB8nd wite overwites data
witten by the first wite, so the second wite is
Fig. 7|4@$awbﬂmﬂealatnlgbeteﬁmdeﬁé@lwlbef ore the first wite.
Wite-after-read: The read should not be affected by
Fig. 26 hea wibid #lustiisg, inteHgce tWTrbe MEna9CIheoakl oned to be
processed before the read. 90 Read-after-wite: If
there are not enough bytes in the witebuffer to
forward to the read, then there's no forwarding and
the read is not allowed to be processed before the
wite. [0313] read-after-read, if there's no wite
Rﬁqu?%“@ﬁ%@§%ﬁ@ngﬁaggg§ ) BBt ween the reads, the reads can
be reordered. Each entry has: 1-bit valid 27-bit byte
address 3-bit size code of read data requested 5-bit
MEMsURE&HD nunber 3-Wit tribe nunber

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:

87



5-bit register destination (read) 64-bit data (wite)
16-bit dependency vector [03141 This nodul e al so
reorders and issues the requests to the nenory
controller. The reordering is necessary so that the
menory bus is better utilized. The reordering
algoritlun is as follows: |If an entry is dependent on
anot her entry, it is not considered for issue until
the dependency is cleared. Find all entries with

[0303] 2ddr8sSsehds A MankrydeflRtaptritd @man)inicsBes A iagHest cim
the previous n cycles, where nis the striping

. di AL 16 e
v BALES by S i M BN o et
.., issue up to x nunber af. the,%ane &Xpe %ﬁgad or qute
tribe’s Qyat BPEOSWIECHIYRS! 15 £87drB I DF PIFEIOTY e REC B HF S dp5Rc
is not avail able, continue issuing the sane type. u
Else, it Saseet torgotphhlockisiraseest gheuch d24ch of Bwse eepueshaviert hi story
table. [0315] A count register keeps track of the

correspobdE Ful pdignag | wid cle tllle ingtse blbék fohtopsndliar requesichelse a
wat ermark | evel, both the MI_int_request queue_ ful

. o nsaction_full signals are asserted.
comeng M

Fig. 47 Illustrates a wite buffer
nmodul e. [0316] The wite buffer stores 16 | atest
wites. If subsequent read is to one of these

[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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addresses, then the data stored in the wite buffer
can be forwarded to the read. Each entry has: 3-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 conpared to all the
addresses in the wite buffer. If there is a match,
the data fromthe buffer can be forwarded. 92 [0318]
Wien there is a new wite, the address of the wite is

Fig. 2& Dnp@dteshribe n@hlory hterfadds embesihiigt he write buffer. If
there is a match, the wite data replaces the wite

buffer data. If there's no match, the wite data

|tebuffer entry. The
'T“benl Sgﬁ%ﬁ“%e Fm<‘“°¥g cked based on LRU bits,

descrl bed bel ow. (0319] To prevent frequent turning
over of witebuffer entries, only wites from|l ocal

Input ppdye are all owed to replace an entry. Wites from
other tribes are only used to overwite an entry wth
the sane address. [0320] LRU field indicates how

[0307]r ecemis thb@ileidcEdts hafiehe eRnaebess€ dlobdhar HeGBliest B8m tribe
nunber, the less recently used. A new entry has LRU

has adéﬁ%lsé‘tﬁapifallg%{t m tﬁgﬁé]%% o?E*lbteql%lﬁm{y%@ac%nth%qgcﬁ%& {sq/a {i'gnd can

omthe
t he va reset to t he, ot her
be seubfurgasEt CHERET B TS ACOE Y BT RGAE: oy dodhiaeenss,

reaches maxi mum it is unchanged unt|I the entry is

the requesfes flirgragdrig thecglebal ddock OBR1jibermenberpd tageertiotthe nquypstitisat
pi cked fromthe entries with the higher LRUs before

goes to global block.

[0308] Global block only send valid request to a tribe 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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bei ng picked fromentries with [ower LRUs. Return
nodul e: [0322] There are 3 possible sources for
returns to tribe: tribe nmenory, global, and
forwarding. Returns fromtribe nenory bound for tribe
are put into an 8 entry queue. Menory tag information
arrives first fromthe request queue. If it's a wite
r et Uehy .. F e rned.to.tribe imrediately.

I fe' [ ? E%,l déf;? geglg?ﬁlglff ﬂ%%{ 1"?1&%1%1 n"f%?batl F'leequregtad dat a

r et usailingobd Feestaf there’BendbRABE Hibel 23l f gl obal is
contending for the return to tribe bus, nenory bl ock
asserts Msrsp_transaction_full signal to tenporarily

to he,response.from gl ohal tribe ory returns
03108 S BRI PRRGR L O Be Pt Prn s Ehamnh catd vt
,[0324¥ There are 2 possible sources for returns to
slot isfresphise kesn ¢d spedgpiulanemilabr fatdiedgputThese nust
contend with tribe requests for the transaction bus.
Returns from tribe nenory bound for global are put
. ,hnto another set. of 8.entry queue. This queue is the
.ﬁg.Zéﬂhppg Spgmiﬂﬁgﬁﬁéﬁgsﬂggﬁgnated for returns to tribe.
[0325] If tribe is contending for the return to gl oba
bus, nenory bl ock asserts MI_ext_request_queue_ful
Fig. 46 ilipstrhtes thestiop mdileddtepathl requests fromtribe so
tribe nmenory returns and/or forwarded returns bound
for global block can proceed. [0326] Al nenory

RequadCHERS 88d ke mBliicned to the original tribe that made
the requests. Wites are returned to acknow edge

conpletion of wites. Reads are returned with the

ead..data. Returned information include the
10311 ¢ g:rl%ef{gi 1B A" B0 ¢f akeusstBuler angrlpgiendeduie. Threers 16
_are stream regdest, type, size, offset, and data.
entrieOhftiequdus. [Volwarth8rebs & sevotedquibs, the mi dichadndattar €5Be request is
Regdest, offset, size and data are relevant only for

compdr&B@sall the addresses and sizes in the request buffer. Any dependency is saved in
the dependency matrix, with each bit representing a 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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94 [0327] Stream regdeset, size and offset are
unchanged in all returns. Type is changed to the
corressponding return type. If there is ECC
uncorrectable error or non-existing nenory error, the
type MEM ERROR RET is returned with read return.

[0328] Read data results are 64-bit aligned, so the

trib . _ ohifL] d . sians . .
need o oot R B GAE TS cholld B 1y HARERIERN At 1o
i 11 ushe @b shanhiberes tnorforwading endléteaeqbit hot allbricdeo e mor y
configuration registers [0330] The menory controllers
are &%ﬁ?ﬁﬁ@ggﬁ”%'wﬁWﬁ?ing to configuration registers
during initialization. These registers are mapped to
configuration space beginning at address 0x70000000,

[0313H obabr musthitdated tif thhe'swoivigte cotidi shine ndéansk Hatwescths teads,
to all the tribe nenory blocks. It needs to assert

the rdan®c M Bb k@K1 ze_control l er while placing the
regi ster address and data to be witten on the nenory

transaction bus. Pl ease see Denali specification for

descriptions of controller registers. Assunptions
Each@B@yhagrermory control | er [0331] Menory controller IPis

expected to have the follow ng functionalities: ECC

i sl-&Havliéd, so read-nodify-wite is included for

ungl | d accesses 8-entry ingress queue (data and
o aRse 258

_ entry egress queue 95 Can process up to
258bhistzeMBADS Freh AR SdqBested0esn’ t i ncl ude reordering

or forwarding features. Perfornmance counters
5-bit stream number
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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[0332) This bl ock generates event counts for
performance counters. The event is selected by
witing to Tribe M Event configuration registers (one
per tribe) in configuration space. G obal holds the
sel ection via the selection bus, and the tribe nenory
interface returns to global the selected event count
everlywcycl e via the event bus. The gvents nt ed

2P o ToV dh SE¥e WF OP R of iheame NEsgre OF RRDURCIG adifehing
Wit t

e B B e A R
st altypelri be Bl ock M croarchitecture Porthos Ch| p
Overview [0333] A Tribe block 104 (See Fi

cont A hesbai PR didle sysdgeqyeseintrgery i B errent s the
processing of instructions. It fits into the overall
Porthos chip mcroarchitecture as shown in Fig. 33.

[0315]The AT¢duerddisedr QagshidR of the@uirh et BOVMNdiddtrtds g I B8 nuBber

which illustrates the nodul es that inplenent the Tribe
eacl qu 41 1S S ween t hose
reac w?m i ﬁaﬂ?ﬂogém bemég%]iﬂ%?{:ngh%% ?ng{nr uction cache

an for 32 .t hread The tribe block
MG—“?%%@?SI‘&%{E%‘%—%W f“ﬁ“@ﬁ@‘eﬁﬁ%flk bl oci (for hanldl ng packet

buffer reads and wites), the Interconnect bl ock
(for"handling thread mgration) and the Menory bl ock

Write IgL]:I?crr

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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handl i ng | ocal nmenory reads and wites). Interfaces
Fig. 30 shows interface to the Menory block. Fig. 31
shows interface to the Network block. Fig. 32 shows
interface to the Interconnect block. Tribe Detail ed
Description [0335] The Tri be bl ock conists of three
decoupled pi pelines. The fetch Iogic and instruction

cac |t t ' fetc
(03181 2’@“ nqpée}F’ §lscg %Vg O%llcCor Jnabests 8 hteﬁxflétﬁés ?ﬂﬂlll%af?‘{ t}oadlrﬂ}ﬁg
t he thread hg ave a fetch avail able to be
addressgs ip 8}%@16%? E"éﬁﬁs anyele e vRidatheripcpphecvile e
its own state machine that sequences reads and wites
data. If therd'seo meighsthe writé figa sepdacex eneiofehe oritttailfer entry. The
instructions. Finally the schedul er, gl obal ALU and

replacRAD ENtrRGIdI@S bhaxiBndlR 8 %A HeScribal tefoiat schedul es
operations based on global priority anong the set of

threads that have an instruction avail able for

schedul ing. At nobst one instruction per cycle 'S
to three

schedul ed f an iven threa obal

(031917 S TP B ieBi oL %@%%%@a GF de figr @ wd@q ém]é’y‘@fl@s figm local
some instructions can be fuIIy executed within the

tribe argteHlewn bt welece ApentreqWiitdsriipnybthisatribss edully nepd T hustwrite
the maxi nrum 97 rate of instruction execution is

an entratithatht yardeh@iregsned by the fetch unit, which can fetch
up to eight instructions each cycle. A sustained
execution rate of five to six instructions per cycle
IS expected I nstruction Fetch [0336] The instruction

fet §~ ni.sm f.et ches four uctions fr WO
103201 BRI A P o0t £iF i edh sspargnt e higher he

instructions. The fetch unit includes decoders so that
number, g less recently used. A new entry has LRU value of zero. Everytime there is
an access to the same entry (forward from the entry or overwrite of entry), the value is

reset to zero while the other entries' LRU are increased by one. When a LRU value

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 returmn, it can
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decoded instructions are delivered to two different

stream nodul es in each cycle. There 1is a 16IC byte

i nstruction cache shared by all threads that is

organi zed as 1024 lines of 16 bytes each, separated

into four ways of 256 lines. The fetch nmechanismis

pi pelined, with the tags accessed in the sanme cycle

_as the data. The .fetch pipel.ine is.illustra in_Fig.

be refiheh R B Al O BBl ARt b tEah Ellat it

all ways is pipelined wwth the data read for only the
from {pevribHBEMPHat contains valid data. This increases the

overall fetch pipeline by one cycle, but it would

significantly reduce the anmount of power and the

wiring required to support the instruction cache.
[0323Pt I eBeToidd it oBEenliBiEF 6] thERen St ©anbdMAULRMPHIR R @Eserts

streamfor a total of 32 within the Tribe block) are
: ] e . [ e .
MG R R A SR Rl R el e
handling certain other arithmetic and | ogic
MemQEy LU g?fﬁm Rrgtad Rty L]P,H“?él fPekibreas Piagecdecoded
instructions at a tinme fromthe Fetch nmechani sm and
saves themfor |later processing. One instruction is
processed at a tinme, with sone instructions 98 taking

[0324ul t THth€are RaloesibleGopfcas &5 Setudk AE BlobAefrelrSerRBhYand
single port to the register file, .all reads and

forwatihg. le?héé‘?:‘ ﬁﬁlsttbcﬁ)n%‘aq%@l?ﬁﬂ:e k?%ﬁ}{«i%? fdg‘ttéfﬁg%sg%stg&% lgsh %ﬂ‘ﬁé from

pi pel 1 ne of e Streamno

.+ Note that.in cases where only a single operand . needs
tibe g PR o O P TG o BP0 MG St b GReue I the
. ..woul d be avaijlable for global scheduling with only a
similagitg e quRE Gesiggated Agferetumarcth trilsyi st er contai ns a ready

bit that is used to determne if the nost recent

version of a register is in the register file, or it

will be witten by an outstanding nenory |oad or ALU

0325} NSUIF Yeli OBontERBABIor Wd fefitn FELIHEAY! y rk
[ E)I ock anoll t hne 1%?%&1/ bl IOCEH rru%ly&glfbg% 1%%n9@ybﬁ‘§ck'\ﬁgéﬁ‘% .
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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sequenced to the register file. The register wite
sequenci ng pipeline of the Streamblock is shown in
Fig. 37. Wien a nmenory instruction, or an instruction
for the global ALUis encountered, the operation
matrix, or OM register is updated to reflect a
request to the global scheduling and execute

[0327m3 ﬂclaat%%n %{%?egggﬁ%eﬁ%l fs];et] arllg E]lg an%eodn 1 a rl'lgiulel ec%}pg% changed
Branch oper ands can ne fron1the register file, or.

to the&gﬁ‘eisaﬁ%cﬁ% GG YRS éﬁ@vﬁ s EFF&fﬁwﬂsﬂd%tE GPh et RIS,
The branch operand regi sters are updated in the sane

memagy efrer, thantypd MFFVt BRROIR| RETtie rathimed egihgted refurhe i s
schedul ed. This allows the execution of the branch to
take place in the follow ng cycle. Since branches are
delayed the instruction after the branch instruction

s R SR RSB i e OO A9

I NSt ruc p essed is the sanme cycle that a
Sl““‘W@ﬁ’c?ﬁlfge gﬁi egg’eigl*hlggcs ‘fetch request can be made

at the end of this cycle 99 at the earliest. The
processi ng of the delay slot instruction would occur
later than this if it was not yet\available fromthe
[0329fFet clhigpipalusiistes Hehedi hodhianga bx@cut e [ 0340] The
schedul i ng and execute nodul es schedule up to three
instructions per cycle fromtree separate streans and
handl e register wites back to the stream nodul es.
Tribeliremexe con fégyiatieh registers shown in Fig. 39. Streans are
sel ected based on what instruction 1is availabe for
execution (only one instruction per streamis
ons
[03302 , Tl‘ijeeﬁlgﬁil C%ﬁlgtg;ﬂglg:age) dconﬁggttecrl gg v\;rﬁﬁ glqg ﬁgx?iliimﬁﬁciﬂel%@?stels
ted |n follomnn%) cle s nce t here
e

dumgﬁlﬂﬁl %o 155"3?8 FeElyea st 9 f %%‘é’ﬁ] SB?Q?&%?Q”&F“" at

prepari ng anot her instruction for execution.
address 0x70000000. Gilobal 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-wrile is included for unaligned accesses
. 8-entry ingress queue (data and command)

1-entry egress queue
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Thread M gration [0341] The thread m gration nodule is
responsible for mgrating threads into the Tribe
bl ock and out of the Tribe block, A thread can only be
participating in mgrationif it is not activlely
executing instructions. During mration, a single
register read or wite per cycle is processed by the
S;@g@?kﬁggﬁgqoQggbﬁgm%n&gr&ﬂ%1Bh|terconnect.bIock. A
mgration nmay contain any n er of registers. Wen an
i nRotintencdtdecamdesngigioatadingfeatugts] regi sters that
are not explicitly initialized are set invalid. An
invalid register will always return O if read. A
PerfoﬁjnﬂﬂJcEcé{iﬁ{tieﬁ bit per register allows the register file
to behave as if all registers are initialized to zero
when a thread is initialized. 100 10342] In an
I ternative enbodi ment, thread mgration is automatic
10332y ARAGHOCKHESREIREGH Vb Re R} JoT RATERRRAnES PoPEsEh LBy oYame s
tribes nonitors the frequency of accesses to a renote
selected balwrttmgde Yribs Mldt et sedigumtionsegivers ((aoader meba) iy . | f
a certain threshold is reached, or based on a

' confipiredércéjave @ldperidiivthe td6ctidi BRAthel s8leaikiPFRL btk Yribe
mgrated by the hardware to another tribe for which a

i : t I esses W |l ogcur..ln
e R R kPR BRI Sy S BB e
T} Pr%orit%ﬂfnﬁ.FIOMIGating [0343] Thread priority (used
C BIS PRYES EEhedul i ng and execute schedul i ng) are
mai nt ai ned by the "LStreant nodule, This nodul e al so
mai ntains a gateability vector wused to inplenent

FIQ ti.-ng. The LStrearn nodule is responsible for
dé?ﬁgﬁPﬁF%ﬁe¥8Pakéach thread whether or not it should

Stl@h%thlé,ﬁ)%uh@e@é(ecuti on of a "GATE" instruction, or
shoul d stall. This single bit per thread is exported

t oveteGhadSssusdm bl ock. Any tine a change is made to
any CP gi ster .that can potentially affect
gaf%6 85%39?4 Eam YR DUEFT eam

global request stall

global response stall

tribe request stall

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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nodule will export all O0's on its gateability vector

(indicating no thread can proceed past a GATE), until

a new gateability vector is conputed. Changes that

affect gateability are rare. They are as follows: 1. A

new thread is created, it will be mgrated in with its

own seqguence nunber, gate vector and flow ID

RN 1ol : I :SL h [ Y i ther

which S BiE i ot B Bl e oA g I8P B

énig%ationlout tg Pnother tribe); 3. Athread
conneea PEMELY ASHH%E *Bne of its gateability CPO

regi sters (sequence nunber, gate vector, flow
I D)using the MICO instruction. 101 Debuggi ng and

Perfo nce Monitorjng.[0344 he .Tri I cont ai.ns
0334 0r, S SR ERu BhA BSbEicb A wdpbeilt e diigh Wi naRe
) erfornmance counters to assist in architecture
tribe bﬁqy&énﬁeﬁg@% o8y Nefworkbleakd fos handing rackef bififereatsgmnd
teaching is specific to a single inplenmentation of
writes}, hige Joteesanectibhacdr(fardrndlampdhidad shguation mdehe Ment @y bheek (for
skilled artisan that there are nany alterations and

handliBERREAMBBLSH B MdGhitede Made to the exanpl e provided,
w t hout departing fromthe spirit and scope of the

i nvention. For exanple, the aggressively
mul ti-threaded architecture may be acconplished with
Interfa®dse or fewer tribes. Many unique and novel features
stand alone without the limtation of a tribe
architecture at all. Interconnection and
Fig. 3¢ dhansnnterfededn theblegornklogny parts of the Porthos chip

- be acco ished jn a variety of ways within the
Flv“?%% |Stmt§ﬁg°estggiﬁ%§8tf‘qudﬁEkiohvention. [0346] In addition

Fig. 34 éhdvReneReao tﬁ@hﬁé}gﬁm%ﬁb&gd.fwems of the Porthos chip
a portion of the packet buffer menory can be

configured as "shared" nenory for all the tribes. This

Tribe Detailed Description

[0335] The Tribe block conists of three decoupled pipelines. The fetch logic and
instniction 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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portion wll 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
for the tribes for any storage purpose. In addition
the ports to the packet buffer can be used for both
types of accesses (to packet data and to the shared
portion). In sone enbodi ments software can configure
rate of SUEFHE GECHINE 1S HAFAL Gsbrrariend hyrthe foieh wak pdIChrpferh up
One inplenmentation of this configuration nmechani sm
to eight Insimsctivn$ taghcgclet 4 wetrinedicdecudion hae ofifivé to simensfroctiank per
or none of the packet buffer as shared nmenory. The
cyclelO&peb@ied nmenory can be used to store data that is
global to all the processing cores, but it can also
be divided into the different cores so that each core
has its own space, thus no nutually exclusive
InstropgdiaFéetom i s needed to all ocate nmenory space. In sone
enbodi nents the division of the shared space into the
different processing cores and/or threads nmay provide
tor . f : f: ad.. . F o .
10334 0 88uich To ot ARE Mol Bkt B8 Mok ftns 8TFo fgecs o
cket, the header. grom h offset nmechanjsm may be
a totef) ?’%@ﬁf%dwrfﬁ%Pﬁﬂglgklagagaogspa 16 Fish UPHan QY Ges RecqesFs rBadour
threads that operate on nore than a packet, or that
decodedanstiunonstase delarbredrio dwergifér¢m gtreand nednles myeashicyelhe There
processed packet, a persistent space is needed for the

is a 16K agte inftaictibin esfe thare@ s all pace thal id figaniged & 1K lines of 16
menory (long latency) or in the shared portion of the

bytes %g&r‘ﬂtf Eéénapéfédc i;ﬁLoeiﬁ) Wé&s oﬂ AaRey) T n%%ag.?lﬂrg%c{hggl{swgg ﬁg%glé?d, with

rto above, in sone e
. rowm h offset nmechanism.s int ed. for saoftw ta.
the tafg ibedbeit QR sryF RS BF G TBE ST PRG Tt S L el iy B 35
in case the header of the packet has to grom;in a few
In an gljeraativengbodiment. thefagwardlor gRyvaxs boipdmed Mid the drianeaspr
to guarantee that there is space at the end of a
only thamkgtthaAtlay contains valid data. This increases the overall fetch pipeline by one
“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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usi ng the header growth offset space that will be set
aside for a future incomng packet B that wll 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
takmgaaahgﬁ@gyctéa t@@ﬁ&ets %mettﬂayts di@;dhfsmgrtqurtt% t&@ryosra file, all
hi’s occurs eader gromth of f set can al so be

reads a%u% W?ges m E 16 196 1[‘9 E ock hg?e E%stécp Slé)@ﬁne oft qae

t he romth offset used as ta|I gromth offset of

Strealﬁé%@érle I8 SHOWE Th 18 Qe Nl Mipapgsavhesaeply & sarde eperae
growt h of fset used as head growth offset of packet B.

needs1t0 Be Terdrieona tlee rsigisich 4itd, (hermstyncoomeoukl Yeeavatl itda fortgheltal
may be nade within the spirit and scope of the

schedulVERith@Aly 68681 RIEreh® Sild) 05400 RELNEURINtANES Ma@Wbil: @i’aﬁ&cﬂ
As di scl osed preV|oust, each tribe 104 (Fig. 1)

used ttol'Heﬁzn%mqgg%q{stost %cefl{]@eésa&ﬂ&k} e %ﬁ{e(P ¢ERSL 19%3@?5‘?&' qjg o:l' Qt]wﬂl be

conpri ses treans amis ca
cutin Lnstruction a single thread As used
Wlmeﬁé]ryé‘lnr?um?%‘émtgel@ﬁmgm]8%%"r"g]’fgrnss‘B‘F dly to any set of
conponents that cooperate to execute a thread. Figs.
34, 35, and 36 show an exanple of the conponents that
can nmake up a stream in accordance with one

[0338¢ b odirhenttuehing fem (He@&Rnbrki blddRHnd @he Mbhidty BRcBhiia ke be
each tribe 104 is able to support the concurrent

sequoﬁéé?lcthﬂ'lé)l%ﬁﬁter ﬁe.t ft%gﬁteﬁ W‘ite!']segu&{oiit d0t ofﬁtﬂéjSt’f‘gdm block

treams | ea essi ng eng

b S8, PR BT AR

cont end for shared resources. Used in this context,
encoupfrsed, SrerancERionTBETIK AT, teatstad s/ undatediy reflasha ramaest to the

contains information that can be accessed and updated
globabgchadilingphé ckbneadechdzisanpl es of resources may be

[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
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menory/ storage | ocations that contain the val ues of
shared variables, registers that contain infornmation
used by multiple threads, etc. Because these resources
may be accessed and updated by nmultiple threads, it
is inmportant to ensure that updates to these

resources are done atomcally. If they are not, then

at ﬂléj%gﬁeg? Oﬁﬁé ﬁ%@&g Mlek?ﬁlay%%m&s% LHoRS o woL\ﬂ C%Q?Ql% later than this if it

I ment ato Clty IS ensur

servatj.qn Thi s nethodology is carried
was 1 P@%?mgﬂg gP“W%FE %B&yhﬂﬁagers with cooperation
fromthe various streans, in accordance wi th one
enbodi nent of the present invention. 104 [0350] In

the | ock reservation nethodol ogy is
SCheaﬂﬁ?gqbggéﬁmﬂ£ follows. Initially, a |lock manager

receives, froma particular stream executing a

ar |cular thread, a request to obtain a |ock on a
[034&esoﬁheéﬂmﬂHMHE§§dﬁ§@ﬁQEmﬂﬁESSMnﬁkhn@quést¢nthNMUebm

manager determ nes whether the resource is currently
cyclelfook ddedyepanad sieams bfichandld feglshg wiiteSOUk €6 tHeSstream modules.

currently | ocked by another strean1 then the | ock

The FRBARIBHAMISR shh@n RAELI £41 gﬁe El%%@e%%d 308 311 12‘?‘[ nés%'ucllon

streans maltlng to obtai'n a on the resour
in effect giyves th
s av{Bb0 e OF i %@‘é‘%&?&tﬂ% RHFqeEH BiseRTACrad paRdighte), and
the resource in the future. Thus, the particul ar
on the Py @Al FERSES PRYILY n Sge sabcosedhistream otilant bodie to sxfentstin the
In one enbodinent, in addition to adding the
followpmgtcyclakace ftore@mriairhine twaicyclk ifsddbaclt hehd OEkanrBR2E THr
al so causes the particular streamto halt execution of

prepatilg aRGhér iGsthtion tdRadhtiohhat way, the particul ar
stream does not consune any proceSSIng resources while

it is waiting for a lock on the resource. This is
advant ageous in the processing engine architecture
ri-bed above because the various streans share
]H“eﬁ%ﬁ@g WHOMar dware  processing resources, |f the
particul ar stream does not consunme any processing

resources
[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‘at1011 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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while it is waiting for a |ock, then those processing
resources can be used by other streans that are doing
useful work. Thus, causing the particular thread to
halt execution of the particular streans enabl es
processi ng resources to be used nore efficiently.
[03511 After it is put on the wait list, the
articular streamwaits for a lock on the resource.
[0342] n t Inemepiigmet R pofaments Krphaeseion) 1§ avemate AN PRdeam
on the wait list, in turn, to obtain a lock on the
hardwagscuntiog Hadwessnaach ofithie anriﬂmmnyom;)d;athe fittpeencpof esressenfo a
the resource, and release the |lock on the resource.

remotBllo@PARIRA} Vi acd2aReth HPORNUHRR] WRbri. 118k certdIf thestold is
manager determnes that it is the particular streans

T Bach%fﬁ F les%ﬂ %Ht’ag)'l o &x\Jeoﬁgp ﬁﬂrt\ ol Hl% e c?ﬂ \%mauASl(le% ?% af%@ 'bgtthe

ager gra he par |cu ar str

haudv%l:z1 %%%ﬁéueef ﬁ@r %BIC‘P( 112}1% Egl%:g %Glﬁg]%Odl mf%qa% gclzcgésg:g glghltoggult ?n
particular streamto resune execution of the

this cgrgmuiigratiba s transpardut (Tiseftwalfet er, the particul ar stream
can access the resource, perform whatever processing
and updates it w shes, and release the |[|ock when it
is done. In this manner, a |ock reservation

Threp Priguidy ang Flogv G#pmgnent ed. By i npl enenting | ocki ng
in this way, streans do not need to repeatedly request
a lock on a resource. Instead, they submt only one

[0343P oc leﬁl@élUmdnty andd \meﬂatdhtsch@iuhﬁe bfid é)éé&lﬁlets&*lédl@hﬁbmla
ock, they are granted that ocKk. By elimnating t

mamtgl%gﬁi b%g eREAL d d'[lf‘eq UgSE o B ogﬁlllé%lsogllpaefn%%ng %L‘;ateabll ty Vect?r

eser Ion ne hO ol og ma 0SSi

reso rce n. iently massi.vel
used (o mpeniont E Rt G 6 et il & iR e B pining for
§0352] To facilitate a conpl ete understandi ng of the
each fherell whether onndtdirshepichdelbipayythe axecytiomb e fGpl&enstarction or
wi Il now be described. In the follow ng description,

should talM Thisengl@bis peetreali 08 expolrtds td @dch Bered ke Anyt that a
the resource to be | ocked is one or nore

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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menory/ storage | ocations and that the | ock manager
coordi nates access to a nenory. Overview [0353] Fig.
50 shows a high | evel block diagram of the conponents
that are involved to sone extent in the |ock
reservati on nethodol ogy. These conponents include the
8 tribes 104. As shown, each tribe 104 conprises 32
streans, Each stream has a stream nunber or stream D.
The stream D all ows each streamin the processing
engine 101 to be uniquely identified. hi one
enbodi nent, the streamID is a nunber between 0 and
DebuggiRg ahRFeRtbyahbeVoniofing56 streams in the processing
engine). In the exanple shown, streans 106 0 through
31 are in tribe 0 104(0), streans 32 through 63 are in

ri 04(,1 and s fort Wth strea 224 .
0344 1 o IRI oeh Uy Bppasghd et lo S S2H R Sropssing
104 has an associ ated | ocal external nmenory 5004. The
and pEfarEapes jountess orasHe 1 ghidenturg sasinghe | ocal externa
menory 5004 associated with that tribe through a | ock
managenent bl ock 5002. For exanple, the streams in
tribe 0 104(0) can access |ocal external nenory

004, a S i i Hic e
[0345& 5 K Qb tRraueddsegk oﬂ%ﬁé%ﬁ%@éﬁ%ﬁ%?@%(r@

ewl se, the streans in tri can access

mple o g8b5 Hese e pbnd i sholop s 1O s RARAGIR B

access the |ocal external nenories 5004 associated .
there g {pangafgiatips Heamendpents ihat pushy degrpdertp dheseapmphs Horidad,

have to go through the global unit 108. Thus, for
withoexdeppiteg fidm theepsitreda®pe nf theiidnentiod. 0400 pxamplestic t o

access | ocal external nmenory 5004(7), they would have

aggreds®eBPmb - OMeed BRhEtaRa may e hccokslisBBdwhthend@ ok fewer tribes.
managenent bl ock 5002(7). [0355] 'Each | ock managenent

I ' ' o | I
v 315 092, 8008 35 AN e S BRESELE AR

bl ock 5002%@) control s accesses T
at all. Interconnectioh and communication among the many parts of the Porthos chip may

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 buffer 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



to |l ocal external nmenory 5004(0), | ock managenent
bl ock 5002(1) controls accesses to |ocal externa
menory 5004(1), and so forth. In one enbodinment, it is
t he | ock managenent bl ocks 5002 that inplenent, in
| arge part, the |ock reservation nethodol ogy. Lock
Managenent Bl ock [0356] Fig. 51 shows one of the |ock
managenment bl ocks 5002 in greater detail. For the
sharglahergonyfeaeka iriddo storedate diat isehehyé treait thsipoedesshwopred, hut it
Fig. 51 is |lock managenent bl ock 5002(0) that is
can dleckd ditided ntdthe @iff@4ft@breand (e BRuhycodOBLN i) owil hadB&hus no
enbodi ment, all of the | ock nanagenent bl ocks 5002

muuaﬁg@X&@é@e@e&-aﬁom@n&ag@tosghfoegﬁe W s{a&ét shown in
107 Fig. 5I. As shown, [ock managenent bl ock 5002(0)

conprises a ] ogck manager. 510 a l.urali.t f lock
ranegb e b EPihelR G ks n v el R ity G gyt
structure 5104. In one enbodinment, it is the |ock
procepging gares sadior dFpads map Pervidh soraghior AeBagkanfieach theeado Frr
reservati on net hodol ogy. For purposes of the present
those thwedd inomhicl hife doursgdnda &l the Yifodf thbeacleqake atagetdwiildiset
may be inplenmented in any desired way. For exanpl e,

mecHaRfnl 86K be HRAE BFovaikQorABYspRSe fof LR &d; URisPehreads that

hardware | ogi ¢ conponents. 'Its functionality may also.

. deriv in rocessor gexecute software,.or
overlf ey B BbaRH D oPHLGE SR B8 SOl PR NG af vy oo
of the | ock manager 5104 may be realized with a _
PrOCESSF AT %ﬂemlétﬁnﬁwaewaméeqeégwhé siplerienthsseiiaeads, space in the
sof t war e- execut i ng processi ng conponents. These and
externtlheemémyploagéaicaty) onis theé sitakel fovitén oftha geckebiOfferapleort

within the scope of the present invention. [0357] As
latenSPAWeqhitedsi 9. 51, the | ock manager 5102 is coupled to
a schedul er 5130. In tun, the schedul er 5130 is

10340 B LEREOYE o ST Bodt RN ARHE IR e

| ock mana eg?nt | ock 5002(0) is |ocal o
mechanism is mtended for software to have sorhie empty space at the beginning of the

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.
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to tribe 0 104(0), the local streans are streamO

t hrough stream 31). The requests may also cone from
non-l ocal streanms. In such a case, the requests woul d
conme through the global unit 108. The schedul er 5130
receives all such requests and sel ectively passes
themto the | ock manager 5102 for processing

Depe n he t
1021585 enut daronp et Gl B L iog e Mtk OO0y it
the request., [0358] In the course of inplenenting the
and&%@é@fﬁ§§éY@%WPon met hodol ogy, the | ock manager 5102
stores and updates information in the | ock nmanagenent
storages 5106 and the wait |ist storage structure
5104. In one er nanagenent st or ages
5106 store i ke i i WSTIRK | ocks (i f
ny)
[0348F Al H&Eloﬁ‘&ffn;ge\*as&ﬂz\aém%&)@ 1%2 t(%l%’; Qgihg@]s%ﬁ OBRIREY of the

ocat1 ons ructure

intains the : of str.eans h
packel R R AN R AL CPEHES JLOHEUR AL RART hoRTle G pxeing
each | ock managenent storage 5106 conprises a
instrugiiensgpt ¢ §ingle thyed-i HnusedAerdin,dhe sontsirerm 546 woatle & zny set
lock bit. This bit indicates whether the |[ock
of comporaganRmtcosp@nage et o threadr FER! 34/ 35eimiB AISRy drdexample
| ock a nenory | ocation, A second portion 5112 stores

of the%nﬁ)@gérﬁ§ fhat dd Ratl Sy ehﬁr glh ?1??8g{a%1{5%\§1t§§§§ Eﬁﬁbl}&iﬁ?e'ﬁ# ﬁfgthe

. hat |s bei ng Iock stores
at curr nt | hold t he | ock
preses] iV ion Pé@ﬁﬁ%&%{l}so???h K W G R Sumtir e sitguent
stores the streamID of the streamthat is currently
execufigy of 3 threpdsw Y ith § fréhes (P4, and\Bp stisambiregash aibe the raskethe
menory |ocation. The use of the | ock managenent
processiny ages BI06asndo suppogi2§hichhaarenidy etecutiae thraddr mat i on
stored therein will be el aborated upon in a later

[03498€Ct DRAng £Q360%, ke F}Héeﬁ’l@%?a% c%ﬁtehﬁ‘ CorhERAM s JufREE N A Qi

a | ock nanagenent bl ock 50 conprlse any n

this c@#?gg{élp ?gl'fnnl egééué’gm MIR3E roa(tﬂysft 0 1ng tl?a]f contains 1nf%rmat10n t?lat

¢an be accessed and updated by multiple threads. Examples of 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 methodology is carried out by one or more lock managers with
coopération from the various streams, in accordance with one embodiment of the present

invention.
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enbodi nent, each | ock managenent bl ock 5002 conpri ses
8 |l ock managenent storages 5106. Wth 8 storages
5106, it is possible for the | ock manager 5102 to
manage | ocks on 8 different nenory | ocations
concurrently. [0361) Each of the nmenory | ocations
| ocked by each of the | ock nmanagenent storages 5 106
may have associated therewith a wait |ist of streans
[035Qai t itngne embistiapk. Bie lodkarsevationancthedriogy if senlemented as
These wait lists are maintained in the wait |ist
follost onidgdly, & locltabameer Sddddves Thomrepetidubdistreat exédutingaiparticular
| ist storage structure 5104 conprises an entry

threaﬁoz[ féﬁ%@s@ R RSintao8esa REEERM MGEMS@%QEESI&W&q@% 1tH€1ock
As noted previously, this enbod |nent of

ssi.n has 256 S the
man %Sg?@ e1imm§sgvgll?&lu%?r%lbe(]:rtg%bruécegi GHHF’%LV IQ% bﬁftainl éel StIL:%QtHr ff&h
corresponds to stream O, entry 1 corresponds to 109
resougeq i§ gHfrenthaRpked PygROThERFRaEh rlreyl thalpck mepager gddy thepprippular
stream Since there are 256 streans, 8 bits are
~ streamee dewhit st ohstopaetsywaldentoi dbyaia as’.d)crkea)rthe tdsusicel Byatoeng so, the
enbodi nent, each entry is 8 bits in size. [0362] Wen

lock PhaBihge® ammeffde: bveStHe g@ﬂlcum 3 BNh kebeRhtiblR Wik allbsi on the
storage structure 5104 it indicates that that stream

resoufrgé )ltnoc}l}@ fL{Tlli]l% W€ AP 3o tﬂ?&ulaﬁ% re ’Er ?I‘Qfottn%e %astu%)ﬁﬁ{ A:r%tl'?erl] A@Ck

or 'ex ream
ort red in entry .1t means
: requév"f r Téla?ﬂernr 8rir%% g flsacga?ﬁl & yiling erawﬂrorﬂéf streap Bwhg gval‘f st,
‘ the stream | D of stream 120 (S 120) is stored in
the laphktmynager al$peraubas theepersculieatresinrie pt t2@ufion bHlke pstticaion
4 inawit list. Thus, if a wait |ist consists of

threa®8 Thédwag itk partldlar sirbarh Baés 10t d6fisunic@R pidbetnly ebsb@ces while
stored in entry 8 (the entry that corresponds to

itis v%.l{lﬁ% %18%'1001@&9‘[11@ }éBuieu lTﬂlng VR %%ﬁsrlwwr}_’)c Aﬁsﬁlu% 1ne

corresponds to stream orﬁb
IS possible to determ

arohi B RS et e Bkt ok ROy B e G uf B P@idware

byj ust consulting the
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 tum 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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entry corresponding to the particular stream [0363]
I n one enbodi nent, the wait |ist storage structure
5104 can be used to maintain all of the wait lists
for all of the nenory |ocations | ocked by the |ock
managenent storages 5106. Thus, if | ock managenent
storage 51.06(0) is locking an address X and | ock
managenent . st orage, 5106( n% i s. |l ocking address Y,
cmbof il 1K1 58 SFRFINE i IOk, e ok FIaprEe RS A e ke Reiculer
be maintained within the sane wait |jst storage
streans tor negnue exec B! tiFppartsdaphead s Thposfeer 1 thapartivelansiream can
list for address Xis S8, S4, and S120, and the wait

accesd 18 tesh@ce, adeloas Sh)tdver 1&5@5551&% Qnd apdhtS@ widhes,hing relase the
S4 woul d be stored in entry 5120 woul d be stored

lock vblﬂm?ﬁﬁ [¥nét 1 HR0 n%ﬂéldakl)&k‘?%sg{\%ﬁs ?haﬁ{btd@/o Q nﬁ@gmé%d By

be stored in éntry hows

wai t.|list storage structure 5 isn 0
1n1plelilf@t>1/1 ﬁl{llég ORISR A CE}TI?SS ognot geed o repse e?i%reﬂg F@oc(li( ona
| ocations |ocked by all of the |ock managenent _
resoust.olnatgas BEyOEbing eply eekloparrayesieamd WiendkisBeP tursta eipn a
Cooperation [0364] As noted previously, it is the |ock
lock, tenagerahdd0Ratlbat. Bypliaimihgiheinded &Y @peat@lly tequeftdodkoctke
reservati on nethodol ogy. Wile this is true, the

lock ré%ﬁ??ﬁ ng%?loﬁbﬁ)gy Ertﬁlgcgéé ﬁg@%gk?% ;[dcllﬁhdatall%lgellﬁ EQst%ﬁﬁ% loélﬂn PBFiciently

reser.vat by executing two spe0|m
1“an%ﬁ%¥¢%ﬁwtbﬁ%ﬁﬁgisnlﬁn Ythe SC instructions. [0365]

To el aborate, each stream executes the instructions

for a thread. The thread may include the LL and the

SC instructions. ngnhkl! emé%%ﬂﬁn is executed to
request and obt ai nmory | ocation. The

[03525C i Tistapliedié @BohblefXatidtsefding Jpekabek fe@@rvaﬁ@im&ﬂioﬁol@éy,
the nenory location and to release the lock. If th

salllpl%(?lgq%}@ﬂfeﬁtaﬁgn F ERAgndDhE @gsd Bed Ml ¢ h% ﬁ&lo@&lﬁg 8&40}{18&51? Gt \§ﬁ:1 be

ructi on cone a ter an

tr
assumed f%r {HL tranuve 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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logically release a lock until it has requested and
obtai ned a | ock). Any nunber of other instructions
may cone between the LL and the SC instructions. These
ot her instructions would represent the processing
that is perfornmed using the information that is read
from the nenory |ocation that is | ocked. [03661 Wen
a stream encounters and executes an LL instruction, it

0 throzgh Al texe ia trieqié84(0),tstrearhe3 ] thedugheiteayein G2 104 (B o
and read information froma particul ar address. As

forth, Pl stebnis 124 tHreaeleFss bdilenstik€AnvprQVi des a set of
information. This information may include the

t 1 el Syib s e _acc d.., and .
[0354? he T yplzmg?l %%:ggssé é%alt%gl .anl%%teﬁj%}lgneé%%gsaﬁﬁew?%éeag’fs mn
,ba@ﬁﬁss i S Lh,lwhich the | ock nanager_SlOZ,recoqnizes
a tribg, K04 canyageess iy Pt qelsrnal mmery 20D4 wsprdnsd with thafitgbe through a
request, the | ock manager 5102 will 111 inplenent the
lock mayerepeidieckt 5088, et rodwlio e stissmpan trilef 0 €040 tanrgedsh dbcal
LL instruction, the streamwll wait for a response
exterrfal mierdohe SO0®ICH) thrmgl erckIdOdsheén e X0 NAianatd) ele
instruction for the thread. If the streamreceives a
b Sd t.her
e R A R R ch D
| ock b stream}, then the streamhalts
managg RSt BloaK SRET hel ke isans H Hirbi ércan ahe asesse Hin lge sxieal
"sleep” and waits to be awakened. If the stream
memoyige aPYAeassaciped sadathgr gikes; hevweret.He dosokthraireaye woukllgRe to
(thereby indicating that the stream has been granted a
go thrbwgikthe gldbhburdes08. €thadidr essiple, it iRtleh@s $i fBRM 104(0) wanted
continues or resunes (if execution was halted)

to accE6dHl kel nichR: i@(ﬁgﬁékﬂl’e wolld ﬁzg%gg @tg ghrpﬁgfg%ﬁnc?ﬁ%rgt

cooperates wt h t nager

k in art he | ock reservation
108m%g@ﬁgﬁ%ﬁ%é@%gfﬁgégfmﬁﬁ@%( ' stream encounters and
executes an SCinstruction, it submts a request to
[0355} he Haskkodkanaermsnidrocks OfR icpeirelapecassasdo s pesotiated lenal
address and to rel ease the | ock on
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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that address. As part of this request, the stream
provides a set of information. This information may
include the streamis ID, the nenory address to be
witten into and released, the data that is to be
witten 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,

Fig. 9hi ab shidven, llodkmamgagert Bddd 0020 gomptisesasiock mahdger 5102, a
access and a |l ock release. Thus, in response to this

plureﬁl@}%‘ﬂ%tzk nhﬂ@g&r%kst@ﬁ@@@ é)régagsdza Wh*t hlstvﬁdrﬁgeeét fetyre ﬁ 1 ?4 Tn one

information into the easet

emb%c%f? tggtﬁ{tg% 23048 m?nalggr fl%g t zic’r en%eél o gte%glrtnﬁ'@Qo%
the address. In_this manner, the st ream cooper at es

reserypiiqR PHBOIJeRY. nRH AYEIOSE1Ahe Brepons Iwivatien. tielungiquality of the
rel easing part of the |ock reservation nethodol ogy.

lock tribRaSaudp Den@y de anplemeh @8 Ga8inyldesfrad vkt Boreesangpdeyphetoek
understanding of the present invention, a sanple

mandREF 84 @By bé | EI‘h@ﬁtbdﬂGmh BartifGle 108 8EMBbAAEs. Its functionalit
ﬁfthodolgéy &#ﬁ now be %egcrlbedgmnthe ref%ré%€§°ﬁ§m’y

9 se that sstrea
may %ﬁ?a sty KGRy BRI AU E BTl B B
ad that j.t is executing. Upon executing this o
addlﬁ% ﬁmferl?tmaiﬂ;é/ﬁf Ligrlp el HT O HYmay aealipehsiha copbination
access an address X. For the sake of exanple, it wll
of hapdwars degre compertentsadd sefégark-cxscidimgauohcessg vithponentve fheye
5004(0); thus, access to this nmenory location is

and d’tﬂﬁaﬂ@%nli&‘ltdt@ﬁk ofMBB dgRTRHach DOK 22ORANR) the Aopd of B Wrbsent
of executing the LL instruction, stream 3 submts an

inverfl %Iess request (through schedul er 5130 in Fi g. 51) to
manager 5102. This request includes stream3's
D (den ted.as. S r. ease of expression), address
[035%ng &1 FANPAAL] glwfﬁ% ocf pranage AR2 Ly couplsd top SFlé‘iﬁldlee§t5130
After submitting the request,
In turn, the scheduler 5130 1s 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 O 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
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stream 3 waits for a response before executing any
other instruction in its thread. [0370] At sone point,
the access request is received by | ock manager 5102
fromthe scheduler 5130. Fromthe information in the
request, | ock manager 5102 knows that this is an LL
type of request (which is a |ocking request); thus, it
knows to inplenent the |ock reservation nethodol ogy.
memdiy lamtisns, ahdthe weainleg efordpt GRuantersd 64 snaiieinadoy wsis lixts (if any)
fromthe request, and conpares it wth the addresses

ofsneafn@s’tedtdlewraﬁﬁigldmh@sﬂel&mf the | ock managenent storages
106. Loclc manager 5102 al so | ooks at the | ock bit

[03593: 8{ %g sﬁcgﬁblglolf% f?l 3 £4 eé?cldjig 'Rfa%aglehto Q&a@@?f&e&‘éﬁepl 156§ 6 6
plur a@@tof Ppﬂenadé”ﬁiéggpcf%l%g ﬂ@rst%% # ork ﬁ%ﬁ T%e'clﬁieldgcf@tea iyhether the

other stream In the current exanple, it will be
lock memgmednitsharegatldicas surxertly bemgtuseditorlecit 4 yelmrk detatidinug,
| ock manager 5102 can grant a | ock on address X to -

seconSitpogedh 8,12 bloded Habililesd OTHO iSt@e ali@ss dﬂlﬁ@ﬁl@ﬁm@ﬂ%aﬁon that is
selects one of the | ock managenent storages 5106 that

belng 1301&1:8 g umesz%%ﬁg)tléﬁ s(,)tré;cllf}f I]Zgijﬁtg 8??&1 ft}éazl)égﬂ‘&tgf)holds

mﬁwﬁ%&fuﬁé e B B L PR B

5112. In addition, |ock nanager 5102 stores the ID
strear §8Y isofursnile s G tha titgest (if ory) 5adtaine lopld e dteemeaty
stream 3 currently has the |ock on address X

locatibtir Theusssfehe ook knanBitager stok@es S10eras thddohiBeaicedrigam
3 into portion 5116 to indicate that stream3 is the

1nf01rh§t§th sst&‘é@ﬁ{&é?ﬁ‘ will8e WBbbra e'd%l'inolgfn SlA&aMRiMal ting to

tain a on address Ince there are currently
reans ma to obtaj.n a l ck on
036”& - RIS %fc‘hﬁ B PO ddp IS eberint thet afs mey
list. Fig. 52 shows the contents of |ock managenent
conlpeﬁmm/genw% EfJockfpampgerhent seedeeh 450G sdrayr Hrarcidtegsi. foene
there is currently no wai't list for the [ ock on
emboditetngsaciock manafaamabiook S062 ednigresat B Yokt aketbednt A6rages

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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wait |ist storage structure 5 104 for this | ock.
[0372] After granting the |ock, |ock manager 5102
accesses address X in nmenory 5004(0), reads the
i nformati on therefrom and provides the information to
stream 3. In addition, |ock manager 5102 sends a
proceed signal to strearn 3 to cause stream 3 to
proceed with the execution of its thread. Thereafter,
streadit I, @AdsBorE afackxatytan abdleelie ID o34 stebain. @iscd thedetase 230 sx@eims, .
that use the information from address X. [0373]
i 0y idehi R8RS ¢ BmbOGK AN cAHHNBFSs 8
gm@%g@g@g:ﬂn&g\ﬁ%f %rl befygé1 éﬁfoﬁ(ﬂg}l elﬂ?gunt 2% aﬁ LL %3
bi .dnstruction in the thread that it is executing,
itsig3¥80se further that execution of this instruction
causes stream 8 to determne that it al so need
[0362c c e S¥henggiieandDys stageddn pp gy ofghe s dist siagee ﬁtir%cﬁEE 5104,
instruction, stream 8 submts an access request
it indfdabesalbeg tiheg shegufodiows 180stieam Fhay coBdgponds todbit embimiagerwait list.
5102. This request includes stream8's ID (S8),

For cREAPRSF the stRAsl B fishedrs al(§ D forlshat) 1 BloSed 19 eafryl8LittmHags that
of request. After 114 submtting the request, stream8

streatrl {'osﬂo(xl stréhnl § 3R gg&%c?thlps?f (%V%ésl%ﬁe ’&Iﬁ%aﬁ% HBeLn 12% éSIZO)

ronitn it rea some pol nt,

) ess reque isr celved ck manager 5102 fr :
i stop o S OERY gD TaE e v TP PR e o T Aot “Thus, i
request, |ock manager 5102 knows that this is an LL
awaltylpboomrSISﬁS@é 88534, apdh 8520, it thrinever, theniSdpyene he storest ihgaiy 8
reservati on nmethodol ogy. To do so, |ock manager 5102

(the @Myr tagitcdrrbdpenadidrsasan X),fand 812 heouRideasdred anchtgohfies @sry
with the addresses stored in portion 5112 of the

that Jlo?x%EdeﬁE‘ ?&ﬁf&%ﬁ%@k V@E@&?&éﬁ%@ stobeGK thifBAZIEls prb%%le%{;]

at t it stored in portion 5110 eac

t 5106. Thi [ .
detergiom PR GO TR R o S e et S OLe SyaLBY By 4B by ag e
both a natch for the address X and its |lock bit set;
entryt RS SPoRdEhede Srearticubag sret | y | ocked

[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 (if
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, S90, and SO. 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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by another stream in such a circunstance, |ock
manager 5102 will add stream 8 to a wait |[|ist of
streans waiting to obtain a | ock on address X. [0375]
To do so, |ock manager 5102 reads portion 5116 of | ock
managenent storage 5106(0) to determ ne which stream
is currently the last streamin the wait Iist of
. Streans, Mﬂiti@? %ﬁr a |l ock on address X th
maintgindBe eitdisis T &l 0% e Megery lepéens lpeked by raélr?tlr Iﬂ}e loglf ream
3. Upon Team ng this, |ock manager 5102 accesses entry
mana8erérh etoeades ﬁl@mmalomme@mmsbhook §00am 3) in the
wait |ist storage structure 5104, and stores in that
entry the stream|D (S8) for stream8. This is shown
in Fig. 53. By doing so, |ock manager 5102 adds
Streamt Genpgraiofiand hence, the thread that stream8 is

xecytin to.t | ock .
0364 mnate oSt iife L2 hssodmensbes P iR eI b lrpee
storage 5106(0) with the ID (S8) for stream8 to
part, fhadockareeertaign maehedoingg. Véhiling InarupdBe sseanesin Ap paEcipate
wait |ist. After that is done, |ock manager 5102
in theg@aekss.alnvaictentioginadnt tthe sitqagarpaBicifdie & thi fovdl redetEntion
causes stream 8 to halt execution of its thread, and

methdD1YB) By Jx@éutﬁ%ﬂwlo‘%g 1AMALLESS e 10 anBeEOT® instructions.
aval T abl e uppose nOM/that while stream 3

till. h d

0365%4( RTN: %élss%ae%f%ﬁemﬁ%ﬁt b R BRRs on Epeb aB e
it i.s executing. Suppose further that execution of

may mhhuée eely ek the § Comtiiesons. r Eaeh s rsirBoinsy 18 T iR Z8ves!
al so needs to access address X. As a result of

and obsesc aitdchgntanhembty locasibn.uthe 8L, insttuotiami Bk esutbdrict wpdate the
access request (through global unit 108 and schedul er

conteR&Hhd BehOBKoFRRAGEE tORlhse HI1Sck. B ALADEwiaRCUBE Buread is
stream 60's I D (S60), address X, and an indication

wntte%nﬂ%ggér ughselt trrg%‘ur%tnxg COH‘I arf‘%g e iiruééso‘&tc%n % {5‘& 1daR8ot
ponse or

logicz?ﬁ(yel% etalsenzg locgml til 1t as reclqt{]essttegléﬁé Iogtame al ltogk)t r)A[n%/ n%mbm 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.

[0366] 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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[0377] At sonme point, the access request is received
by | ock manager 5102 fromthe schedul er 5130. From
the information in the request, |ock manager 5102
knows that this is an LL type of request; thus, it
knows to inplenent the | ock reservation nethodol ogy.
To do so, | ock manager 5102 extracts the address X
fromthe request, and conpares it wth the addresses
implernent gk lopk mmtvamn wethedalpey. hats pat Rl srepdientba LLsingruges, the
5106. Lock manager 5102 al so | ooks at the lock bit
streasitwilledhit for peedpoast i thedbclemetaden s ONBiagameaiting another
storage 5106. Again, |ock manager 51.02 finds that
instr Bl FANAGRORNS BLALBARE LR Q)Nan%%gnagﬁm (e P B

ress X and its lock bit set ess

510’)2&%%”“ HrBE TR R BRI %SfEstz&%aqﬁ"rlyi%&%éf%mamh@osweam

the wait list of streans waiting to obtain a | ock on
then Hgdieys hxdts prgrdn afghedired; In edkctntipagerm sag2tor slger’ and
portion 5116 of |ock nmanagenent storage 5106(0) to
waitstte the mmwiakenedh I Elhe streae@mckisecalproesdd syertah &ohrathit 1sdkrmanmgen
the wait list of streans waiting for a | ock on

510236 ndfcatin rg thdAthP&RIBMds %ééﬁ'@hﬁed L& @sthe l%%l?éﬁrhd'd?ess)

currently 116 stream 8. Upon earning this,

then 18 s?rganﬁj éﬁ?rﬁlteggc{ee? Sngq?ﬁ §§ xle ut{olglew%:l}aﬁe(ﬁ) %{te&g}%)r%fége thread. In

structure 5104, and stores in that entry the stream
this m@n(egé]@;) stregp @pp@g}ﬁs &oth the josk manags\an 02 fo Fmglemgqt thg{pck
doi ng so, |ock manager 5102 adds stream 60 (and
requdséng part phideidnkoastridian nsdtheelaingd0 i s executing) to the
wait list. In addition, |ock manager 5102 updates

[03610T t NP lskanf enlc@tﬁﬁel’g%ﬂ@g@réﬁﬂ%ﬁ a8 KOriageiction 0% 6tmivd 4 féquest
the ID (860) for stream60 to |nd|cate that stream 6

to thé ﬁ)cn%véﬁﬁ%? 515 @}1{660%%15_18)221 é hﬁc Vi’gl add V\bESE a%d 0 refca§e ttfle tlock on

[ Fq S sig causes strean160 to hal
that st Aé Ha%P PiSreghited - SURARR BV IS 3 S 6F e oK THis
~_address X to becone avai | abl e.
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 stream on a
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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[0379] Suppose now that stream 3 encounters an SC
instruction in the thread that it is executing. Upon
executing this instruction, stream 3 determ nes that
it needs to wite to and release the | ock on address
X. As a result of executing the SC instruction, stream
3 submts a wite request (through scheduler 5130) to
| ock manager 5102. This request includes streans 3's
ID (S3), address X, tBEDEPDebtiexrite data to be
it ok . referen - . [ I
03680} 5 TR IR e i 5 B BREG GRS
indication that this .is an SC type of request. |n one
operafigh JisHaiie &afqolérresga‘@ﬁmlme.%odpw@%%fllltnewrfe%@ég@ed with
stream 3 can proceed to execute other instructions in
referantg i Rigeadd-50.t does not need to wait for a response
fromlock manager 5102. O course, if it is desirable

[0369P or St RRAU3L steaitied n tribO0 184{09 SP@NSH entduni@Y a6 Q] S@struction
0380] At sone point, the wite request is received by

- | frh - : Fr )
it A R xca iy O S Ring R S Eom Wi Y S e
that this is SG, type. of request; thus, it knows to
that 1 frFﬁﬁ%PPe%%estg i aﬁ@'&%%-eﬁ&%ﬁ@@rp FEERBOI Y be 4TS 49,
| ock manager 5102 first verifies that the wite
addrepjue st adgesspothiamemosafG4@) thius,7accenste titis ehmsy bchidakis
on the address X. To do so, |ock manager 5102 extracts

manapdieb Alidk essageaanbloth 800 aUR 4 Rs(I53Y efdcatind R LL instruction,
request, and conpares the address X with the

strearRAALERIE Sn %&&Esex‘éaigését @%%@9 gcr%%&%%r of30t iﬁ%i%. %QK {9 lock manager

managenent stora npar es e’ stream

ith the stream D s _stared in portjon 5114 of th
5102, Shig TiplirsBHER SMERD A agbu st B drmicdxTegRn) address
manager 5102 al so | ooks at the lock bit stored in
X, ang gp indeption thay this iseadd- vpe kf reanesge idiet submuktingeths 1@Besy n
the present exanple, |ock manager 5102 finds, from
strearh Bevaitsffor aedspame béforeasketutinlgaly offfed agemenidn Bit ity hed.
5106(0), that there currently is a |ock on address X,

[0370?Eg P8dmé P&ind, Afckackeis CUEENL kel By RYLSEA BB _5’31'02%1’1'? 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 is froma proper stream In response to
this wite request, |ock manager 5102 accesses the
address X in nenory 5004(0), and stores the wite data
therein. The nenory |ocation at address X is thus
updat ed with updated content. [0381] Lock nmanager 5102
recogni zes that the wite request (because it is of
type SC) is also a request by stream3 to release its
[0371]ock TodoaddpdsmanegeThli¥, selacts@e s tiedotlomahigement stbmges
request, |ock manager 5102 checks to see which stream
5106 (it cuirénthyiteinpeced sfof @RMakdof englanteid Yehsimskihen
address X. To do so, |ock manager 5102 conpares the
: l; e, j 114 _
o R ARG e T BREL Pz bo s e e (TR RAREITE 0 o

116. 1f _these, are the t hereby indi cati hat

L ang s beaddbiF oo Bt PEIE thagiiioRopaianats 32p? it tre
on. the wait list), then there are no streans waiting

ID (SBpef srep@ciinisrparfien 5 Hediosrdicate thehstraae & aviremty les dnploel on
however, these ID s are not the sanme. Thus, | ock

addresmRadfarthé&ir@2e, Rovdwaaragat 5100 st@asthe GD @ StréaBih® poadidd 5196
for a lock on address X. [0382] To detenni ne which

to indbdahERA du®aflieis AEXfastShESAMnlRe RSt § i
o adadr ess ?(,1 I Sck rrséne;ger 51062 reaggﬁgg?%@%kag?ﬁgg}mma

0

0 torage 5106 to .ascertain ich

ook R R o R ARty BB P eSS st R
current exanple, that 118 streamis stream 3.

addreythfy it Is tphpicaliy igdast staamp on deakaibliste Fig o 23hpwh e
entry that corresponds to stream3) in the wait |ist

contegisof dys nsanegartent etosd®d 186@) ehtraha®ck hes Béanorrented t Bineachere
D. In the current exanple, the ID (S8) of stream8 is

is curfdn@lh @@ walk 180 tdrYthelock BHSddrkQCK, ndMARSEH o kA HA8HS LITIES the
that stream8 is the next streamto be granted a | ock

wait 1%@81%8%%%2%51%‘515@ f&ftg{%tlo&@e |l ock to stream 8, |ock

mana Wites ream8's ID (S8) into portion
103727 ot A2 &5 oW haloCk REneE 6 ORODHeatIEN edriest X Thmgmosy

shown in Fig. 55. After that is done, |ock nanager
5004(89),0@ads 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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accesses the nenory | ocation at address X of nenory
5004(0), and reads the current contents therefrom
Lock manager 5102 then provides the current contents
of address X to stream 8, and sends a proceed signa
to stream S. This signal causes stream8 to resune
execution of its thread. In this manner, |ock nanager
5102 grants the lock to stream 8 and wakes it up.
submitd88B¢ reguptiorEamoWalfor & respense §efoae cxesHEnHahather
encounters an SC instruction in the thread that it is
instruek@cidtitsfigkead)Joon executing this instruction, stream8
determnes that it needs to wite to and rel ease the

[0374# oc kA%n%%%{iﬁ?ﬁle)éccﬁreﬁu%s@ f4kdeida Wl@@l&'h‘jaﬂe e{r IB?(%%??%% édﬁe

nstructi Stream 8 submts a wite requ

sch 5130) to l.ock nager, ., 5102. Thi ues :
sched e (il o e in LR i FagFRck isph Sinseeh gl B EShat i
) wite data to be witten into address X or a ‘
is an klefype ehraues: HUS dgiepsrio fraplemenirthe ckyeseomiian methadelogy.
wite data, and an indication that this is an SC type
To doab, loelquessger bh0Daeraetshbeladiest X fbmehe sdgedtf dridrgmpbfes it
wite request, stream 8 proceeds to execute other

with thO8ddr&ietd QA8 ilpdrkidn KT E&Ehe [QABSHna M SR %1%5 @}i 06. %K

wite request is received by | ock manager 5 rom

h he 0, Fromthe info ion i he
mena QL FS I B R PT0 O TR ¢ieh Pk Mipoagment
type of request; thus, it knows to jinplenent the |ock
storagegd @y GRis 8%%@%%%%@%1 02 fipds that lgek siynageseat sarrag et 06(0)
5102 first verifies that the wite request is froma
has bagh remieht foathe addraseKtdng itsdeckail 6 khwom addressadl dr @sniky ldcked
the present exanple, |ock manager 5102 finds, from

by anéthér strehrar makican Etcefinefntd)1dcR GkandBa30OMRNL 284 &3S to a wait
5106(0), that there currently is a ‘|lock on address X,

list oAk BLihD S LG d BIEYE ALY el d by stream S. Thus,
the wite request 1s fr

_ _ oma proper stream In

10375 ) SRGES RSk TATHEESS OX 1T RIOPy 5508 o] A EFTa b Fiesss

the wite data therein. The nenory | ocation at
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 exampvle, the last stream is currently
stream 3. Upon leaming 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 éXBCLlﬁl’lg) to the wait list. In
addition, lock manager 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 signal to stream 8. This signal
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address X is thus again updated with updated content.
[ 0385] Lock nmamnager 5102 recogni zes that the wite
request (because it is of type SC) is also a request
by stream 8 to release its |ock on address X. Thus, in
response to this wite request, |ock manager 5102
checks to see which stream (if any) is the next stream
to be granted the | ock on_address X | ock
causesaiteaye 8 15 holt cxesHp dststthwadiand dpviath fOlsTthé 11%9& an@%15q8§ o9
5114 of | ock managenent storage 5106(0) with the
becorgt hednmbld) stored in portion 5116. |If these are the
same, then there are no streans waiting for a | ock on

(03761 he saFte 8w hat bhilk RBeh BIsBN a8 % 3HR B 2 dARVE KCEtrednl 66 Bf
'D s are not the same. Thus, |ock manager 5102 knows

v ok b AL AR T B s
next streamto be granted a | ock on address

furthqrehrigepcSirn P! uaBsTidRcares §1oprp 0 F‘bé%elﬁ%%ﬁ“é‘ﬁﬁ ﬁ%so fosds
storage 5106(0) to ascertain which streamcurrently

to acdeasaddress|30.c ks anesall df essuing fhis Lhénsturtien strexa o lsehmits an
that streamis stream S. Thereafter, |ock manager

acces® }&&em@%ﬁgﬁgl@m bfit 804 htescBBAUIY 51@@? to 106l ﬁ@ﬁg@g 4$01.0This

stream8) in the wait |ist storages ructure 4 and
1cquegp ndh r&gs gt[]e%{n ffdsoqﬂégg?)t Q?@r@?sr% (El)m 1%1@1%% ogﬁgtégﬂhls is al’tl LL type
us, |ock manager 5102 determ nes that strean160
of qu§stt H“eﬁ‘ﬁe“—‘%PmétFP%%l?%16%3%8%5%‘6{&55 fo5 @ReHRANSSFdPIE SE eting
To grant the lock to stream 60, |ock manager 5102
any ovrelr tiesgrustioeaiséiresd.l D 120 (S60) into portion 5114 of
| ock managenent storage 5106(0) to indicate that

[037At r eamsbRie pBRY thasectdied R6ts Pt eRRE e I6ckXmanbiReS 5102 from the
- shown in Flg '56. After that is done, |ock manager

sohed%&&% 1@6 c ggﬁ% g e 1H1%1 dlé)]%ﬁ{‘lés? No@! nqtggegore? ? fOZ)ﬁqgws that this

reaés e curre ¢on

S IS S8 o B e i,
proceed signal to stream 60. This signal causes

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 El@ lock bit stored in portion 5110 of each lock management

storage 5106. Again, lock manager 5102 finds that lock m'ulacrement storage 5106(0) has

both a metch for the address X and its lock bit set; thus, address X 1s currently locked by

another stream. In such a circumstance, lock manage;' 5102 will add stream 60 to the

wait list of streams waiting 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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stream 60 to resune execution of its thread. In this
manner, | ock manager 5102 grants the lock to stream
60 and wakes it up. [0387] Suppose now that stream 60,
at sone point, encounters an SC instruction in the
thread that it is executing. Upon executing this
i nstruction, stream 60 determnes that it needs to
wite to and rel ease the | ock on address X. As a
streames UIpongtaraing dhisi lagk mARassTS102areesses b, 8 e ey bet
submts a wite request (through the global unit 108
corregtahds ehetrtaines) in Hi23Mit lisd stooage stractapet] 08,102, stares 51 that entry the
request includes streans 60's I D (560), address X, the

streaﬂ%L@IGOWoi LieaHRE® Rishe st Mg 98t B2dlIF €8S 18ci0MhaBager
re erence to a reglster that currently contains the

5102 (91dd§’ séaeﬂglt (?7 (eui%] gel%g t'hQ ﬂ%g%\t t!hqpsth eg t60t19 !5>§ec 1ﬁn@?to§ﬁ:e %{ﬁf? Bst.

n-one’ after
wite request, stream 60 proceeds {o execute other
In adilideps lagk MaRazer A14% Wokler eaamn[ﬁdéésf oAk IEBAESREH HOrhe
wite request is received by | ock manager 5102 from
5106(M evittstbh dd (P @) (51BGrmAOcmindients thiabstream @hisinoevt the last stream
request, |ock manager 5102 knows that this is an SC

on tht %Re 1Rf. AgeuBSts déky) fockinkansB@VES 0L @erddpl vediegitndlhe stk 60.
reservati on nethodol ogy. To do so, |ock manager 5102

This % oﬁiltcaxﬁlé 'sééa f6(§ &algah; LJ;CI% dn oqx s‘%ﬂ%ﬁ? n& B ‘&I%(\Q 'Ti)lﬁth? %dé:ﬁ%@

curren he addr ess
present exanpl.e, | ock nanager 5102 finds, fromthe
addue&%ap FWB%HQ¥%P@d in | ock managenent storage 5106(0),
that there currently is a |ock on address X, and that
[0379]he ISopkost sowUhatehiedny 3 rabelubys su BEansteotiomiuthe thised that it is
wite 121 request is froma proper stream In response

exechitth (%f hinsonvxbéging elsis @structi g kirémn adeterrbib@2thadit e sdes virite to
ress X in nmenory 5004(0) and stores the wite data

and r'éﬁggeet he'io éig he édﬂ??:g%kﬁ pAg gtqg%}{lp Akcitld rtlge';%%])&éﬁxglgﬁgﬂ,sstream 3

n" upda ontent.

subm(nﬁ é’lcvglgr é@Sq]ﬁt%s @S é@éﬁs %eégﬁg O)t tlgﬁoc\ﬁw mELnGagreF S.tThis request
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
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is also a request by stream 60 to release its | ock on
address X. Thus, in response to this wite request,

| ock manager 5102 checks to see which stream (if any)
is the next streamto be granted the |ock on address
X. To do so, |ock manager 5102 conpares the stream|D
stored in portion 5114 of [ock management storage

o bt ! L SERERA 1S L 000 S

for a lock on the address X. In the current exanple,
X and tieestrsamd DI (B3) §owtthe eauesh, andtcRmpaics thenadsiiass Xgpéh ﬁéﬁr tion

5116. Thus, there are no streans on the wait list. In
addreskdd ﬁor@@ﬁﬁpor’ri@@ K1 s e toch i agaset storddee S0 kanbicompares

portion 5110 of |ock managenent storage 5106(0) to

the str éﬁl e9NGHLHE stjz QGO0 stofAdR §§1§10?f 5149 %hlﬁqaélgﬁﬂﬁéﬁement

torage 510 may thereafter be reused to |ock the

stor age_sgi[@é &%%B ion, Aoqlﬁrggré%geg 1%2 g}éﬁl\{h&agdz ?kgetnltoclgfmt rgd’l ff p%rllﬁon

| ocking of only one address (address X) is dlscussed
5110 qftea@hbgllc SApRLcHTE BoTAZR S, ItthaprersE X MRy Inck 5enos g ai 02

manage the concurrent |ocking of nultiple addresses.
finds, Fom @ atfpineationtsidred lrolokk nanagerehdtosge b dGE 05 106 (e i s

used to store the | ocking information for address X,

currenﬁy ® Pﬁ)rck o ﬁgdﬁwgﬁ{@tﬁﬁt thd RERUCourreHG ReRiISHSIRAADE Thus, the
, nay e used to store the | ocki ng i nformati on

write ﬁeg%ﬁg? S I‘Ol’l’l '1 Cl Streain 19 Halg%%gi hlS g&he 9{'(1 %gtdgo%ﬁ‘?na\ﬁa T

nage et 8 ordge stora
structure_ 5104 maybe mamqpul ated and n the

ate
5102 @é@ﬁéewﬁﬁ AddresssX elhgl@n@eéé(? %@da@zszor%\?emfl@rf%%r?@% Toe

Overall, each of the | ock managenment storages 5106
memohplpbaicnse dddress Xantge uvpddtaokitonpdatghedntenl ar addr ess,
and the wait |list storage structure 5104 maybe used

[0381¥ 0 '@cﬁh?&hﬁbér 1 0@ddoghik&d tRat(thé waiydeqfiof (Bdchugfit shes@e SC)
ocks. annry Access Optim zation

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 strearn 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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10391] In the sanple operation described above, when
| ock manager 5102 processes a wite request (of type
SC) froma stream |ock manager 5102 accesses the
address X in nenory 5004(0) two tinmes. The first tine
is to wite the updated contents received from the
streaminto address X. The second tine is to read the
updat ed contents from address X to provide those
sircarg g eIt £ DR ISHARE TEHAEST K CRESSRAIY 3 Ghe iR dhtis e
these two accesses are perforned one after the other,
corredpoads fuf sireamit3) am tharvw it lesh storege stmdureedld4fand wbiains therefrom a
address X are the sanme. Thus, the read operation is

thread AVEWRE chgdursandle, the39248)16F sekimisnaterddie eAred; thii9rock
the read operation, several addltlonal portions nmay

m’ma?& %Qecf%teﬁfﬂl §ﬁﬁt égéﬁh] VﬂﬁQﬁ@ﬁ%@ Te %aﬁﬂegq(lgc),k onT 'md?ess
erein ﬁanagenen
stora 5 06( has. been au ed to furth rise
X. T g 81@ i b#ot%%%ﬂn 371638 hagid 00k Sictr Hor S HA ang
a dirty bit portion 5706. The value portion 5702 may
portidyeS e lodk wempgemenistonegst5 106(0) emindiesin bat Lream & psv has the
address | ocked by the | ock managenent storage 5106.
lock cw iduirédaed. COKiE evsho®and Biy S5 andiel &t 8 doneA6¢K inafagder OR)2
it is no longer necessary to access the nenory to

It
accesgr afls b %1 ?ggorcg%ﬂn AARLERLS ogﬁlem%( @@'@t(@f»%nd féaagﬁ{e_rcgﬁm

e va portion 5704 sto S|ng

t ! that,.the
Contee{}ﬁ?%ﬁ%811153@F§8M§1%%658 0 G g7 2365#%6 ATRRCSs A hfedEess X
can be used. If this bit is not set (i. e. is a "0"),

to streage §, #1d seBGTADPIOReRd stanel losieantss This peralicavses Fomnap &
not valid and cannot be used. The dirty bit portion
resunfe/é@cstiar @tsahiebd. ithis niandes ddokamatetheI02tdnentd 243 lock to
contents stored in portion 5702 are currently
Swemﬁ@q%Ha;QQQHWt;h the contents stored in the address
| ocked by the | ock managenent storage 5106(0)
|nes ' irable. to st nmost ..
1038330 T SR e RN S BT Pt st isieRde the
those contents in nenory (this avoids a nenory
thread thapt §§§ eXePRENE| I,Jﬁcyl q;p@utbacgrtbqs arstrehen, et @égeteammes that it
i ndi cation
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 té 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 8§ 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.
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as to whether this has been done. Specifically, if a
"1" is stored in portion 5706, then it neans that the
contents of portion 5702 have not been witten into
menory (thereby meaning that the contents of 5702 are
"dirty" or inconsistent wwth the contents of the
menory). On the other hand, if a "0" is stored in
portion 5706, then it peans that the contents of

To dqpwsr idcmBTeg SAAd TEviacibenibrithe Writoisawssy s a stream that
consistent. [0393] To illustrate how these portions

currefti0iZas a336don Hie@6dwayXbén the eossentefemples bclinianagered g dimds,
to an exanpl e. Suppose that stream 3 executes an LL

from 'tl{ésihfo‘ﬂ%ﬁh&ﬂsto@ﬂ Gl %%k@ne&lﬁ%dﬁxént stb{'t%é 80H6 (03 Wkith& e @urrently is a
request to | ock manager 5102 to | ock address X of

lock %mr;rcfdi%sts l%g%% f%t ’%16%88?19 %ﬁm&ﬂfyt}{éﬁfe@’mg% e dflﬁ?ss tH§ \M%te'}e uest

anot her s stfea

_ granted the | ock on address X ti l.ock

is FoPgE RGP S OIPTEPERAS Sl TSt ?Péﬂ%@a% ?raﬁé)&é“ﬁ%%ﬁes the
storages (assune storage 5106(0), for the sake of

addresx Hnphegmorpn804(0p dad eteres tthEa‘éznfeoialéUM‘em( 13hovinpmesy lacatjon at
into portion 5110; (2) stores X into portion 5112;

addrekSX i8 iR @gaih eddtb (BBpediedtdgam 3 into portions 5114
and 5116; (4) wites a "0" into portion 5704 to

O38§C]nd' ig{{ 1}1/15%2%81 Bﬁﬁ %@6@12&9 }\é’)‘? Héemf?tg éciu%ﬂ (gg&?{sé R is of type SC)

urren

portion 5706. [0394] Aft dt K t
B2 E18. 0008 MLt updlynp) ok anageren, o,

5102 accesses address X in nmenory 5004(0), and reads
writetrbgiesty tack mianegatsd A sheckh by sef mdneh stsem (ﬁﬁﬂmab@rths pEg stream to
then stores the current contents of address X into

be gr}@kd thReNockootDRidran K. SBd Go §d)@odihariaBerfB1I0R icompark4hd sireai D
to indicate that the data in value portion 5702 124 is

stored! 9%&35ﬁ d11M1168k fRAleehSn0QNG e b R%g(%)%ﬂ@ﬂl% rstr'é&ﬁ@]) stored in

es t e current cont ents'to ream 3, and sends
pom?}} g@ég gf aaefengria ﬁt@ stagsgz mﬁes ]te(r)lpt%g eeﬁﬁs‘, \2%1&1161% %r 2 Jo%k 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.
[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 current 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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[ 0395] Suppose now that while stream 3 has a | ock on
address X, stream 8 submts a request to | ock address
X. I'n the manner described previously, |ock manager
5102 adds stream 8 to a wait list of streanms waiting
for a lock on address X. As part of this process,
| ock manager 5102 wites the ID (S8) of stream8 into
portion 5116 to i ndi cate that am 8. i.s now t he
(60) s poSOPGM BhCREMEEEIT SoroerRaPea 1ot Gk g 60
' 5102 sends a wait signal to stream 8 to cause stream
now H8s the loeli ¢n 4dsiresa M. 6B rehaddieEig. X6. PoEobikt Sidspesiecihow
that | ock nmanager 5102 receives a wite request (of
manadef BE0Dhdcessks MRNSEMQFMAtioh Bt dd8EROXSE thembilyi FOM D)L &nd reads
request, |ock manager 5102 stores a set of wupdated

the cugr%ﬂ{ @&E&]{[s(thg\%ﬁ pd mg &%ﬁ%& B4 &) g}{eﬁ I)])P&Héiés%g e ich 8RR of

quest to val ue pOFtI on

| n_additi | ock r 5102 sets, the [
addzegi G A P 5706 A oCamERD 9 NATEA0G { e Fsbites
contents of value ortion 5702 are now no | onger
streanc 60 & ws@ne exdctton peitcibrradnsthisrmarigr.deek Manages déed gants
| ock manager 5102 rel eases the |ock held by stream 3
the loBIOtAGLARSD aXd vailds grant s the 1 ock on address X to
strean1S In granting the lock to stream 8, | ock

[0387] = ﬁg{?ogell%%w Wt £ ﬁ & at ﬁj ge%@mtoten&)tu'h{%ﬂ%gs Crﬁlﬁl ruction in

4 to |n |cate =earn now has the | ock
ddress X .Aft 8‘

the tofGe R a g 6002 B Lo aRE R bhdp s ERRs That fﬁiﬁ ia%mnés tht

contents of address X. To do so, |ock manage
it needowswnistio ant wbxsatghesksonaddrass Kae‘ixs a repult of gqtqj:utlpg the SC
woul d obtain stale data). Rather, |ock manager 5102
instruc @& Stredme 64 ahhiﬁiw@wﬁitmqﬁe"éﬂaln@ﬁgﬂl tdekelobmnagd@8rnd scheduler
storage 5106(0), and provides the contents contained

5 130)ttB %ﬁé rﬂaﬁ%m% 1oeam refh Q€K ARBAGRENR DR Ibr(@%) taﬁ@less X, the

contents val ue portion 5702 are valid because the

actuaf‘ﬁjét 37 S/gtg nolgto%?igﬁs%gfog & re ehe%g%éo %Ire(gnstt%q tﬁaﬁ%nl%ﬁy
providing the contents of portion 5702 to stream 8,
contajngdhe Wkfalgts asd gpindicgon gﬁggnsals 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



proceed signal to stream 8 to wake it up. [0397]
Suppose now that | ock nanager 5102 receives a wite
request (of type SC) fromstream8. In response to
this wite request, |ock manager 5102 stores a set of
updat ed contents (the updated contents are provi ded by
stream 8 as part of the wite request) into val ue

o7 di
reques i?s t{té;gglpeogeﬁ str epag ‘t orﬁgplggg%to tgm.. {I{H n@cgl%gt é)%lg %1&?1?&6? Stlblf

already set) to indicate that the conte s of va#

accesspbiheiagresSE R MEFOTY 6YPHD): PRchgeres dhndry thgpeith e
contents in address X. Thereafter, |ock manager 5102

memoteloestiasat itidre$sof ks thes Egztixyumaﬁ@a\m%updat@tﬂ@nm. X, and
grants the lock on address X to the next stream on

[03 89]t he MRl tndnhsdr-51 b’ﬂlécaem%!sr theithe GXi@dHRgBest (HrRfeliSis BOtype SC)
tream wai |ng or a lock on address X. Thus, |ock

is also aer&g?(%s %g't %IT{ ﬁdog)%%gei%e 1&610!31? 815 a@&e%%r ?ﬁtct‘s,, ],e@f%se to this

| ock rmnager 5102 es that tE dirt b 5706

write ipgpestAFcHApAZEh! q clisdareswnigh ﬁggaméf aB@éﬁ ’Eﬂ’“am o
with the nost current contents. .Thus, |ock nanager

be grahibd2he akisn ahdressur Entdosonioeh mendges il Varerapases the shicam ID
5702, accesses address X in nenory 5004(0), and stores

storedt 1H§>oﬂiﬂnrﬁﬂ!tl of MRk @B pdrh@ft @to@a%c STbe(0aekdiheds stieanhn Dretomyin
4(0) is thus updated. The | ock managenent storage

pm‘quJSQ% O)r 1BY aﬁ{tﬁé ?ﬁfl% %?S@Sﬁé%ﬁfng &F]éa%lﬂwﬁpm Ret l@%ﬁ%

ress e above exarrp

. ck nana er 5102 re ses t 0
addreginy, FQeCETH] CLREP ROk SHnt DA JUet rbRSG LPaor S i1 8 plin
updates address X with the current contents in value
5116.pBintsi teres7OR0 tagssmimige et lishl ndhigpsed laskmanagpior 0L aepets
5704 and the dirty bit in portion 5706 are set). As
the lodibiakit gsrtiah b VE) ofl lockmarapggent 808 H8Y6(0poagieateths lock on
update In such a case, the address X would conti nue

addte%sp .a?égc %%?5&%%@?% ﬁ?ré%iﬁodhézg)gglty !hfere%ﬁglr §S@utdits 1(51§Rtthe same

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 information 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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possi bl e events m ght occur. First, |ock manager 5102
may receive a request froma stream to |ock address
X again. In such a case, since |ock nmanagenent storage
5106(0) already has address X stored in portion 5112,
| ock manager 5102 woul d use | ock nmanagenent storage
5106(0) again to lock address X. To grant the lock to

the requesting . strea k mana 102 t he bit
abovei fy 1derbs for PP URILFED 0L be lopk ARG BER S P B Do P
streaminto portions 5114 and 5116. In addition, |ock
manageeniagle on 3 pagicukee elkdresshandghe wiaii listsipigge \?%'th‘éfeﬁdpf" ingsyy be
5704. If this bit is set (and it should be), thereby
used tb E‘x@dn@t@in tRg wiahtaistst(fanydfat &l bfthesd loeksporti on 5702 is -

[l valid, then | ock manager 5102 obtains the data
fron1 val ue portion 5702 and provides that data to the
requesting stream In this manner, |ock rmanager 5102
avoi ds accessi ng MeoggsceésiOptimergion 5004(0) . [ 0400] A

second p055|b|I|t ist | ock r 5102 ei ves
(03913 GBS FTFRIBAPHET SR S8 3P o R TR OT TP AL SLD Processes 2

(assune address Y for the sake of exanple), and | ock
mqneﬁmmagénf@ﬁ@ﬂcwﬁondesmmm,MsEHMDmKnﬁ&ﬁ&g@Néﬁﬁthﬂ@i@@éXJn

5106(0) to manage the | ock on that address. In such a

mem&?% @@4(@??\7@5’ 8mkOCRnIBRO@AE 174 dditwitid @slatdcohttharedtvedrfrom
| otk nanagenent storage 5.106(0), it checks the

the stlk(jaap IB dtdre%s é@; 0@% s}é?{!r{giq{nﬁeoirs ;té ?e%d%l?@ b Bk c;otﬁ?entsdﬁ (5llh¥1dd1ess

1 on ese ItS are

manager 5102 obtains the  data. f t| on
X to P;Wﬁ)‘ﬁe thase C%?tlelﬁté & hrgexisheamopdls Waidliss gén aYlste‘n Ee%gw es s
that is currently stored in address portion 5112)..
accesstaiangpatormed oke pfigrdherthsl 02 infosuaiden whisten inje ape se@ldﬁomsthe
kept up to date. Thereafter, |ock manager 5102 can use

addreEshK O saBNTBEYEIY resd @fe@@ﬁnﬁé a0 &yhdteedmdage t he
| ock on address Y in the sane nmanner as that

[03 923 esth gltl ﬁt@ Tﬁo %é& Y T tﬁ'ez’rz d Q40 on! BeRAE 'aﬁﬁlﬂanﬁl%opcﬁin@ %ay

sed ease grant pfocess, portion 570

be adggg’ to each lock management storage 5106(0). This is 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.is a"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 a "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
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al so be used for other reads and wites. Basically,
whenever a read or wite request is received by |ock
manager 5102 to read fromor wite to an address that
is currently in address portion 5112 of a | ock
managenent storage 5106(0) (regardl ess of whether the
bit in lock portion 5110 is set), |ock manager 5102
does not need tq access the nenory 5004. ther, .i
conteptg stagedsia noFtion Y784 GHe GUTeR C%%SéﬁnhWﬂtgéhm?e%gﬁr{%?réﬁ i the
contents of the address from portion 5702 of the |ock
addressloalgeitprite Bich negegdinbstolge ASOEA Ssimayviaigit npyrerspiyable
(assum ng the bit in value valid portion 5704 is set).

to stotdtht A sE@FRNOEonBentd intp@rtidnt5 702 Willout &so §tbenghiobecaddias in
into value portion 5702, set the bit in value valid

: - ¢ o . . Lo
mem 83048 PRRE o] Lol 05 bl By SYodl bt gccon
b d i f e address. Thi .
N TR MR AR e R
i nvention. Acconmodat i nga Non- Locki ng Storage [0402] In
VER

means Hat thetsedienis of perion i Bk nat beearwritian iRpsmepery Hesthved
that once a stream has a | ock on an address, no other

meanfol tB&thé Soradritonesd 02 arenidirty® o iviconsibtaht widd thesenteisidf ¢he
this assunption is generally true, there may be

memdi TP SR Ahd- @8R4, 1iMa V86 Rolel ih PodRRiIsT788) tBert @ mehd Bt e
streamto wite into an address even when that address

i s locked another . stream This may _be done, for
conte 3 g gRE 0> OLHR it PEEe S EBfodat o such
i mpl enent ati ons, _several changes rra7y be made éo é;he _
[0393d b o d P AbFiT2ig 9w thers a6 702, P23 /0bmeayc1saisge risrenge will
- incorporate another portion into each | ock managenent
be m&tead agexHifl6. ShsposhthansticamF execti®s amLLodruntioagedent result
storage 5106(0) may be further augnented to include a

there© QLlﬂa_n@iﬁoiﬁ%gu@@fot 1b&Pmaer 5102 BNeckedands KesHtmerhdtyS 004(0).
portion 5802 128 stores a single bit. Wen this bit 1s
Suppgs%tﬁlﬁﬁér tﬁét'aﬁdregf}(?s afc ‘reﬁtfy 15ﬂggdco§7ta?1§thtep?&eahh el‘l?cgfjgtfeﬁﬁl 3
is granted the lock on address X. In granting the lock, lock manager 5102 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 management storage 51 66(0) in the above maﬁner, lock
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
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specified in portion 5112 has not been witten into
since the streamw th the current [ock acquired the
| ock on the address. Thus, when this bit is not set,
the streamw th the current lock still has
exclusivity on the address (thus, the |ock has not
been broken). On the other hand, if the bit in
portion 5802 is set (i.e. is a "1") then it neans
is nophelida ddien drat 1ssione daTiagnager § 106mroHees thheuremd perignts to
specified in. portion 5112 (thus, the | ock has been
streat Ble@d kendEhipsodernd $ignal toretacasn 1 tradautcresirlcamradeeh withehe
current |lock on the address no | onger has exclusivity
@“mgﬁm{@ﬁuﬁﬁgﬁgss and hence, is working with stale data
(the data in the address has been updated since the

039§L0u| (5 %gg/e[ %18‘}%%9&1 3 1'!1 a?&‘f&mazkdﬁ?e‘ég gdgtt]eean’? § RS o

Iome Fess since

d0|n ul ult in dat consi st ency bei

requasﬁ% %%‘éss &%éﬁamﬁan% &ew@ﬁ%wa&l@y&?c REnRgeY 5142 adds
portion 5802, the |ock nmanager 5102 will behave

streagh § foex wait i, of igeanest wpitng fom 1680 Bdrash &. | dckarhehthtgarocess,
5102 will be discussed further in a |later section.

lock [O4@4d: SADDvRieds thENES) b stkca@i®ibepdrace St 56 foantiaste that
manner in which each stream executes the SC

streabN 8§ 16% 8 nast a&aaea%e heg 1kh Ufhefrarftel m%am%{ ?ﬁﬁ‘sends 2

executes an Instruction, It sub mts a Wit

wait SRR St &1 i i8S SRS S up R i g B e ed R then

proceeds to execute other instructions inits thread
[039¢d t howprosginorgatlerk mapagspolaccertes ¢ vads uegveridal vanSke

made if exclusivity to the address is guaranteed.
fromHaweme. , In irespaumseitorfilieweint @tjhat) lodenmmagerstiO@ atoréssa set of

allowed to wite into an address even. when anot her

updaddd @ABnRAheApliek cOedth ate RAHARSS, st@%8 | Ui pakitof theswARt
guaranteed; thus, this assunptlon cannot be made. For

. (
< HERNRA G T AL o0 B,
S A wite request, a streamwaits for a
porth@éﬁB%?e 1P rmeicnts thesche PRI B g Portan Y1Hé FRRYHAS nger
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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 &. 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 s’éream 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



i ndi cates a success, then the stream proceeds to
execute other instructions in its thread. On the
ot her hand, if the response indicates a failure, then
the stream may need to take another course of action
(for exanple, request another |ock on the address,
re-update the contents of the address, and try again
to wite the updated contents into the address)
portiof 64Q5HasTwen k¢thiskrthisananon: D6 RCPRIAgRst 1S SHpINAiEy H5dfiton to
in the presence of portion 5802, reference will now
providd€s e dentets df pentidAS762 tdShppase lctchananagax) 516Rradsprnedds a-
currently has a lock on address X in menory 5004(0);

pmceﬁﬁb i Q{%@rg:%\];,gge ifgxt and last streamon the wait

ess X; (c) the current contents of

ss Xis V, 1
0397 e oSt s PRE e e L NP v MeBR el e
address X. In such a case, the bit in _portion 5110
from stiepiy. 8. S8 yespensetolbis gaite {aquest, lacle liﬂ@ya“ebéﬁ)% gAres #pot of
woul d contain address X, portion 5114 would contain
updatét dogams(tise igda(eB83onteptaratd mviddd By sinednd 8 as patt aif hesymteam
8 s ID(S8), portion 5702 would contain V, portion

L forGBRtDN B addition, 10BOfiahStr 5700 s Uit pbit ai n
requeéyﬁ% MH 1Sic|ns assurredqt altonagdr ess1 has been updgt ed

portloBé:YB? 6on'hlg éggts s&f@tag&%%ﬁg&%@% %J&g%rxgé Eﬁfo Wﬁ]l%e ortion

| ock manager 5102 recelves avvrlte % {rfr stream

5702 49 BOWRS WRES OB PIRR U GRS U1 1SS ot PRGSANE, ook
Suppose further that this wite request is of a type

managdi 3t 0atdlenass thn laddredbisy theained ow addreas X, rand gearéhthﬁﬁ@rk on
that address is | ocked by another stream In response

addred<OX tdirS He@OdiRS ) orl 06 kvalfBiRAdE thSdiRrent BRGkSle! Bedend tream
address X is currently | ocked by another stream In

¢ B 1k ToRamRss X
waitg g EUFI G aaBAUR, oS B S et §1 LR G LRk el
portion 5702 to V, and sets the bit ot
by sespine £he Ioph DAABPTISH 3 1 BiSk Do focks Fomieet &1 CReTie ik
portion 5802 to "1" to i nd| cate that the contents of
dirty el thr 56 iXsdtawkich eamans fhdbaddrtss Xhhes nos beemaundatedyoth ha geost
has exclusivity on address X, neaning that the | ock
curreft@bfieBi. Fhi§anRISmaRa RElsiT0eS8ads the cunrent 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.



130 X has been broken. Thereafter, |ock manager 5102
may optionally access address X in nenory 5004(0),
and store the updated value Vtherein. If it does so,
it resets the bit in portion 5706 to "0". If it does
not, it sets the bit in portion 5706 to "1" [0407]
Suppose now that stream 3 executes an SC i nstructi on
As a result of executing this instruction, stre

[0399% ubnif eddrassiF 3ot npeatedfiqr dre loglpen atdress oK [sgeleasrdn %Fwo
5102 to wite a set of updated content into address X

possitAb bedntsmbpt btdungFirdtj lschvmahgger 60ksiky recsive eanqBsiaim s.
for a response from | ock manager 5102 before executing

st*rearﬁWlo@ﬁ 'ﬁ@([less'}@%'ﬁﬁ‘ Clnl BB o chde, EIRSPRPS ﬁlaﬁe(gr?hﬁhﬁstwalgé 8106(0)
guest, | ock rranager 5102 determ nes that stream 3

s T £ RoiR 0% eabteaeb gl g R "

sees t hat stream3 s lock on address X@"F?‘%ﬁ) gl
managgroRé sloragsud VoW0pesein irdRglgtdresos tiedsh p dhg gguesting

updat ed content provided by stream 3 into address X
 strearh dokk mangges 1 B16R tht bio idvek posionirlil @ & t1feandodrites the ID of
content provided by stream 3 into portion 5702.

the sttt B8Fhorli @Gl 1M RAYST 1 O TR Ad8i88E Slodk dhdgdér 61 (TRaRagahE Bit in
stream 3 toindicate that the atterrpted wite fail ed.

value Vahd §R%ﬂ%% oIfttltﬁ's Bit 1?% g{n% 1%%1&91?8) dﬁ&le a3 Hh %%{a@ﬁl%

esli re course or exa

requestln t her k on dr ess
data ip yaig HEE! fﬁﬁgéﬁ%@sﬂ% alf&r }Pcﬂé?ﬁd%?lﬁl% ° Eja}sr%ﬂ? éatw?ﬁ%“e
the updated content into address X. [0408] Even
valuetpooigh5 108 akd penvadpe tha do telGesemesting $tte@mt thip ey, lock
content from stream 3 into address X, |ock manager

manaBdi0 08 takbills E@eQEY aksest heinwhdheryrsoquest (of type SC)
as a request fromstream 3 to release its [ ock on

[040(ﬁddr &SR cdd ep})@%fil 1?9 a@?&qﬂﬁﬁl %Qr i r@@e Je@ a IE%&% ma

ock rranag eases stream addr ess
s R o Bl RS AR, 8 %s L
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 the
data from value po‘r“t'ion 5702, and writes that data into address X (the address that is
currently stored in address portion 5112). By doing s‘o, lock manager 5102 ensures that
address X is kept up to date. i‘hereaﬁer, 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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address X, and grants a lock to that stream In the
current exanple, stream8 is the next 131 stream on
the wait list; thus, |ock nanager 5102 grants the | ock
on address X to streamS. In granting the |ock, |ock
manager 5102 updates portion 5114 wth the I D (S8) of
stream 8. In addition, |ock manager 5102 sets the bit
in portion 5802 back to "0" to indicate that the
[0401t ur rlentdision éabeiistsed don tBY ldvkselense/gtrst pioEgsSopPTHER p E¥EIKy
(i. e. the lock held by the current stream has not
also bbaesd fof efkereadslandvaatd. EBasidallg kylivheag e freddldd 2vitte aetpietine
current value V of address X from portion 5702,

receivigcg Bg gﬁ?gn%%{géar Mab %@re&@ Iﬁt&nr GaRB 1d A adRQWeL Ak Necurdaliv

use the in portion 5704 has been Sset

to "1" n ends a proceed [ to re 8. | .
addres ORI R o e RGN SETH yPah Ok bi e g e bit
_ | ock on address X, and wakes it up. [0409) In the
in locknpiien 5d&Q Brsehel@ck maBagené 0% st pYAIEd iP FsescHBIMGEPIYraYl4.

be inplenented even in an inplenmentation in which an
Rathegdd thesasa@a doed, i dah tobtair the meevanrenivdreneranof the nd&tssefaom

has a | ock on the address. [0410) At this point, it

portiof 390L df B€ 1aRtREhbhatn 3ld-ARUADG (0h BisicRy 8NEdiAR tdhASmBREN
described wth reference to a specific enbodi nent, it

h .not . S imte ri. .

e RRAIRL S SRRSO DR T TS ol | Qi
i.n the art vvith,thffe benefit A of this_qdi scl osure

the wijierdggptodeBRor iy ¥108nset He bitgn wplue gplid patipRwdhd:iagA set the
Thus, the invention should not be limted by the

bit in dipediif partiend it ingetdsofigoatd tb mdndrysThwst poition B2 onlyypelmped
the scope of the issued clains and the equival ents

like a bRk €O thd 32dr¥RatThisSan@ o dBsksias wikhinAhd®oPOB the present
i mpl enented by a | ock manager in a multi-threaded

nvention.

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 generall& 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



envi roment, conprising: receiving, froma particul ar
stream executing a particular thread, a request to
obtain a I ock on a resource; determ ning whether the
resource is currently | ocked by another stream and
in response to a determ nation that the resource is
currently | ocked by another stream adding the

i R T R

1, further _conprising: determni ng, at a | at
specifigd @cpqyb@m HRdag&p bqep fr 1ttep AP sinceitle sttrﬁ:émp\g}t}@ ,tlg,elﬂug,ent lock
streamis turn to obtain a lock on the resource; and
acquigadaht lavly onhilee pdiress.c ihay, wdien danba 14 nokep thet dueamesituthee.
3. The nethod of claim2, wherein the resource

curre@ABBIE siHEBasREIuOKitIBh Ehe RRAGBUY, PeAbEIOASS nA beddBroken). On
met hod of claim 2, further conprising: in response to

the o@eldl%inﬁr {Fll‘l&aﬁlf bt 54285 Ecﬁ%? iEE "1 ?I tﬁ&{ ft%@é In¥ tﬂa? &Fo%lqer

not eam causl ng € par Y edm
|t executi the particular thre 5. The net hod
Sﬂema? 13 PR 110 39%% &7 FesdieAd P?iéloﬁa?rlﬂ-?@g}lsar“"‘slt%éﬁ% besn
halt execution of the particular thread conprises:
brokenhsThigan tumy ntehes thalrthe sudaar wih tleranrtent loak onftbe addrbwsak longer
on the resource before continuing wth execution of

has etdigsipiay 61 teladtrebhurdatned is Wh ik MR etaRf d2¢d @h&dta in the
further conprising: after determning that it is the

addreB@Rds euh Bpdapdd mtﬁ L, &REHBF& FHelah)! ﬁ?%ﬂ 1L Ja@g the stream
resource, causi ng t e particul ar str O resu
shoulg nog f:“)l l?owe%fto terll e Bl 0 h Léldl%rss 319506301110 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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133 7. The nethod of claim6, wherein the resource
conprises one or nore storage |ocations, and wherein
causing the particular streamto resunme execution of
the particular thread conprises: providing a set of
current contents of the one or nore storage | ocations
to the particular stream and instructing the
particular streamto proceed with execution of the
indicafean tsicebsathet hesitbam §ocepe tonaxepitie obfer BISERGHORS e fhEsad-
addi ng the particular streamto the wait |[|ist of

On thS&th@3HBd GOREsRase Aadvess b figluge, inmkhersinagemap thiest ortdge
that contains information pertaining to | ocking of

anothe{rggﬁx:rsg SPAHER (foRSEERHIRI Bh Gt SloMB: IdHkQaE bitetdNrd-fiflate the

nmanagenent storage that a certain streamis a

| asf streamon the wajt l.ist: a SSi -' i
conten§ & thE e e ot 1L g £, VT e R TR r s b e Mt
the certain stream and storing into the entry set
[0405bf i Tef ibnsteats bow ilerknnamageny) OF meaypetate i the P%qs?lé?ﬁrﬂ? peytion
The nmethod of claim8, wherein adding the particul ar
5802, s&fereass widl dvebsvaiatie td drsdxanfplestSuppose thair t(hetreeunpeirsaty
updating information in the | ock nanagenent storage to

has a 1&@9 bGal&edshaty ﬁaQﬁlorf?@@k@)u gﬁrstr@inﬁ 8 aMhleSieROWM A 1R stragih on

reamon the wait 1ist. ‘1 The nmethod of claim?9,
e ARSI B A ot B RES B0 0 e
threadclgﬁwpggj:t?qiz@g gﬁ&%@&%ﬂ&% s{rgglt] ﬁté)g%ﬁeglrégg {orgk Sc’)g ra?lgrrgssn R 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 5116 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 i91
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 exéxmple, 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

130



accessing the entry in the wait |list storage structure
that corresponds to the certain streant and obtaining
fromthe entry the set of information identifying the
particular stream 134 11. The nethod of claim 10,
wherein granting the particular streama |ock on the
resource conprises: updating information in the | ock
managenent storage to indicate that the particular_ .
X hassliaer drokeow Thersafer] lockmamegehel Resguepmnalivaccraddisshsdn
of claim1l, further conprising: in response to a
mem&§t5B0II0N nd @it hatuplhiel vesouriterelns ICitrdbertol it résetkielbivyn
anot her stream causing the particular streamto halt

: t.1. Ofn Of¢:t r: | st The nmet hod of
pomogfgﬁr%tb? ?%r”tdﬁgsrﬁgo%e?%?ﬁgwg ?%P Sgg? teorrr}i ni ng that
jt 1§ the particular streams r.n to.obtain oGk on
[040'%]he EP@%OSE 58@,&15@ 5{]1%3?Th mfei’fg{gbg? Elgclﬂftgjrcug?‘rggﬁf o 5trogsurre
execution of the particular thread. 14. The nethod of
execwingths gnstRigHeh Sicab B SgVTiicaeetest (9§ LYPE PEiAlosk srmaser
particul ar stream executing a second particul ar
5102 thiveiaela sa of spdoaicconeqliatt addeeso Bl ah fieraubngknhiawrite request,
second, different resource; determ ning whether the

strea BCORE fof 8 Q4hEReifDnCILEE BREAgE: b AEKRGoRExaRBhB ey Stheeam
In response to a determnation that the second

el R Sl Pu S P e L ORE B B0 BEEEAI gt g
list of streans &}iﬂtin to obtain ck on

a .l the .
3 curgeadly e RS ERCRd ot e FRTATgPa8 OB HedRBFmER G nERaEiap 5802
upon the second wait list, that it is the second
lock mantgec G sess thahsitesmtsrinck on adsiress A has heeik bisdren.hhus, lock
second resource; and
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, including for example, requesting another lock on address X,
updating the contents of address X again, and trying again to write the updated content
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 the write request (of type SC)
as a request 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

131



granting the second particular streama | ock on the
second resource, 15. The nmethod of claim 14, wherein
addi ng the second particular streamto the second
wait list of streanms conprises: accessing a second
| ock managenent storage that contains information
pertaining to |ocking of the second resource;
ascertaining frominformation in the second | ock

streanram dgenanliststhos, dopk mirageas 1 0Qexandthe ésdaimadiress afriol sream 8.
| ast streamon the second wait list; 135 accessing, in

In grahf}§s WRI16cK Io8k niinOF@ 3205 hip ABLUSBLiorPST 18K tHeTRYE (S8) of stream
corresponds to the second certain stream and storing

. n . Vo '

o T L o e S 1 o e W A P R D T Pt
particular stream 16. .The nethod of. cl aim 15, erein

the cUFH} FHFAPHETLEL OSSP aR 2dd1pEaiit% thelfek B GHghe
wait list of streams further conprises: updating

currerit wregrmrhed wid been ke e dbaafiog lockmragendn(Z stads dupecutnt

‘ indicate that the second particular streamis now the

value Vast acilr&se alirom golRorSERRNSkoVRIct tHat $dlue Histrelines (EkArek BE
claim 16, wherein determning that it is the second

‘value Psax;atliidg}él:ﬁ{se ﬁ{erb‘?iaim&v%rﬁd‘ﬁrﬁ Oh%gg ?ée%' sBt B oy O)tc,: Eréc? Q?ri(]ig g 5}?rocee;d

second resource conpri ses: erm ni ng econd

. certain_streamno | anger need | ock on the second

signafiS SIS, I Eubeing IPHemareey S| (2 NG darn et ek onagiess
structure that corresponds to the second certain

X, and welsertt WAnd obtaining fromthe entry that corresponds
to the second certain streamthe set of

[0409] In the manner described, the lock reservation methodology may be

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 should 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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information identifying the second particular stream
18. A |l ock manager, conpri sing: neans for receiving,
froma particular streamexecuting a particul ar
thread, a request to obtain a lock on a resource;
means for determ ning whether the resource is
currently | ocked by another stream and neans for
adding, in response to a determ nation that the

What isetagiieds: i s currently |ocked by another stream the

g@rt | N g&%woﬁ:i%%zﬁqn%xﬁe@bwiotck lnjla%%gi *Tin ﬁrﬁ“‘éﬁﬁb 1 'e\ﬁ@é& ing to

tain e resource. manager

enviroRhie®, 8driprdsdag: f urther conprising: 136 neans for
determining, at a later tinme based upon the wait I|ist,

tisetiving, frem pipertiqudarsireun grecstinganusiovlar freasl, eheciest ta
bt 'nl gcli“gan 1twehoe resource; and neans for granting the
obtal 6?% ¢ut ar°€tfeam a | ock on the resource. 20. The | ock

nestaeehing tvhethel the &soudegs Qirfentipeodkes ea hEEhEPRahS asd
one or nore storage |ocations. 21. The | ock manager

of respaisn te 9, defenmitiéion detBrei rssavere ireumentlif lopkeasdnsinager
o, Rl ) R AR b0 ARt b on

the resstfceam t o halt execution of the particul ar thread.
2. The | ock manager of claim 21, wherein the neans
for causing the particular streamto halt execution of

the particula read comprises: . means for instructing
t;ﬂe pat 14 B lgé Oé‘?‘?‘é‘é?ﬂ {:“ ggbacloﬂr_@‘&}nba | ock on the
r @SQHNG8e, 2812010 BEIAUHBY MM At Bt ag it it ANhehatiBlar
particul ar thread.

stream’s turn to obtain a lock on 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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23. The | ock manager of claim 21, further conprising:
nmeans for causing, after determning that it is the
particular streamis turn to obtain a lock on the
resource, the particular streamto resunme execution of
the particular thread. 24. The |ock manager of claim
23, wherein the resource conprises one or nore storage
| ocati ons, and wherein the neans for causing the
particular streamto resune execution of the
pant 1 CUIRC |t £AT AR LRI, EIRDIQT LA NG, 3, 58!
of current contents of "the one or nore Storage
stordgededations and ovheletn @aking chd @kt Gl 4rea@iman test®anrsedi@lon of the
instructing the particular streamto proceed with
partigWla threadhPoBTPISEe  particul ar thread. 25. The | ock
ma : | i , kR _the neans_for addi.ng t
paP g o6 Folrat o s 8 ool oTRRRS sloPleg Hplibes b1e
particolapsticaasg and 37 means for accessing a | ock managenent
storage that contains information pertaining to.
| oEIfrHef Y the Rarticwabsireas: to prepsed fith exsewionaif ihapprtigudan thread.
information in the | ock nanagenent storage that a
certain streamis a last streamon the wait |ist;

nmegns f ghe afRSISIRGIm 2Nwherrd 4ddihSthe PhRIAGE sBEdny & HE ?ait

~an entry that corresponds to the certain stream an
list ofslpans SHBESEI ng into the entry a set of information

i dent.i fyi ? articular stream 26. The |ock. .
raRRpETer ek AR B e £ kB s Aorti ot Wi
lockip@rdfitigdilessurcgt reamto the wait list of streams further
conpri ses: _ o :
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 entry 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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means for updating information in the | ock managenent
storage to indicate that the particular streamis now
the last streamon the wait list. 27. The | ock manager
of claim 26, wherein the neans for determning that it
is the particular streamis turn to obtain a | ock on
the resource conprises: neans for determ ning that the
certain streamno | onger needs a | ock on the
r eijour e methorsoff daimaldl sbsiemgerintimgghe partipwat fiewanes lpck on
|ist storage structure that corresponds to the
the“§@WP%f%nE?$§an1 and neans for obtaining fromthe entry

&d%t%g ﬁfodrﬁﬁ&{ ffﬁhé Rk e dnfant E’c91 Ak 0 RalchieGhitake
eam 28 manager of clarm 27, wherein the

partméarsﬁeefmm‘grbaﬂaﬂm Otntﬂee repawed. cul ar stream a | ock on
the resource conprises: neans for updating information
in the | ock managenent storage to indicate that the

baf ' Culf@rm&has&@ﬂ‘emm hasthdr bQgli@iy: t he resource, 29.
The | ock manager of claim 28, further co rising 139

nrea mespbiage te aulstengmahm ﬁl@@bor@eum@ 1Sapudémésr Ched b}bﬁlotfh‘?at
he res %illj rce,. I

t
stresp S ST A S B BN BRI R O B

particul ar thread. 30. The | ock manager of claim 29,
further conprising: nmeans for causing, after
de13er mi Themgethpdo! ¢lgin &2, tﬁh‘élepwtllbfc&mh%ir stream's turn to
resour ce rt cul ar .stream
¢ o P el Moo arerc e Aonat g oS 820,
I SSOllI 9é3 K [¥BAEE par@Euled A6 reshibe EREJ 1SR Hpt'hb @bﬂ@ulaﬁ’fﬁﬁ&ﬁi
recéiving, froma second particular stream

execut ing a second particul ar

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 stream;

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 strea;n's turn to obtain a lock oun 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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thread, a second request to obtain a | ock on a second,

di fferent resource; neans for determ ni ng whether the

second resource is currently | ocked by anot her

stream neans for adding, in response to a

determination that the second resource is currently

| ocked by another stream the second particular stream

to a second wait list of streans waiting to obtain a

| Ogdee@iihet BEhS eeniligh t@sgrmoetureyeasryf ihat detsrominiotls sapnd

a later time based upon the second wait list, that it
certginstgdaa; a8kcond particular streamis turn to obtain a.

! o%rhqpi11tt51ﬁg %ﬁ‘t‘f}?ﬂ% (Mg 10 HE ?eggﬁ@%aﬁpﬁreﬂﬁlaeﬂéeg b9

t he setond particul ar streama on the secon
infomegiod i dsatifyi32the Itvend pokicutarsaigan. of cl ai m 31, wherein

the neans for adding the second particular streamto

the second wait list of streanms conprises: neans for

acgessi fg, ﬁlfeﬁxgg ORGP EK WIRARY %@Lﬂ;{ tgé l%&roﬁ& ﬁalttila?lhr stlg,am to

contains information pertaining ocki ng of th
the sse@m@nehit i&s ofistrems fedes céroprisescer t ai ni ng from

information in the_second.| ock nanagenent stor.a
t h3PAaing SUBTRAIR M} Qxeﬁe@&lg st TR wAEE AL oLiEP KOG et the

secoﬁ& g&@igulﬁ@éﬂeahi ishow MRARS skOQim &€ R S8oRE wiitlist.he wai t
i 8t storage structure, an entry that corresponds to

the second certain stream and neans for storing into

t he_ent t hat to.the. . .t ai
o Taam Thetplog P PRER PRt estis ResBre Rrgig in e ce g
parti%gfe&' LEddh A tu sl th 88n 189k 38 the KB 96%urmBRaMeHsRf cl aim

, Wherein the neans for adding the second
pardtieoninang tsat taserers! etainstream do Veaiger haeds @ ok on tlesagggond
further conprises; means for updating information in
TeSOPH& second | ock managenent storage to

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 currently locked by another stream;
and

means for adding, in response to a determination that the resource is currently
locked by another 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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indicate that the second particular streamis now the
| ast streamon the second wait list. 34. The |ock
manager of claim 33, wherein the neans for determ ning
that it is the second particular streams turn to
obtain a |l ock on the second resource conprises: neans
for determ ning that the second certain stream no
| onger needs a |ock on the second resource; neans for
acoessi fagdditreieng, eya lager tims baeddtupon ghe waibiisghaist wils ur e
.that corres nq%. t.he second certain stream and
parti angrela%‘rg%élﬁg%\i) S(f‘ﬁr%% ek tﬁﬁ%es%%f’ $y'that corresponds-to
t NEe5RCBAEaBRIoliBd PrrSdul@atrearh Agockeh tB rebfifrey, mat i on
identifying the second particular stream 35. A
machi ne i npl ement ed nmet hod, conprising: receiving,

r ot "bhRBERRIEBEM ARG, MRl dd il SRl nr,

mord stbfke ®cki@®y) a | ock on the resource; receiving, froma
second stream executing a second thread, a request to
obtain a |ock on the resource; determ ning that the

respur .C%h% Bk H{aﬁ]egé} % cléiﬂlcli@eﬁﬁ'th@pgonjlﬂ}is’f ponse to a

def'er m nat 1 on e resource is currently |ocked,

addieags foheausmgdn nadpsise eamiéterndnatiintthdt itlst reafuret is eanstly

waiting to obtain a.lock on the resource, wherei th
lockegaby ancilagr St ieheslichf reRLlodk SHerUSPR BhHHF PTHCH e

first streamin an order for obtaining a |ock on the

resource. 36. The nethod of claim 35, further

coapr i sThglock emeigei ofglaifr Wmwhheirf the steast foeeansingrihe

indication t]?at t he ffj{st streamis rel easing the
particplak Stigin ip & EEShQueet 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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140 determ ning, based upon the wait list, that it is
the second streams turn to obtain a 1ock on the
resource; and granting the second streama | ock on the
resource. 37. The nethod of claim 36, wherein granting
the first streama | ock on the resource conprises:
storing, into a | ock managenent storage, a set of

i nfor t|on g.to lockin ur
t netaBotp ol SbdermrRatRe plisehPhs A
perta%hﬁgﬁlﬂb@l&iﬁ enthkYesdBagea | ock on the resource and that
first streamis currently the | ast streamon the
mﬁaﬂ&f@t asefrtaiging ératrsmf@n@mmmﬁh%ﬂopb glenagemepé storage that a
, i f claim 37, wherein adding
ceﬂaflh%re@élé%ﬁ&a ngt}:eélglrr?l?gl “ﬁé \Rg list of streams
C ORRANsTBSaccasiR! fnad WhibGst sfor M stri@uetn oitry tAhodom@EpREs to
in the | ock managenent storage, that the first stream
the Cﬁ@alnlaﬁ$5élhtalll9 the last streamon the wait |ist of

R L R e
streagd Or i ng into that entry a set of infornmation

i dent ifying the second stream and updating the set
i nfor matl on in the | ock managenent stor age to

? Cat alt mfla\tlglggerlol Ol?lg% tsv{h?agegnrh,émsé ng%iv{’s%% adﬁ%%ﬁhe dpa(g%icular
s’ueaﬁi Rithe Q&t Ilﬁwftsfi@:[m§ﬂiﬂméﬂ ®hfpdisest ecei ving, froma third
stream executing a third thread, a request to obtain a

| owkansdpr wivating Bvenmasion deibe lapkmnangeenent swh@ert@slﬁwéeethat
the palstlcufJ Ll (f.“erénl nogv hﬁg gzist s%regm on the wait 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
IesSouICe;

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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in response to a determnation that the resource is
currently | ocked, adding the third streamto the wait
list of streans by: ascertaining, fromthe set of
information in the | ock managenent storage, that the
second streamis currently the last streamon the wait
list of streans; 141 accessing, in the wait |ist

storage structure, an entry that corresponds to the
s RO Tt qeRERAg BTSRIHG %@%elflwa%hoeﬁwﬁhearewcedﬁ ourrently

1ockél(}p&g%nlﬂﬁ%f %’tﬂagh ég{%tp'g %Ih st}e!lﬁ] folaft LxS éﬁ%ﬂl@ﬁ‘&"t @'ﬂ)%’[lcular thread.

ormation int nanagement
storage to indicate that the third strearn is now the

| ast stre monthe it lis f streatns. 40. The
metthod B lerlamanagy’ %&9 %‘ YW that it is the

seqond St J.6aRk Sifiel déﬁé?m&lﬁn @Lta@it & @e F%%Kul%f‘st@e@@x's&@ﬁﬁ% BGin

conprises: accessing, In the wait ist storage

a locls bn it rasceycet the periicniar stheam towcsuerspazndslon@f theepaftiquiar thread.
stream and obtaining fromthat entry the
informnation identifying the second stream 41. The

gﬁmod Ble 18%4@&@%&,0%%%%@9&3 mgte second stream

ock on t source conpri ses: ing the set of
i rnhanmimi eceiving tfroen b sskndramdgeaesiteasi magmgtacseqtmdi restelar

t hat seco str current| as a |l ock on the
s g PEL NS RSB RSG GrooGTsh HEGH (FGRERn ¢ he
I eSO G6: ERIRILRES ARG (B s¥BhPresSO RYBrbRGALLIASDY another
Streain,; )
means for adding, in response to a determination that the second resource 1s
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 wait 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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43. The nethod of claim 36, further conprising: in
response to a determ nation that the resource is
currently | ocked, causing the second streamto halt
execution of the second thread. 44. The net hod of
claim43, further conprising: after determ ning that

it is the second thread's turn to obtain a | ock on the
resource, causing the second streamto resune
execution of the second thread. 142 . 45. The nethod

! 20 30 AL ALRON! CR0UL O (SARPEL B8SNOREaRhnd

rage ations eérein method
partﬂ‘cmmt dm@,ﬁmwmp sdceiglsyairlet ef am«:ngs, fufthamwpipdsc.i r st stream a

uest_to cont ent the
e T R B S e ST
indif2@SNEEset@d iphdtiBulirasct@s {s:nosithd Tasigirtdneorsiat sﬁbndlweﬁahﬂd
contents into a | ock managenent storage that stores
information pertaining to | ocking of the resource;

detgr m midgek RASEH oBRRM 13)@hWaintthd théhs fdr Bafernhibing $hat &
second streanis turn to obtain a Io(g on the

the see@wa@ula@stréml F RGP Prabtaing BAHOS P 8RR CPUEIE COPEFRS'

3% de%%ﬁm{%' {0 thefsE QNN bh&I QCkm B %@&%Q&S b ge
not ron1the resource, the set of updated

theﬂnmtbnﬂgﬂﬁand provi ding the set of updated contents to
th %wsal%c T dccgsgl{lgﬁ'lg]entépm thé@mﬁ%tt pcglqcmpguuffihl?é tﬁ]at?r’sgrres\ﬁ@ﬁfs % n

the resource c es one or noré storage locations,
theaﬁdumhﬁmeBMwnhaxhethod further conprises: receiving,

up &éﬁdléﬂgb%bt%”él Az L ?10111 %%crglmy fHaf llji%g’};[on&soto \Mei stcceon% 2fthin gr'cam

the set of information 1dent1fy1ng the second particular stream.

35. 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 ont 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 an order for

obtaining a lock on the resource.
36.  The method of claim 35, further comprising:

recelving, from the first stream, an indication that the first stream is releasing the

lock on the resource;
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the resource and to release the | ock on the resource;
in response to this request: determ ning whether the
resource has been updated by another stream after the
first streamwas granted the |lock on the resource; in
response to a determnation that the resource has been
updated by another streamafter the first stream was
granted the lock on the resource, sending a failure
| nigtermitiem; begediupen therveit list, tlesd h I8 BicispeiingBtreams Hap tq pletain 2
kase@m%ﬁm%%%@H%ﬁ contents received fromthe first stream
PRL° ROt st Gt ed into the resource; determ ni ng, based

upgmtidaehsedctnd dtdam 4 1bélt or the k®ofilde second streant s
turn to obtain a lock on the resource; and granting
the second streama | ock on the resource. 143 47. The

od ' . LN t . i e
o nor e g e BB g P NP R G B
resoufred do@yrisenpri ses: receiving, froma third stream a

request to wite a set of updated contents into the .

r 5B B0 ${9SKinpREagdIRens Bprags, asplRfiisleragireprreiing 9 lpdane
of tad SEAUEE fic BFGARRIARG A0 S PARATRITAL (Rl ABRRhDBle 2 ok
on the esource and thatthe fidatsirewn iskerremiyaherhki sorramront the wiaio ¢ikt of

managenent storage to indicate that the resource has
streagg ghO ﬁaéﬂ%ﬂ(%}$@F“PW€&first stream was granted the

| ock on the resource. 48. The nethod of claim47,

further conprising:

38.  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 list of

streams;
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receiving, fromthe first stream a request to wite a
second set of updated contents into the resource and
to release the |l ock on the resource; in response to
this request: accessing the | ock managenent storage;
ascertaining, fromthe information in the | ock
managenent storage, that the resource has been

updat ed by .anather streamafter the firs st ream

gr ant ec?c?%émg’de eo‘ﬁm[ {HSZ sgé%ggg aginre, g etly fhal comg op‘é?ﬁo the
det erm nati Qgzon3@pditd a failure indication to the

first streamto indicate that the second set of ‘
updat edtaogtienttbateatek vedf iffoomtionedditifgeg Getleizhstvan and
not stored.into the.resource; deterninin base 0
Che wartpdriis bS s 0 i rof o g e Bep R R ate
obtain a | ogkat@me hili€ QORI the A0kt dhBe SRAARGT
stream a | ock on the resource; and updating the

i nf or mat i on sirparthe | ock nmanagenent storage to indicate
that the resource has not been updated after the
second streamwas granted the |ock on the resource.

490, A | Hekn SBOPERainCIRhe @i NG terkdAin BN & id @ second stream's
receiving, froma first streamexecuting a first

turn tohwbésa 2 lack osdluerssoures costirisen a | ook on a resource;

i A R R AT G R L e
strea@X 86t i Ng a second thread, a request to obtain a |ock

on the resource,; ' o
obtaining 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 indicate 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 response 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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neans for determning that the resource is currently

| ocked; and neans for adding, in response to a
determination that the reso UrCCis currently | ocked,
the second streamto a wait |ist of streans waiting to
obtain a ook on the resource, wherein the wait I|ist

i ndi cates that the second streamfollows the first

st ream.in rder. f bt aiping a |lock an the )

; dour ot o RhE g b Peapoliestiiad et el narore
storaSOIRAH ohls Nghd WIRRAS tHeQheth &F BirfibNebmiisesn t he fir st

Stream an indication that the first streamis

r ebeigibagirethahd Biskstigamt heedpess suweits a sabahypdaged contents into

det erm nin base on_the wait list, that it is the
the res?%%%ﬁ@@h%?rﬁegﬁ?gorc ﬁ%ntt ¥ 5BtAfh a | ock on the
I 65 QbHpBase BMks pR@ps: for granting the second stream a
| ock on the resource. 51. The | ock manager of claim

50, wheterirg thpectvi appiddorongpnisriniorfglochmanagestent stpragg ifat

a lock on th resgurc ' rrreansf{

: oS BRI R BOPAiRE % 1o Qr 2800 N,
into a | ock Sn%ﬁ%lé TERTORPE é@&% 2 o%ete 3 blr?f:%r et i on

pertai nddi@mihiQg | vasdei updn e WACHFHESOUK Ghe bdt8ns Slreih's turn to
information i ndicating that the first streamcurrently

has a | ock o¢btaine lecksmihe eesaurde;t hat the first stream

is cur rognttll%gb#lhe la tt~eSt reﬁm on lt he \A{aiet list of

st r eams> 0 APTTOR F'oeR' b lep?f]errgi‘,oéﬂ?Ce. 52, The

| ock medwgigmeOfros i Lo hanXrelcat HolaBE AR TrdrR kheAdevnge,
the second streamto the wait |ist of streans

conpri ses: n@asy of opdadssicenicainimg, from the set of
i nf ti N th t , that th
rret arpedidlet Mer B RERRt S e BN ne v ¢

list of streans; 145 neans for accessing, in a wait

list storage structure, an entry that corresponds to
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.



the first stream neans for storing into that entry a

set of information identifying the second stream and

nmeans for updating the set of information in the |ock

managenent storage to indicate that the second stream

IS now the last streamon the wait |ist of streans,

53. The lock manager of claim52, further conprising:

nmeans for receiving, froma third streamexecuting a

t B7.r d The swthod &f Fleby a3 twheerin IStraion g COBPKSHPIEE more

rce f the resource is

Stomg%ﬁ gﬂ’%ﬁ i‘}nﬁg‘ggl& t%m ?r(ggﬂh% g&ﬁag&gé in response to

arddetvalgroatd ﬁhﬁdtsﬁ@ﬁn,tah&qde@tﬁﬁ trit€a b& of upateeasﬁ tontents into the
| ocked, the third streamto the wait |ist of streans,
resouigfier ei n the neans for adding the third streamto the

i t. | i;st ns for
\2@8}3?% g}ensleﬁ%f,ﬁ)?%tg%%h%?g%{d ﬁl? §eso‘?§ggn&t ion in the | ock
mafRgeen ock hanage)ent ftahgt thet secomdnitrmedon pataining to
currently the last streamon the wait |ist of
lockingtaf dlzawssoiesandd f or accessing, in the wait |ist storage

Stu?c&‘a% i m?cnm?ﬁ&{ ¥ thdkxk 11&85%3%%&9&9&%& B hiRaReLR ﬂg:

or storing I nt try a set of
resoutcB hay vezhivpdatedlgindr itheyfimigstiche waigrahtedsthe eakionahelrenwares
for updating the set of information in the | ock
management storage to indicate that the third stream

L
f egcetlaige fivimtha dirdt katam, & réquest to 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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the second stream s turn to obtain a | ock on the
resource conprises: nmeans for accessing, in the wait
list storage structure, the entry that corresponds to
the first stream and neans for obtaining fromthat
entry the information identifying the second stream
146 55. The | ock manager of claim54, wherein the
nmeans for granting the second streama |ock on the
resource conprises: neans for updating the set of
i nf ' 3t a t
B T
obtgn afldvkoneswemree. 56. The | ock manager of clai m 50,
wher ei n. t ' . nore storage
I ocairOik Aol R AS P TRIICE 8 sRBRBor, TOLD S OITRG,
c onqahsfongreiniegfeon osecomisiemy xdcntingesieoms éhutsl, arequest to
det?r i nation that the resource is currently | ocked,
obtgiia %@%Bﬁﬁrg?wgﬁn1to halt execution of the second
t hrigads fobScterthieng dekhomaagers afreafi@iotked/andf ar t her
conpri sing; nmeans for caysing, .after determning that
¢ Ry K it i SERREAdle S Pt G O e F SLReTHR
lockd¥EhE SSOM #8am k18w GARHstEhine IAHLL tf RIHMTBIRKBE Ul ON Of
the second thread. 59. The | ock manager of cl ai m 49,

resqifiess whayein Hie waldistindisatehiprihesesong sicasy follgpp dedirg sl n
j QNns,._ a erein the | ock manager further
an !érg%ﬂ cgjéasu?m%gg)ﬁ%@ Eci)lrglerﬂéllcizr‘(t’;el'vi ng, fromthe first stream
a request to wite a set of updated contents into the

FESQUrC %hgﬂgk ngm{v%ll &%%a?m%’rﬁ,eﬁulﬂ%? %orggk%stu%e resource,

means for responding to I'S request, conpri sing:
neansnf b restivminitpnt the fsektran, apohdicetbndbattlenirst siradnoisa

| ock nagenent
releasing O TAdeIe TESOurce;
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 last stream on the wait

list of streams to obtain 4 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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storage that stores information pertaining to |ocking
of the resource; neans for determ ning, based upon
the wait list, that it is the second streanis turn to
obtain a | ock on the resource; neans for granting the
second stream a | ock on the resource; neans for
obtaining, fromthe | ock managenent storage and not
fromthe resource, the set of updated coptents;
L et g on v Ny et o aaf e kel i
the filsh@resgcond stream  60. The | ock manager of claim 49,
wherein the resource conprises one or nore storage
| oosni Gstorap dotodiet entry a sebof infrmaaemgientifyingtthe pecond
conprises: nmeans for receiving, fromthe first stream
streath; §8quest to wite a set of updated contents into the

I §SQHUE &8 1PaslieQhd &k eRSHInkCo] BGKe RRK @2 f@RSMEBRIge to
means for responding to this request, conprising:
indicate dlas thiesecaddstean ifi 1oy thhbshdcane the 6iltseoitiiisaBeen
updat ed by another strewn after the first stream was
granted the |l ock on the resource; neans for sending,

| 53 es PoRecit Rarmgdtalrelath Iat fufRertddatprishg: r esour ce has

been updated by another streamafter the first stream

waseage fntrestiving dronpe third siredve exasybug & Erirdshfessl| ageguest to
- N ngli gfati nto %ehe first streamto indicate that the
obtaig a M3‘“ﬂﬁ%§?%ﬁ contents received fromthe first

sth@afaRtdRQinisd BhQHe fhdiBcd BeufregBUbElRd; ieans for
determ nin based upon the wait list, that it is the

s G forsAisanngePans to 6 deBaNAion ke SowRe s currently
loclceﬁ?t%g fikf s‘;tre%%dto the wait list of streams, wherein the means for 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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means for granting the second streama |ock on the

resource. 61. The | ock manager of claim 49, wherein

the resource conprises one or nore storage |ocations,

and wherein the | ock manager further conprises: means

for receiving, froma third stream a request to wite

a set of updated contents into the resource; neans

for storing the set of updated contents into the

resource; nmeans for accessing a | ook managenent

sty agerdenadk ra@bai 0Tsldin el whtiedrthe pentsafongragtitgpthe second

| ocking of the resource; and neans for updating the
streanrafloekhert hepesowrce REMPBER managenent storage to indicate

e e T T

indichte €t FRNRERI] sotart badrent§has b Wdkherthemspntsi ng: 148
nmeans for receiving, fromthe first stream a request
to wite a second set of updated contents into the

 egour o, ARG 15811&:%811 o%%?a‘?mtﬂf whtks 9 {JSBL?ICE @&ﬁgﬁ&@ one or
nmeans for responding to thrs request, conprising:

morelfeRRse lbedtioagcessi ng the | ock nmanagenent storage; neans
for ascertaining, fromthe information in the |ock

managenent storage, that the resource has been

u p§:i7at edl"lﬁlga{]xg%%%& &tc’%ﬁ@x@ Phhfer o 1sfnlx§ St stream was

grant ed on e resource; ans’ for sendi ng,
I Nmeespensasitg it Msporte tes tetaahinaton taatfthd tessece is currently
indicatiogn to the first streamto indicate that the

lockagle s rEcanEreA™ {iephl FECHBRIE Hissecoddaiegdd from t he

first streamwas not stored into the resource;

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;
meéns 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
IESOUICE;
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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means for determ ning, based upon the wait |list, that
it is the second streams turn to obtain a | ock on
the, resource; neans for granting the second stream a
| ock on the resource; and neans for updating the
information in the | ock managenent storage to

i ndicate that the resource has not been updated after
the second _strea r

r esour ¢g%a" %g’rpﬁ?vﬁ#@l tsgtg gae é%lgs%gtﬁ@esﬁtcgﬁd strearn.
conprising: a first stream capabl e of executing a
first thread; a second stream capable of executing
sedond Tierleckanangger ofslaimdR, Yhei B éhe TeHHBr e RTES ?116642

a request to o resource;

mmegf ﬁ]oca‘f%npr oh§ ere{ﬁetﬁ«gfoof; %anﬁ&?ﬁrg{epgom A the first

measss Fetregidnd, iffvgn the €irdtistradm, atreqrsn ta wrie k setrof ulb@ted
resource; means for receiving, fromthe second stream

contentsyipigube FespECHBIdAP felanse 8@%0%?\0% theresp@s®ur ce; neans for

def e %Prrgg;ggm& B R EER% bofpiggurrently | ocked; and

onse"to det er m nati on that
t he r esatHHe ﬁllcﬁteq:mrngnvlhqthez Itlmiemdlrcetﬂme beaoguldted by eagther
to await [ist of streans waiting | ock

the resour @@C&lmgfyl‘éh?] 15ShelrSaRT Vay glgqte %ﬂ?@é& %usthi; Heé?urcen
the second. sl s@@tﬂh% @h {69%@1(5 iérﬁﬁnﬁfoﬁ%%ﬂ&escﬁ?ce has

order for obtaini e resource. 149
The processitrgn ep@mad@ymhomhmtmﬁaﬁevm rﬁest nirtdre w2 glkmted

manager furtr {S’lﬂ r| ses: ns .f ¢ ngf
the Tirst stPBIRK ORN G RARES: § GRUFHAPCHIE O fhg Lo LPrain
I'S indicate that the set of updated contents received from the first
stream was not stored into 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.

61. The lock manager of claim 49, wherein the resource comprises one or

more storage locations, and wherein the lock manager further compiises:

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

resource.

62.  The lock manager of claim 61, further comprising:
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rel easing the lock on the resource; neans for

determ ning, based upon the wait list, that it is the
second stream s turn to obtain a |ock on the
resource; and neans for granting the second stream a
| ock on the resource. 65. The processi ng engi ne of
claim 64, wherein the processing engine further
conprises a | ock managenent storage, and wherein the
nmeans for granting the first streama lock on the

" GRQH! BErERNRE, i 8Sthe Hﬁ@&%a{ioarle@eﬁ)crtb Aite d SetndtsBivfl OCck
managerrent storage, a set of information pert ai ni ng

updated comberkd inig tasfresorise pedstouplease the fask B fhegesOPTsEor mat i on
i ndi ﬁo LI oﬁﬁﬁ%to tﬁxg rédﬁ%ﬁtco %ﬁ? currently has a |ock
on" an

e I esour c at’ t iTst streamis currently
t he | asteastirreesrsong the ek wandgehe stordge;st reans to obtain

2| [’ilo ::nk égeglsf/ﬁ%sce%gmﬁ%gp Am 916 mforhr?angﬁ Qﬁﬁé l%l:l? gnatﬁt%gtl%laﬁ of

conpri ses astowget thhu taé resdmicre&gebtﬁt mutatadr’oe anathel sivkrar gfien
t he rreansf ﬂ%ﬁ streamto the wait

list of st r ﬁ‘gr"\'aéggmte kf°8lthe 1€¢8 i ni ng,

fromt E’&fuﬁ;%r s@:ﬁdmgwmremmeqa friddekdnginhoak amnmemm to
storage, that the first stream is C c{@en}s x%at he | a
LAY

stream on tihHeliRhiteam;te indispte dief g froon L ContH

accessi NY, efkifedGroWpint fiksk Stead vk BGQISEd HES HE RsonAdR;
entry that corresponds to the first stream neans for

st or i ngpepwstier detramingns: bapedunsa thegtaitilish giaftids Gpsecond

| dent i Tyi NGy bR BEE BUbuaih BN n@fdofieans for updating
the set of Information in the |ock managenent storage

to i ndiccmtior grivding thescwwd onemst lpekam thereaowcs; el | ast

str eamn?egnqt’mr up%uw tLe 11'1 rr?l];tm%tm Kl rrgaggoem ent 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 abtain a lack on a resource;

means for granting the first stream a lock on the resource;

means for receiving, from the second stream, a 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 curently
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

an order for obtaining a lock on the resource.
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67, The processing engi ne of claim66, wherein the
processi ng engine further conprises a third stream
capabl e of executing a third thread, and wherein the
| ock manager further conprises: neans for receiving,
fromthe third stream a request to obtain a |ock on
the resource; neans for determining that the resource
is currently | ocked; and neans for adding, in response
to a determnation that the resource is currently
| ok ed, The peocessingierginead plain 68 ehareintthd losk mapager futhes,
wherein the nmeans for adding the third streamto the
COMRRPY |ist of streams conprises: neans for
-asgedk &rRkddding, HROM he Fir Qfre M, 2h M AQEARNIRA thfilsD@rehRGK
managenent storage, that the second streamis
releaging theledkyonttherdseee; stream on the wait |ist of
streans; ans.for accessjng, .in the.wai.t |ist. storage
SUPERE 07 SRR Py RERT PGB Jio e sl S i
to obfhil £k ofBRNSsou@de; BAOr i Ng into that entry a set of
information identifying the third stream and nmeans
f omeaup fatgranging e sseendofreimfadeckean thargsaurche | ock
managenent storage to indicate that the third stream
iIs now the |ast streamon the wait |ist of streans.
685, ThernpnHesessh eh @ RAEIA 54 ChRdrBnGRs plob&kRIcRNEIRE further
means for determning that it is the second streants
comprigeqn look Blsnagement stoake, ond whercinelbo treges Do apRise e igans
StreaforlO 8%3%5E£9nggo&,Fﬁ%ﬁit list storage structure, the
@ﬁ&r@ that corresponds'to the first 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 1is currently the last stream on the wait list of streams;

means for acoeésing, in the wait list storage structure, an entry that corresponds to
the first stream; )

means for storing into that entry a set of information identifying 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 obtaining fromthat entry the information
identifying the second stream 69. The processing
engi ne of claim®68, wherein the neans for granting the
second streama | ock on the resource conprises: neans
for updating the set of information in the | ock
managenent storage to indicate that the second stream

cys r entrhy nhassgleasihe 80 clahie 66.85ui6iE Ene pibdesdiflg effife further
proce55|n8 engi ne of clai m 64, wherein the resource

compnmprthlsceSre@nmapable aberecsting afad tyead itahavherein thpfeck

%&g SSi nqc_i |ne of claim 64, wherein the | ock
mana %Ig B °f Bﬁl conpri ses: means for causing, in

r ﬁ—ﬁe@@snﬁ)? r@tc@ivﬁagdﬁbﬁrtﬁé natd @SRamhateqh & td sgoradeci n the
currently Cked, the second streamto halt execution

resoumb the second thread 72. The processi ng engi ne of

manager.,. f.u e conpri ses:
e Pepeaafdnd i P B AR GO R Eng POPE
S %‘e‘aﬂgfo‘% Eﬁ(ﬁﬁ@ 18 rdspértbeti® a @BfeAhMaon ﬂh@tqhe e3otifIe is currently
resource, the second streamto resunme execution of the

locked elbothd: dtsh ceath th vaitdishef sfodmsnphepmnbedetys far pfEne the third
t hreaded environnent, conprising:

Sﬁem?&ﬂ@?&@ﬁdmtgﬁ%m?ﬁsB%F?V§ﬁ|ar thread, a request to

obt ai N @ahORK aQRrtAnRS %fnctﬁe set @ﬂr@érﬁ’ﬁeﬁbﬁ G Weabdler the
resource is currently |ocked by another thread; in

response t omanazsnENhitazagedhattthasecolkrbstrassuig carentyy the last

currently | ocked b t hread, addi ng the
particul ar FRFAEL" Véalmﬁt‘)fﬂr?fn of threads waiting to

obt ai N yA&hORK aQRHRE in HRSPUE B8 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.

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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determining, at a later tinme based upon the wait I|ist,
that it is the particular thread's turn to obtain a
| ock on the resource; and granting the particul ar
thread a |l ock on the resource. 74. The nethod of claim
73, wherein the resource conprises one or nore
storage | ocations. 75. The nmethod of claim 73, further
conpri si ng 152 in response to a determ nation that
er e - 4
E:F}Q)USI (nalél % éoesw%% ﬁ%}?@e%éléﬁﬂa@f %%F%)r{ ﬂ%ﬁrgéecgﬁg& co %ms%s bne or
mmesm&geqdcaﬂﬁs The nmet hod of claim 75, further
conprising: after determining that it is the
particular thread's turn to obtain a | ock on the
r-esour £c n. of -t he ar_t
t7§ be fhe rgc%gginggng%’& fuclin% 601y ag}éeremcorr%?llg ﬁﬁaﬁ%gerﬁg
comprit&@: receiving, froma particular thread, a request to
obtain a lock on a resource; neans for determning
WRRADR 0T QAHENE, dB sRFPeRSCile a daierraimalion fhee tbedesoyregniprieently
spgnse, to a
tocked it §8ng AP EER o bl o B PRUSHT sEBTRMER ene 1y 1 ocked
by another thread, the particular thread to a wait
list of threads waiting to obtain a |ock on the
r7@s our B progessing feginalelt daim N, rgierein the loalt mantgomfurased
on the wait list, that it is the particular
read's turn to obtain a lock on the resource; and
RS féi1audh@nifleNgeté8naifdt Gk #e dDE0PGH Rk Gk 9BblNEa
resource. 78. The | ock rmnager of claim77, wherein
lock ort the ressymgr e sewnp sireass taorgeumne execution of the second thread.

compm{:.

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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nore storage |locations. 79. The | ock manager of claim
77, further conprising: nmeans for causing, in response
to a determ nation that the resource is currently

| ocked by anot her thread, execution of the particular

thread to be halted. 80. The |ock manager of claim 79,

further conprising;. ans for causing, after
JBLETRPH R C{ﬂr?gem iop et g TRPTSedE et i leglpddyiagethe o
thread 0§ ex@cuh@l?gf t‘HQ pﬁlhi%ulra‘?ﬁﬁ’éhrdqg be%ﬁ@&i"t ion of the
partiular thread be resuned
76.  The method of claim 75, further comprising:
after determining that it is the particular thread's turn to obtain a lock on the

resource, causing execution of the particular thread to be resumed.

77. A lock manager, comprising:

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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