2 1 APR 2005 I A Multi-Threaded Packet Processing Engine for Stateful Packet Processing 5 Field of
the Invention 10 The present invention is in the field of high-performance central processing units
(CPUs), and pertains more particularly to a multithreaded processor for processing packets in a
network environment. 15 Cross-Reference to Related Documents The present?p?atéﬁf?amcation isa
non-provisional application claiming priority to three provisional patent applications as follows:
60/325,638 filed on September 28, 2001, 60/34f,689 filed December 17, 2D01, and 60/388,278, filed
on 20 June 13, 2002. Each of these priority documents is incorporated in its entirety herein, at least by
reference. Background of the Invention 25 The terns packet pr ocessing as used in the instant
specification refers to performing various digital operations (processing) on packets in a. packet data
network, such as the weu;h %%er t}teergg‘t3 4 z\llv%% or %é(saxlrrlnﬂgx&];& t6h§) purpose of routing said packets
through a router or throug péin -10- otmf pectY\_/c%r EE W SPRHOWN that there are multiple types of
packets, and that packets of a samé yp?euma@c 6 oﬁlgc%(sjsﬂllﬁerent flows, a flow referring generally to the
combination of source and destination. As an example, all packets carrying information for Internet
Protocol Network Telephony events will be of the same type, Among these packets, those that 121
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Field of the Invention

10
The present invention is in the field of high-performance central processing
units (CPUs), and pertains more particularly to a multithreaded processor for
processing packets in a network environment.
15 Cross-Reference to Related Documents

The present patent application is a non-provisional application claiming
priority to three provisional patent applications as follows: 60/325,638 filed on
September 28, 2001, 60/341,689 filed December 17, 2001, and 60/388,278, filed on

20 June 13, 2002. Each of these priority documents is i11corporated in its entirety herein,

at least by reference.

Backeround of the Iuvention

25
The term péckez‘ processing as used in the instant specification refers to
performing various digital operations (processing) on packets in a packet data
. network, such as the well-known Internet network, for example for the purpose of
routing said packets through a router or through a point-to-point network. It is well
30 known that there are multiple types of packets, and that packets of a same type may
belong to different flows, a flow referring generally to the combination of source and
destination. As an example, all packets carrying information for Internet Protocol

Network Telephony events will be of the same type. Among these packets, those that |



belong to a specific conversation between two particular people at a particular time belong to the
same flow. It is also well known in the art that data packets, in general, have a header portion and a
data portion. The header portion typically comprises data fields of 5 standard diq'ﬁql f‘gf;ﬁ ?dﬁg length
that identify such things as the packet type, the source, and the destination. A packet processing
engine, then, may know the type and flow for a pagket by referencing the header fields. In packet
processing engines it is typically necessary, when a packet is received to be processed, to determine
an appropriate rule for processing the packet. 10 The rule is the recipe of what to do regarding the
particular packet, and the recipe can be any one of a relatively large number of functions, such as
packet dropping (discard), forwarding to a next hop, load balancing, encryption, and much more.
Clearly thelperfermanretiofldackaharoceasisghawaions ans: equipenant fafiglaledimdhe ability of the
system to classify and identify packets, to select appropriate rules, and to 15 perform the indicated
processiRgLofRPYGVERTEHE fiP&fficiency, cost effectiveness and speed is always desirable. Summary of
the Invention 2¢: 3 &y efenredoembedimentpiithapresent investian i IRRCessBeNgine to _
accomplish a multiplicity of tasks is provided, the engine comprising a multiplicity of processing tribes,
each tribBEBHHS AGE RISty B ReHesP B PLA AR AR HPF Slocessing resources
for cancytrankarepessingehadmeliphciy olcigadsHeraccomplish lordasis, menemory structure
having a multiplicity of memory 25 blocks, each block storing data for processing threads, and an

interconri8BtSutRddRE d6SHIEG W01/ PSR BRISAFG S TRELRS-tHh58: IRYAHIRESHRERE%0 move threads

from trib@okoﬁi{hepgﬂk@t@ygi%ﬂ@@h@rm@@@& iethat individual ones of the tribes have preferential
access to individual gnes of the multiplicity of memory blocks. In a preferred embodiment there is

preferential accBREFETHPAACHaTRIGAFERS 130 BPRARIBRIRE: STRABEPES ' WMdividual one of the
multiplicitycefvatemeryhinekse dyndeinghiicial ane@ira@Hitiphsityoteenipolirthresiory ports. Also in a

pref?or redThe rule is the recipe of what to do regarding the particular packet, and the recipe can
be any one of a relatively large number of functions, such as packet dropping
(discard), forwarding to a next hop, load balancing, encryption, and much more.
Clearly the performance of packet processing systems and equipment is related to the
ability of the system to classify and identify paclkets, to select appropriate rules, and to
15 perform the indicated processing. Improvement in efficiency, cost effectiveness and

speed is always desirable.

Summary of the Invention

20 In a preferred embodiment of the present invention a processing engine to
accomplish a multiplicity of tasks is provided, the engine comprising a multiplicity of
processing tribes, each tribe comprising a multiplicity of context register sets and a
multiplicity of processing resources far concurrent processing of a multiplicity of
threads to accomplish the tasks, a memory structure having a multiplicity of memory

25 blocks, each block storing data for processing threads, and an interconnect structure
and control system enabling tribe-to-tribe migration of contexts to move threads from
tribe-to-tribe. The engine is characterized in that individual ones of the tribes have
preferential access to individual ones of the multiplicity of memory blocks.

In a preferred embodiment there is preferential access from an individual one

30 of the multiplicity of tribes to an individual one of the multiplicity of memory blocks

by an individual one of a multiplicity of controlled memory ports. Also in a preferred



21 APR 2006 3 embodiment the multiplicity of tribes, the multiplicity of memory blocks, and the
multiplicity of memory ports are equal in number, and each tribe has a dedicated port to a memory
block. In some embodiments processing tasks are received sequentially, an inddvidudRa8kbreceived
creating a thread, including a program counter and context, 5 in a first one of the multiplicity of tribes.
In some cases the thread operating in the first one3of the tribes is migrated via the interconnect
structure to a second one of the tribes before completion of the task, by moving the program counter
and at least a portion of the context to registers in the second one of the tribes. Also in some cases
original assignment of tasks received to 10 tribes is at least partially dependent on distribution of
processing data among the memory blocks. The original assignment of tasks may be at least partly

softwarenderirokstitoranlépkcitaakinbesiiagencdintuiauoi memme dhbkdimerimigration of a thread
from one tribe t ther tribe i I n on distributi : ing data among
the men%cl)%?gib%ﬁs%ﬁ%?ﬁ%r%%%}ngg%gﬁéiﬁg 0 %ﬁig]?guggﬂﬂf%%nét%%éeg%%}gé?%gg e at least partly,
softwareéconteotieny, Hoclt. Idasbpzattynhaddwenrts poriestiod tiska prefeceactéwrouditheliy the processing

engine is_im ted.at a first i packet network wherein the t re generated by
receipt ﬁld%@f{gggk%?é‘ and %r%odc%%%%ggtﬁﬁ%% " g%giiﬁ)&r]%%a%\vé)fé%\gﬁg%ﬁ éé%oﬁ? E%ﬁg%rt? the network.
20 The paekeshetwof khmaypliptivetyreétribenetwork. In another aspect of the invention a method for

concurrently pigegssing a. YRl Liasks I3 fowided, Jue felhied. compising (e steps of ()

implementing in a single processing engine plicity of processing tribes, each tribe comprising a
multiplicity oftesatecretistensdtsaatedadnunitipiicity bisdudssimpradotivoest fiie 28skoncurrent

rocesngla Uil oo eseuploh s o 3 aiing iy pccssin cn
threads stierhentary/thfolrkss. Also in some cases original assignment of tasks received to .
10 tribes is at least partially dependent on distribution of processing data\,among the
memory blocks. The original assignment of tasks may be at least partly software
controlled, or at least partly hardware controlled.

In some embodiments migration of a thread from one tribe to another tribe is
at least partly dependent on distribution of processing data among the memory blocks.

15 The direction and timing of migration from tribe to tribe may be at least partly.
software controlled, or at least partly hardware controlled.

In a preferred embodiment the processing engine is implemented at a first
node in a data packet network wherein the tasks are generated by receipt of data
packets and processing the packets for translation to a second node in the network.

20  The packet network may be the Internet network.

In another aspect of the invention a method for concurrently processing a
multiplicity of tasks is provided, the method comprising the steps of (a) implementing
in a single processing engine a multiplicity of processing tribes, each tribe comprising
a multiplicity of context register sets and a multiplicity of processing resources for

25  concurrent processing of a multiplicity of threads to accomplish the tasks; (b)
providing to the processing engine a memory structure having a multiplicity of
memory blocks, each block storing data for processing threads, the memory blocks
connected to the tribes in a way that individual ones of the tribes have preferential
access to individual ones of the multiplicity of memory blocks; (¢) connecting the

30 tribes through an interconnect structure and control system enabling tribe-to-tribe

migration of contexts to move threads from tribe-to-tribe; and (d) initiating a thread,



connected to the tribes in a way that individual ones of the tribes have preferential access to individual
ones of the multiplicity of memory blocks; (c) connecting the 30 tribes through an interconnect
structure and control system enabling tribe-to-tribe migration of contexts to mow& thAeRdgiifom
tribe-to-tribe; and (d) initiating a thread, 2 1 APR 2t106 4 including a program counter and context in
registers, in a first one of the multiplicity of tribes far each task received. In a preferred embodiment, in
step (b), preferential access from an individual one of the multiplicity of tribes to an individual one of
the multiplicity of memory 5 blocks is provided by an individual one of a multiplicity of controlled
memory ports. Also in a preferred embodiment, in step (b), the multiplicity of tribes, the multiplicity of
memory blocks, and the multiplicity of memory ports are equal in number, and each tribe has a
dedicatednpbrditeza preprany dslocter Rrdoessing taskg ey nearfogived ofdoeientiaictd In a preferred
embodimgf}t. he%r% %%ngggtﬁ%%bgvaétep wherein the thread operating in the first one of the tribes is
migrated Vid the interconnact Structure to a second one of the tribes before completion of the task
associated with e phe&acsdymbueinenth e pteg (ainrefenteti art askefstagonitinididhe context to
registers in th tsecontd gneEof e trisb S, %15 &1 some cas hinlgt%) idg.,‘ original. assignment of tasks
received 0 tribé& eiglg}l 56 yp%lr |allhye/ eﬁén ent on distripution ot pPolcé sh gmcff&fgrcyimong the memory
blocks. THhechssignovedidhayahenldingely hardwhnaradtitiddiedpdrdatgelySaitwans gontyolled. In some
cases migration of a thread from.one tribe to ther tribe may be at least partly. dependent on
distributi(%llsoof%raog%%ftse%% d%?ag cg&r%%la:’t %sﬁ%myhﬁl%ncﬁi{ép@biﬁaﬁee%ir%ge%ﬁ%ﬁﬁ%ing may be
either largélydmasdwarelcynirdltbe parliarigety sbfterareygontsadied:gire hiprederted endbodiment of the

invention Ine engine s implemented at 2 fish ods. 1t 2 dala packel petwork whereln fne tasks are

generateaa y receip a
sequentially.
10 In a preferred embodiment there may further be a step wherein the thread

operating in the first one of the tribes is migrated via the interconnect structure to a
second one of the tribes before completion of the task associated with the thread, by
moving the program counter and at least a portion of the context to registers in the
second one of the tribes.
15 In some cases, in step (d), original assignment of tasks received to tribes is at |
least partially dependent on distribution of processing data among the memory blocks.
The assignment may be largely hardware controlled, or largely software controlled.
In some cases migration of a thread from one tribe to another tribe may be at
least partly dependent on distribution of processing data among the memory blocks,
20  and the direction and timing may be either largely hardware controlled, or largely
software controlled.
In a preferred embodiment of the invention the engine is implemented at a first
node in a data packet network wherein the tasks are generated by receipt of data
packets and processing the packets for translation to a second node in the network.

25  The data packet network may be the Internet network.

Brief Des cription of the Drawing Ficures

Fig. 1 is an architectural overview for a packet processing engine in an

30 embodiment of the present invention.



packets and processing the packets for translation to a second node in the network. 25 The data
packet network may be the Internet network. Brief Description of the Drawing Figures Fig. i is an
architectural overview for a packet processing engine in an 30 embodiment of t 9 invention, 2
1 APR 2D08 Fig. 2 is a memory map for the packet processing engine in-an embodiment of the
present invention. Fig, 3 illustrates detail of the address space for the packet processing engine in an
embodiment of the present invention, 5 Figs. 4a through Fig- 4d comprise a list of configuration
registers for a packet processing engine according to an embodiment of the present invention. Fig. 5
illustrates hashing function hardware for the packet processing engine in an embodiment of the
present invention. Fig. 6 is a table that lists performance events for the packet processing engine 10

in an embodiment of the present invention Fig, 7.lists eqre apnel. determination for the packet
processing eng?in‘é Tnlan e??l‘%o%}ime t of theepprekée ti%ventgo%h&;ig.%ﬁgltg%a?é@%grt determination for
the packbt preswdgimeriigine in an embodiment of the present invention, 15 Fig. 9 indicates allowed

degree of interlgavi t essi ine | iment.of the nt invention.
Fig. 10 is an illféﬁa%%}? gtflt%%E%?%ﬁoﬁ%%cﬁég%%tfj?g%%%ﬁ%nﬁ%%%%%? i lélg’lr?\l}éo’%mlgo%?. Fig. 11 is an
expanded eimhogirowihglithenmabedrpomsins of the Global block. 20 Fig. L-1 is an illustration of a

s bock gt ST RRATES P ST B S R R o)
processing engine according to an embodiment of the present invention.
Fig. 5 illustrates hashing function hardware for the packet processing engine in
an embodiment of the present invention.
Fig. 6 is a table that lists performance events for the packet processing engine
10 in an embodiment of the present invention.
Fig. 7 lists egress channe! determination for the packet processing engine in an
embodiment of the present invention. ’
Fig. 8 lists egress port determination for the packet processing engine in an
embodiment of the present invention.
15 Fig. 9 indicates allowed degree of interleaving for the packet processing
engine in an embodiment of the present invention.
Fig. 10 is an illustration of Global block architecture in an embodiment of the
invention.
Fig. 11 is an expanded view showing intemal components of the Global block.
20 Fig. 12 is an illustration of a Routing block in an embodiment of the invention.
Fig. 13 is a table indicating migration protocol between tribes.
Fig. 14 is a block diagram of the Network Unit for an embodiment of the
invention.
Fig. 15 is a diagram of a Port Interface block in the Network Unit in an
25 embodiment.
Fig. 16 is a diagram of a Packet Loader Block in the Network Unit in an
embodiment of the invention.
Fig. 17 is a diagram of a Packet Buffer Control Block in an embodiment.
Fig. 18 is a diagram of a Packet Buffer Memory Block in an embodiment,
30, Fig. 19 is a table illustrating the interface between a Tribe and the Interconnect

Block.




Fig. 15 is a diagram of a Port Interface block in the Network Unit in an 25 embodiment. Fig. 16 is a
diagram of a Packet Loader Block in the Network Unit in an embodiment of the invention. Fig. 17 is a
diagram of a Packet Buffer Control Block in an embodiment. Fig. |8 is a diagraanf %ﬁfsﬁ Buffer
Memory Block in an embodiment. 30. Fig. 19 is a table illustrating the interface bétween a TTibe and the
Interconnect Block. 2 1 APR 2006 6 Fig. 20 is a tgble illustrating the interface between the Network
Block and the Interconnect Block. Fig. 21 is a table illustrating the interface between the Global Block
and the Interconnect Block. Fig. 22 is a diagram indicating migration protocol timing in the Interconnect
Block. Fig. 23 is a table illustrating the interface between a Tribe and a Memory Interface block in an
embodiment of the invention. Fig. 24 is a table illustrating the interface between the Global Block and a

10 Memory Intetface hiqckinamembadimentefthe vgetion:EigRbis Blskledlustating the interface
between a Memory Controller and a Memory Interface block in an embodiment of the invention. Fig. 26

shows t%@f@%%BW%terface timing in an embodiment of the invention. 15 Fig. 27 shows tribe

memory interfagg toicantraller timind i fian2t ehnwstsibemenarydpiedase thtabal timing. Fig. 29
shows input module stall signals in a memory block. Fig. 30 is a table illustrating the interface between

a Tribe AHEEMRSRIGHPBlock in an embodiment of the invention.
5 Fig. 22 is a diagram indicating migration protocol timing in the Interconnect

Block.
Fig. 23 is a table illustrating the interface between a Tribe and a Memory
Interface block in an embodiment of the invention.
Fig. 24 is a table illustrating the interface between the Global Block and a
10 Memory Interface block in an embodiment of the invention.
Fig. 25 is a table illustrating the interface between a Memory Controller and a
Memory Interface block in an embodiment of the invention.
Fig. 26 shows tribe to memory interface timing in an embodiment of the
invention.
15 Fig. 27 shows tribe memory mnterface to controller timing.
Fig. 28 shows tribe memory interface to Global timing.
Fig. 29 shows input module stall signals in a memory block.
Fig. 30 is a table illustrating the interface between a Tribe and a Memory
Block in an embodiment of the invention.
20 Fig. 31 is a table illustrating the interface between a Tribe and the Network
Block in an embodiment of the invention.
Fig. 32 is a table illustrating the interface between a Tribe and the Interconnect
block in an embodiment of the invention.
Fig. 33 is a block diagram of an embodiment of the invention.
25 Fig. 34 is a Tribe microarchitecture block diagram.
Fig. 35 is shows a fetch pipeline in a tribe in an embodiment of the invention.

Fig. 36 is a diagram of a Stream pipeline in tribe architecture.

ga

Fig. 37 is a stream pipeline, indicating operand write. -
Fig. 38 is a stream pipeline, indicating branch execution.
30 Fig. 39 illustrates an execute pipeline.

Fig. 40 illustrates interconnect modules.



20 Fig. 31 is a table illustrating the interface between a Tribe and the Network Block in an
embodiment of the invention. Fig. 32 is a table illustrating the interface between a Tribe and the
Interconnect block in an embodiment of the invention. Fig. 33 is a block diagram2o§ aw%gbdiment of
the invention: 25 Fig. 34 is a Tribe microarchitecture block diagram. Fig. 35 is shows a fetch pipeline
in a tribe in an embodiment of the invention. Fig. 36 is a diagram of a Stream pipeline in tribe
architecture. Fig. 37 is a stream pipeline, indicating operand write. Fig. 38 is a stream pipeline,
indicating branch execution. 30 Fig. 39 illustrates an execute pipeline. Fig. 40 illustrates interconnect
modules. 2 1 APR 2006 7 Fig. 41 illustrates a matching matrix for the arbitration problem. Fig. 42
illustrates arbiter stages. Fig. 43 illustrates deadlock resolution. Fig. 44 is an illustration of a crossbar
module. 5 Fig. Bigillstiasss: theanibedoingemory fotehfaseivatdebesoblign46 illustrates the input module
" data path. Fig. 47 Iﬂqstﬁag%a sv‘éﬁ'ﬁ%tgr Sf{er module. Fig. 48 illustrates the return module data path. Fig.
49 is an illustratioh of a requst burter an Figsue module, 10 Description of the Preferred Embodiments

Overview of Pﬁtgo@mmmcﬂﬁhﬁmddedmmeeolﬁmnessmg Engine 15 In a preferred embodiment of the

present inventi rl\ultlthr aded ackpt essin einglne that the inventors term the Porthos chip
%g |1$ an ulastration o ross ar module
is provided for statefu
5 Fig. 45 illustrates the tribe to memory interface modules.

Fig. 46 illustrates the input module data path.

Fig. 47 Ilustrates a write buffer module.

Fig. 48 illustrates the return module data path.

Fig. 49 is an illustration of a requst buffer and issue module,
10

Descrintion of the Preferred Embodimentis

Overview of Porthos Multi-Threaded Packet Processing Engine

15
In a preferred embodiment of the present invention a multithreaded packet

processing engine that the inventors term the Porthos chip is provided for stateful

packet processing at bit rates up to 20Gbps in both directions. Fig. 1 is an

architectural overview for a packet processing engine 101 in an embodiment of the
20 present invention.

A two bi-directional network port 102 is provided with maximum input and
output rates of 10 Gbps each. Packet Buffer 103 is a first-in-first-out (FIFO) buffer
that stores individual packets from data streams until it is determined whether the
packets should be dropped, forwarded (with modifications if necessary), or transferred

25  off chip for later processing. Packets may be transmitted from data stored externally

and may also be created by software and transmitted.

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
30  particular memory block 103, also labeled (0-7).

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

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



packet processing at bit rates up to 200bps in both directions. Fig. 1 is an architectural overview for a
packet processing engine 101 in an embodiment of the 20 present invention. A two bi-directional
network port 102 is provided with maximum input and output rates of 10 Gbps eactér.] P ﬁ'eklﬁ#ffer
103 is a first-in-first-out (FIFO) buffer that stores individual packets from data strea ‘E 3& s -
determined whether the packets should be droppead, forwarded (with modifications if necessary), or
transferred 25 off chip for later processing. Packets maybe transmitted from data stored externally and
may also be created by software and transmitted. 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. | here are eight stages 104, labeled (0-7), each associated with a 30
particulaghagmerohlasledi@s oalsasiabeledc(@ i) fachisdage 104, aalladlyjtheinventors a tribe, can
execute up to_32 software threads simultaneously. A software thread will typically, in preferred
embodiB8AtLts B FH051872006 the invention, execute on a single packet in one tribe at a time, and
may jump from  one tribe tq another. A two HyperTran [t)ort interface 106, is used to communicate with
host processofs, - 86- %B%%%%%W@%%?é@ilﬁﬂfﬁg B freRrEPeiBotifhents of the invention
each tribg-exeautesdnstodetinrs &0 ctlcaoPapiish thennecessary workload for each packet. The
instruction set architecture (ISA) implemented by Porthos is similar to the well-known 64-bit MIPS-IV
ISA with a fewlomisfiard amdedfew e difitisnildtimainctiffdre sgesubativeandhe Parthos ISA and
MIPS-IV are summarized as follows: 10 1. Memory Addressing and Register Size The Porthos ISA
containsaéglo-f?i]?lr1 %}@}%%?Cgﬁsél{%iﬁ/zoeﬁs‘l 33¢ ﬁ?rae&gb scelzigt\'/vﬁler}o&%fﬁt} %?eafscﬁl 9Tt mode, thus all
instructigi&Athatdperaie:obydyisiess i operdte worlalvelitn vih e fAbichoraifisthessdame as the

WE||-knO\éV%\k/h/é?nslng1§gso gnd a few additions. The main differences between the Porthos ISA

and MIPS-TV are summarized as follows:

10 1. Memory Addressing and Register Size

The Porthos ISA contains 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
15 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 merﬁory. 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.
20  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.

2. Omitted Instructions
25

In preferred embodiments there is no floating-point unit in the Porthos chip,
and therefore no floating-point instructions. However the floating-point registers are
implemented. Four instructions that load, store, and move data between the regular
registers and the floating-point registers (CP1 registers) are implemented (LDCI,

30 SDCI1,DMFC1, DMTC1). No branches on CP1 conditions are implemented.



25 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. Trﬁi (&# ﬁﬁ% equivalent
to a MIPS processor where all code was running in kernel mode and the TLB ai)\%e the entire
physical address space. 20 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. 2. Omitted Instructions 25 In preferred embodiments there is no
floating-point unit in the Porthos chip, and therefore no floating-point instructions. However the floating
point registers are implemented. Four instructions that load, store, and move data between the regular
registers and the floating:paint regist P1reqi are @3@ 0 SDC1, DMFC1,
DMTC TR Brand re?%r%%Igfec%%g%ﬁé%?éﬁ?ﬁg@%ﬁg%%%g%%%%19 ’o%g(rjcl)%essor 2 registers
are alsanfnptemamsteccalony WRE D 68sbBiEted.|08d T§id)e Tandmabgedadduasktivhs (LDC2, SDC2,
DMFC2, DMTC?2), The unaligned Joad and storg | cti re not imple The CACHE
instrucﬁg)ﬁelénﬁ |Frl10 arfen 8%1.%13:1‘51%?}}18 'ro%zegfg?}s%plgg%%g géﬁ%%%%ﬁ% e 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 Yo PrESHRRZAY Ha sk Y PahRHLRIEAH45E is described in more detail in a following section on
flow gating. 4. Timers and Interrupts are changed 15 External events and timer interrupts are treated

such that newgiireadssrs faunghed Bhess.olohakey shitae Rt MHgadishas/figend are thus not

delivered to an _ _
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
10 packet dependencies. This is described in more detail in a following section on flow

gating.

4. Timers and Interrupts are changed

15 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.
20
5. New Set of CP0 Registers
CP7 Sequence Number
Cpr21 Tribe/Stream Number
25 Cp22 FlowlD
Cp23 GateVector
6. Thread control instructions
30 DONE Terminates a thread

FORK Forks a new thread
NEXT- Thread migration



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. 20 5. New Set of CPO
Registers CP7 Sequence Number CP21Tribe/Stream Number 25CP22F1owID CP23GateVector 6.
Thread control instructions 30DONETerminates a thread FORK Forks a new thréatl NeR#8Bread
migration 11 APR 2DDB 10 7. Special purpose ALY instructions Support for string search, including
multiple parallel byte comparison, has 5 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 10 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 nof local
to the trlpeége\é\{m%ﬁ\l}ggsieniilﬁtii&q?ug{ie executed. A diagram of the memory 15 map is shown in Fig. -

ons
2. '
Support for string search, including multiple parallel byte comparison, has
5 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. Meémory Map
10
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

15 map is shown 1n Fig. 2.

The region of configuration space is nsed to access internal registers including
packet buffer configuration, DMA configuration and HyperTransport port
configuration space. More details of the breakdown of this space are provided later in

this document.

20
9. Tribe Migration

A process in embodiments of the present invention by which a thread
executing on a stream in one tribe 1s transferred to a stream in another tribe is called
25 migration. When migration happens, a variable amount of context follows the thread.
The CPU registers that are not transferred are lost and initialized to zero in the new
tribe. Migration may occur out of order, but it is guaranteed to preserve thread
priority as defined by a SeqNum register. Note, however, that a lower priority thread

may migrate ahead of a higher priority thread if it has a different destination tribe.

30 A thread migrating to the tribe that it is currently in is treated as a NOP. A
thread may change its priority by writing to the SeqNum register.



The region of configuration space is used to access internal registers including packet buffer co
nfiguration, DMA configuration and HyperTransport port configuration space. More details of the

breakdown of this space are provided later in this document. 20 9. Tribe Migrati
embodiments of the present invention by which a thread executing on a stream

s

transferred to a stream in another tribe is called 25 igration. When migration happens, a variable
amount of context follows the thread. The CPU registers that are not transferred are lost and
initialized to zero in the new tribe. Migration may occur out of order, but it is guaranteed to preserve
thread priority as defined by a SeqNurn register. Note, however, that a lower priority thread may
migrate ahead of a higher priority thread if it has a different destination tribe. 30 A thread migrating to
the tribe that it EheutirentynipiatieaiedrastaiN GPXA theeididsnay gh@ngeitsapmontytisy writing to the

SegNumdtgfge Il%ttgé.%l% d,rAePSR 2 gg %%’e t}ﬁatmhrt%gg rglgﬂagggglgﬁé?lcgo (:3 bgi% 'I& 5%%%1}% a register that

contains stination address and an immediate tha S

Pead context to

preserverédbregistdt sdhiateasenobprasepregtare 2exaechid iheldedtinationcontextt, Ififa thread

ating Flow gating is

migrates to the, tribe it is alr ag .in,.the registers pot preserved are cleared. Flow

a uniquealﬁé%%daﬁll%a%ﬁse% i %‘%’ ﬁ{§50%1¥§de8 rlgsglr?tliﬁg}éﬁﬁ%ﬂoﬁﬁrWﬁ]évr%(? rﬁ’acc?ﬁ%rte eniority is enforced
by hardware through the use of a gate instruction that is inserted into the packet processing workload.
When a gate instruction is encountered, the instruction execution for that packet is stalled until all

older paglfg‘;;cpftmg same flow have made progress past the same point. Software manually

advance
specified for a given packet workload and serialization occurs for each gate

rough a gate by updating a GateVector register. Multiple gates 15 may be

Flow gating is a unique mechanism in embodiments of the present invention

10 wherein packet seniority is enforced by hardware through the use of a gate instruction

that is inserted into the packet processing workload. When a gate instruction is

encountered, the instruction execution for that packet is stalled untii all older packets

of the same flow have made progress past the same point. Software manually

advances a packet through a gate by updating a GateVector register. Multiple gates

15 may be specified for a given packet workload and serialization occurs for each

individually.

gate

Packets are given a sequence number by the packet buffer controller when

they are received and this sequence number is maintained during the processing of the

packet.

20 A configurable hardware pre-classifier is used to combine specified bytes from

the packet and generate a FlowID number from the packet itself. The FlowID is

initialized by hardware based on the hardware hash function, but may be modified by

software. The configurable hash function is also be used to select which tribe a packet

is sent to. Afterward, tribe to tribe migration is under software control.

25 A new instruction is utilized in a preferred embodiment of the invention that

operates in conjunction with three internal registers, In addition to the FlowlD

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 O when a new thread is created for a new packet. A new instruction,

30 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



individually. Packets are given a sequence number by the packet buffer controller when they are
received and this sequence number is maintained during the processing of the packet. 20 A
configurable hardware pre-classifier is used to combine specified bytes from th(a2 q?j%%t generate
a FlowID number from the packet itself. The FlowlID is initialized by hardware based on the hardware
hash function, but may be modified by software. Tae configurable hash function is also be used to
select which tribe a packet is sent to. Afterward, tribe to tribe migration is under software control. 25 A
new instruction is utilized in a preferred embodiment of the invention that operates in conjunction with
three internal registers, In addition to the FlowID register and the PacketSequence register discussed
above, each thread contains a GateVector register. Software may set and clear this register arbitrarily,

but it is " initicdi Zeee 00 tahiansanawthisat J s areatrd-ior e Whparket Arewdnstruction, 30 named
GATE, is implemented, The GATE instruction causes execution.to stall until there is no thread with the
same FISRESY glt%%adﬁ% o8 ﬁﬁ?ﬁﬁ@?ﬁ%&ﬁbﬁ?@?%ﬂ%ﬁﬁ%f@éﬁ 12 with a GateVector in

which any of theosame:hitscapezert: Idhisctogic Soiializee Qltepacketssyithin #igsame flow at that point.
such that seniority is enforced. Software is ﬁ%})o sible for setr%%?ea git in the GateVector register when
it leaved ECHEGEFeCRRSHTTHishA FIH é%f%éélé’é%'s%% FHBCGHHLH SSEBR. 5 The

Gated/ eclat E@gisfecienraseRisgsageass thyaughithenniotktoad af apackelaSefiware is responsible for
setting bifs in this register manually if a certain packet skips a emin gate, to prevent younger packets

from un USARTERRATRIDYE thE SEHIE\PEEHY fU SERBiStEI T IHRE Wi SHAIE ABW Yating for that packet,

since nosiipsIngerHackets willhwaihfoo thatpaskelsMete thalteryait, Rigaress istgelaranteed 10 since
the oldest packet in the processing sys}em will never be stalled and when it completes, another

packet Wit SR é%tttﬁé)&éf;‘ this will disable tlow gating for that packet, since no
younger packets will wait for that packet. Note that forward progress is guaranteed

10 since the oldest packet in the processing system will never be stalled and when it

completes, another packet will be the oldest packet.
In a preferred embodiment a seniority scheduling policy is implemented such

that older packets are always given priority for execution resources within a
processing element. One characteristic of this strictly implemented seniority

15 scheduling policy is that if two packets are executing the exact same sequence of
instructions, a younger 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

20 always guaranteed to be ahead of all younger packets. However, a seniority based
instruction scheduler 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

25 aclean programming model to be presented that is efficient to implement in hardware.



In a preferred embodiment a seniority scheduling policy is implemented such that older packets are
always given priority for execution resources within a processing element. One characteristic of this
strictly implemented seniority 15 scheduling policy is that if two packets are exegyti éh act same
sequence of instructions, a younger packet will never be able to overtake an olggr%% ~In certain
cases, the characteristic of no overtaking may simglify 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 20 always guaranteed to be ahead of all younger packets. However,
a seniority based instruction scheduler and seniority based cache replacement can only behave with
no overtaking if packets are executing the exact same sequence of instructions. If conditional
branche&xeniddasadiaags to take different paths, a flow gate would be necessary. Flow gating in
conjunction with no-overtaking processing elements allow 25 a clean programming model to be

presented thatﬁ.: efficient.to im Iemegitjn h%rgawar_e. 2 1 APR 20% 13 Event Handling Events can be
categorized inth fAFEE PO HEQUERS S BAG S BRSIRS HEET e REWHRRSS WA thread-to-thread

commurtieadiantehuhee, firsd thre grociasciecbeenisaiennah spegific ta-aayospeaifie physical thread. In
the third %roup, software can signal b%{l\i/ieeﬁytwo s&gcific héisica,l threads, Packet Buffer Overview 10
g Fedp

In this sESHON TFeRRNISREHE horEH SRECHECiB RS & ARy ShESBNERIRY #if Blplex interface

Channekichahaseesiated ipeemdiytieapackets, that arrive or leave through a port. Interleaving
degree - The maximum number of different packets or frames that are in the process of being

received or transmitted out. i5 The packet buffer (103 Fig. 1) is an on-chip 256K byte memory that

holds Packet Buffer Overview

10 In this section the following nomenclature 1s used:

Port - Physically independent full-duplex interface
Channel - Tag associated to each of the packets that arrive or leave through a port.
Interleaving degree - The maximum number of different packets or frames that are
in the process of being received or transmitted out.
5
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
20 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
25 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 on the reliable data stream and then re-transmission
may occur. Re-assembly scenarios occur in firewalls and load balancing. Many

applications call for a combination of pass-through and re-assembly scenarios

30



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 20 transmitted in the order that it was received. The
packet buffer architecture allows for an efficient combination of pass-through and reA&ss@bibly
scenarios. In a pass- through scenario, packets aresnot 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 25 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 on the reliable data
stream afitietRecket Brafisrmissiole impye el eRbodisemtblytswatands echurare firghalls and load
balancing. M ny a I&{cations call for a combination of pass-through and re-assembly scenarios 30 2 1
APR 2D (‘)ol 14'Thé acket Buffer module in preferred embodiments interacts with software in the
following ways: Providing the initial values of some GPRs and CPO registers at the time a 5 thread is
scheduled to st@rt ex cuthr;g.itstivxﬁo\;lé{ggsd. f§ati§ tgle %ests tto thet%?cléet buffer memory and the
shared memory 'Sy @%ing the ?equests%o the con |§urla ion réa%feer%?, ForiRstaRée Hash function
configuration Raekétitabledessd tegtrstsid@itRgdket sthiusichanges (packet to be dropped, packet to

be transmitted &ut) Perfgrmance counters regj—,ld?29 @llocating spage.in the ]}ggcket buffer for software to
construct patketd E AR O BRERE AR S Ta P RS &P [Fb‘:ié}? SHfffdrable number 15 of

ingress ports and deave dhie:PagkeaiBuftar tronahtemsapmadymhanghegsess ports.

e IHash function configuration

e Packet table read requests
10 s Packet status changes (paclet to be dropped, packet to be transmitted out)
e Performance counters reads

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

Frames of packets arrive to the Packet Buffer through a configurable number
15 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.

The ingress/egress ports can be configured in one of the following six configurations
20 (all of them full duplex):
» 1 channelized port
e 2 channelized ports
e 4 channelized ports
¢ 1 non-channelized port
25 e 2 non-channelized ports

¢ 4 non-channelized ports

The channelized port is intended to map into an SPI4.2 interface, and the non-
channelized port is intended to map into a GMII interface, Moreover, for the 1-port
30 and 2-port channelized cases, software can configure the egress interleaving degree as

follows:



The maximum ingress/egress interleave degree depends on the number and type of ports, but it does
not exceed 4. The ingress/egress ports can he configured in one of the following six configurations 20
(all of them full duplex): | channelized port 2 channelized ports 4 channelized ports 1
non-channelized port 25 2 non-chamielized ports 4 non-channelized ports Thechaﬁﬂ%eﬁg@d port is
intended to map into an SP14.2 interface, and the ngn- channelized port is intended to map into a GMI
interface, Moreover, for the 1-port 30 and 2-port channelized cases, software can configure the egress
interleaving degree as follows: ? 1 APR 2D06 15 | channelized port: egress interleave degree of 1, 2,
3 or 4. 2 channelized ports: egress interleave degree of 1 or 2 per port. Software is responsible to
complete the processing of the oldest packets that 5 the Packet Buffer module keeps track of in a
timely manngr, @%@ﬁiﬂe‘ﬁ%@&?b&: ggﬁéqgﬁqwégggglﬁxé@g pagkels fil up the packet buffer so that no
. more packets can be fit into the buifer. At 300MHz core frequency, peak rate of ingress data of
10Gbps and*a phekauislified siodsor2BeK Biatrswilagzeaoi! asprogimarély 200 microseconds; and 10
2. There are 512 total packets in the system, from the oldest to the newest, no matter whether
" packets in betw th pr 0 éh ternal memory)
by software. Otﬁggv‘%geﬁég%gg%bgﬁfggr%u 2&@ I o%%%#%%%@éréﬁé% n%é%ﬁ%%}léf software does
not cdmplieed talscp BaKkémsthefore kerpo ek piaviptissAiomanner, namely before:

1. The subsequent newest packets fill up the packet buffer so that no more packets
can be fit into the buffer. At 300MHz core frequency, peak rate of ingress data of
10Gbps and a packet buffer size of 256KB, this will occur in approximately 200

microseconds; and

10 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.

15 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

20 the packet buffer. More details on packet drops 1s provided below.

Packet Buffer Address Space

25  Two regions of the Porthos chip 32-bit physical address space are controlled directly
by the Packet Buffer module. These are shown in Fig, 3:

o the packet buffer memory: 256KB of memory where the packets are stored as
they amrive. Software is responsible to take them out of this memory if needed
(for example, in applications that need re-assembly of the frames)
30 e the configuration register space: 16KB (not all used) that contains the

following sections:



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 igned to
any tribe, nor its data will be stored in 20 the packet buffer. More details on packpet1 dﬁgﬁszﬁrovided
below. Packet Buffer Address Space 25 Two regi?gls of the Porthos chip 32-bit physical address space
are controlled directly by the Packet Buffer module. These are shown in Fig. 3: the packet buffer
memory: 256KB of memory where the packets are stored as they arrive, Software is responsible to
take them out of this memory if needed (for example, in applications that need re-assembly of the
flames) 30 the configuration register space: 161{B (not all used) that contains the following sections: 2

1 APR 2DD6 15 12 eoRfighration fegistarsihemnelves. aleHrpdhingapfigie some functionality of

the Packet Buffer module.” the packet table: contains status information for each of the packets being -
kept track of. 5 thBlBeivaehtyspaids: RrskatBrdsriierslt request consecutive chunks of space within

ihe packet buffe. Agesses R paekel Bl aciiers sRaCe.19 Safiare, san peform any byte

readlwrite, half-wor yte) read write, word (4-bytel read/write or e word (8-byte) read/write to
the packet buffer. ISipgieactud-word (16-byte) and octo-word (32-byte) read requests are also allowed,

but not the sin.gletguad-word and octgéalvprds ites. Towrite.2 or4 c nse%ut%feéilp space) double

u
€ 8€t ropin spdce: U are to request consecutlv .
words, software has 0 penporml,g respectlveoig/, or 4 doubleSword WHtes, The acket Buffer will not

guarantee that thepecowsiutive yadkes wilfeoccur back to back; however, no other access from the
same tribe will sneak in between the writes (but

Accesses to the packet buffer address space

10 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

15 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).

Even though the size of the packet buffer memory is 256KB, it actually
occupies 512KB in the logical address space of the streams. This has been done in

20  order to help minimizing the memory fragmentation that occurs incoming packets are
stored into the packet buffer. This mapping is performed by hardware; packets are
always stored consecutively into the 512KB of space from the point of view of
software.

Software should only use the packet buffer to read the packets that have been

25 stored by the Packet Buffer module, and to modify these packets. The requests from
the 8 tribes are treated fairly; all the tribes have the same priority in accessing the

packet buffer.

Accesses to the configuration register physical address space

30



accesses from other tribes can). Even though the size of the packet buffer memory is 256KB, it
actually occupies 512KB in the logical address space of the streams. This has been done in 20 order

to help minimizing the memory fragmentation that occurs incoming packets are qre, Biil e packet
buffer. This mapping is performed by hardware; packets are always stored consecutively into the
512KB of space from the point of view of software, Software should only use the packet buffer to read
the packets that have been 25 stored by the Packbt Buffer module, and to modify these packets. The
requests from the 8 tribes are treated fairly; all the tribes have the same priority in accessing the
packet buffer. Accesses to the configuration register physical address space 30 21 APR 2006 17 The
configuration registers are logically organized as double words. Only double word reads and writes

are allowed to iguration regi . Therefore, i ware wants t. dify a specific byte
within a particu#zg‘f;e %%{?1 @%rrga%tl%nnrr%%%%%r?ﬁ?1%%%%%#%&%%%?%%?&% er]g{&gbgtégpappropriate shifting
5 and méskitgwantiresite thé whiskeado sl wbtol tbackngitesito tegisesenad.portion of the

configuration segister. space will he disregarded. ds within this portion will return a value of 0.
Some bi?é%l%{ leg’clc%)etﬁﬁé%%lﬁeo\rx{ar%aig ers Qgﬁ e S?\%a?ﬁefm%énuasgfﬁfrﬁ%g to 10 these bits will be
disregardedifedds oftse bitesddtraterh tharabgestsh Girkindest otheroise eafediitige configuration

registers can be both r agl nd, wri teln.&eri)tles to the packet table and to the read-only configuration

regis‘tersa Wil e %%r%%aP ed. Sofware S uou?dwccﬁang'fjle he contents of the configuration registers when
the 15 Packet Buffer is in quiescent mode, as explained below, and there are no packets in
Writes to the reserved portion of the configuration register space will be disregarded.
Reads within this portion will return a value of 0.
Some bits of the configuration registers are reserved for future use. Writes to
10 these bits will be disregarded. Reads of these bits will return a value of 0.
Unless otherwise noted, the configuration registers can be both read and
written. Writes to the packet table and to the read-only configuration registers will be
disregarded.
Software should change the contents of the configuration registers when the
15 Packet Buffer is in quiescent mode, as explained below, and there are no packets in
the system, otherwise results will be undefined. Software can monitor the contents of
the ‘packet table packets’ configuration register to figure out whether the Packet

Buffer is still keeping packets or not.
20 Configuration register list

All the configuration registers have an after-reset value of 0x0 unless
otherwise specified. Figs. 4a-4d comprise a table listing all of the configuration
registers. The following sections provide more details on some of the configuration

25  registers.
Hashing function
Fig. 5 illustrates the hash function hardware structured into two levels, each

30 containing one (first level) or four (second level) hashing engines. The result of the

hashing engine of the first level is two-fold:



the system, otherwise results will be undefined. Software can monitor the contents of the
‘packettable_packets' configuration register to figure out whether the Packet Buffer is still keeping
packets or.not. 20 Configuration register list All the configuration registers have an after-reset value of
NO unless otherwise specified. Figs. 4a-4d comprise a table listing all of the configuaiompgegisters.
The following sections provide more details on soge of the configuration 25 registers. Hashing
function Fig. 5 illustrates the hash function hardware structured into two levels, each 30 containing
one (first level) or four (second level) hashing engines. The result of the hashing engine of the first
level is two-fold: 2 1 APR 2D06 18 a 16-bit value, named the flow identifier (or flowld 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 examplerasaniniiakelasiieaionating packehintaaciow, &ra 2ikyale, 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 h&reiwaradechehtbe tHb o8 PRESAIRY faHiloRiemtine wHbsmatkeobISgéiedtaes a 3-bit value

that correspongls 0 & tihe pumbel Qagatthess fRurIeINIsASSeleciel Py e it 10 level, and

becomes the number of the tribe that the packet is going to initially migrate into. All four hashing
engines in thefi@®ond level are identical, and the single engine in the first level is almost also the

same as the opesin i seqantllevelFachy hashing,ending san b eapfiguradindependently. The

following is the €on%gurat|o_n 15 featurées that are common to%% the Lashlng engines: select vector
[O..i..63] confijashtignfregizoas: tbateobipefaiihs veetdd detdraditheshashing hardware.

Each of the four hashing functions in the second level generates a 3-bit value
that corresponds to a tribe number. One of these four results is selected by the first
10 level, and becomes the number of the tribe that the packet is going to initially migrate
into.
All four hashing engines in the second level are identical, and the single
engine in the first level is almost also the same as the ones in the second level. Each
hashing engine can be configured independently. The following is the configuration

15 features that are comnion to all the hashing engines:

» select vector [0..1..63] configuration register: each bit of this vector determines
whether byte 1 of the packet will be selected to compute the result of the hashing
engine (1) or not (0).

20 e position vector [0..1..63) configuration register: the 16-bit result of the hashing
engine is computed using two 8-bit XOR functional units, one for the upper 8-bits
and one for the lower 8-bits, In the case that byte i was selected by the select
vector, bit i in the poéition vector determines whether the byte will be used to
compute the lower § bits of the 16-bit flowld result (0) or the upper 8 bits (1). If

25 - the byte was not selected in the select ?ector, the corresponding bit in the position

vector is a don’t care.

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
30 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



whether byte i of the packet will be selected to compute the result of the hashing engine (1) or not (0).
20 position vector [0..i..63] configuration register: the 16-bit result of the hashing engine is computed
using two 8-bit XOR functional units, one for the upper S-bits and one for the lower S-bits. In the case
that byte i was selected by the select vector, bit i in the position vector deternfinmex@ih&fer the byte
will be used to compute the lower 8 bits of the 1§g-bit flowld result (0) or the upper 8 bits (1). If 25 the
byte was not selected in the select vector, the corresponding bit in the position vector is a don't care.
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 30 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] ofheBshib rasulNote. AL ARR 2906, 18 thas te.skinconfigurationyagister is only used to select

the second level hashing function and it des not modify the 16-bit result that becomes the flowld

value. flﬂwf@atﬁ%]flﬂ@%@@mw@l thadiimt epii deeiierecnisn thriBayddkaiusonfiguration register
performing thle %@lm %Jé@&&)&g\t%mﬁ&gt&%l %st%fgﬁﬁsg ég}/s% 1@15 this shifting of the result,
it

another manipu atlon Is performed using two other configuration reglste he purpose of this
manipgmﬁgtt@lwgatat@arﬁw@elngmhﬁbérr@ml@ma@éu@n 0 Sstutes iz nuthbér@t This total number of

trikes l@vté]'SAsﬁ% gns %20@%# ?esanzafbafe§znaﬂgﬁia%§s§sc &ﬁ@g%aﬂg . number. Example of

sets are [0,1,2 3 1,10,1,2,3,4,5,6,7],14,5,6,7 eﬁ: T IS manipulation is
controﬂ&@WM@@I@d@@@l&i@rﬁi@hﬂ@ﬂ@ﬂﬁé@§fét§Hm?emé&t@aaﬂﬁ@fgﬂw@&@ﬁdbléveI hashing engines:

S O O CS OB R S SLI8 J6 Sas{l0 ) th 2vect

that specifies how many secutive tribes the set has (
apower of 2 (i.e. 1,2, 4 or 8), and the set can start at any tnbe number. Example of

sets are {0,1,2,31, [1,2,3,4], {2,3], {71, [0,1,2,3,4,5,6,7], [4,5,6,7], [6,7,0,1], [7,0,1.2],
10  etc. This manipulation is controlled by two additional configuration registers, one per
each of the second-level hashing engines:
e first: 3-bit value that specifies which is the first tribe of the set (0: tribe 0, .. 7:

tribe 7)

e total: 2-bit vector that specifies how many consecutive tribes the set has (0:1
15 tribe, 1.2 tribes, 2:4 tribes, 3:8 tribes)

The maximum depth that the hashing hardware will look into the packet 1s 64
bytes from the start of the packet. If the packet is smaller than 64 bytes and more
bytes are selected by the select vectors, results will be undefined.

Software should be careful in configuring the hashing function hardware since

20 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.
Quiescent mode

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

30 transmission-related operations will be performed normally; however any incdming

packet will be dropped since the ‘continue’ configuration register 1s zero.



15 tribe, 1:2 tribes, 2:4 tribes, 3:8 tribes) The maximum depth that the hashing hardware will look into
the packet is 64 bytes from the star; of the packet. If the packet is smaller than 64 bytes and more
bytes are selected by the select vectors, results will be undefined. Software should be careful in
configuring the hashing function hardware since 20 only non-variant bytes across all,thg.pagkats of
the same flow should be selected to perform thejfgashing computation;. otherwise, if}erer% oW
identifiers for the packets of the same flow might be generated. Quiescent mode 25 The Packet
Buffer module is considered to be in quiescent mode whenever it is not receiving (and accepting) any
packet and software has written a 0 in the “continue’ configuration register. Note that the Packet
Buffer can be in quiescent mode and still have valid packets in the packet table and packet buffer.
Also note that all the _ 3o transmission-related operations will be performed normally; however any
incoming packet will be dropped.since the ' continue' configuration registey is zero..20 2 1 APR 2006
When the contentd 5f38™ gﬁil E%’ecgﬁﬁtdﬁlrlgti8?1“%%@39?0’55?@@%%%%(%Of? (ﬁﬁg backet Buffer
modulelvilb pidoButizefolineG vgioperftiontd anjoweyg ineaming packet that starts arriving after the
setting of the "continue' configuration register takes place physically will be accepted (it may be
eventually dropped for other reasons as explaied below). When the toggling is from | to 0, the

follawing operatiopciakasopiace piékamapaaketitntwaserrnihgingecetathihen the clearing of
the “continue' configuration register occurs will be fully received. a%new incoming packet that starts

arriving after tHRESSHHIH S RS COMIFERAGH PRGTGRLYAKES B A6eRMIE FifYy Sopped. 15 Software
should put the;Ragket Bufiepsacdulsia-geieseent Bxpacyensyer it -

When the toggling is from 1 to 0, the following operation takes place:

10 s any packet that was currently being received when the clearing of the
‘continue’ configuration register occurs will be fully received.
o any new incoming packet that starts arriving after the setting of the

configuration register takes place will be fully dropped.

15 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:

poust

Write a 0 into the ‘continue’ configuration register.
20 2. Monitor the ‘status’ register until bit 1 is set. When this occurs, the quiescent state
has been entered.
Configure the desired feature
4, Write a ] into the ‘continue’ configuration register to allow new incoming packets
to be accepted.
25
If the above steps are followed, there will be no packets being received when
the 0 to | transition happens on the ‘continue’ configuration register. This is not true
if software does not wait for quiescent mode before setting the ‘continue’
configuration register; in this case, the Packet Buffer may keep receiving the packet it

30 was receiving when the 1 to 0 transition took place.



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. | . Write a 0.into the “continue.’
configuration register. 20 2. Monitor the “status' register until bit | is set. When this occurs,the
guiescent state has been entered. 3. Configure the desired feature 4. Write a 1._2n1toﬁ#é zgontinue'
configuration register to allow new incoming pack% s to be accepted. 25 If the above steps are
followed, there will be no packets being received when the 0 to 1 transition happens on the “continue'
configuration register. This is not true if software does not wait for quiescent mode before setting the
“continue’ configuration register; in this case, the Packet Buffer may keep receiving the packet it 30
was receiving when the | to 0 transition took place. 2 1 APR 20 21 Performance counters There are a
total of 32 E@E%ﬁz?g‘%@ms in the Packet Buffer module (63 defined, 65 reserved) that can be
monitored by software. Out of these events, a total of 5 8 can be monitored at the same time. a 48-bit
counter is assigned to one particular event and increments the value of the counter by the proper

quantity each tie.Jhe. eYeD Qpauis, Bl Ale dracked b harduase austy rplg Software can

configure which event to monitor in each of the 8 counters. The contents o unters are made
visible tdedufodite terevgh) dhee pandte sen 6o Ed EonfiifuvatoRrégisterse Figné.is total¥é showing the

performange gvents natcanbe mariaied Abterel stptex ARER A% SATYAIR.6ap Probe the internal
state of the Packet Buffer module using the
event and increments the value of the counter by the proper quantity each time the
event occurs. Events are tracked by hardware every cycle.
Software can configure which event to monitor in each of the § counters. The
contents of the counters are made visible to software through a separate set of

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

Internal state probes
15
Software can probe the intermnal state of the Packet Buffer module using the
‘internal_state number’ configuration register. When software reads this
configuration register, the contents of sonie internal state are provided. The internal
state that is provided to software is yet TBD, It is organized in 64-bit words, named
20 internal state words. Software writes an internal state word into the
‘intemal_étate_number’ configuration register previously to reading the same
configuration register to get the contents of the state. This feature is intended only for

low level debugging.
25 Egress channel determination

When software writes into the ‘done’ or ‘egress_path_determined’
configuration register it provides, among other information, the egress channel
~ associated to the transmission. This channe] ranges from 0 to 255, and software

30 actually provides a 9-bit quantity, named the encoded egress channel, that will be used



'internal-state-number' configuration register, When software reads this configuration register, the
contents of sonie internal state are provided. The internal state that is provided to software is yet TBD.
It is organized in 64-bit words, named 20 internal state words. Software writes an internal state word
into the 'internal state number' configuration register previously to reading the sgrheApRriigiration
register to get the contents of the state. This featugg is intended only for low level debugging. 25
Egress channel determination When software writ€s into the “done' or “egress path determined'
configuration register it provides, among other information, the egress channel associated to the
transmission. This channel ranges from 0 to 255, and software 30 actually provides a 9-bit quantity,
named the encoded egress channel, that will be used r21 APR 2D06 22 to compute the actual egress

channel. fig g i Adable ok sneciiesboveine Actyal earess diannal s caate fom the encoded

1 .
egress channel. The egress channel information is only needed in the case of channelized ports.
Otherwisgtetsishialkt]d trestapdtad fado thecawdsdrmess gomwdtermination When software writes into

the "done’ or "egress path, determined...it prqvi with other information, the egress port
associated to t eeﬂé%%%@g%é@l#ﬂ@ﬁp%ﬁ%&%é?ﬂ (1;1;3 %ﬁ%qenst#%% ] 'é;l é%ﬁ%}%%%ng on how the Packet’
Buffer npodléOtashmenthio fififlneuyiaddsofdamiiccastually provides a 5-bit quantity, named the
encgded 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. 15 Completing and dropping
packetsiguhwae blentudbiptes to decide what to do with a packet that sits in the packet buffer, and

it has two options:

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
10 number ranges from 0 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.
15 Completing and dropping packets

/ Software eventually has to decide what to do with a packet that sits in the
packet buffer, and it has two options:
¢ Complete the packet: the packet will be transmitted out whenever the packet
20 becomes the oldest packet in the packet buffer.
¢ Drop the packet: the packet will be eventually removed from the packet buffer.
In both cases, the memory that the packet occupies in the packet buffer and the
entry in the packet table will be made available to other incoming packets as soon as
the packet is fully transmitted out or dropped. Also, in both cases, the Packet Buffer
25 module does not guarantee that the packet will be either transmitted or dropped right
away. Moreover, there is also no upper limit on the time the packet might sit in the
packet buffer before it gets transmitted out or dropped. An example of a large period
of time between software requests a packet to be transmitted and the actual start of the
transmission occurs in an egress-interleave of 1 case when software comipletes a
30  packet that is not the oldest one, and the oldest packet is not completed nor dropped

for a long time.



Complete the packet: the packet will be transmitted out whenever the packet 20 becomes the oldest
packet in the packet buffer. Drop the packet: the packet will be eventually removed from the packet
buffer. In both cases, the memory that the packet occupies in the packet buffer.and tt% y in the
packet table will be made available to other incoming packets as soon as. the pa%rllle seRfL?I@?r
transmitted out or dropped. Also, in both cases, the Packet Buffer 25 module does not guarantee that
the packet will be either transmitted or dropped rigqﬁt away. Moreover, there is also no upper limit on
the time the packet might sit in the packet buffer before it gets transmitted out or dropped. An example
of a large period of time between software requests a packet to be transmitted and the actual start of
the transmission occurs in an egress-interleave of 1 case when software completes a 30 packet that
is not the oldegt gne, and the oldest packet is,not completed nor.dropped for a long time. 21 APR
2DD6 23 Sofn%é%“%%‘bqg{%%tﬁﬁanég%}g %g%?(eet%tg Wit T’ilrrllé fﬁtt8 E]H% %%re]eagﬁ{ﬁx é)l%p' configuration
registersynfigpestitvety ghednfesvatiatypMwidetbimboth pasedds th@odeouende thamber of the packet.
For the comé)letin of ag< ts, thlg followi g info matLon is ago. provf d: 5 Header growth offset: an
10-bit v&ide %hcaetl%ﬂgﬁeo F%W?ﬁ ?{y{‘lt%/téﬁétﬁ%nﬁ er?nﬁfot]ri@aﬁ %tﬁe?]ﬁ gi%ﬁ%}ggrown (positive value) or
shrunk {nfegativeyalugortbvi@spect the original packet. The value is encoded in 2's complement. If
software does _not move the start of the %acket, thjs value should be 0. Encoded egress channel. 10

Encoded e§reSEptit STHERAOATDr & gHeRE RN NAE PRSI 1Py AV EE S Shrink up to the
minimum of thefarginaieatket size @b 1)ty Selware-shauld either complrtesardrop the packet.
Results will be undefined if multiple completi?ns[drops occur for the same pa(f‘ket. Moreover, there is
no respect the original packet. The value is encoded 1n 2’s complement. 1
software does not move the start of the packet, this value should be 0.
e Encoded egress channel.

10 e Encoded egress port.

The head of a packet is allowed to grow up to 511 bytes and shrink up to the

minimum of the original packet size and 512).

15 Software should either complete or drop the packet. Results will be undefined
1f multiple completions/drops occur for the same packet. Moreover, there is no
guarantee that the packet data stored in the packet buffer will be coherent after

software has completed or drop the packet.

20 Egress path determination

The egress path information (egress port and, in case of channelized port, the
egress channel) is mandatory and needs to be provided when software notifies that the
processing of a particular packet has been completed. However, software can at any

25  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.

Of course, the packet will not be transmitted out until software writes into the ‘done’

30 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:



guarantee that the packet data stored in the packet buffer will be coherent after software has
completed or drop the packet. 20 Egress path determination The egress path information (egress port
and, in case of channelized port, the egress channel) is mandatory and needs to be provided when
software notifies that the processing of a particular packet has been completed. VKBYEhy ftware
can at any 25 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. Of course, the packet will not be transmitted out until software
writes into the "done." 30 command, but the early knowledge of the egress path allows the

optimization oflt%% r?&%%%ﬂ%@d%i@ﬁ%%%%H%@?Iéﬁ%%?gt%do?%t in the following cases: 2 1 APR 2005
WIt

24 S 1-port channelize egress terleave of 2, 3 0r'4.” Z-port with egress interleave of 1 or 2
4-port with egrégminterirayeofitibtidevthat Bved if software notified the egress path information
through the "eagress path_determination’ configuration register, it needs to provide it again when
notifying thé cgﬁ’ﬁféﬂ’gﬁbﬁqg b%e(f%%aﬁ%&ﬁﬁrough the "done’ configuration register. GetRoo,n
Command 10 Software can transmit a packet that it has generated through a GetRoom mechanism.

This. mechanism works as. follows: . are requests spme spage to be set aside in the packet buffer.
This is%l%%g tlﬁﬁl}gﬁﬁlﬁlisr%%ﬁ%'? P@ﬁﬁ%@%ﬁl‘%@éﬁcﬁ]&) 1 & 883%@?1@'{:0 ffigdration space. The 15
address afptfeesiqachisdeampiuteidibycadtngatien regisestachsi® 1o pyieRiédthgain when

notifying the completion of the processing through the ‘done’ configuration register.

GetRoom Command
10
Software can transmit a packet that it has generated through a GetRoom
mechanism. This mechanism works as follows:
» Software requests some space to be set aside in the packet buffer. This is done
through a regular read to the GetRoom space of the configuration space. The
15 address of the load is computed by adding the requested size in bytes to the
base of the GetRoom configuration space.
e ThePacket Buffer module will reply to the load:
s  Unsuccessfully: it will return a ‘1’ in the MSB bit and ‘0’ in the rest of the
bits
20 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.
e Software, upon the successful GetRoom bommand, will construct the packet

into the requested space.

2
(9,3
®

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

packet complete mechanism explained before.

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

30  when the size is allocated.



base of the GetRoom configuration space. ThePacket Buffer module will reply to the load:
Unsuccessfully: it will return a "1' in the MSB bit and '0' in the rest of the bits 20 Successfully: it will
return in the 32 LSB bits the physical address of the start of the space that has heen allocated, and in
bits [47..32).the corresponding sequence number associated to that space. Sof aré?%p'@pﬁthe
successful GetRoom command, will construct the?packet into the requested space. 25 When the
packet is fully constructed, software will complete it though the packet complete mechanism explained
before. 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 30 when the size is allocated. 2
1 APR 2006_25 Configuring the number and type of ports Software can configure the number of ports,
whetheCPRbErE R hherrBes 2MbEYRR ¢ HRIHE gree of interleaving. All the ports will have the same
channelization 5 and interleaving degree properties (ie it can no happen that one port is channelized
and another port not). A port is full duplex, thus there is the same number of ingress and egress ports.

Fig. 9 shows sBOEiiaTe At SARE AV BRIHIBRNS SrHE kst fbris an aha e BrSsE

(chamielizediaan e@%ﬁgaeféa&ﬁgcn};%ﬁ%mm iLdseshewiiberntereaing 10 degree allowed
per port (which can also be configured if more than an option exists). The chamrelization and

interieadilg HEHRE¥IBRITRIFE L ESTESS (WO FRIHCIHRPESE BiatiorgRosEIH a8 HRE port. Software
determiﬂ%gﬁ&m@gﬁq}gftports by writing into the “total ports' configuration register, and the type of

ports by Writin%into the ort_t]ype' , ,
port is full duplex, thus there 1s the same number of ingress and egress ports.

Fig. 9 shows six different configurations in terms of number of ports and type of port
(channelized/non-channelized). For each configuration, it is shown the interleaving

10 degree allowed per port (which can also be configured if more than an option exists).
The channelization and interleaving degree properties applies to both the ingress and
egress paths of the port.

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’

15 configuration register.

For the 1-port and 2-port channelized cases, software can configure the degree
of egress interleaving. The ingress interleaving degree 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

20 to be I (the Packet Buffer module will silently drop any packet that violates the
maximum ingress interleaving degree restriction).

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 associated to one packet being transmitted out, across all the ports. Thus, the

25 maximum number of islots at any time is 4 (for the 1-port channelized case, all 4
islots are used when the egress port is configured to support an interleaving degree of
4; for the 1-port case, up to 4 packets can be simultaneously being transmitted out -

one per port-). Note that the number of enabled islots should coincide with the number

. of ports times the egress interleaving degree.



25 configuration register. For the 1-port and 2-port channelized cases, software can configure the
degree of egress interleaving. The ingress interleaving degree 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 I- port channelized
case and 2 in the 2-port channelized case; for the other cases, it has 20 to be I fthe Buffer
module will silently drop any packet that violates th®e maximum ingress interleaving degree restriction).
The egress interleaving degree is configured through the “islot_enabled' and “islot chatmel_0..3'
configuration registers. An "islot" stands for interleaving slot, and is associated to one packet being
transmitted out, across all the ports. Thus, the 25 maximum number of islots at any time is 4 (for the
1-port channelized case, all 4 islots are used when the egress port is configured to support an
interleaving de@febﬁﬁamﬂmbm& Heportacyseqitpthers packets dathiroe ginheltarebusideing transmitted

out - one gk AR, Nele bR AU obenablad i shieukd eolelde i i nymber of pors

times the egr S Interleaving degree. 21' 2 1 APR ation out OW many ports there are is
made thiduih e tiytad) ﬁmttsbbdtblnﬂgumﬂmﬁre@@f@mﬂtwmwme notified about the type of the ports .

(all have to be |on reqister hannelized (ie
SPI14.2) ports, s%%wa?éu W %é%ﬂf%%%ﬁgr%g opf nn§Y @ numll%rs %ha?%ll?ﬁe 5]gtlg’lgmltted in each of
the &oumoubm'mmmmmmmm@m'emh Qlﬁdnt)4‘Elmr&>cmnd©nn1art]emv1sgﬁnftsfnﬁé&ﬁhrough the
“islot_chann nel el ne single SP14.2 port and islot
chamn. ?r} %8 BTJ%S |sf8:1% ranﬂ%lls?%réggflﬁ slo’%%e:%anne ?0{2% % isfot channels 3: 192-255
then the ‘wltputipackét datEmayahaple, ifothesainple, Chalerf$®, pott m& and 192

e islot channels_0: 0-63

10 e islot channels 1: 64-127
¢ islot channels 2:128-191
e 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.

For the 2-port SPI4.2 scenario, islot0 and islot] are assigned to port 0, and
islot? and islot3 are assigned to port 1. Thus, the maximum interleaving degree per
20 port is 2. With the same channel range example above, port 0 will never see channels
128-255, and 1t will never see channels 70 and 80 interleaved. The following

configuration is a valid one that covers all the channels in each egress port:

1slot0_channels: 0-127
25 e islotl_channels: 128-255
¢ islot2_chanmels: 0-127

¢ islot3_channels: 128-255

Note that if software fails to cover a particular channel with an islot assigned
30 to the channel and packets with that particular channel have to be transmitted to that

port, results will be undefined.



15 interleaved (or channels 0, 65, 190, 200, etc.) but it will never have channels 0 and 1 interleaved.
For the 2-port SPI4 2 scenario, islotO and islotl are assigned to port 0, and islot2 and islot3 are
assigned to port 1. Thus, the maximum interleaving degree per 20 port is 2. With the same channel
range example above, port O will never see channels 128-255, and it will neveiZstehPRaiiéls 70 and
80 interleaved. The following configuration is a vatid one that covers all the channels in each egress
port: islotO channels:0-127 25 islotl channels: 128-255 islotl channels:0-127 islot3 channels:
128-255 30 Note that if software fails to cover a particular charnel with an islot assigned to the
channel and packets with that particular channel have to be transmitted to that port, results will be
undefined. 2 1 APR 2006 27 Software can also disable the islots to force no interleaving on the SP14 2
ports. This is done through the “islot_enable' configuration register. For example, in the 1-port SP142

, if “islot_enable' is 0x4 (islot2 enabled and t t disabled), 5 th inferleaving of just 1 wil
Pappen on (e EQIBEE S0 AARdICH TRV GLoF YR 14 SPLEHARE RS B chamnelst

configuratian Tagistedofothide oyt CIMI Eeade’, thefthantierrangensseaatedle, éach of the islots is
meaningless sinc MIT port.is not channelized.. An interleaying, degree of | will. 10 always occur at
each egﬁ%%%%ﬁ%%’f?w%%etgnl ?é’lt\ﬂrﬁ ealfspé%ﬁggcf#a %Fg@ﬂ?‘%&)@ﬁ?%g@%ﬁ/ﬁé%ill change its
ingresstiportoicbasnah g beiesis rdihksshior softwareds gorgnyihiiag speaiaiardien completing a

[ ?annel other than notifying the new 15 egress path

packet with a change_of its ingress port or ¢
informa\g&aﬁ”f'ﬁf%ﬁﬁﬁcfﬁ%dﬂfb 'régﬁﬁgﬁ%ﬁ fegfitegnration register.

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

10 always occur at each egress port.

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

15  egress path information through the ‘done’ configuration register.
Initial migration

When packets have been fully received by the Packet Buffer module and they

20 have been fully stored into the packet buffer memory, the first migration of those
packets into one of the tribes will be initiated. The migration process consists of a
request of a migration to a tribe, waiting for the tribe to accept the migration, and
providing some control information of the packet to the tribe, This information will be
stored by the tribe in some software visible registers of one of the available streams.

25 The Packet Buffer module assigns to each packet a flow identification number
and a tribe number using the configurable hashing hardware, as described above. The
packets will be migrated to the corresponding initial tribes in exactly the same order
of arrival. This order of arrival is across all ingress ports and, if applicable, all
channels. If a'packet has to be migrated to a tribe that has all its streams active, the

30 tribe will not accept the migration. The Packet Buffer module will keep requesting the

migration until the tribe accepts it.



Initial migration When packets have been fully received by the Packet Buffer module and they 20
have been fully stored into the packet buffer memory, the first migration of those packets into one of
the tribes will be initiated. The migration process consists of a request of a migration to a tribe, waiting
for the tribe to accept the migration, and providing some control information of ti&padke2ppthe tribe.
This information will be stored by the tribe in somegsoftware visible registers of one of the available
streams. 25 The Packet Buffer module assigns to each packet a flow identification number and a tribe
number using the configurable bashing hardware, as described above. The packets will be migrated
to the corresponding initial tribes in exactly the same order of arrival. This order of arrival is across all
ingress ports and, if applicable, all channels. If a packet has to be migrated to a tribe that has all its
streams active,Alfe: 30 ¢rihemilbndtacaet pheemigeaiithwihe Pasket Buffeitiaioddlewill keep
requestircl) th?tﬂéi%%gon %#Jg%eﬂggbteribe accepts it. 2 1 APR 2DD6 28 After the migration has taken
place, the oﬂowmg registers are initialized in one of the streams of the tribe: PC: initialized with the
value in the corresponding 32-bit program counter 5 configuration register. Note that all the streams
within a tribe that are .activated. due to an initial migration will t executing code at the same initial
program cohntgg?' &=107 ?&%#&KF iﬁ%ﬁfﬁﬁ&a‘ﬁ%%‘?%ﬁﬁ%}%éé PR EBLEMEE By the hashing
hardware. 10 GBRfgutaesetenes Nutakier alkadxytreatiedhalconisinsihererieratairival of the

packet. If a packet A fully arrived right after a packet B, the sequence numper of A will be the
sequence numbB&F & %’W&%‘é t’é&%ﬁ?w ﬁi}q ﬁéﬁ‘%&%ﬁéﬁ%ﬁ%@%ﬁ%}ﬂﬁé‘f&&%r a GetRoom

command successfitdly happened in between). The sequence number wraps around at OXFFFF.

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

10 e CP0.7: the sequence number, a 16-bit value that contains the order of arrival of
the packet. If a packet A fully arrived right after a packet B, the sequence
number of A will be the sequence number of B plus 1 (assuming no other
packet from other port completed nor a GetRoom command successfully
happened in between). The sequence number wraps around at 0xFFFF.

15 o (GPR.30: the ingress port (bits 9-10) and channel of the packet (bits 0-7).

s GPR.31: the 32-bit logical address where the packet resides. This address
points to the first byte of the packet. If the NET module left space at the front
of the packet (specified by the header_growth offset configuration register),
this address still points to the first byte that arrived of the packet, not to the

20 first byte of the added space.

Hardware-initiated paclcet drops

There are two types of packet drops:
25 e Software-initiated drops: software explicitly requests a particular packet to be
dropped.
° Hardware-initiated drops: a packet is dropped because there is no space to

store the packet or its control information.

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



15 GPR.30: the ingress port (bits 9-10) and channel of the packet (bits 0-7). GPR.3 1: the 32-bit
logical address where the packet resides. This address points to the first byte of the packet. If the NET
module left space at the front of the packet (specified by the header growth offsf§t confiBguration
register), this address still points to the first byte that arrived of the packet, not t '1116!‘5 P06 byte of
the added space, Hardware-initiated packet dropsd here are two types of packet drops: 25
Software-initiated drops: software explicitly requests a particular packet to be dropped.
Hardware-initiated drops: a packet is dropped because there is no space to store the packet or its
control information. 30 Furthermore, the cause of a hardware-initiated drop could be one of the
following: 121 APR 2006 29 The packet buffer is full. If the occupancy of the packet buffer when a

new packet s@itspasiiving fiesuchihaf ibcasnob He Puaranipeldhalffemadmumesize packet could be
fitin, the hardware will drop that incomti\n%)acket. The packet table is full. If the table that is used to
store the packBHEsE e 18 ShiRsIARSHHATORP bP i praiast Tt ek packet starts

arriving, the haydwessunilbemepidhatd neaining packelod hePackeltghgcdeconsidered to be full when
there are less than 4 entries available in the packet table upon a packet arrival. The “continue’

configuratibn rezfigtaskiet Gabinis BubREL IRkl ifctesriasierrdit BRIKSASRARPASSIN the “continue’
configuration regigtel iMBHhABNEHWHIRE &S FFiNSE2AMLINCONING PaskekWillpe dropped.

Interleaving degree violation. If an ingress port violates the maximum degree of packet interleaving

that the NET $UpparsvancngitiseopbabiBeRiker 5 ey ¢b e dadst Bl itheonsissmdi? allowed packet

be full when there are less than 4 entries available in the packet table upon a
packet arrival.
* The ‘continue’ configuration register is 0. The Packet Buffer module comes
10 out of reset with a 0 in the ‘continue’ configuration register. Until software
writes a 1 in there, any incoming packet will be dropped.
¢ Interleaving degree violation. If an ingress port violates the maximum degree
of packet interleaving that the NET supports.
® The size of the packet being received exceeds the maximum allowed packet
15 size. The maximum packet size that can be accepted is 65536 bytes. Software
can override this maximum size to a lower value, from 1KB to 64KB, always
in increments of 1K (see configuration register ‘max_packet_size’)'. If an
incoming packet is detected that it may be over the maximum packet size
allowed when the next valid data of the packet arrives, the packet is forced to
20 finish right away and the rest of the data that eventually will come from that
packet will be dropped by the hardware. Therefore, a packet that exceeds the
maximum allowed packet size will be seen by software as a valid packet of a
size that varies between the maximum allowed size and the maximum allowed
size minus 7 (since up to § valid bytes of packet data can arrive every cycle).
25 e The ingress port notifi es that the packet currently being received has an error.

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

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




15 size. The maximum packet size that can be accepted is 65536 bytes. Software can override this
maximum size to a lower value, from 1KB to 64KB, always in increments of 1K (see configuration
register ‘max packet size')'. If an incoming packet is detected that it may be over the maximum packet
size allowed when the next valid data of the packet arrives, the packet is forced %bd\ﬁﬁis"]qﬂﬁght away
and the rest of the data that eventually will come siom that packet will be dropped by the hardware.
Therefore, a packet that exceeds the maximum allowed packet size will be seen by software as a
valid packet of a size that varies between the maximum allowed size and the maximum allowed size
minus 7 (since up to 8 valid bytes of packet data can arrive every cycle). 25 The ingress port notifies
that the packet currently being received has an error. This notification can occur at any time during the

receptiShrectésghakbeynbrentHeanned-dusderaaaldrethl dppberrwiniinig pasressisropped by hardware,
there i%ﬂb%ilEUﬁHg‘B &gﬁg?ﬁ%&%yg@l@@n check at any given time the total number 21 APR 2006

30 of packets that have been dropped due to each of the hardware-initiated causes by monitoring
specific performance events. Porthos Instruction Set 5 The Porthos instruction set in a preferred
embodipgent &f the-RiEsERKRvention is as follows: ALU 10 Arithmetic ADD, ADDU, SUB, SUBU,
ADDI, ADDIU, SLT, SLTU, SLTI, SLTIU 15 DADD, DADDU, DSUB, DSUBU, DADDI, DADDIU,

5

The Porthos instruction set in a preferred embodiment of the present invention

is as follows:

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

Memory
Load
25 LB, LH, LHU, LW, LWU, LD
Store
SB, SH, SW, SD
Synchronization
LL,LLD, SC, SCD
30 SYNC
" ADDM



Logical AND, OR, XOR, NOR, ANDI, ORI, XORI, NORI Shift 20 SLL, SRL, SRA, SLLV, SR'LV, SRAV,
DSLL, DSRL, DSRA, DSLLV, DSRL V, DSRAV, DSLL32, DSRL32 Multiply/Divide MULT, MULTU,
DIV, DIVU, DMULT, DMULTU, DDIV, DDIVU Memory Load 25 LB, LH, LHU, Lw;afvclépk[} ore 30
SB, SH, SW, SD Synchronization LL, LLD, SC, SCD SYNC ADDM 21 APR 2006 ontrol'Branch
510 BEQ, BNB, BLEZ, BGTZ, BLTZ, BGEZ, BLTZAL, BGEZAL Jump J, JR, JAL, JALR

Control
Branch
’ BEQ, BNE, BLEZ, BGTZ, BLTZ, BGEZ, BLTZAL, BGEZAL
Jump
5 J, IR, JAL, JALR
Trap ‘
TGE, TGEU, TLT, TLTU, TEQ, TNE,
TGEI, TGEIU, TLTL TLTIU, TEQIL, TNEI
Miscellaneous
10 SYSCALL, BREAK, ERET, NEXT, DONE, GATE, FORK

Miscellaneous
MFHI, MTHI, MFLO, MTLO,
MTCO, MECO
15

CP0 Registers
The CPO registers in a preferred embodiment of the invention are as follows:

Config

TribeNum, StreamNum (CP0 Register 21)
20 Status

EPC

Cause

FlowID (CPO Register 22)

GateVector (CP0 Register 23)
25 SeaNum (CP0 Register 7)

Microarchitecture Description of the Global Block of the Porthos Chip

30

Overview of the Global Block



Trap TGE, TGEU, TLT, TLTU, TEQ, TNE, TGEI, TGEIU, TLTI, TLTIU, TEQI, TNEI Miscellaneous
SYSCALL, BREAK, ERET, NEXT, DONE, GATE, FORK Miscellaneous MFHI, MTHI, MFLO, MTLO,
MTCO, MFCO 15 CPO Registers The CPO registers in a preferred embodiment (ﬁ‘ahig&{v\?ﬁ@on are
as follows: Config TribeNum, StreamNum (CPO Register 21) 20 Status EPC Cause Flo (CPO
Register 22) GateVector (CPO Register 23) 25 SegNum (CPO Register 7) Microarchifecture
.Description of the Global Block of the Porthos Chip 30 Overview of the Global Block t2 1 APR 2006
32 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 keep the figure relatively clear and simple. Global
block 108, 5 howefeatinis ditisncbeMRigiada G NeaVDkitUOE pro RacketBifeniAdicapsalso to each

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 keep the figure relatively clear and simple. Global block 108,

5 however, is bus-connected to Network Unit and Packet Buffer 103, and also to each

one of the memory units 105.

The global (or “GBL”) block 106 of the Porthos chip is responsible for the
following functions:

10
o Implements a memory controller for external EPROM

s Interfaces with two HyperTransport IP blocks
» Provides input and output paths for the general purpose I/Os
¢ Satisfies external ITAG commands
15 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
* Provides a path for memory interconnection among the different local memories

of the tribes

Nomenclature for Global Block processes:

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

25 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)

¢ 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.

30 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.



one of the memory units 105. The global (or "GBL") block 106 of the Porthos chip is responsible for the
following functions: 10 Implements a memory controller for external EPROM Interfaces with two
HyperTransport IP blocks Provides input and output paths for the general purpoge] USPR Zeitisfies
external JTAG commands 15 Generates interrupts as a result of HT, GPIO or JTAG activity

Interfaces with the network block to satisfy Hyperggansport requests to packet buffer memory
Provides a path for memory interconnection among the different local memories of the tribes 20
Nomenclature for- Global Block processes: Request: an access from a source to a destination to
obtain a particular address (read request) or to modify a particular address (write request) 25
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)

Transaqtign] campRser@fl the deruEstintiaed HEHIC ISEURCEA to destination B and the corresponding
response initiated by the source B to the destination A. 30 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. r2 1 APR 2DD6 33 Fig. 10 is a top-level module diagram of the GBL

block 103:e5GBL is composed of the following modules:

* Local memory queues 1001 (LMQ): there is one LMQ per each local memory
10 block. The LMQ contains the logic to receive transactions from the attached local
memory to another local memory, and the Jogic to send transactions from a local
memory to the attached local memory.
* Routing block 1002 (RTN): routes requests from the different sources to the
different destinations.
15 o EPROM controller 1003 (EPC): contains the logic to interface with the external
EPROM and the RTN
s  HyperTransport controller 1004 (HTC): there is one HTC per HyperTransport IP
block.
» (General purpose I/0 controller 1005 (I0C): contains the Jogic to receive activity
20 from the GPIO input pins and to drive the GPIO output pins.
e 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
25 e Network controller 1008 (NTC): logic that interfaces to the network block to
satisfy HT commands that affect the packet buffer memory without software

intervention.

30 Local Memory Queues block 1001 (L.MQ)

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



The GBL is composed of the following modules: Local memory queues 1001 (LMQ): there is one LMQ
per each local memory 10 block. The LMQ 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. "Routing block 1002 (RTN): routes requests from the diffegeft spprogs to the
different destinations. 15 EPROM controller 1003 ,( PC): contains the logic to interface with the
external EPROM and the RTN HyperTransport controller 1004 (HTC): there is one HTC per
HyperTransport IP block. General purpose I/O controller 1005 (I0C): contains the logic to receive
activity 20 from the GPIO input pins and to drive the GPIO output pins. STAG controller 1006 (JTC):
contains the logic to convert STAG commands to the corresponding requests to the different local
memori a (84 of HT, JTAG Or
GPIO agﬁl\?lty %EHN%%QC{)%%%%%%%&%%%& I\? Iﬁgé%tﬁth nter ;q:%e‘g%%tﬁg%g{ﬁgﬁblock to satisfy .
HT commeranpsngras affbbeake Hcket buffer memory without software intervention. 3o Local Memory
Queues block 1001 (LMQ) Block 1001 contains the logic to receive transactions from the attached
local memory to another Iocal memory, and the logic to send transactions from a local 2 1 APR 2006

big hie1H il:memory. Fig. | | is an expanded view showing internal components of
block 1001. Descrlptlon of LMO 1001: 5

LMQ block 1001 receives requests and responses from the local memory block.

A tequest/response contains the following fields (the number in parentheses is the

width in bits):

¢ valid (1): asserted when the local memory block sends a request or response. If de-

10 asserted, the rest of the fields are "don’t care”.

o data (64): the data associated to a write request or a read response; otherwise (read
request or write response) is "don't care".

e stream (5): in case of a request, this field contains the number of the stream within
the tribe that performs the request to the local memory. In case of a response, this

15 field contains the same value received on the corresponding request.

s 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.

e type (3): specifies the type of the request (signed read , unsigned read, write) or

20 | 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.

25 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.

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

30 more request/response when it asserts the request/response full signal,



LMQ block 1001 receives requests and responses from the local memory block. A request/response
contains the following fields (the number in parentheses is the width in bits): valid (1): asserted when
the local memory block sends a request or response. If de- 10 asserted, the restﬁ tré%?e,é@% are "don't
care". data (64): the data associated to a write request or a read response; othefwis€' (fead" request
or write response) is "don't care". stream (5): in cage of a request, this field contains the number of
the stream within the tribe that performs the request to the local memory. In case of a response, this
15 field contains the same value received on the corresponding request. 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. type (3):

specifies tha funenebiBRRiest (sianed dRadeynsionad trad ik l- A depnense (signed read,

unsigned read, write). address (32): in case of a request, this contains the physical address
associatedestiis e e antkns ey ofialde sp disecpmatamsantes serpivaditemrdseived on the

correspgpdi ?951?% | i f ' hich of the input
queuesqtﬁgégglcéess ror%&t%elz-lil\]é)&gﬁr%gén%)%ﬁl)%rv%ﬁ%ggﬁggﬁ%ﬁ%ﬁﬁﬂﬁ?ﬁ%@%é&@wI éi/r\idependently
notify to e toehémbmioiyewtsehritasenringis #6Bpt more requests or responses. The LMQ block

guarantees that it can accept one 30 more request/response when it asserts the request/response full

signal.. 21 AR 200635, 11 LMQblack seis ioquesly And 4esponsss In herogahpemory block. A

request/response contains the same fields as thé request/response received from the local memory

block. HBWdMelotte Sidailess Bushs sisopreses2vbies) thinedsthe addebds repaseaatieach of the local
memo”%%éﬁ%esponse to be sent to the local memory, the LMQ will give priority to the

response. Thus, newer responses can be sent before than older requests.
10
Routing block 1002 (RTN)
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

15 LMQ blocks).
Description

20 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 communicate. The RTN can thus route a request and a
response originating from the same LMQ in the same cycle.

25

The result of routing of a request/response from a LMQ to the same LMQ 1s

undefined.

30 Microarchitecture Description of the Network Block 103 of the Porthos Chip

Overview

35 The network (or “NET”) block 103 (Fig. 1) of the Porthos chip is responsible

for the following functions:



5 10 The requests are sent to the local memory in the same order are received from the RTN block.
Similarly for the responses. When there is an available request and an available response to be sent
to the local memory, the LMQ will give priority to the response. Thus, newer responses can be sent
before than older requests. Routing block 1002 (RTN) This block contains the gatharih@dyic to route
requests from the different sources to the different destinations. Fig. 12 shows this block (interacting
only to the 15 LMQ blocks). Description 20 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 communicate. The RTN can thus route a request and a response originating
from the same LMQ in the same cycle. 25 The result of routing of a request/response from a LMQ to
the same LMQ is undefined. 30 Micro architectu re Description of the Network Block 103 of the :
Porthos*Chiir®Venddhe3sckhe fretvdrk Gt RET Mulotkrig3 ey i) ditmederiéeehip is responsible
for the follomghgo%pctions: 2 1 APR 2006 36 Receiving the packets from 1, 2 or 4 ports and storing
them into the packet buffer memory. Notifying one of the tribes that a new packet has arrived, and
providing SNpfidymatiore abche tifleepticketitothm¢kibehas arrived, and providing

5 information about the packet to the tribe.
o Satisfying the read and write requests to the packet buffer memeory performed by
the different tribes and the global block.
o Keeping track of the status of a packet.
* Monitoring the oldest packet to each of the egress ports and sending it out to the
10 corresponding port if it has already been processed
¢ Providing a DMA mechanism to the tribes to transfer data out of the packet buffer

memory and into the external global memory.

The NET block will always consume the data that the ingress ports provide at
15 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,

The data will be dropped by the NET block if the packet buffer memory can
20 not fit in any more packets, or the total number of packets that the network block
keeps track of reaches its maximum of 512, or there is a violation by the SPI4 port on
the maximum number of interleaving packets that it sends, or there is a violation on
the maximum packet size allowed, or software requests incoming packets to be
dropped.

25
Newly arrived packets will be presented to the tribes at a rate no lower than a

packet every 5 clock cycles. This provides the requirement of assigning a 40-byte
packet to one of the tribes (assuming that there are available streams in the target
tribe) at wire speed. The core clock frequency of the NET block is 300MHz.

30 '



Satisfying the read and write requests to the packet buffer memory performed by the different tribes
and the global block. Keeping track of the status of a packet. Monitoring the oldest packet to each of
the egress ports and sending it out to the 10 corresponding port if it has already been processed
Providing a DMA mechanism to the tribes to transfer data out of the packet buffer4mgmoppgnd into
the external global memory. The NET block will ak¥ays consume the data that the ingress ports
provide at 15 wire speed (up to ] OGbps 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. The data will be dropped by the NET block if the packet
buffer memory can 20 not fit in any more packets, or the total number of packets that the network
block keeps tralblefesceiaprakits mavirtuthedf BT 2haruglerecim  givlbionimp the SRizeport on the
maximu r.of inter i t i r.there i iolation e maximum packet
size allo%éqc}f %{railgfgt{\;\/ég% #S%‘ggsgtrs I co%n%r%%%%ﬁ@&gfobggéﬁrgg p%%ﬁvﬁgl\rlré%@%}ﬁ]ved packets will be
presenténRicstiegibe bk ratalngr toWepehdioa thaokattevendsirieok pytkduTHidgmovides the
requirer%%p Qge%%s@ning a 40-byte packet to one of the tribes (assuming that there are available
streams in the target tribe) at wire speed. The core clock frequency of the NET block is 300MHz. 30
37 251 APR 2006 Frames of packets arrive to the NET through a configurable number of ingress ports
and leavihthia NEST/ taresigpotiecsarimecanfiec diteeresy forfellohenmsixivunfigingiess/egress
interleav(glggg{ﬁeengﬁﬁ?m%:the number and type of ports, but it does not exceed 4.

¢ 1 channelized port
10 e 2 channelized ports
e 4 channelized ports
¢ 1 non-channelized port
¢ 2 non-channelized ports
® 4 non-channelized ports
15
The channelized port is intended to map into an SPI4.2 interface, and the non-
channelized port is intended to map into a GMII interface. Moreover, for the 1-port
and 2-port channelized cases, software can configure the egress interleaving degree as
follows: |
20
e 1 channelized port: egress interleave degree of 1,2, 3 or 4.

e 2 channelized ports: egress interleave degree oflor2 per port.

25 The requirefnent of the DMA engine 1s to provide enough bandwidth to DMA
the packets out of the packet buffer to the external memory (throngh the global block)

at wire speed.

Block diagram
30 .
Fig. 14 shows the block diagram of the NET Dblock 103. The NET block is

divided into 5 sub-blocks, namely:



5 The ingress/egress ports can be configured in one of the following six configurations (all of them full
duplex): 1 channelized port 10 2 channelized ports 4 channelized ports 1 non-ehannelized port 2
non-channtlized ports 4 non-channelized ports 15 The channelized port is intended to map into an
SPI14.2 interface, and the non- chaimelized port is intended to map into a GMII intgrfaggrMobgover, for
the 1-port ‘and 2-port channelized cases, software gan configure the egress interleaving degree as
follows: 20 1 channelized port: egress interleave degree of 1, 2, 3 or 4. 2 channelized ports: egress
interleave degree of 1 or -2 per port. 25 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 30 Fig. 14 shows the block diagram of the NET block 103. The

NET bloc i, JJE 1SS aIDFLYs 2.4 AR 206,89 Potlngefacs (BIE) responsible o
receiving the packets on the diffefent ingress ports {1, it 5 and deciding to wrch of the 4 ingress
interleaving ptots ¢thé dath eddtbecphivkat bdlmhgy tbe dndgespansiidevioyirtssfdaingtwith the egress
ports also e packet belongs to, and responsible for interfacing with the egress ports also on

the egress path.
o PacketLoader (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
10 assigned to
¢ Deciding where to store the packet into the packet buffer, and performing all
the necessary writes
¢ Allocating an entry in the packet table with the control information of the
newly arrived packet
15 o Providing the information of newly arrived packets, in the order of arrival
across all ingress ports, to the different tribes for processing
» Maintaining the status of each of the packets in the packet table, in particular,
whether ;the packets have been completely processed by the tribes or not yet.
o Monitoring the oldest packet in the packet table to decide what to do with it
20 (skip it if the packet is not valid —ie software has explicitly requested to the
NET block to drop the packet-; transmit it out to the corresponding egress
port if the packet has been completed; or nothing if the packet is still active),

and do this for each of the egress interleaving slots.

25 e PaoketBufferController (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

30 implements a fixed priority scheme in the order listed before (ingress path having

the highest priority). The 8 tribes are treated fairly among them.



the egress path. 5 PacketLoader (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 10 assigned to Deciding where to store the packet into the packet buffer, and performing
all the necessary writes Allocating an entry in the packet table with the control if@otn®ipnng the
newly arrived packet 15 Providing the informationyof newly arrived packets, in the order of arrival
across all ingress ports, to the different tribes for processing Maintaining the status of each of the
packets in the packet table, in particular, whether the packets have been completely processed by the
tribes or not yet. Monitoring the oldest packet in the packet table to decide what to do with it 20 (skip
it if the packet is not valid -ie software has explicitly requested to the NET block to drop the packet-;
transmit it out to the corresponding egress port if the packet has been completed; or nothing if the
packet is still active), and do this for each of the e Tess interleaving slots. 25 PacketBufferController

(PBC): its fﬁﬁéﬁéﬁ}ﬁ%{m SBRM biientgmoimackeUadisonensp Rinkled s of accesses to
the packet byffae memonyand-ReHomn hersehedilingRfHhese kasis 4.t diffgrent banks of the

packet buffer memory. The different sources are: the network ingress path, the network egress path,
the DMA erfgiieoftBpame. grbEr Brsdkesaudt doghpmespariewshedhiePBoXiaiplements a fixed priority

scheme in the @iseristed reloes (A EsR PRILDAKOG. 8 GRESLAHOIY) Te.g tribes are treated
fairly among.them; r2 | APR 2006 39 f’acketBufferMermory (PBM): it contains the packet buffer
memory, didid&deiteng-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
10 wide. Moreover, all busses are unidirectional. Unless otherwise noted, all the signals
are point-to-point and asserted high.
All outputs of the different sub-blocks (PIF, PLD, PBM and PBC) are registered.

15 PortInterface block 1401 (PIF)

Detailed description

20 The PIF block has two top-level functions: ingress function and egress

function. Fig. 15 shows its block diagram.

Ingress function

25  The ingress function interfaces with the SP14.2/GMII ingress port, with the
PacketlLoader (PLD) and with the PacketBufferMemory (PBM).

SP14.2/GMII port
30  From a SPI4.2/GMII port, it receives the following information:

o Valid (1): if asserted, validates the rest of the inputs. It specifies that SPI4 is

sending valid data in the current cycle.



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 5 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 bekdPR & Network
block. The main datapath busses are shown in bolgyand they are 64-bit 10 wide. Moreover, all busses
are unidirectional, Unless otherwise noted, all the signals are point-to-point and asserted high. All
outputs of the different sub-blocks (PIF, PLD, PBM and PBC) are registered. 15 Portinterface block
1401 (PIP) Detailed description 20 The PIF block has two top-level functions: ingress function and
egress function. Fig. 15 shows its block diagram. Ingress function 25 The ingress function interfaces

with the SPIr:24GHAY; ingiesssRRstcit thepRaekatkopear (i B) madpith Thes BacketBufferMemory
(PBM). SPI14.2/GMII port 30 From a SP14.2/GMII port, it receives the following information: Valid (1): if -

asserted, va‘fﬁfé‘féé%ﬂ%‘:’i@é%@%ﬂ@%ﬂﬁ%gI]?gtﬁécifies that SPI4 is sending valid data in the current
cycle. 2,1 ARR 2008,40..efa(dk-containe de-64.bits olinacke! datapravidedhy the SPI4. This

64-bit vector isTogically divided into 8 bytes. End_ofpacket (1): if asserted, it specifies that valid data
is the last dRecettthe packet. 5 Last byte (3): pointer to the last valid MSB byte in “data’. If all 8 bytes

are valid, "1%%%%%&%352 if Rl kYL issvalida tastsonig: 13, 0kt - o MPE BYLES R Yalid, they are right
aligned (first valid byte is byteO, then bytel, etc.). It can not occur )
‘last_byte’ is 7; if only 1 byte 1s valid, ‘last byte’ is 0. If 1 or more bytes are valid,
they are right aligned (first valid byte is byteO, then bytel, ete.). 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 the end of the packet, then ‘last_byte’ should be 3; if the data is the end of
10 the packet, then ‘last_byte’ can take any value.
o Channel (8): the channel associated to the packet data received. The SPI4 protocol

allows up to 256 channels. This field is a don’t care in case of a GMII port.

15 Every cycle, a port may send data (of a single packet only). But packets can
arrive ihterleaved (in cycle %, packet data from a packet can arrive, and in cycle x+1
data from a different —or same- packet may airive). The ingress function will know to
which of the packets being received the data belongs to by looking at the channel

number. Note that packets can not arrive interleaved in a GMII port.

In a SPI4.2 port, up to 256 packets (matching the number of channels) can be
-mterleaved. 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.
25 The ingress function monitors the packets and the total packet data dropped due to the

interleaving violation.

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
30  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.



that, for example, byte 0 and 2 are valid, but not byte 1. In other words, if the data is not the end of the
packet, then 'last byte' should be 3; if the data is the end of 10 the packet, then 'last-byte' can take any
value. Channel (8): the channel associated to the packet data received. The SPZIA% pr%méa allows up
to 256 channels. This field is a don't care in case of a GMH port. 15 Every cyclefa pé send data
(of a single packet only). But packets can arrive intgrleaved (in cycle x, packet data from'a packet can
arrive, and in cycle x+1 data from a different-or same- packet may arrive). The ingress function will
know to which of the packets being received the data belongs to by looking at the channel number.
Note that packets can not arrive interleaved in a GMII port. 20 In a SP14.2 port, up to 256 packets
(matching the number of channels) can be interleaved. However, the Porthos chip will only handle up

to 4. Therefore, paySragkep Jntcterving vialation yihhe datestediand she carespending packet data
will be dropiped by the ingress function. 25 The ingress function monitors the packets and the total

packet dREABFEHAASER RS SHIRHIESR e STt e tiks shrmpel slrtdedlporfe’ configurable by
software o TherereRbORdie? ANidd NS PSS 6868 b ARINAISSE -2 RYLi e maximum

interleaving degree is 4. In 30 case of 2 SPI4.2 ports, the maximum interleaving degree is 2 per port.
In the cad¥eivadpBie) ARIRITEAIIIGR Bflewedincedorpdrhana k. 206 asspeesm4.2 ports, when

valid datg gf &, Racketarrive shiednaressifinatian RerarmsaRaaRagiative SerIchipta a 4-entry table

(the channel slot table). Each entry of these table (called slot), corresponds to one of the packets that

is being Yeeaf el lEash eheRiEentalhs tehienitian the peekeh)datrerasnmadsio B ekaésociative 5
search findg thatihe chanrg! of dheRsaming Rasketnatahesthe.channalivalug sfered in one of the

active entries of the table, then the packet data corresponds to a packet
then two situations may occur:

10« Thereis at least one non-active entry in the portion of the table associated to the
ingress port: in this case, the valid data received is the start of a new packet. The
entry is marked as active and the incoming channel is stored into that entry.

s All the entries in the portion of the table associated to the ingress port are active.
This implies a protocol violation and the packet data will be dropped. The
15 hardware sets a Xth bit in a 256-bit array (where X is the incoming channel

number) called violating_channels.

For the 1-SP14 port, all the 4 entries of the table are available for the port; for the
2-SP14 port, the first 2 entries are allocated for port 0, and the second two entries for

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

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

25 interleave restriction). If the corresponding bit in the violating channels is 0, then the
channel is looked up in the channel_slot table, otherwise the packet data is dropped. If
the packet data happens to be the last data of the packet, the corresponding bit in the

violating_channels array is cleared.

30 There is no flow control between the SPI4 ingress port and the ingress

function.



that is being received. If the associative search does not find the channel in the table, then two
situations may occur: 10 There is at least one non-active entry in the portion of the table associated to
the ingress port: in this case, the valid data received is the start of a new packet. The entry is marked
as active and the incoming channel is stored into that entry. All the entries in the2opriipR afghe table
associated to the ingress port are active. This implies a protocol violation and the packet data will be
dropped. The 15 hardware sets a Xth bit in a 256-bit array (where X is the incoming channel number)
called violating channels. For the I-SPI14 port, all the 4 entries of the table are available for the port; for
the 2-SP14 port, the first 2 entries are allocated for port 0, and the second two entries for 20 port 1,
thus forcing a maximum ingress interleaving degree of 2 per port. The incoming channel associated to
every vafigddatacigdaeoked 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 25 interleave restriction). If the corresponding bit in the violating_channels is 0, then the

channel is lookeghhpracthe ghanosbsibinble ioihprvissitherackeldatarns drmppedidf the packet data
happens to be the last data of the packet, the corresponding bit in the violating channels array is
B i gc%etés(g1

cleared. QOHAHETE 1 §05 W TBRAHRIL R Hh EeB8 1 Gy RS S DS iR T fiinction. 2 1 APR

2006542 Bl Dointertrse! 1if thePeeka jlaimis B0ty eppadsitisdnse deskiatgda etry FIFO. Each entry
of this FIFO contains the information that came from the SP14 ingress port: data (64), 5 end_of_packet

(1), Iast-%@%%@@ﬁ%%dl@ﬁzérﬁﬁ%fnﬂ%ﬁté@nerated by the ingress function: slot (2),
start_of_paskelkdpinly yalicbpaskedtdaia chpackeiathatenmplysyithidierenwe sestetction 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.

10
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 pabket data at a peak close to 20Gbps.
15

There is no flow control between the ingress function and the PLD block. This
implies that the aggregated bandwidth of across all ingress ports should be less than

19.2Gbps (for 300MHz core frequency operation).

20 There are no configuration registers affecting the ingress function.

Performance events 0-11 are monitored by the ingress function.

Eeoress function

The egress function interfaces with the egress ports, the PacketLoader (PLD) and the
PacketBufferMemory (PBM).

30
PBM interface



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. 10 A logic exists that will monitor the head of each of the 4 fifes
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 impligs theR thg@hetwork
block can absorb packet data at a peak close to 20Gbps. 15 There is no flow control between the
ingress function and the PLD block. This implies that the aggregated bandwidth of across all ingress
ports should be less than 19.2Gbps (for 300MHz core frequency operation). 20 There are no
configuration registers affecting the ingress function. Perfonnance events 0-11 are monitored by the
ingress function. 25 Egress function The egress function interfaces with the egress ports, the
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egress function receives pac t e PBM of packe Side in the packet buffer. There
is an indisgeageckdantafizcclimrescmahtip @glaysnietade doirg dlaib flmsefolieavs: 5 Valid (1): if
asserted validates t e rest hthe inputs. It specifies that valid data is sent in the current cycle or not.

Data (643?%1.0?1 AINS the 62 b soo‘?lspacket data provided. This 64-bit vector is logically divided into 8
bytes. End-of packet (1).: if asserted, it specifies that valid data is the last data of the
5 e Valid (1): if asserted, validates the rest of the inputs. It specifies that valid data is
sent in the current cycle or not. |

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

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

10 packet.

o 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,
théy 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

15 is not the end of the packet, then ‘last_byte’ should be 3; if the data is the end of
the packet, then ‘last_byte’ can take any value.

o Port (2): the outbound port.

o Channel (8): the outbound channel associated to the packet data. Meaningless if

the egress port is not channelized.

20
A total of up 4 FIFOs, one associated to each egress interleaving slots, store

the incoming information. Each FIFO has § entries.
Whenever the number of occupied entries in the PBM FIFO is 5 or more, a signal is
provided to the PBC block as a mechanism of flow control. xx There could be at

25 most 5 chunks of packet data already;read and in the process of arriving to the egress

function.

Egress port interface:

30 A logic exists that will look at the head of each of the 4 FIFOs and, in a round-
robin faghion, will send the valid data to the corresponding egress port. Note that if 4

egress ports exlist, then there is a 1-to-1 correspondence between a fifo and a port. If 2



10 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-byte’ is 0. If 1 or more bytes are valid, they are right aligned (first valid
byte is byteO, then bytes, etc.). It can not occur that, for example, byte 0 and 2 are valid, but not byte
1. In other words, if the data. 15 is not the end of the packet, then ‘last byte' shouid ArR 300Bthe data is
the end of the packet, then “last byte' can take any,value. Port (2): the outbound port. Channel (8):
the outbound channel associated to the packet data. Meaningless if the egress port is not
channelized. 20 A total of up 4 FIFOs, one associated to each egress interleaving slots, store the
incoming information. Each FIFO has 8 entries. Whenever the number of occupied entries in the PBM
FIFO is 5 or more, a signal is provided to the PBC block as a mechanism of flow control. xx There

could be ahR8emast R abuRks, of hackabdate-shmasyiteda e e fioees eh@midng to the egress

function. Egress port interface: 30 A logic exists that will look at the head of each of the 4 FIFOs and, -

in a rounf? RSB raadidle 2 emdsBid os Rattil dathasaiteoloriapehnpg isef @ssth SHbRIote that if 4

egress pgyts eststhenithataisa dalprlicotaspandenteoatuesn 2 ffg.and.aport. If 2 2 1 APR 2006
44 channelized ports exist, then the round-robin La‘g)%]c is applied between fifo 0 and fifo | for port 0 and

fifo2 andSEAHEL R peR2 At sleabfer Bipgriet it dlizEupe rascchophripelived RI8% 1 is disabled
(implyingithaseithesyifo,8 Qi diferbisiemphod apsnginlaryfesdsigizandisietafaefife 2 and fifo 3). In

the case of | channelizéd port, 5 the round robin prioritization is applied among all the fifos; for the |
non-chalREIZSE. pbaxeaREORH Bia-ditibhacit5B8Rbuld be empty.

The round robin logic works in parallel for each of the egress ports.

10 The valid contents of the head of the FIFO that the prioritization logic chooses
are sent to the corresponding egress port. This information is structured in the same
fields as in the ingress port interface.

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

15 can not accept data. If this is the case, the port de-asserts ‘advance’. Whenever
‘advance’ is asserted, the egress function is allowed to send valid data to the port. If
de-asserted, the egress function will not send any valid data, even though there might
be valid data ready to be sent. If the egress port de-asserts ‘advance’ in cycle x, it stﬂl
may receive valid packet data in cycle x+1 since the ‘advance’ signal is assumed to be

20 registered at the port side.

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.

30
PacketLoader block 1402 (PIF)

Detailed description



The round robin logic works in parallel for each of the egress ports. 10 The valid contents of the head
of the FIFO that the prioritization logic chooses are sent to the corresponding egress port. This
information is structured in the same fields as in the ingress port interface. There is an extra | -bit
signal from the egress port to egress function, "advance’ that is used for flow coptjolNpgtygpgn the port
and the egress function in case the egress port 15 can not accept data. If this is the case, the port
de-asserts "advance'. Whenever 'advance' is asserted, the egress function is allowed to send valid
data to the port. If de-asserted, the egress function will not send any valid data, even though there
might be valid data ready to be sent. If the egress port de-asserts ‘advance' in cycle x, it still may

receivejﬁg% C .el dat% in c%/%e X+1 inc{%ﬁhe .‘ad\_/ancz('éi nal is assumed to be 20 registered at the
port side. e eQRESPRIRMTBR LILITRERT VI hatket Yt A PEBKRALRBIRAEY per cycle, which
translatgsdxppreximaielyianlpd R (@308 Rz cosasTieguaneYd ckIdits@imechanism is needed for
a port to provision for flow control. 25 No configuration registers exist in this subblock. Performance

events 12-23 are manitored by the egress function. 30 PaclcetLoader block 1402 (PIF) Detailed
descript L I9¥e PIP blbclc performs four top-level functions: packet insertion, packet
migration, packet transmission and packet table access. Fig. 16 shows its block diagram. Packet

insertior funeation s This-fupationinier eeemwithdhe Borthdertaget t(RIF)ang fagketBufferController
(PBC). The functior}uis pipelined (throughput 1) into 3 stags (0,1 and 2),
(PBC). The tunction 1s pipelined %throug iput 1) into 3 stages (0, 1 and 2).

Stage 1:
10 .
Packet data is received from the PLD along with the slot number that the PLD

computed. If the packet data is not the start of a new packet (this information is
provided by the PLD), the slot number is used to look up a table (named slot_state)
that contains, for each entry or slot, whether the packet being received has to be

15 dropped. There are three reasons why the incoming packet has to be dropped, and all

of them happened when the first data of the packet arrived at Stage A of the PLD:

o The ‘continue’ configuration register was 0.

» The total number of entries in the packet table (that holds the packet descriptors)
20 was more than 508.

¢ 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.

If the packet data 1s the start of the packet, some logic decides whether to drop

ro
N

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. ,

This guarantees that the whole packet will be dropped, no matter whether the
above conditions hold or not when any of the rest of the data of the packet arrives.

30
For the purpose of determining at stage 1 whether the packet table is full or

not, the threshold number of entries is 512 (the maximum number of entries) minus

the maximum packets that can be received in an interleaved way, which is 4.



g Stage 1: 10 Packet data is received from the PLD along with the slot number that the PLD
computed. If the packet data is not the start of a. new packet (this information is provided by the PLD),
the slot number is used to look up a table (named slot state) that contains, for each entry or slot,
whether the packet being received has to be 15 dropped. There are three reagpns APRy 216 incoming
packet has to be dropped, and all of them happened when the first data of the packet arrived at Stage
A of the PLD: The "continue' configuration register was 0. + The total number of entries in the packet
table (that holds the packet descriptors') 20 was more than 508. 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. If the packet data is the start of the packet, some logic decides whether to drop the
packet of seforany e thenzdissd entaescohetitibasimbldatbthapketdataiicsdsoppied and the slot entry
in the sl%ggg@gisﬁﬂg%@%@‘%t@g f&%{geaacket data that arrives for that packet is also dropped. This
guarantees that the ole packet wilt be dropped, no matter whether the above conditions hold or not
when any of the rest of the data of the packet arrives. 30 For the purpose of determining at stage 1
whether the pagkelJahie s Pl e gafelc e B SRS S 513 ihe maximum number o
entries) minus the maximum packets that can be received In an interlea way, which is 4, 21 APR
2U16 448 Maétefoie jablied nprthise coftemgiasonnaiothectinstidgthoof thé fecketkaihiéEis more than

508, the paghetiof] B JiRRRSSh P e BIENRS WBKIPHDG RRcket RUTSLuilg AR to hold the packe

space is performed. To understand how this state is computed, first let us describe

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

10 The 256KB of the packet buffer are divided into four chunks (henceforth
named sectors) of 64KB. Sector 0 starts at byte 0 and ends at byte 0xFFFF, and sector
3 starts at byte 0x30000 and ends at byte Ox3FFFF. The number of sectors matches

the number of maximum packets that at any given time can be in the process of being

received,
15 v
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
active until the last data of the packet is received. No other packet will be assigned to
that sector 1f it is active.
20

Thus, when a new packet arrives and all the sectors are active, then the packet
will not be able to be stored. Another reason why the packet might not be accepted is
if the total available space in each of the non-active sectors is smaller than the
maximum allowed packet size. This maximum allowed packet size is determined by

25 the ‘max_packet_size’ configuration register, and it ranges from 1KB to 64KB, in
increments of 1KB. When the start of a new packet is received, no information
regarding the size of the packet is provided up front (the NET block is protocol
agnostic, and no buffering of the full packet occurs to determine its size). Therefore, it
has to be assumed that the size of the packet is the maximum size allowed in order to

30 figure out whether there is enough space in the sector or not to store the packet.



5 some state is looked up that contains information regarding how full the packet buffer is. Based on
this information, the decision to drop the packed due to packet buffer space is performed. To
understand how this state is computed, first let us describe how the packet buffer is logically
organized by the hardware to store the packets. 10 The 256KB of the packet bufffer gpr @dipgled into
four chunks (henceforth named sectors) of 64KB. Sector O starts at byte O and ends at byte OxFFFF,
and sector 3 starts at byte 0x30000 and ends at $¥yte Ox3FFFF. The number of sectors matches the
number of maximum packets that at any given time can be in the process of being received. 15 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 active until the last data of the packet is
received. No other packet will be assigned to that sector if it is active. 20 Thus, when a new packet

arrives and allthasscto Aot NS EERER SRATORAT BEHBI @PbeEodaI&hother reason
why the packetspigh nethe.asaenieg isif theitotat availablespaserin;easl althe nen-active sectors

is smaller than the maximum allowed packet size, This maximum allowed packet size is determined by
25 the thtadsadrdigarEc eorhethatbn Fetidets A thaPaskgoendavenualiotbars, of increments of
1KB. Whenhs slat.afagpsywacket is received, no information regarding the size of the packet is
provided up front (the NET block is protocol agnostic, and no buffering of the full packet occurs to
detérmine its size). Therefore, it has to be assumed that the size of the packet is the maximum size

allowed in ordgr 0, 30 figHea Qut Whstherdhera iseopHalSRASEIDINS SACIRE RA10t to Store the packet.

21 APR 2DD6 4 7 In stage 1, the information of whether each sector is active or not, and whether

each sddBPEpiAotepthathaxehoen seelpstketasr hbisigavaiaprnndies iwidrivation is

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 packét 18 forced to

10 finish right away (its end_of_packet bit is changed to 1 when sent to stage 2) and the
rest of the data that eventually will come from that packet will be dropped. Therefore,
a packet that exceeds the maximum allowed packet size will be seen by software as a
valid packet of a size that varies between the maximum allowed size and the
maximum allowed size minus 7 (since up to § valid bytes of packet data can arrive

15 every cycle). No additional information is provided to software (no interrupt or error

status).

Some information from PLD is propagated into stage 2: valid, start of packet,
- data, port, channel, slot, error, and the following results from stage 1: revised
20 end of packet, current packet size. If the packet data is dropped in stage 0, no valid

information is propagated into stage 2.

Stage 2:

25 In this stage, the state information for each of the four sectors is updated, and

the hashing function is applied to the packet data.

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
30 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



then used to figure out whether the first data of the packet (and eventually the rest of the data) has to
be dropped. 5 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 védid ARR 3the packet
arrives, the packet is forced to 10 finish right awaxs(its endof_packet bit is changed to | when sent to
stage 2) and the rest of the data that eventually will come from that packet will be dropped. Therefore,
a. packet that exceeds the maximum allowed packet size will be seen by software as a valid packet of
a size that varies between the maximum allowed size and the maximum allowed size minus 7 (since
up to 8 valid bytes of packet data can arrive 15 every cycle). No additional information is provided to

software, (A JALeIKR! AL SHIRE:SIal alv3eia RIRIIALAN HIAdF L:{3 RiopagRRdpto stage 2: valid,

start-of Packet, data, port, channel, slot, error, and the following results from stage 1: revised 20 :
end-of _pracdiestgaunesssepaokie sihesifikpseleKs thibars despriadesstdduistiongdlid information is
propagaﬁggnirﬁtﬁﬁ{,ﬁgt%@msc{ﬁ%%‘%)‘25 In this stage, the state information for each of the four sectors is
updated, and the hashing function is applied to the packet data. When the first data of a packet
arrives at stage 2, a non-active sector (guaranteed by stage | to exist) is assigned to the packet. The
sectar that s lasg 30 paguplged i Ahosen, Hisdadeneris minimies e memery fagmentation that
occurs at the packet buffer. This implies that some logic will maintain, for each of the sectors, the
total nurnbietakse: pyaenetnekEoheacthefsbetor Huldecofipag ek ehdatareitbpt iiolhd 21 APR 2006 48

network plogk(ie, PAgke(s dhalhays heteslvag gt yet migrated, packets that

The head and tail pointers point to double words (8 bytes) since the incoming data is

in chunks of 8 bytes.
10
The tail pointer for the first data of the packet will become (after converted to
byte address and mapped into the global physical space of Porthos) the physical
address where the packet starts, and it will be provided to one of the tribes when the
packet is first migrated (this will be covered on the migration function).
15

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

20  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.

Whenever valid data of a packet is received, the occupancy for the
25 corresponding sector is incremented by the number of bytes received. Whenever a
packet is removed from the packet buffer (as will be seen when the transmission
function is explained) the occupancy is decremented by the amount of bytes that the

packet was occupying in the packet buffer.

30 In stage 2 the hashing function is applied to the incoming packet data. The

hashing function and its configuration is explained above. The hashing function



are being processed. by the tribes, and packets that have been processed but still not been
transmitted or dropped). 5 Each of the four sectors is managed as a FIFO. Therefore, a tail and head
pointer are maintained for each of them. The incoming packet data will be stored at the position within
the sector pointed by the tail pointer. The head and tail pointers point to double @drdsP@ £ptes) since
the incoming data is ‘in chunks of 8 bytes. 20 The tail pointer for the first data of the packet will
become (after converted to byte address and maﬁ)ed into the global physical space of Porthos) the
physical address where the packet starts, and it will be provided to one of the tribes when the packet
is first migrated (this will be covered on the migration function), 15 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 t et wra@t%rou&ﬁi(eanfl sta%at th %eag g% r This implies that

the packg mlgRt p?tylsrlsca e &toret i & Hon- }é%rr?serceut\f‘\'/e y i W\é& one 20

discontimpity, 8atethébntds@faﬂmemmagtm\ttm/emna@mvdﬂhgecs&”gmmmam@fdhenstage 3 logic, a
re-mapﬂ_m%oft ea ldé?flzcsftg%g%@ 9 %eég{eoprowdln tLhe star n&g@?ﬁtr&sésﬁof the packet to

softwar Eneverv a packetis réceved, e OBE |5 corresponding sector
is incremented by the number of bytes received. Whenever a packet is removed from the packet

buffer (as will n whe fransmission on is ex g% £ occupancy is decrernented by
the amount ofb@lﬁiE alFY sz%%t a5 8t anéyrrllrtt}ll 5 Cé’%ac Pt? P%}Iﬁ? %ﬁ%r'i the hashing
functionaspiippliegdeathe inchmingheadset @atavetne hashing function and its configuration is
eXpIaln%?o%?t?z\{r%aﬂ;asgl%sghrlg ft‘éré%téo t%ez éloé gl:t{lr%t[r)gnesb‘llt% to apply to the next chunk of

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

10 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

15 be unsuccessful if:

e there are no available entries in the packet table

o there is no space available in the packet buffer to satisfy the request

20 A pending GetRoom command will be served only if there is no valid data in
State 2 from ingress and there is no valid data in Stage 1 that corresponds to a start of

packet.

The following information is provided to stage 3: valid, data, port, channel,
25  slot, end of packet, start of packet, size of the packet, the dword address, error, get

room result, and the current result of the first level of hashing function.

Stage 3:

30 " In stage 3, the valid packet data is sent to the PBC in order to be written into
the packet buffer, and, in case the valid data corresponds to the end of a packet, a new

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



applies to the first 64 bytes of the packet. Therefore, when a chunk of data (containing up to 8 valid
bytes) arrives at stage 2, the corresponding configuration bits of the hashing function need to be used
in order to compute the partial hashing result. 5 The first-level hashing function and all the
second-level hashing functions are applied in parallel on the packet data received2BotpRagis
hashing results and the configuration bits to appky to the next chunk of valid bytes are kept for each of
the four ingress interleaving slots. 10 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 15 be unsuccessful if there are no available entries in
the packet t :l there is no space .av fgjﬁ acket buffe atis e request 20 A pending * -
GetRoom co ﬁ‘uléna \f/]ﬁf:to gaeﬁlg 1% ere IS noS 38%dtd ats ?rggstléﬁgl tﬁ? ?ess and there is no
valid datarihaStaegs (ﬂmtpmﬁntes@ammavetdrwuhlpahk@ackheﬁmﬂfeyyjnglllmlﬁemrmﬂem is providedto
stage 3 \{ﬁ?d data, ort gjnneéﬁ %n lot, end 0 ?‘ﬁ,ket ﬁé ['[Lrg éket size of t(?e packet, the dword"
addresS BRSVHEEY %Vr?flr B thRV B PER R TRE] f Br HEEHIRG fction. Stage 3: 30
In siageﬁeph&mlﬁdlmﬂfatdfaiﬁmteethbmcthet PixteinToreleritmbelwirittentildthegacket buffer, and, in
case t dat corr ponds to the end of a packet, a new entry in the packet table is written with
the des ? 3%% et. 21 APR 2005 50 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 If the valid data happens to bethe last data of a packet, a new entry in the
packet table is initialized with the packet descriptor. Stage 1 guaranteed that there
10 would be at least one entry in the packet table.

The paclket 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 packet. Thus, it is not possible that two packets exist with a sequence number

having the 9 LSB bits the same.

—
o

The packet descriptor is composed of the following information:

o Dword address (16): the “expanded” dword address within the packet buffer
where the first 8 bytes of the packet reside. The expanded dword address consists
20 on performing the following manipulation of the original dword address computed

in stage 2:

e Bit[15] becomes bit[14]
» Bit[14] becomes bit[13]
25 e Bit[13] becomes 0

This expanded dword address is compressed back following the inverse
procedure when the packet is transmitted out (as will be explained in the
transmission function).

30



will be written (even if less than 8 bytes are actually valid). The PBC is guaranteed to 5 accept this
request for write into the packet buffer. There is no flow control between the PBC and stage 3. If the
valid data happens to be the last data of a packet, a new entry in the packet tableziligggli@eg with the
packet descriptor. Stage 1 guaranteed that there 10 would be at least one entry in t A% table.
The packet 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 ishssigned by stage 3 to each packet. Thus, it is not
possible that two packets exist with a sequence number having the 9 LSB bits the same. li The packet
descriptor is composed of the following information: Dword address (16): the "expanded" dword
address within the packet buffer where the first 8 bytes of the packet reside. The expanded dword
address consists 20 on performina the following mapipulation of the original dword address computed

in stage ©: BitPESE habries BRRS B e HEE BRSSO S s bmiesatsd dbineEds This expanded

dword addreggiisisaRIprassriPacksioliawingetne dnvey sesudr gesddievhien shaypagket is transmitted
out (as will be explained in the transmission function). 30 21 APR 2006 51" Tribe (3): the tribe number

to which the ek RER MR DB Sfaeemgretisites amisyitiandienleer orinmiiaeé level hashing

result gepergiadin 508,020 B ARRIMING 3 AR08 308G RIHDE %89%9&!&3@8@19% of the hashing

function. Flowld (16):the result of the first level of the hashing function, computed il Stage
5 2.

s Sequence mumnber (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 nuniber wraps around at OxFFFE.

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

 Inbound channel (8): the channel munber associated to thie incoming packet.

¢ Qutbound port (5): this field will be eventually written with the software-provided
value when the ‘done’ or ‘egress_path_determined’ configuration registers are
written. At stage 3, this field is initialized to 0.

15 e Outbound channel (9): this field will be eventually written with the software-
provided when the ‘done’ or ‘egress_determined’ configuration registers are
written. At stage 3, this field is initialized to 0.

¢ Status (2): it is initialized with 1 (Active). This status will eventually change to
either O (Invalid) if software requests the packet to be dropped, or to 2 (Done) if

20 software requests the packet to be transmitted out.

¢ Size (19): the size in bytes of the packet. The maximum allowed size is the size of
a sector, ie 65536 bytes (but software can override the maximum allowed size to a
lower value with the ‘max_packet size’ configuration register).

e Header growth delta (8): initialized with 0. Eventually this field will contain the

25 amount of bytes that the head of the packet has grown or shrunk, and it will be
provided by software when the packet is requested to be transimitted out.

s 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).



5 2. Sequence number (16): the value that is assigned by stage 3 to each packet at the end of the
packet, it when the packet has fully been received. After a sequence number has been provided, the
register that contains the current sequence number is incremented. The sequence number wraps
around at OxFFFF. 10 Inbound port (2): the port number associated to the incom?@ @k e&0inbound
channel (8): the channel number associated to thgincoming packet. Outbound port (5): this field will
be eventually written with the software-provided value when the "done’ or "eb ess_path_determined'
configuration registers are written. At stage 3, this field is initialized to 0. 15 Outbound channel (9):
this field will be eventually written with the software- provided when the “done’ or 'egress determined'
configuration registers are written. At stage 3, this field is initialized to 0. Status (2): it is initialized with

1 (Activey. Thisrsta{03: Wit @venigirliyeshangetoheithared Wivebeldsatwareeapasts the packet to be
dropped, or tg 2 ((E)one) if 20 software requests the packet to be transmitted out. Size (19): the size in

bytes of thetBARkEN PISHimiM T B85 we ‘éﬁztg 1§ L zE Do d Sediy Pesssa4d Bftes (but software

can overridgmde@mblmoalﬂgmq)g@rtpracdm@yalue with the "'max_packetsize' configuration
register). Headeggrowth delta (8): initialized with 0. Eventually this field will contain the 25 amount of

bytes that tReTREAY JrBas dedisatsadhgtdhsParish ATHKEA T th AmPBeT priligaiopysehware when the
packet is regiéq%t@gsg%gg_transmitted out. Scheduled (1): specifies whether the egress path
information is known for this packet. At stage 3, this bit is initialized to O (it not scheduled). 2 1 APR
2006 i2 Launch (1): bit that indicates whether the packet will be presented to one of the tribes for
processing. Resielpvingnzephe s whid srpeingionel the paereh wildosrroldet i§%ne of the tribes for
processifiket descriptor:

10 e Jlaunch= 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. ‘

15 o launch =0, error = 1. A packet arrived with an error notification. The packet is
allowed to occupy space in the packet buffer and packet table for simplicity
reasons (since the error can come in the middle of the packet, it is easier to let the
packet reside in the already allocated packet buffer than recovering that space;
besides, errors are rare, so the wasted space should have a minimal impact). The

20 packet descriptor is marked with an Invalid status, and therefore the space that it
occupies in the packet buffer will be eventually reclaimed when the packet
descriptor becomes the oldest one controlled by one of the egress interleaving
slots.

e launch =1, error= 1. Will never occur.

25 :

The descriptor will be read at least twice: once by the migration function to get
some of the information and provide it to the initial tribe, and by the transmit logic, to
figure out whether the packet needs to be transmitted out or dropped.

30 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



Error (1); bit that indicates that the packet arrived with an error notification from 5 the ingress port.
The following are the valid combination of the “launch' and “error' bits in the packet descriptor: 10
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 originafe#l #irBugiiba
GetRoom command (explained later on). The packet associated to the descriptor will not be
migrated. 15 launch = 0, error = 1. A packet arrivéd with an error notification. The packet is allowed
to occupy space in the packet buffer and packet table for simplicity reasons (since the error can come
in the middle of the packet, it is easier to let the packet reside in the already allocated packet buffer
than recovering that space,; besides errors are rare, so the wasted space should have a minimal

impact), The 20 descrl tor marke W|th n nvalld status, therefore the space that it
occuplelgmrp%hmo% ét% IP% )1\%\% Wlec aimec %W‘?éepgf& B8 {2 88H ¥or becomes the

oldest ahi fdoirniiednty M}mmﬂ@mes&raneﬂeaﬁmhslmﬁamﬁiﬁ theagrioicer 1. Will never occur. 25
- The descriptor will be read at least twice: once by the migration function to get some of the
information and provide it to the initial tribe, and by the transmit logic, to figure out whether the packet

needs t0di fraaseiittegiout arsfopped. 30 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 21
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function:

» ‘max_packet size’: to cap the maximum packet size in order to minimize the
10 memory fragmentation in the packet buffer.
e ‘continue’: if 0, the new incoming packets will be dropped.
» ‘packet table packets’: the total number of packets that the packet table keeps
track of.
e ‘status’: specifies whether the network block is in reset mode and whether it is in
15 quiescent mode.
s Hashing engine configuration registers
e Firstlevel (11_selection, 11_position, 11_skip)
o Second level (12_selection[0..3], 12_position[0..3], 12_skip[0..3], 12_first[0..3],
12_total[0..3])

20
Performance events numbers 32-36 are monitored by the packet insertion function.
Packet migration function

25 The purpose of this function is to monitor the oldest packet in the packet table

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

migration protocol is illustrated in the table of Flg 13,

This function keeps a counter with the number of packets that have been
30 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



Configuration register interface 5 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
10 memory fragmentation in the packet buffer. “continue': if 0, the new incoming packets will be
dropped. packettablcl_packets': the total number of packets that the packet table kiz¢pgp f.
“status': specifies whether the network block is in ggset mode and whether itis in 15 quiescent mode.
Hashing engine configuration registers First level (11_selection,11_position, 11_skip) Second level (12
selection[O..3], 12 position[0..3], 12 sldp[0..3],12_first[0..31, 12_total[0..3]) 20 Performance events
numbers 32-36 are monitored by the packet insertion function. Packet migration function 25 The
purpose of this function is to monitor the oldest packet in the packet table that still has not been

migratedpiiotel dareb pfia@ doheas e deesiarrbgomigtations Mhaeermigrakamn pretacekis diustrated in the
table of Fig. 13. This function keeps a counter with the number of packets that have been 30 inserted -
into the PRCRACIAHHIR BN HAUE HCh S i FREA S RS Rl of BIHEAHBF Trhtr{ 95 the state

machinetttitimplements tiriedfuns e puikeeaugstiomead dbe aldestpaekes (Ralatemnpy the “oldest to
process'.pointer). When the requested information is 2 1 APR 2006 54 provided by the packet table
access fUHCIRORIES AR thEar R HRR: %Réf#ﬁ?@?ﬁf&ﬂomgﬁl}éﬁé%ﬁ%%é fhterconnect block to

migrate adgaaeketvpie anarticstantithefthe packet that one of the streams of the selected

tribe will store in some general purpose and some CP0 registers.

The following information is provided in each of the 3 cycles in which data is
transferred from the packet migration function to the interconnect block (all the
10  information is available from the information stored in the packet table by the packet
insertion function):
» First cycle:
e PC (32): address where the stream of the tribe will start executing instructions
¢ Flowld (16): the result of the first level of hashing
15 e Second cycle:
e Sequence number (16)
e Third cycle:
e Address (32): physical address where the first packet of the packet resides.
e Ingress port (2): the ingress port of the packet.

20 e Ingress channel (8): the ingress channel of the packet.

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.

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

30



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 5 consecutive cycles, information of
the packet that one of the streams of the selected tribe will store in some general purpose and some
CPO registers. The following information is provided in each of the 3 cycles in R HicAPRa (06
transferred from the packet migration function to the interconnect block (all the 10 information is
available from the information stored in the packetable by the packet insertion function): First cycle:
PC (32): address where the stream of the tribe will start executing instructions Flowld (16): the result
of the first level of hashing 15 Second cycle: Sequence number (16) Third cycle: Address (32):
physical address where the first packet of the packet resides. Ingress port (2): the ingress port of the

ket. 20 | h 8): the i hanpel of the packet. Note that th t of
formation could B SEHEAGA 1o EYIL R 1 B R DAF SFthe PSR I of the Stream

along wigh tbel nhapbdest patitis tntermatiat duadbetdiffere atGRiR/&T CP hagistess requires a total
of 3 cycles. 25 The migration interface with the interconnect black js pipelined in sych a way that, as
long as tH& ‘?881‘&8%3% BB%ﬁént#éwr‘f' r tlaé’rg,pee@fe%%%é R AR Etion function will
provide gagecohiis/implieshtttat awiignatian pakesd DialaFd sywese 86y 24:AMRK006 To maintain the

3 oycl inoughput here s 8 e maghing tal Ahiave g 191630 in oldget packet (o be migrated

packet table access function, requests performed by the packet migration function to

the packet table might not be served right away. Figure 13 shows a timing diagram of

the interface between the packet migration function and the Interconnect module. The

‘last’ signal is asserted by the packet migration function when sending the information
10 in the second data cycle. If the Interconnect does not grant the request, the packet

migration function will keep requesting the migration until granted.

The mi gration protocol suffers from the following performance drawback: if
the migration request is to a tribe x that can not accept the migration, the migration
15 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.
20
The following configuration registers are read and/or written by the packet
migration function:
e ‘program_counter[0..7]": the initial PC from where the stream that will be
associated to the packet will start fetching instructions.
25

Packet transmission function

The purpose of this function is to monitor the oldest packet that the packet
table keeps track and decide what to do based on its status (drop it or transmit 1t), This

30 18 performed for each of the four egress interleaving slots,




machine will consume the entries in this FIFO and perform the 3-cycle data transfer and complying
with the Interconnect protocol. The FIFO is needed to squash the 5 latency in accessing the packet
table. As it will be seen later on when describing the packet table access function& e&gﬁsﬁ?ggerformed
by the packet migration function to the packet table might not be served right away. Fibre 13 shows a
timing diagram of the interface between the packst migration function and the Interconnect module.
The ‘last' signal is asserted by the packet migration function when sending the information 10 in the
second data cycle. If the Interconnect does not grant the request, the packet migration function will
keep requesting the migration until granted. 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 15 furfstietswill ikdeperelgubsiainrieching wigeaion (eveshipfHbe Stomigganigration is available
for requgstie.a dlifarsatribe dhat weuld esaenthtiin aifisient mere eompley.iprerface, migrations-
could occur in a different order other than the order of arrival of packets into the packet table,
improving iWaavarpibpadfiererhctatf thechpnocegewits 20 Alegifoltowattlcorfiguratiotedegisters are read,

and/or wrijt e-packet_migrati ORI nter[Q.. 71 the initial PC from where the
stream t aﬁ&ﬁ%@é@%gggcﬂgﬁ% %%T%Eg% é\jv{?f%rgﬁ{?égt%ﬁgr% %iat&gggt%ﬁrgb%? %ﬁ%t transmission
funclioraltheypenposahof thidttatioadects fnasiitor theveldest packet that the packet table keeps track
and decide what to do based on its status (drop it or transmit it). This 30 is performed for each of the
four egress interleaving slots. 21 APR 2DD6 56 There is an independent state machine associated to
each of the folWkgress 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

10 the same time).

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
1. ‘oldest touched’is I, or

15 2. theprevious packet read was dropped or transmitted out (‘oldest _processed’ = 1).

This algorithm prevents the state machine to continuously reading the entry of

the packet table with the information of the oldest packet, thus saving power.

20 The result of the reading of the packet table is presented to all of the state
machines, so each state machine needs to figure out whether the provided result is the
requested one (by comparin‘g the entry number of the request and result). Moreover,
in the case that the entry was indeed requested by the state machine, it might occur
that the packet descriptor is not controlled by it since each state machine controls a

25  specific egress port, and for channelized ports, a specific range of channels. In the
case that the requested entry is not controlled by the state machine, it is skipped and
the next entry is requested (the pointer is incremented and wrapped around at 512 if

needed).

30 The port that each state machine controls is fixed given the contents of the

‘total_ports’ configuration register, as follows:



interleaving slots. Each state machine has a pointer to the oldest packet it keeps track of. When
appropriate, each state machine requests to a logic to read the entry pointed by its pointer. The logic
will schedule the different requests in a round-robin fashion 5 and whenever the packet table access
function allows it. Whenever software requests to transmit or drop the oldest packep i thggacket
table a bit (name oldest-touched) is set. Whenever the state machine reads the entry pointed by its
pointer, it resets the hit (logic exists to prevent both the set and reset at 10 the same time). 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 1. "oldest touched' is 1, or 15 2. the previous packet read was dropped or
transmitted out (‘oldest_processed' = 1). This algorithm prevents the state machine to continuously

reading the entry of the packet table with the information of the oldest packet, thus saving power. 20
The result ctﬁtﬁié r%gsdineb' c%ﬁﬁzaﬁea%%m%ﬁl8(13{[&%%%%& to all of the state machines, so each state

machine naed$ tofigure Bihwheibemthe providedtesdits, thed reauesteriane(Byd®mparing the entry
number of the request and result). Moreover, in the case that the entry was indeed requested by the
state machFﬁ’é",Ui? fb‘ﬁtloccur that the packet descriptor is not controlled by it since each state

maching cqmé@}_:@@f%&ﬁpq@iﬁfeegsemoop%@agct@a&{@mwm RattsnAGRESHigrange of channels. In
the case that the requested entry is_not controlled by the state machine, it is skipped and the next

entry is FeYUEEE Y HHE HoiNetiBaHEr SHIE ALY BpHEFESUNd at 512 if needed). 30 The port that

each state machine controls is fixed given the contents of the ‘'total-ports' configuration register, as
follows: 2 1 APR 2006 57 total ports = 1. All state machines control port O total_ports = 2. State
machine 0 andPEGARH PP SErAAAHFREB R P itrols Is provided by the

‘islot0_channels’, ,,,. ‘islot3_channels’ configuration registers.

10 The status field of the packet descriptor indicates what to do with the packet:
drop (status is invalid), transmit (status is done), scheduled (the egress path

information is known) or nothing (status is active).

If the packet descriptor is controlled by the state machine, then:
15
e if the status field is invalid, the state machine will update the pointer (it will be
incremented by 1), and it will decrement the occupancy figure of the sector in
which the packet resides by the size of the packet, including the offset for header
growth, if any. It will also set the ‘oldest_processed’ bit and decrement the total
20 number of packets.
¢ ifthe status field is completed, the state machine will start requesting the PBC to
read the packet memory, and it will perform as many reads as necessary to
completely read out the packet. These requests are requested to a logic that
receives these requests from all the state machines, and will schedule them to the
25 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:
30 e the address of the double word to be read out fiom the packet buffer

e the channel number and port number



control port 1. total_ports = 4. There is a 1-to-1 correspondence between state machine and port. 5
Any other value of “total_ports' will render undefined results. The range of channels that each state
machine controls is provided by the ‘islotO_channels', ,,,. “islot3_channels' configuration registers. 10
The status field of the packet descriptor indicates what to do with the packet: drof {stargs 2sogvalid),
transmit (status is done), scheduled (the egress p#th information is known) or nothing (status is
active). If the packet descriptor is controlled by the state machine, then: 15 if the status field is invalid,
the state machine will update the pointer (it will be incremented by 1), and it will decrement the
occupancy figure of the sector in which the packet resides by the size of the packet, including the
offset for header growth, if any. It will also set the "oldest_processed' Lit and decrement the total 20
number of packetswhl@tﬁm ratggfrsiddSoohpletetiiand Sateanrathinewill start requesting the PBC to
read the packet mem }% nd |t WI|| PAerform as many reads as necessary to completely read out the = -
packet. These reques% are reques ed to a logic that receives these requests from all the state
machines, afthovilsehedute themplécethehz25tRB G dnhincowid tibindastimnatiithisl lagie can not schedule
the request OffT\ E@g\t{lcular e{ate achine or if the P%f %’Y q tacce t the requg—: ts, jt will let the state
machine knBW ARATRE S48 Vﬁf‘a ISP R EH&E35TT et eWé?lt JFIREESedRRSts until the logic
can schedute thesequesisrdihmegisst to the PBC mcludes the following information: % 30 the
address of the double word to be read out from the packet buffer the channel number and port
number 21 APR 2006 5s whether the request is for the last data of the packet or not

If the packet descriptor is not controlled by the state machine, then

s if the status field is invalid or completed, the state machine skips the packet, and
10 the next entry is requested.
s if'the status field not completed and the ‘scheduled’ bit is 1, the state machine also
skips the packet and reads the next entry.
e if the status field not completed and the ‘scheduled’ bit is 0, the state machine will
take no action and will wait until software resolves the corresponding packet by
15 either writing into the ‘done’ or ‘drop’ configuration register, or until software
notifies the egress path information by writing into the

‘egress_path determination’ configuration register.

Any request to the packet buffer will go to the PBC sub-block, and eventually
20 the requested data will arrive to the PIF sub-block. Part of the request to the PBC
contains the state machine number, or egress interleaving slot number, so that the PIF

sub-block can enqueue the data into the proper FIFO.

When a read request is performed (up to 8 bytes worth of valid data), the
25  occupancy of the corresponding sector 1s 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.

30



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’ 5 or “drop’
configuration register. If the packet descriptor is not controlled by the state machine, then if the status
field is invalid or completed, the state machine skips the packet, and 10 the ne@ ¢ngprisoegiuested. if
the status field not completed and the “scheduled’ bit is |, the state machine also skips the packet and
reads the next entry. if the status field not complé?ed and the “scheduled' bit is 0, the state machine
will take no action and will wait until software resolves the corresponding packet by 15 either writing
into the "done' or "drop’ configuration register, or until software notifies the egress path information by
writing into the “egress_rath_determination’ configuration register. Any request to the packet buffer
will go ta.the. PBC. sub-black, and eventually_ 20 the requested data will arrive to the PIF sub-block.
Part of %%eﬁéo&ho& ohe 1%@1@85%1 rﬁnéefling)! S %ér%%%%qlrn‘grh%%n%g rf%(:t?rpe‘r’lgC ‘eegglilﬁtr@ ggving slot number,
so that fred®kén:sub-block can enqueue the data. into the proper FIFO. When a read request is
performed (up to 8 bytes worth of valid data), the 2 occ:lipancy of the corresponding sector is
decreménteaeﬁfﬂl)l{k@%ﬁfﬁb BP%I@W{%%{& W SRS HBCRSRARS PRERAXLTRSESS have been done,
the 'oldest-BPiacegsedhbipisicgiiantihe total inumber of packets is decremented, The “oldest
processed' bit is reset when a new packet table entry is read. 30 r2 | APR 2DD6 59 The following
configurhtiofPrEGRTEE RIE TEREPIINPE ARG rd it desemigraiche fopritroipble
‘defaultggress,ghanneh: {hisds tne saress shannekin &ose the-cncpdad A eSS its

head can grow. This information is needed by the packet transmission function to
correctly update the occupancy figure when a packet is dropped or transmitted out.

10 There are no performance events associated to packet transmission function.

Packet table access function

The purpose of this function is to schedule the different accesses to the packet
15 table. The access can come from the packet insertion function, the packet migration
function, the packet transmission function, and from software (through the PBM

interface).

This function owns the packet table itself. It has 512 entries; therefere, the
20 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.

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

30 transmit function. The access to the packet table takes one cycle, and the result is

routed back to the source of the request.



channel in the packet descriptor is Oxi. 5 “to_transmit_ptr': the pointer to the oldest packet descriptor
in the packet table 'head-growth-space': the amount of space reserved for each packet so that its
head can grow. This information is needed by the packet transmission function to correctly update the
occupancy figure when a packet is dropped or transmitted out. 10 There are no %érfﬁﬂﬂ’a@%@ events
associated to packet transmission function. Packgt table access function The purpose of this function
is to schedule the different accesses to the packet 1s table. The access can come from the packet
insertion function, the packet migration function, the packet transmission function, and from software
(through the PBM interface). This function owns the packet table itself. It has 512 entries; therefore,
the 20 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 writ p:Jan occurs). Since there ?r% several rces gat ca% 55,3 uest accesses simultaneously, .

a scheduler wi SASAR a%%é? rr?e?e]&% %(ii{éa% %aaq)tl?ncé ﬁih‘@ %Y%tggeétfixed-priority

schema iMplesmeniads i opidipgethe figbeshapriafite tithespaskes; insrioasrom the packet insertion
tribe. Second highest_priority are the requests from software through the PBM interface, followed by
the requeSE PTIRIEHRRASTHAYIAEbN function and finally the requests from the packet 30 transmit

funetion. TheiRcaassdethewnskeldaietakesana prslesanddhesesitds routed back to the source
of the request. 2 1 APR 2006 60 The requests from software to the packet table can be divided into

two types: CODRERIHEEELCPh L RAREV IEH RETEIRIS DIHHE AERRYSS SpRE S fware can perform
reads and wyeis ik entry with the necessary information to update the status of the

packet.

10 All the reads/writes performed by software to the configuration registers of the
PLD block are handled by the packet table access function. The only configuration
registers not listed above are:
¢ ‘done’: software writes in this register to notify that the processing of the packet is

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

15 provided.

e ‘drop’: software writes in this register to notify that a packet has to be dropped.

The sequence number is provided.

Performance events - numbers 37-43 are monitored by the packet table access

20  function..
PacketBufferController block 1403 (PBC)

The PBC block performs two top-level functions: requests enqueuing and
25 requests scheduling. The requests enqueuing function buffers the requests to the
packet buffer, and the requests scheduling performs the scheduling of the oldest
request of each source into the 8 banks of the packet memory. Figure 17 shows its

block diagram.

30 Reguests enquening function




5 Indirect accesses. Whenever software writes into the “drop’ or "done’ configuration registers, the
hardware generates a write access to appropriate packet table entry with the necessary information to
update the status of the packet. 10 All the reads/writes performed by software to the configuration
registers of the PLD block are handled by the packet table access function. Theyonlypprifiggiration
registers not listed above are: “done': sof writes ir&lthis register to notify that the processing of the
packet is completed. The sequence number, egreSs channel and head growth delta are 15 provided.
“drop": software writes in this register to notify that a packet has to be dropped. The sequence number
is provided. Performance events numbers 3 7-43 are monitored by the packet table access 20 .
function.. PacketBufferController block 1403 (PBC) The PBC block performs two top-level functions:
requests enquening ads2sreauRsisRENRILIng ThmEBLENS sdieying iiaglian buffers the

requests to the packet buffer, and the requests scheduling performs the scheduling of the oldest
request 8PWaeh BEIEEh® thélg FanrstBrRE RcléernermoriptE@ird spwisens itsbbsock diagram. 30

Requests, epaueUinofUnCHn & ARRZMEEL Tha PHEReaR QbIBIS fUnelionds fakecgive the requests

from all the different sources and put them in the respective FTIFOs. There are a total of 10 sources (8
tribes, patietikeigrasdrbnieme trykdss plapk padNel reabisorersatestyee sy Yaid piiaedMA and
tribe-ikeggquests frem the, Gl B block - TBD]. Only one request per cycle is allowed 5 from each of
the sources. With the exception of the requests from the ingress path (hamed "network in')

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

10 (described later) will always provide priority to these requests and, therefore, they are

guaranteed to be served right away.

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.

15
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:
e If the address falls into the configuration register space containing the
20 configuration registers and the packet table), the upper 18 bits of the address are

zero’ed out (only the 14 LSB bits are kept, which correspond the configuration
register number). The upper 1024 configuration registers correspond to the 512
entries in the packet table (2 consecutive configuration registers compose one
entry).

25 o Ifthe address falls into the packet buffer space, the address is modified as follows:
e Bit 16 becomes Bit 17
e Bit 17 becomes Bit 18
¢ Bit 19 isreset.

This is done to convert the 512KB logical space of the packet buffer that
30  software sees to the physical 256K B space. Also, a bit is generated into the FIFO that

specifies whether the access is to the packet buffer or the configuration register space.



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 10 (described later) will always
provide priority to these requests and, therefore, they are guaranteed to be served right away. All the
FIFO's have 2 entries each, and whenever they get 1 or 2 entries with valid re@iéstPRa Piifnal is sent
to the corresponding source for flow control purposes. 15 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: If the address falls into the configuration register space
containing the 20 configuration registers and the packet table), the upper 18 bits of the address are
zero'ed out (only the 14 LSB bits are kept, which correspond the configuration register number). The
upper 1024 configuration registers correspond to the 512 entries in the packet table (2 consecutive
configuragi ' ' ) f ' packet buffer space, the
address?f;%g(flgl?iég ‘?}:E(‘%:O Io?v%gﬁe%ﬁ%%né%ﬁjn%ﬁsbé:ﬁ% @%ﬁﬁfﬁ? %{e?gg%%gs éé}fm Bit 19 is reset. This is
done to convert the 512KB logical space of the packet buffer that 30 software sees to the physical
256KB s it ] r ir E . ifi ¥\§§|§11t(1 r. cess is to the packet
buffer or%@ﬁ%%&%‘%%%ggg%?ig&%?gg i? A%aR%%p((%%ézfé ?’%ﬁm tlonéi%l%){;[,\gs8 rrfi}g%l affect or is affected
by arfy coafigiiation register. Performance events numbers 64-86 and 58 are monitored by the packet
insertion 5 function. Requests scheduling function

Reqguests scheduling function

This function looks at the oldest request in the FIFOs and schedules them into
10 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.

The packet buffer memory is organized in § interleaved banks. Each bank is
15 then 64KB in size and its width is 64 bits. The scheduler will compute into which
bank the different candidate requests (the oldest requests in each of the FIFOs and the
network in register) will access, Then, it will schedule one reqﬁest to each bank, if

possible.

20 The scheduler has a fixed-priority scheme implemented as follows (in order of
priority):
o Ingress requests
» Egress requests
» Global requests - TBD
25 e Triberequests. The tribe requests are treated fairly among themselves. Even banks
will pick the access of the tribe with the lowest index, whereas odd banks will pick
the access of the tribe with the highest index. Since the accesses of a tribe are
expected to be usually sequential, consecutive accesses will visit consecutive
banks, thus providing a balanced priority to each tribe.

30



This function looks at the oldest request in the FIFOs and schedules them into 10 the 8 barks of the
packet memory. The goal is to schedule as many requests (tip to 8, one per hank). It will also
schedule up to one request per cycle that access the configuration register Spagg. gﬁg @ﬁgket buffer .
memory is organized in 8 interleaved banks. Each bank is 15 then 64KB in size and its width is 64
hits. The scheduler will compute into which bankéthe different candidate requests (the oldest requests
in each of the FIFOs and the network in register) will access. Then, it will schedule one request to
each bank, if possible. 20 The scheduler has a fixed-priority scheme implemented as follows (in order
of priority): Ingress requests Egress requests Global requests - TBD 25 Tribe requests. The tribe
requests are treated fairly among themselves. Even banks will piclc the access of the tribe with the

lowest index, WHHTBLE GdH 1509 W ITpRRIEstRecss s L O FRRB AHTR R Fe R 8 HigPRsst Mdex. Since the

accessgn@icantidheaieh spRecestis beiusualkagauantiahtoasartysaecessesill visit cornsecutive
banks, thus providing a balanced priority to each tribe. 30 2 1 APR 2006 63 Whenever a tribe or GBL

requestSFERYSNS FEES MY BFSRATYOFRESr space, no other configuration space access will be
scheduled from any of the tribes of GBL until the previous access has been performed. S This
function does not get affected nagr affects any configuration register. Performance events numbers

32-39, Hitisgneiiog P eonelehaHRsIbY e akECoREEHBRM BB

Performance events numbers 32-39, 48-55, 57 and 59 are monitored by the packet

insertion function

10
PacketBufferMemory block 1404 (PBM)

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

15  will route the result (if needed) to the corresponding source of the request. The
different functions in this block are the configuration register function and the result

routing function. Fig. 18 shows its block diagram.

The packet buffer is part of this block. The packet buffer is 256KB in size and
20 it is physically 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

25 ‘ 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,

30  whoever controls the corresponding configuration register.



10 PacketBufferMemory block 1404 (PBM 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 25
will route the result (if needed) to the corresponding source of the request. Thezgﬁgkené ctions in
this block are the configuration register function and the result routing function“Fig.* 8 vs its block
diagram. The packet buffer is part of this block. The packet buffer is 256KB in size and 20 it is
physically organized in S 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. Confieuration register function 25
The PBC scheduled up to 1 request to the configuration register space. This function serves this
request. If th onitli‘}qéurati N reqister, number falls intp th igurati isters that this function
controls ('per%@bsun ?EB%?R 8%% Ca%cn0 pee? %%ﬂ#%&églegé%%?%, %ﬁéﬁé%%)ﬁf{esxecutes the request;
otherwisgortheneiegst aisdmoad fastpad 8t thesP Hyansl (Rifvhtecks: @né pfrthehiclill execute the
request, 30 whoever cantrols the corresponding configuration register. 2 1 APR 2006 61 This function
keeps Wheéléoo}f?ﬁ% t(5("‘/%3’[‘5 that the PIF, PLD and PBC blocks report, and keeps a counter for up to 3 of.
those events (software can configure which ones to keep track). 5 Result routing function The result

rouSFlnng: furﬁ%'?@u@flsotﬁnengﬁ%()f receiving the result of both the packet memory access and the

config ccess and rout it to the source of the request. 10 To do that, this
function stored some control information of the request, which is later on used to decide where the
'result shouldﬁ% }%Q%lP 190%%%!(;6 %gggg%%g%h%fgtgﬁ of receiving the result of both the

packet memory access and the configuration register space access and rout it to the

source of the request.

10
To do that, this fanction stored some control information of the request, which

is later on used to decide where the result should go. The possible destinations of the

result of the request are the same sources of requests to the PBC with the exception of

the egress path (network out requests) that do not need confirmation of the writes.

15 The results come from the packet buffer memory and the configuration register

function.

No performance events nor configuration registers are associated to this
function.

20
Interconnect Bloclt of the Porthos Chip

QOverview

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 trib'es. It also resolves deadlocks and handles events such as interrupts
and reset.

30

Interfaces



-result of the request are the same sources of requests to the PBC with the exception of the egress
path (network out requests) that do not need confirmation of the writes. 15 The results cone from the
packet buffer memory and the configuration register fimction. No performance events nor
configuration registers are associated to this function. 20 Interconnect Block of th? P&g%h hi 25
Overview The migration interconnect block of the Porthos chip (see Fig. 1, element 1 arvitrates
stream migration requests and directs migration tfaffic between the network block and the 8 tribes. It
also resolves deadlocks and handles events such as interrupts and reset. 30 Interfaces 21 APR 2DD6
65 Interface names follow the convention SD name, where S is source block code asd D is
destination block code. The block codes are: T: Tribé 5 I: Migration interconnect G: Controller Fig. 19

is a table providing Interface tq tribe fj (ranging from O to 7), giying hame and description. 10 Fig. 20 is
2 table provicg IHEHERE R KGR T G HAE: HHSE S HbrORTE DTS a table providing
interfacetRl@lelab hlotdstiwiionamelapsde. The block codes are:

T: Tribe
s 1. Migration interconnect

G: Controller

Fig. 19 is a table providing Interface to tribe # (ranging from 0 to 7), giving
name and description. ‘
10
Fig. 20 is a table providing Interface to Network block, with name and

description.

Fig. 21 is a table providing interface to global block, with name and

15 description.

Tribe full codes are:

TRIBE_FULL 3
20 TRIBE NEARLY FULL

TRIBE_HALF FULL

TRIBE_EMPTY

O — N

Migration Protocol Timing
25
A requester sends out requests to the interconnect, which replies with grant
signals. If a request is granted, the requester sends 64-bit chunks of data, and finalizes
the transaction with a finish signal. The first set of data must be sent one cycle after
"grant," The signal "last" is sent one cycle before the last chunk of data, and a new
30 request can be made in the same cycle. This allows the new data transfer to happen

right after the last data has been transferred.

Arbitration is ongoing whenever the destination tribe is free. Arbitration fora



1s description. Tribe full codes are: TRIBE FULL 3 20 TRIBE NEARLY FULL 2 TRIBE HALF FULL 1
TRIBE EMPTY 0 Migration Protocol Tinning 25 A requester sends out requests to the interconnect,
which replies with grant signals. If a request is granted, the requester sends 64-bit chunks of data,
and finalizes the transaction with a finish signal. The first set of data must be ?:ngt\%ﬁ le after:
"grant,” The signal "last" is sent one cycle before the last chunk of data, and a r@g%est can be
made in the same cycle. This allows the new dat&’transfer to happen right after the last data has been
transferred. Arbitration is ongoing whenever the destination tribe is free. Arbitration for a 21 APR 2006
66 destination tribe is halted when "grant” is asserted and can restart one cycle after "last" is asserted
for network-tribe / interrupt-tribe migration, or the same cycle as "last" for tribe-tribe migration. 5 There

s 2 racoapmdlianfeernie ot signal endned Wl Signal.The, Igalslganlagn be sent as soon
as one cycle after "grant” while the earliest "full" arrives 4 cycles after "grant” from tribe. To avoid this
race corflaerrtandoprerentkevdig omtehepalmssnigtetofulpriiesaadoaryslepsidewftiira grant for a
destinatgﬁge_%%ﬁ%r‘gﬁgdﬁetWOrk-Tribe | Tribe-tribe migration protocol timing is shown in Fig. 22.
Interconnect modul€s

5 There is a race condition between the “last” signal and the “full” signal. The
“last” signal can be sent as soon as one cycle after “grant” while the earliest “full”
arrives 4 cycles after “grant” from tribe. To avoid this race condition and prevent
overflow, the “almost full to full” is used for 3 cycles after a grant for a destination
tribe.

10

The Network-Tribe / Tribe-tribe migration protocol timing is shown in Fig, 22.

Interconnect modules

15

Fig. 40 illustrates interconnect modules. The interconnect block consists of 3

modules. An Event module collects event information and activate a new stream to
process the event. An Arbiter module performs arbitration between sources and
destinations. A Crossbar module directs data from sources to destinations.

20
Arbiter

Arbitration problem

25 There are 11 sources of requests, the 8§ tribes, the network block, the event
handling module and transient buffers. Each source tribe can make up to 7 requests,
one for each destination tribe. The network block, event handling module, and

transient buffers each can make one request to one of the 8 tribes.

30 If there's a request from transient buffers to a tribe, that request has the highest |
prior{ty and no arbitration is necessary for that tribe. If transient buffers are not

making request, then arbitration is necessary.



Fig. 40 illustrates interconnect modules. The interconnect block consists of 3 modules. An Event
module collects event information and activate a new stream to process the event. An Arbiter module
performs arbitration between sources and destinations. A Crossbar module directs data from sources
to destinations. 20 Arbiter Arbitration problem 25 There are 11 sources of requests, the 8 tribes, the
network block, the event handling module and transient buffers. Each source tribe Gan %‘?@ to7
requests, one for each destination tribe. The network block, event handling module, and" trafisient
buffers each can make one request to one of the 8 tribes. 30 If there's a request from transient buffers
to a tribe, that request has the highest priority and no arbitration is necessary for that tribe. If transient
buffers are not making request, then arbitration is necessary. 21 APR 2006 67 Fig. 41 illustrates a
matching matrix for the arbitration problem. Each point is a possible match, with 1 representing a
request, and X meaning illegal match (a tribe talking to itself). If a. source is busy, the entire row is
unavailable for consideration in s prioritization and appear as zeroes in the snatching matrix. Likewise,
an entire coluntigsienibedrans i thedunespdrxiiy testhatsivisirobleThEantbitemhéeds to match the

requester to the.destin ti&qi suc ay as to _maximize_utilization of die intercqnnect, while also
preventiig ST R Lo R b e e A s T B R

In prioritizing S(E:l eme IS used Inan em ment. There are two
stages. Thiifistsiagd)sdibctsone ndndysiesoitmea dor ia gisenilabhe Josycbesdizratiom inThe second
stage resolves CARES WIS NS S3MS.S o IES WaRSeiesied fonmuliple destinations. 15

column is zeroed out if the corresponding destination is busy.

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.
10
A round-robin prioritizing scheme is used in an embodiment. There are two
stages. The first stage selects one non-busy source for a given non-busy destination.
The second stage resolves cases where the same source was selected for multiple

destinations.

At the end of the first stage, a crossbar mux selects can be calculated by
encoding the destination columns. At the end of the second stage, the "grant" signals

can be calculated by OR-ing the entire destination column.

20 Each source and each destination has a round-robin pointer. This points to the
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.

25 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. 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

30 context. It could happen that two repeated requests, with overlapping transaction

times, can prevent other requests from being processed. To prevent this, the



At the end of the first stage, a crossbar nnux selects can be calculated by encoding the destination
columns. At the end of the second stage, the "grant” signals can be calculated by OR-ing the entire
destination column. 20 Each source and each destination has a round-robin pointer. This points to the
source or destination with the highest priority. The round-robin prioritization logic goggiPrezitBhing for
the first available source or destination beginning(gt the pointer and moving in one direction. 25 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. 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 caniSofroauldhapnen At wo.tepeaiattieauesls, Wb puriaaping fransaction times,
can prevent ot elr rgauestslfrom being processed. To iore%ent his, tﬁ%e 21 g%ﬁ%g% 68 arbitration .
operateshaotovolinoerss rEhechi shahontmis pyveeatl thesde msodaturibetketmviendkef dach request that
cannot Q[;ﬁ d I’Qﬁﬁ%ﬁh@t‘i@ e{ﬁgglgﬁé-:ﬂe ak qﬁt@ ) rgmﬁr fti that request has been
skipped. %e%ﬁ '?he counter reic t_’es at resg?ﬁatﬂg%: the ar ?%ratgon w.ﬁ%%%%%%ver this request, but
rather whitesbthé, teeedutBtimtiviheso skige cned Hestqatsntivée cahre wadilabies ttqedtiple requests
reach this priptity for.the s SQULce.or destingtion, th N9y il %)c llowed to proceed in a
strict ro%ﬁléﬁrg%%r%ggﬁion. %%regs{ho d ggn%bt}g set %’ia tﬁlgu%[l})ggqy%{ﬁteg; éo (?1 %ég;lfiguration register.
10 Utilizatienty titivdtiosewkthriintere dnstactiveptradsorr tieonatars bf allgretibiv ptansisdone source is
requesti 9& .g'{} '_qgg-l(l \ 'll)leq ants j:ggl-zl)) Eg"f‘ I SQHK yesting one destination,
then theﬁﬁ%ag({%u?n u% izatiloﬁﬁish;%.S% | out f)g p%ss?ble%% yﬁﬁﬁiﬁ%ﬁu@%ﬁlﬁﬁgﬂons} If the flow of
migrationoisfiguidiieotisgeke{say network to

10 Utilization
Utilization of the interconnect depends on the nature of migration. If only one

source is requesting all destinations (say tribe0 wants tribel-7) or if all sources are

requesting one destination, then the maximum utilization is 12.5% (1 out of 8 possible

—
w

simultaneous connections). If the flow of migration is unidirectional, (say network to

tribe, tribe0 to tribel, etc.), then the maximum utilization is 100%.
Deadlock Resolution

20 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.

To break a deadlock, Porthos uses two transient buffers in the interconnect,

with each buffer capable of storing an entire migration (66 bits times maximum

N
wh

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 highest priority and initiate a migration to the destination, while at

the same time the destination redirect a migration to the second transient buffer. Both
30 of these transfers need to be atomic, meaning no other transfer is allowed to the

destination tribe and the tribe is not allowed to spawn new stream within itself. This



tribeO, tribeO to tribel, etc.), then the maximum utilization is 100%. Deadlock Resolution 20 Fig. 43
illustrates deadlock resolution. Deadlock occurs when the tribes in migration loops are all full, i.e. tribe
| requests migration to tribe 2 and vice versa and both tribes are full. The loops can have up to 8
tribes. To break a deadlock, Porthos uses two transient buffers in the interconnect.,, 25 with each
buffer capable of storing an entire migration (66 bits times maximum migration c;%l,zs .PRh@%igration
request with both source and destination full (withgglestination wanting to migrate out) can be sent to a
transient buffer. The transient stream becomes highest priority and initiate a migration. to the
destination, while at the same time the destination redirect a migration to the second transient buffer.
Both. 30 of these transfers need to be atomic, meaning no other transfer is allowed to the destination
tribe and the tribe is not allowed to spawn new stream within itself. This 2 1 APR 2006 69 process is
indicateghtz:theitargbtdride dihthargigtabelbtrahs B ptad Whpraakitb#. Thep midiatinliato and out of a
transient buffers use the an%]edprq_tfocol as tri -tribet]gni rations.ts This method begins by detecting
only po%ilﬁﬁﬁy}%]fs Je2dtociahY Ao %ﬂsele]&c}fbl GREH Ok EBHaRIom e forwird progress while
looking taighei@ctual deadlock, although there maybe cases where no deadlock is found. It also
substantially reduces the hardware complexity with minimal impact on performance. 10 A migration
that uses the transient buffers will incur an average of 2 migration delays (a migration delay is the
number of cyclghineetkddbcomplieidca migiately phwideiays denildeipact petfidnance significantly

since the migration is already waiting for the destination to fret 15 Using transient buffers will
suffice ifAH gg%@)%%‘scl ﬁ@l’% S i#/%%\?mé %gﬁ%% i%o:ggiﬁ%ﬁglgﬂego %%Oéggﬁﬁ\?%g 2 to S tribes
deadlock, although there maybe cases where no deadlock is found. It also

substantially reduces the hardware complexity with minimal impact on performance.

10 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.

15 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

20 Multiple deadlock loops with no shared tribe
Multiple deadlock loops that are connected

In the case of multiple loops, the transient buffers will break one loop at a
time. The loop is broken when the transient buffers are emptied.
25
Hardware deadlock resolution cannot solve the deadlock situation that involve
software dependency. For example, a tribe in one deadlock loop waits for some result
from a tribe in the another deadlock loop that has no tribe in common with the first
loop. Transient buffers will service the first deadlock loop and ean never break that

30 loop.



Multiple deadlock loops with 1 or more shared tribes 20 Multiple deadlock loops with no shared tribe
Multiple deadlock loops that are connected In the case of multiple loops, the transient buffers will
break one loop at a time. The loop is broken when the transient buffers are emptied. 25 Hardware
deadlock resolution cannot solve the deadlock situation that involve software deRengspcppigor
example, a tribe in one deadlock loop waits for sggne result from a tribe in the another deadlock loop
that has no tribe in common with the first loop. Transient buffers will service the first deadlock. loop
and can never break that 30 loop. 2 1 APR 2M6 70 Event module Upon hardware reset, an event
module spawns a new strearn in tribe 0 to process reset event, This reset event comes from global
block. The reset vector is PC = OXxBFCOOOOO. Event module spawns a new strearn via the
intercog&gt lodig.fased on external and timer interrupts. The default interrupt vector is OxSO000180.
10 Each interrupt is inaskable 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 o any i gl L MG, T %, ACSRIALERGE YRR QYSRLTpfle making requests to

all 9 destination tribes. When t is a grant to one, tribe, the event mo ops making requests to-

the othpraritsesesd avenstarhia rafgiationt forntise fssar plphdidneiting Baremsst reche 5e8Gnd method, the
interrupt s peiRggpgcted to a particular tribe. The tribe number for the second method as well as
which method are specified using Interrupt Method configuration registers for each interrupt 20 The
event module has a 32-bit timer which increments every cycle. When this

Event module spawns a new stream via the interconnect logic based on

external and timer interrupts. The default interrupt vector is 0x80000180.

10 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
accomplished by the event module making requests to all 8 destination tribes. When
there 1s a grant to one tribe, the event module stops making requests to the other tribes

15 and start a migration for the interrupt handling stream. In the second method, the
interrupt is being directed to a particular tribe. The tribe number for the second
method as well as which method are specified using Interrupt Method configuration

registers for each interrupt.

20 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.

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

25  Vector configuration registers.

External intetrupt occurs when the external interrupt pin is asserted. If no
thread is available to accept the interrupt, the interrupt is pending until a thread
becomes available.

30



timei matches the Count configuration register, it activates a new stream via the migration
interconnect. The interrupt vectors default to Ox80000180 and are changeable via Interrupt 25 Vector
configuration registers. External interrupt occurs when the external interrupt pin is asserted. If no
thread is available to accept the, interrupt, the interrupt is pending until a thread begqrrma?ﬁ?gable,
30 21 APR 2006 71.In order to reserve some threads for event-based activations, migrations from
network to a tribe can be limited. These limits are7$et 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 5 until the number of threads drops below
the limit. Crossbar module Fig. 44 is an illustration of the crossbar module. This is a 10 inputs, 8
outputs 10 crossbar. Each input is comprised of a "valid" bit, 64-bit data, and a "last" bit, Each output is
comprised of HHePEaFH &0 TSPEEEBaTNads SPE'SVA IR ERP BFidTRE b i aTeEPIMBGRMVhich selects one

of 10 inpeilsdar {0k RBEUGHIBE oHipKh, ABRsdosRCROMPYL et s At dputhich indicates
whether the output port is being selected or busg/. This "busy" bit is ANDed with the selected "valid"
5

and "laserdE iR seBi SRR AlBeards1ene ARl Bitg) Wi BB BB Ry hesd ntp s registered before
being seniiedhe; Qﬁ%%@ﬂ@ﬁaﬁ@&iﬁﬁé@%&fﬁ%&%ﬁﬁ?ﬁ%@%w ih Perieranca grgnters the
|

performance of the interconnect can be de ned. An event is selected by writing to the
IntefconmEtvambeigiratidndreridielesydielivet tribe) in configuration space. Global holds the
selection via the selection bus, and the tribe memory interface returns to global the selected event

count
Crossbar module

Fig. 44 is an illustration of the crossbar module. This is a 10 inputs, 8 outputs
10 crossbar. Each inputis comprised of a "valid" bit, 64-bit data, and a "last" bit. Each
output is comprised of the same. For each output, there's a corresponding 4-bit select
input which selects one of 10 inputs for that particular output. Also, for each output,
there's a 1-bit input which indicates whether the output port is being selected or busy.
This "busy" bit is ANDed with the selected "valid” and "last" so that those signals are
15 valid only when the port is busy. The output is registered before being sent to the

destination tribe.
Performance Counters

20 With performance counters the performance of the interconnect can be
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 returns to global the selected event count

every cycle via the event bus. The events are:

¢ Total number of requests and total number of grants in a period of time
s Number of requests and number of grants for each destination in a period
of time
e Average time from request to grant overall
30 » Average time from request to grant for each destination

e Average time from request to grant for each source



every cycle via the event bus. The events are: 25 Total number of requests and total number of
grants in a period of time Number of requests and number of grants for each destination in a period
of time Average time from request to grant overall 30 Average time from request to grant for each
destination Average time from request to grant for each source 2 1 APR 20 72 Sé?/eggﬁezﬁﬂﬁgration
time overall Average migration tine per destination Average migration time per source 5
Configuration Registers The configuration registers for interconnect and their memory locations are:
Interrupt MasksOx70000800 Interrupt Pending0Ox70000804 Timer0Ox70000808 CountOx70000810
Tinier interrupt Vector0x70000818 External Interrupt VectorOx70000820 Greedy Threshold000000828
Network Migration LimitOx70000830 Memory Interface Block Porthos Chin 20 Overview This section
describes the micr ' I interface block, 25 which connects the memory
controller to the tri§2 %E%%et%égr%%%%ﬁjgg éﬂ 45

e Average migration time per destination

e Average migration time per source

Configuration Registers

The configuration registers for interconnect and their memory locations are:

10 Interrupt Masks 0x70000800
Interrupt Pending 0x70000804
Timer 0x70000808
Count 0x70000810
Timer Interrupt Vector 0x70000818

15 External Interrupt Vector 0x70000820
Greedy Threshold 0x70000828
Network Migration Limit 0x70000830

Memory Interface Block Porthos Chip

20
Overview
This section describes the microarchitecture of the memory interface block,
25  which connects the memory controller to the tribe and the global block. Fig. 45
illustrates the tribe to memory interface modules.

Interfaces

30 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



illustrates the tribe to memory interface modules. Interfaces 30 Interface names follow the convention
SD signal name, where S is source block code and V is destination block code. The block codes are:
T: Tribe '2 1 APR 2006 73 M: Tribe memory interface 5L: Tribe memory controller G: Controller Fig. 23
is a table illustrating Interface to Tribe. 10Fig. 24 is a table illustrating interface ¥ {Iapglofg- 25 is a
table illustrating interface to Tribe Memory Controller. Request types (not command type) are: 15SMEM
UREADO MEM_SREAD1 MEM WRITE2 MEM UREAD RET 4 20MEM SREAD RET 5 6 MEM WRITE
RET MEM ERROR RET 7 25Memory size codes are: 0 MEM SIZE 8 MEM_SIZE_161 MEM SIZE 322

10

15

20

25

30

M: Tribe memory interface
L: Tribe memory controller

G: Controller

Fig. 23 is a table illustrating Interface to Tribe.
Fig. 24 is a table illustrating interface to Global.

Fig. 25 is a table illustrating interface to Tribe Memory Controller.

Request types (not command type) are:

MEM_UREAD 0
MEM_SREAD 1
MEM_WRITE 2

MEM _UREAD _RET 4
MEM_SREAD RET 5
MEM_WRITE_RET 6
MEM_ERROR_RET 7

Memory size codes are:

MEM_SIZE, 8 0
MEM_SIZE_16 1
MEM_SIZE 32 2
MEM_SIZE_64 3
MEM_SIZE_128 4
MEM_SIZE_256 5

Interface timings



MEM SIZE 643 MEM_SIZE_ 1284 30MEM SIZE 2565 Interface timings 2 1 APR 2DD6 74 Tribe to tribe
memory interface timing; Tribe sends all memory requests to tribe memory interface. The request can
be either access to tribe's own memory or to other memory space. If a request 5 accesses tribe's own
memory, the request is saved in the tribe memory interface's request queue. Else, it is sent to global
block's request queue. Each of these queues have a corresponding full signal,%%i&?ﬁeﬂ@@ribe block
to stop sending request to the corresponding mé&hory space. 10 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 frill
signal, the full signal must be asserted when there's one entry left in the queue. 15 20 Figure 26
illustrates tribe to tribe memory interface timing. Tribe memory interface to controller timing: This
interface.is diﬁergnt from oth?rgter{aces in that if memory controller queue full is asserted, the
memor lé%f?etsr% 12 REUX AP R gﬁﬁgl is de-asserted. Fig. 27 illustrates tribe memory interface to
controller timing Tribe memory interface to global timing: 25 Tribe memory interface can send request
or return over, hg trangac jon bus_(MG_transac ion*g. Global c§m seﬁg request or return over the

i &6

GM-transaction'Se£ & se%rlﬂaf S tSHRES frfBéI?ﬁgyrﬁ%trf/r Piterf §?Hming 30

be either access to tribe's own memory or to other memory space. If a request

5 accesses tribe's own memory, the request is saved in the tribe memory interface's
request queue. Else, it is sent to global block's request queue. Each of these queues
have a corresponding full signal, which tells tribe block to stop sending request to the

corresponding memory space.
10 A request is valid if the valid bit is set and must be accepted by the tribe
memor)f 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.

15
Tribe memory interface to controller timing:

This interface is different from other interfaces in that if memory controller
quene full is asserted, the memory request is held until the full signal 1s de-asserted.

20 v
Fig. 27 illustrates tribe memory interface to controller timing
Tribe memory interface to global tuming:

25 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.

Fig. 28 illustrates tribe memory interface to global timing

30

Tribe memory interface block modules



Tribe memory interface block; modules 'I1 APR 20D6 75 Input module: This module accepts requests
from tribe and global. If the request from tribe 5 has address that falls within the range of tribe memory
space, the request is valid and can be sent to request queue module. If the request has address that
falls outside that range, the request is directed to the global block. The tribe number is tagged to the
request that goes to global block. 10 Global block only send valid request to a tri q e pempuest
address falls within the range of that tribe's memey space. The input module selects one valid
request to send to request buffer, which has only one input port. The selection is as follows: 15 Pick
saved tribe request if there are 2 saved requests and an incoming tribe request, or if there's only
saved tribe request Else pick saved global request if there's only saved global request Else pick
incoming tribe request if it exists 20 Else pick incoming global request if it exists The module sends
flow control signals to tribe and global: Stall tribe requests if there's incoming global request Stall
global ﬁg%é{%dmgere's incoming tribe request 25 Save global input if input is not selected during mux

selection"and saved input slot is free. Else keep old saved input. Similarly for tribe input. Fig. 29

illustrates input module stall signals 30 Fig. 46 illustrates the input module data path. 2 1 APR 2006
This module accepts requests from tribe and global. If the request from tribe
5 has address that falls within the range of tribe memory space, the request is valid and
can be sent to request quene module. If the request has address that falls outside that
range, the request is directed to the global block. The tribe number is tagged to the

request that goes to global block.

10 Global block only send valid request to a tribe if the request address falls

within the range of that tribe’s memory space.

The input module selects one valid request to send to request buffer, which has

only one input port. The selection is as follows:

¢ Pick saved tribe request if there are 2 saved requests and an incoming tribe
request, or if there's only saved tribe request

¢ Else pick saved global request if there's only saved global request

e Else pick incoming tribe request if it exists

20 e Flse pick incoming global request if it exists

The module sends flow control signals to tribe and global:
o Stall tribe requests if there's incoming global request
e Stall global requests if there’s incoming tribe request
25
Save global input if input is not selected during mux selection and saved input

slot is free. Else keep old saved input. Similarly for tribe input.

Fig. 29 illustrates input module stall signals
30

Fig. 46 illustrates the mput module data path.



76 Request buffer and issue module: Fig. 49 is an illustration of a request Buffer and Issue Module.
There are 16 5 entries in the queue. When there is a new request, the address and size of the request
is compared to all the addresses and sizes in the request buffer. Any dependency is saved in the
dependency matrix, with each bit representing a dependency between two er%rifsA]yPS{%ﬁban entry is
issued to memory controller, the corresponding dependency bits are cleared ih the other entries. 10
The different dependencies are: Write-after-writé® the second write overwrites data written by the first
write, so the second write is not allowed to be processed before the first 15 write. 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. Read-after-write: If there are not enough bytes in the writebuffer to forward to the read, then
there's no forwarding and the read is not allowed 20 to be processed before the write. For
read-after-read, if there's no write to the same address between the reads, the reads can be
reordeﬂ%@ﬂ‘%tEﬁf,fﬁféﬁl‘ﬂxiﬁaé:mﬂﬁbﬁﬁvalid 27-bit byte address 3-bit size code of read data requested
" 5-bit stream number 30 3-bit tribe number 5-bit register destination (read) 2 1 APR 2006 77

Fig. 49 is an illustration of a request Buffer and Issue Module. There are 16
5 entries i1 the queue. When there is a new request, the address and size of the request
is compared to all 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,

10
The different dependencies are:
e 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
15 write.
e«  Write-after-read: The read should not be affected by the write. Thus, the
write 1s not be allowed to be processed before the read.
¢ Read-after-write: If there are not enough bytes mn the writebuffer to
forward to the read, then there's no forwarding and the read is not allowed
20 to be processed before the wiite.

For read-after-read, if there's no write to the same address between the reads, the reads

can be reordered.

25 Each entry has:
1-bit valid
27-bit byte address
3-bit size code of read data requested
5-bit stream number
30 3-bit tribe number

5-bit register destination (vead) .



64-bit data (write) 16-bit dependency vector This module also reorders and issues the requests to the
memory controller. 5 The reordering is necessary so that the memory bus is better utilized. The
reordering algorithm is as follows: if an entry is dependent on another entry, it is not considered for
issue until the dependency is cleared. 10 Find all entries with address in a bark HifieRe@ifom any
issued request in the previous n cycles, where n is the striping distance (i.e. S for RLDRAM at
300MHz). Separate the eligible entries into readg7and writes Try to issue up to x number of the same
type (read or write) before 15 switching to another type. If the other type is not available, continue
issuing the same type. Save the bank number of the issued request in history table. A count register
keeps track of the number of valid entries. If the number 20 reaches a watermark level, both the
MT_int request_queue_full and MG_req_transactionfull signals are asserted. Write buffer: 25 Fig. 47
llustrates a wiEBhfeieiBdEHe. The write buffer stores 16 latest writes. If subsequent read is to one
of these addregsgs.dhsn dhsdatagtored in the write buffer can be forwarded to the read. 3o Each
entry has: 2 1 APR 20D6 78 8-bit valid bits (one for each byte of data) 32-bit address 64-bit data 4-bit
LRL .

This module also reorders and issues the requests to the memory controller.
5 The reordering is necessary so that the memory bus is better utilized. The reordering

algorithm is as follows:

« Ifan entry is dependent on another entry, it is not considered for issue
until the dependency is cleared.

10 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. § for RLDRAM
at 300MHz).

o Separate the eligible entries into reads and writes
¢ Try to issue up to x number of the same type (read or write) before

15 switching to another type. If the other type is not available, continue

issuing the same type.

e Save the bank number of the issued request in history table.
A count register keeps track of the number of valid entries. If the number
20 reaches a watermark level, both the MT int request_queue_full and
MG req_transaction_full signals are agserted.
Write buffer:

25 Fig. 47 Nlustrates a write buffer module.

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.

30 Each entry has:



5 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 forwarded. 10 When there is a new write,
the address of the write is compared to all the addresses in the write buffer. If there is a match, the
write data replaces the write buffer data. If there's no match, the write data re?olho%ﬁ?o?ﬂﬂﬁof the
writebuffer entry. The replacement entry is picked based on LRU bits, described below. 15 To prevent
frequent: turning over of wri'.ebuffer entries, only writes from local tribe are allowed to replace an
entry. Writes from other tribes are only used to overwrite an entry with the same address. LRU field
indicates how recent the entry has been accessed. The higher the 20 number, the 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 LRbitvéhe hisacmsspnarinbimie Rfsiaimthanged until the entry is itself being accessed. 25
The replacem%_gggg&;epgcked from the entries with the higher LRUs before being picked from "
entries with lower LRUs. Retzrn module: 30 There are 3 possible sources for returns to tribe: tribe
memory, globat4antidéerwarding. Returns from tribe memory bound for tribe are put into an 8 entry
queue. 21 APR, 2006,79 Memory tag information arrives first from the request queue. If it's a write -
return, it can be returned to tribe immediately. If it's a read, it must wait for the read data returning
from the tribe memory. 5 f global is contending for the return to tribe bus, memory block asserts MG

rsp_transactions{yl signal iAamRaR SieRs [espnRaIamAlpRR R tRe memory retums

and/or forwarded returns bound for tribe can proceed.
addresses in the write buffer. If there is a match, the data from the buffer can be

¢

forwarded.

10 When there is a new write, the address of the write is compared to all the
addresses in the write buffer. If there is a match, the write data replaces the write
buffer data. If there's no match, the write data replaces one of the writebuffer entry.

The replacement entry is picked based on LRU bits, described below.

15 To prevent frequent turning over of writebuffer entries, only writes from local
tribe arc allowed to replace an entry, Writes from other tribes are only used to

overwrite an entry with the same address.

LRU field indicates how recent the entry has been accessed. The higher the
20 number, the 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, itis unchanged until the entry is itself being accessed.

25 The replacement entry is picked from the entries with the higher LRUs before
being picked from entries with lower LRUs.

Retum module:

30 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 quee.




There are 2 possible sources for returns to global: tribe memory and to forwarding. These must
contend with tribe requests for the transaction bus. Returns from tribe memory bound for global are
put into another set of 8 entry queue. This queue is the similar to the queue designated for returns to
tribe. If tribe is contending for the return to global bus, memory block asserts 15 21 APR 2006
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 cam proceed. All memory accesses are returned to the
original tribe that made the requests. Writes are returned to acknowledge completion of writes. Reads
are returned with the 20 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. Stream, regdeset, size and offset
are unceEmged i ainiemrasoTyE ¢S Sty the rauset coresspPoRsimyretitheypet If there is ECC

uncortegiatie £ph0% ReEXgmErO ergncile ARMEM EREOR RS retumed with reac

return. Read data results are 64-bit alighed, so the tribe needs to perform shifting and sign-extension
if neededttoryes dhierfirih¢ tabaltecBOrRig. 48 illustrates the return module data path. 2 1 APR 2006 so
Tribe memory configuration registers The memory controllers are configured by writing to configuration
registers 5 during initialization. These registers are mapped to configuration space beginning at
addfess Oxi00DPR0OE! Glotmtming tetdetritanw titsrdonblitiomeindrisloladbasseotall the tribe memory

blocks. h initialj I ' ' St d data t
P wiioL o B e 1oL AET o DL PICLS Sob Dol e o St ong of

controlleramgistessni@s and/or forwarded returns bound for tribe can proceed.

There are 2 possible sources for returns to global: tribe memory and
10 forwarding. These must contend with tribe requests for the transaction bus. Returns
from tribe memory bound for global are put into another set of 8 entry queue. This

queue is the similar to the queue designated for returns to tribe.

If tribe is contending for the return to global bus, memory block asserts
15 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.

All memory accesses are returned to the original tribe that made the requests.
Writes are returned to acknowledge compleﬁon of writes. Reads are returned with the
20 read data. Retumed 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.

Stream, regdeset, size and offset are unchanged in all returns. Type is changed
25  to the corressponding retumn type. If there is ECC uncorrectable error or non-existing

memmory error, the type MEM. ERROR_RET is returned with read return.

Read data results are 64-bit aligned, so the tribe needs to perform shifting and
sign-extension if needed to get the final results.
30
Fig. 48 illustrates the return module data path.



Assumptions about memory controller Memory controller IP is expected to have the following
functionalities: 15 ECC is enabled, so read-modify-write is included for unaligned accesses 8-entry
ingress queue (data and command) 1-entry egress queue Can process up to 258-piaprempsy requests.
Doesn't include reordering or forwarding features. 20 Performance counters 25 This block generates
event counts for performance counters. The event is selected by writing to Tribe M[ Event
configuration registers (one per tribe) in configufition space. Global holds the selection via the
selection bus, and the tribe memory interface returns to global the selected event count every cycle via
the event bus. The events counted are: length of request queue 30 length of return queue write/read
issued 21 APR 2006 81.forwarded from write buffer global request stall global response stall tribe
request stall 5 Tribe Block Micro architecture Porthos Chip Overview to A. Tribe block 104 (See Fig. 1)
contains a multithreaded pipeline that

Tribe memory configuration registers

The memory controllers are configured by writing to configuration registers
5 during initialization. These registers are mapped to configuration space beginning at
address 0x70000000. Global must detect the write condition and broadcast to all the
tribe memory blocks. It needs to assert the GM_initialize controller while placing the
register address and data to be written on the memory transaction bus. Please see
Denali specification for descriptions of controller registers.
10

Assumptions about memory controller
Memory controller IP is expected to have the following functionalities:

15 ECC is enabled, so read-modify-write is included for unaligned accesses
8-entry ingress queue (data and command)
l-entry egress queue
Can process up to 256-bit memory requests.

Doesn't include reordering or forwarding features.
Performance counters

This block generates event counts for performance counters. The event is
selected by writing to Tribe MI Event configuration registers (one per tribe) in
25 configuration space. Global holds the selection via the selection bus, and the tribe
memory interface returns to global the selected event count every cycle via the event

bus. The events counted are:

length of request queue
30 length of return queue

write/read issued



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, which illustrates the modules that
implement the Tribe and the major data path 15 connections between those modules. A Tribe
contains an instruction cache and register files for 32 threads. The tribe block interfaces with the
Network block (for handing packet buffer reads and wri tes), the Interconnect glécle?%rzp@ndling
thread migration) and the Memory block 20 (for handling local memory reads and writes). Interfaces
Fig. 30 shows interface to the Memory block. 25 Fig. 31 shows interface to the Network block. Fig. 32
shows interface to the Interconnect block. Tribe Detailed Description 30 The Tribe block conists of
three decoupled pipelines. The fetch logic and instruction 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
2 1 APR 20 82X perfodrteiomverStreetieblock within the Tribe contains its own state machine that
sequences reads,and writes to,the register file and executes certain instructions. Finally the
scheduler, gloﬁiﬁbﬁﬂﬁ%ﬁtﬁ%rﬁﬁ%ory modules form an execute unit that schedules operations based
on global prioriglobahoesgdhee setlbf threads that have an 5 instruction available for scheduling. At most

one instruction%er cycle.is, scheduled from any given thread. Globally, up to three instructions can be
. friber éuest ta . ) L
scheduled in a single’ cycle, but some instructions can be fully executed within the Stream block, not

requiring global scheduling. Thus, the maximum rate of instruction execution is actually deter iced by
the _fet_ch unlt,‘ which can ﬁ_g%g ﬁﬁ)otc(i( [ Qt (l)ngtcrH(%ggtns éa@%pt&g)sc&(ﬁ%e. A sustained execution rate of five
to six instructions per cy 5

Overview
10
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, which illustrates the modules that implement the Tribe and the major data path

15 connections between those modules.

A Tribe contains an instruction cache and register files for 32 threads. The
tribe block interfaces with the Network block (for handing packet buffer reads and
writes), the Interconnect block (for handling thread migration) and the Memory block

20 (for handling local memory reads and writes).

Interfaces

Fig. 30 shows interface to the Memory block.
25  Fig. 31 shows interface to the Network block.

Fig. 32 shows interface to the Interconnect block.
Tribe Detailed Description
30 The Tribe block conists of three decoupled pipelines. The fetch logic and

instruction cache form a fetch unit that will fetch from two threads per cyclé

according to thread priority among the threads that have a fetch available to be



The instruction fetch mechanism fetches four instructions from two threads for 15 a total fetch
bandwidth of eight instructions. The fetch unit includes decoders so that four decoded instructions are
delivered to two different stream modules in each cycle. There is a 16K byte ingtruichipR 286he shared
by all threads that is organized as 1024 lines of 16 bytes each, separated into four ways of 256 lines.
The fetch mechanism is pipelined, with the tags accessed in the same cycle as the data. The fetch
pipeline is 20 illustrated in Fig. 35. in an alternati¥® embodiment, the tag read for all ways is pipelined
with the data read for only the way that that 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. 25 Stream Modules The Stream modules (one per stream for a total of

32 within the Tribe. blogk) are responsible for sequencing reads and writes to the register files,
executfg BFENE Tﬁkﬁﬁf@%@f i%vﬂiﬁaﬁ%ﬁgéﬁéﬁ?%t?ﬁ%g ﬁ?iﬂ%ﬁ%%ﬁ@?gﬁig éragt]ions. A Stream 30
modulesegaeives trdiecoaginstiictiogistat Aléme frostise feetdh meehaniss and saves them for
later processing. One jnstruction i cessed at a timg, with some 2 1 APR 2006 83 instructions
taking r%ﬁﬁ‘?&et% 8%@4@%&3%%% %ﬁf@lﬁfél?gnijsma/rﬁ?loéﬁ&?‘?g#%[bwt%xﬁgfgterélﬁfgﬂ]%?fﬁIe, allreads and .
writes mustibRsegeatieadaydherSireeanlogky Theasie sgipelineaftaeSisgaanmodule is shown in
Fig. 36, Note that in es where only a single operand needs to be read from the register file, the
ingljruct]i]éﬁw&[ﬂa %‘@%@@aﬁ?&ﬁé?@%ﬁ%a&éﬁ@& Hﬁdwcgﬂﬂ/p&%ﬁ%’ﬁ% RERSIYS geq Each register
containg@feadyhiéthakiniused o geigiminadt hednastiecanbyeienif@iiedsigles in the register
file, or it Wi]l e written ]?ﬁ/ an.outstar;)gin 1memor]élgad. %@AEU instru%ié)rl._ 10 Writes returning from
the NefW6tk B RITd B RISRHPHIE R 3 S e e i e SEsd T BeS reifibter file. The register
write segyricinglpipekcie:oflihg. Sieanihblpakiisshows i higndfiowWhemaimemory instruction, or an
instruction fﬂr tge . . . . C .

actually determined by the fetch unit, which can fetch up to eight instructions each

10 cycle. A sustained execution rate of five to six instructions per cycle is expected.
Instruction Fetch

The instruction fetch mechanism fetches four instructions from two threads for
15  atotal fetch bandwidth of eight instructions. The fetch unit includes decoders so that
four decoded instructions are delivered to two different stream modules in each cycle.
There 1s a 16K byte instruction cache shared by all threads that is organized as 1024
lines of 16 bytes each, separated into four ways of 256 lines. The fetch mechanism 1s
pipelined, with the tags accessed in the same cycle as the data. The fetch pipeline is
20 illustrated in Fig. 35. In an alternative embodiment, the tag read for all ways is
pipelined with the data read for only the way that that 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

o
n

The Stream modules (one per stream for a total of 32 within the Tribe block)
are responsible for sequencing reads and writes to the register files, executing branch
instructions, and handling certain other arithmetic and logic operations. A Stream

30 module receives two decoded instructions at a time from the Fetch mechanism and

saves them for later processiug. One instruction is processed at a time, with some



global ALU is encountered, the operation matrix, or OM, register is updated to reflect a request to the
global scheduling and execute mechanism. 15 Branch instructions are executed within the Stream
module as illustrated in Fig. 38. Branch operands can come from the register file, or can conic from
outstanding memory or ALU instructions. The branch operand registers are upd?tehel\gh ame cycle
in which the write to the register file is scheduled. This allows the 20 execution ranch to take
place in the following cycle. Since branches are dglayed, 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 at the earliest. The processing of the delay slot 25 instruction
would occur later than this if it was not yet available from the Fetch pipeline. Scheduling and Execute

30 The sehediling aridrexeatislenpdidesosahestse Sipdo ﬂWﬁdee&Q@@p@mtﬁérom three
separate strea handle re ister writes back to the strea 5 84 modules. The
exgcutelﬁﬁigﬁ rﬁ% o’im‘?lfrflﬁlg B ORSh AT SRR QRTRE eP 518836%%9% ﬂlﬁgﬁiﬁn is availabe for
executiofiyfeliy @ﬂezmstfbmﬁoﬂoplenesigeaowns uwmglderedqateamdldﬁbeée@mh@@ tgyoverall stream
priority. Qnce select tream will not be able tos ed.in the ]‘oIIOW| ycle since there is a
minimuri g5 ePEré féeee BARRES I%)l% SRicTor Bréﬁ ﬁt&IﬁHS{‘n@P ction for execution.
Thread w@nabwrféﬁhgldbne%mtgmg@mm@ﬂlw isngsonsitestagenigraingdhieads into the 10 Tribe

block and out of the Tribe hlock. A thre can onI e part|(:|pat|n in migration if it is, not activleiy
executify HERGEHSALY %’L‘i%ﬁ %H%ﬁﬂ)}? SgiRe f8 g?f E}Otsé%Cﬁtwﬁf@%%%%g@tffr&essed by the

Stream morltlte @Rdsent t9 theill be written by an outstanding memory load or ALU

instruction.

10 Writes returning from the Network block and the Memory block must also be
sequenced to the register file. The register write sequencing pipeline of the Stream
block 1s shown in Fig. 37. When a memory instruction, or an instruction for the
global ALU is encountered, the operation matrix, or OM, register is updated to reflect

a request to the global scheduling and execute mechanism.

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

20 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 at the earliest. The processing of the delay slot

25 instruction would occur later than this if it was not yet available from the Fetch

pipeline.
Scheduling and Execute

30 The scheduling and execute modules schedule up to three instructions per

cycle from three separate streams and handle register writes back to the stream



Interconnect block. A migration may contain any number of registers. When an inactive stream is
migrated in, all registers that are not explicitly initialized are set 15 invalid. An invalid register will
always return O if read. A single valid bit per register allows the register file to behave as jf all registers
are initialized to zero when a thread is initialized. In an alternative embodiment, thichd tion is
automatic.and, under hardware control. Hardware in each of the tribes monitors the frequency of
accesses 20 to a remote local memory vs. acces$es to its own local memory. If a certain threshold is
reached, or based on a predictive algorithm, the thread is automatically migrated by the hardware to
another tribe for which a higher percentage of local accesses will occur. In this case migration is
transparent to software. 25 Thread Priority and Flow Gating Thread priority (used for fetch scheduling
and execute scheduling) are maijntained by the "LStream™ module. This module also maintains a

2

gateabM WsE of M EREEHRRIRSIEE EIOWE ABNgS Five LSIRRER HotfifstRlreaissiible for 30

determiping fofereb ANEeAdNbEBEE:NabI @10y ishs Al HRAMENGLYOEMHIAR Of a "GATE" instruction, |
or should stall. This sinﬁ%lie bit per thread is exported to each 2 1 APR 2005 85 Stream block. Any time

a chan§@I8 fREd A e P Gl ibe M R L S THGRRIANR SarBee seloskifa ? 8784 trean module will *

export g} 10's.0ndtsruateaiityevastat {Mdicatingpe:threadican ProgesdnastRRHdiE), until a. new
gateability vector is computed. Changes that affect gateability are rare. They are as follows: 1. A new

threiad el R MtEamhRiPateliRwRti Re BRMNsE AR dRIsEE YR vector and flow ID
register; 2. An existing thread is deactivated, either due to a DONE instruction or a. 10 NEXT

instruction‘(migéa_tiqn out to another tribe); 3. A thread explicitly updates one of its gateability CPO
registe Hegation

The thread migration module is responsible for migrating threads into the
10 Tribe block and out of the Tribe block. A thread can anly Ee participating in
migration if it is not activlely executing instructions. During miration, a single
register read or write per cycle is processed by the Stream module and sent to the N
Interconnect block. A migration may contamn any number of registers. When an
inactive stream is migrated in, all registers that are not explicitly initialized are set
15 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.
In an altemnative embodiment, thread migration is automatic and under
hardware control. Hardware in each of the tribes monitors the frequency of accesses
20 to a remote local memory vs. accesses to 1ts own local memory. If a certain threshold
is reached, or based on a predictive algorithm, the thread is automatically migrated by
the hardware to another tribe for which a higher percentage of local accesses will

occur. In this case migration is transparent to software.
25 Thread Priority and Flow Gating

Thread priority (used for fetch scheduling and execute scheduling) are
mainfained by the “LStream” module. This module also maintains a gateability
vector used to implement FlowGating. The LStream module 1s responsible for

30 determining for each tﬁread whether or not it should stall upon the execution of a

“GATE” instruction, or should stall. This single bit per thread is exported to each



number, gate vector, flow ID)using the MTCO instruction. 15 Debugging and Performance Monitoring
The Tribe block contains debugging hardware to assist software debugging and performance
counters to assist in architecture modeling. 20 All of the above description and teaching is specific to a
single implementation of the present invention, and it should be clear to the skiflqd grfisgmg that there
are many alterations and amendments that might be made to the example provided, without departing
from the spirit and scope of the invention. For example, the aggressively multi-threaded architecture
may be accomplished with more or fewer 25 tribes. Many unique and novel features stand alone
without the limitation of a tribe architecture at all. Interconnection 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 irention]daiadditioriR thenaloyvi, i someybpdimgets qﬁath@aﬁﬁemﬁwp a portion of 30
the packeg buffer memory can be configured as "shared’ memory for all the tribes. This portion will not

be used¥i theFHGI ikt He aBERHBA W TESHRNG: Bk ORI e RBRIBY§8%H be stored into.

Thereforgdhigtiertieniptshaigdneaosds2UalD|edarthe dibesdas 1apw stasage purpose. In
addition the ports to the packet buffer can be used for both types of accesses (to packet data and to

the shar‘é‘&ﬂ%’rtﬁén). In some embodiments software can configure the size of the shared portion of 5
the gacket buffer, One implementation of this configuration mechanism allows software to set aside
either half, one fourth gr none of the packet buffer as shared memory. The shared memory can be

used to StreegatRthat s ratsaPtEE AhE BrobRESHE £bfRLOBs it can also be divided into the different
cores so that each ¢eig thasdts eMRSDICH: st EXGINSiva oRalatian is needed to allocate
memory 10 space. In some embodiments the division of the shared space into the different
number, gate vector and flow ID register;
2. An existing thread is deactivated, either due to a DONE instruction or a
10 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.

15 Debugging and Performance Monitoring

The Tribe block contains debugging hardware to assist software debugging

and performance counters to assist in architecture modeling.

20 All of the above description and teaching is specific to a single
implementation of the present invention, and it should be clear to the skilled artisan
that there are many alterations and amendments that might be made to the example
provided, without departing from the spirit and scope of the invention. For example,
the aggressively multi-threaded architecture may be accomplished with more or fewer

25 tribes. Many unique and novel features stand alone without the limitation of a tribe
architecture at all. Interconnection 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.

In addition to the above, in some embodiments of the Porthos chip a portion of

30 the packet bﬁffer memory can be configured as "shared" memory for all the iribes.

This portion will not be used by the logic that decides where the incoming packet will



processing cores and/or threads may provide storage for the stack of each thread. For those threads
in which life corresponds to the life of the packet, the header growth offset mechanism may be used to
provide storage space for the stack. For those 15 threads that operate on more @qln@Qazﬁhgt, or that
need the stack after completing and sending out the processed packet, a persistent space Is needed
for the stack; for these threads, space in the ext@snal memory (long latency) or in the shared portion of
the packet buffer (short latency) is required. Further to the above, in some embodiments the header
growth offset 20 mechanism is intended for software to have some 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 RirsEreh e - thaerriN B s PREE R Batdreemesriny Pablefe thatilifsfetstored after packet
A. EVe%Ii)fylwﬁ%te%ﬁ%ﬁ%s’%ﬁ||I1'i‘QHﬁﬁ&?ﬂlﬁ%ﬁ)ﬁ@%@pﬁ%y%ﬂ@ﬁcﬁﬁ%@M%ﬁd@)@h‘)f packet A since it -
i

is guaranteed that either that space has still not been assigned to any packet, or will be assigned to
packet BRERISGECRTSRA{IMBREC SataAbditcth i BrEiathe header growth offset can also be shared

among the incpmindPaskstiBand berackah daaduightabave Muasiand gs-he spper space of the

growth offset used as tail growth offset of packet A does not 30 overlap with the lower space of the

growth BRSACHEERUASTh AN BROVIR IR P hlk ep I SRS BB alHEHE are similarly many
other altgrglinasdhat fsa BehmagerwiBin e spiftnand seoneieh hietavantion.2 1 APR 20DS 88

What is claimed is: 1 . A processing engine to accomplish a multilplicity of tasks, the engine 5
comprigiggacry. The shared memory 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 mutually exclusive operation is needed to allocate memory

10 space.

In some embodiments the division of the shared space into the different
processing cores and/or threads may provide storage for the stack of each thread. For
those threads in which life corresponds to the life of the packet, the header growth
offset mechanism may be used to provide storage space for the stack. For those

15 threads that operate on more than a packet, or that need the stack after completing and
sending out the processed packet, a persistent space is needed for the stack; for these
threads, space in the external memory (long latency) or in the shared portion of the
packet buffer (short latency) is required.

Further to the above, in some embodiments the header growth offset

20 mechanism is intended for software to have some 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,

25 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 _

30 overlap with the lower space of the growth offset used as head growth offset of packet
B.



a multiplicity of processing tribes, each tribe comprising a multiplicity of context register sets and a
multiplicity of processing resources for concurrent processing of a multiplicity of threads to accomplish
the tasks; a memory structure having a multiplicity of memory blocks, each bIoQ[k stori %Déﬁp data for
processing threads; and an interconnect structure and control system enablingtribe-to-tribe migration
of contexts to move threads from tribe-to-tribe; characterized in that individual ones of the tribes have
preferential access to individual ones of the multiplicity of memory blocks. 15 2. The processing
engine of claim | wherein preferential access from an individual one of the multiplicity of tribes to an
individual one of the multiplicity of memory blocks is provided by an individual one of a multiplicity of
controlled memory ports. 3. The processing engine of claim 2 characterized in that the multiplicity of
20 tribes, the mitiplicity: ehmemeryRlocke: aldthpmuliplisity ©f metsertarisaisequal in number,
wherein each tribe has a dedicated port to a memory block. 4. The processing engine of claim 1
wherein BROCESRRG AR EFaReived sequentially, an individual task received creating a thread,
including a program counter 25 and context, in a first one of the multiplicity of tribes. 5. The
processing engine of claim 4 wherein the thread operating in the first one of the tribes is migrated via
the interconnect structure to a second one of the tribes before completion of the task, by moving the
program counter and at least a portion of the context to registers in the second one of the tribes. 21
APR 2906 89 6. The processing engine of claim 4 wherein original assignment of tasks received to
tribes is at least partially dependent on distribution of processing data among 5 the memory blocks. 7.
The processing engine of claim 6 wherein original assignment of tasks to



tribes is at least partly software controlled. 8. The processing engine of claim 6 wherein original
assignment of tasks to tribes is at least partly hardware controlled. 10 9. The processing engine of
claim 5 wherein migration of a thread from one tribe to another tribe is at least partly dependent on
distribution of processing data among the memory blocks. 10. The processing %h iR Z8Mim 9
wherein direction and timing of migration from tribe to tribe is at least partly software controlled. 15 11.
The processing engine of claim 9 wherein direction &8d timing of migration from tribe to tribe is at
least partly hardware controlled. 12. The processing engine of claim 1 implemented at a first node in a
data packet network wherein the tasks are generated by receipt of data packets and processing the
packets for translation to a second node in the network. 20 13. The processing engine of claim 12
wherein the data packet network is the Internet network. 14. A method for concurrently processing a
multiplicity of tasks, the method comprising the steps of: (a) implementing in a single processing
engine a multiplicity of processing tribes, 25 each tribe comprising a multiplicity of context register
sets and ¥WhRlISHef)eto®: APR 2006 90 of processing resources for concurrent processing of a
multiplicity of threads to accomplish the tasks; (b) providing to the processing engine a memory
structure having a multiplicity of memory blocks, each block storing data for processing threads, the

memory blocks § connggirstiadhe LilgaR i away hat Idividurigreseiihetibeghave preferential
accegs to individual ones of the multiplicity of memory blocks; (c) connecting the tribes through an

interconn&et ' Strtictlre and control system enabling tribe-to-tribe migration of contexts to move threads
from tribe-to-trib@ maHidplicity of processing tribes, each tribe comprising a multiplicity of context

register sets and a multiplicity of processing resources for concurrent processing of a
multiplicity of threads to accomplish the tasks;
a memory structure having a multiplicity of memory blocks, each block storing
10  data for processing threads; and
an interconnect structure and control system enabling tribe-to-tribe migration of
contexts to move threads from tribe-to-tribe;
characterized in that individual ones of the tribes have preferential access to
individual ones of the multiplicity of memory blocks.
15
2. The processing engine of claim 1 wherein preferential access from an
individual one of the multiplicity of tribes to an individual one of the multiplicity of memory

blocks is provided by an individual one of a multiplicity of controlled memory ports.

3. The processing engine of claim 2 characterized in that the multiplicity of
20 tribes, the multiplicity of memory blocks, and the mulitiplicity of memory ports are equal in

number, wherein each tribe has a dedicated port to a memory block.

4. The processing engine of claim 1 wherein processing tasks are received
sequentially, an individual task received creating a thread, including a program counter

25  and context, in a first one of the multiplicity of tribes.

5. The processing engine of claim 4 wherein the thread operating in the first
one of the tribes is migrated via the interconnect structure to a second one of the tribes
before completion of the task, by moving the program counter and at least a portion of the

context to registers in the second one of the tribes.



(d) initiating a thread, including a program counter and context in registers, in a 10 first one of the
multiplicity of tribes for each task received. 15. The method of claim 14 wherein, in step (b),
preferential access from an individual one of the multiplicity of tribes to an individual one of the
multiplicity of memory blocks is provided by an individual one of a multiplicity ofXbnigiegggemory
ports. 16. The method of claim 15 wherein, in step (b), the multiplicity of tribes, the 15 multiplicity of
memory blocks, and the multiplicity of memory port re equal in number, and each tribe has a
dedicated port to a memory block. 17. The method claim 13 wherein, in step (d), processing tasks
are received sequentially. 18. The method of claim 14 further comprising a step wherein the thread
20 operating in the first one of the tribes is migrated via the interconnect structure to a second one of
the tribes before, completion of the task assoe ted W|th the thread, b mow qz?i ogram counter

and at least a portion o th8'BGRIEXAG T 'B?SPers In tﬁe s%gbnn%r'ghné |o %EW'B %R 2006 91 19.

The metH@@?b‘Eél&Prﬁ ihasiimetrEnstnatEly dprengdrmiloassijribvtian of risksssingedadel aoaiges is at least
partiglly deparaaiy ®bekelribution of processing data among the memory blocks. 20. The method of
claim 14 wherein original assignment of tasks to tribes is at 5 least partly software controlled. 21. The
method of claim 14 wherein original assignment of tasks to tribes is at least partly hardware
controlled. 22. The melh6PETEESNIS GIRR AliAFTPMAPrIP Ltiaie2 @saien oAt #fdasks @nother tribe is

at least pgitibs depeisdsninnydsttimriapefqrecessing data among the 10 memory blocks. 23. The
method of claim 18 wherein direction and timing of migration from tribe to tribe is at least partly
software controlled.

8. The processing engine of claim 6 wherein original assignment of tasks to

tribes is at least partly hardware controlled.

10 9. The processing engine of claim 5 wherein migration of a thread from one
tribe to another tribe is at least partly dependent on distribution of processing data among

the memory blocks.

10. The processing engine of claim 9 wherein direction and timing of migration

from tribe to tribe is at least partly software controlied.

15 11. The processing engine of claim 9 wherein direction and timing of migration

from tribe to tribe is at least partly hardware controlied.

12. The processing engine of claim 1 implemented at a first node in a data
packet network wherein the tasks are generated by receipt of data packets and

processing the packets for translation to a second node in the network.

20 13. The processing engine of claim 12 wherein the data packet network is the

Internet network.

14. A method for concurrently processing a multiplicity of tasks, the method
comprising the steps of:
(a) implementing in a single processing engine a muitiplicity of processing tribes,

25  each tribe comprising a multiplicity of context register sets and a multiplicity



24. The method of claim 18 wherein direction and timing of migration from tribe to tribe is at least
partly hardware controlled. 15 25. The method of claim 14 implemented at a first node in a data packet
network wherein the tasks are generated by receipt of data packets and proces§ny #rR paogkets for
translation to a second node in the network. 26. The method of claim 25 wherein the data packet
network is the Internet network. 21 APR 2DD5 92 27. A processing engine, comprising: a plurality of
tribes, each tribe comprising one or more processing resources and one or more context registers for
supporting execution of one or more threads; and a&figration mechanism coupled to the plurality of
tribes, the migration mechanism 5 enabling a thread executing in one of the plurality of tribes to be
migrated to another of the plurality of tribes to be executed therein. 28. The processing engine of
claim 27, wherein the mlqa?.tlon echanlsm com rlses&?n ar |ter theﬁ%mer capable of interacting

with a reQlieSARESHIL"EFHTID HEEoRHE HRSR RS 35S HRLrLYShBEaSalicular thread from the

requestirggedblish the @eksination tribe, wherein the requesting trlbe and the destination tribe are part

of the plurality ghyHRsRiRG AR HiRieRBRRCEnHIRIBIRIGABRESeRaRliRgViR aRIBFRdIgTERINING to the
particular thread C? trag rt qstfrom t(lj’t rec uestlng tribe to the estination rlb?< 15 29. The
processing E%éYne 0 ael?n Wharainahe Baraﬁtof:erssp r al‘ﬁ?n{f 't etﬁ%e Sl thread comprise a
set of conmEeiRstitedhen iz mmm&@éswengt@eeﬁ efdhe tzsewheveuwmeenﬂlmgqribe

compriseg, iﬁd’ﬂf&l&ﬁﬂﬂﬁ@&&ﬁ@hﬁl@élfwmm&ﬁUWW@dHﬁing one or more factors to determine
whether tq mlgragec%hen%) %lrrttlé:r%net LA rt(g)utg a(rjteiﬁt[err]éaé'rtonne(t:tlgferuc(l)Jr?élanEhceo A3 sys%lnrﬁ engine of claim
28, wherein the requesiin € comprise
enabling trlbe-to-trlbe migration of contexts to move threads from tribe-to-tribe; and
(d) initiating a thread, including a program counter and context in registers, in a

10 first one of the multiplicity of tribes for each task received.

15.  The method of claim 14 wherein, in step (b), preferential access from an
individual one of the multiplicity of tribes to an individual one of the multiplicity of memory

blocks is provided by an individual one of a multiplicity of controlled memory ports.

16. The method of claim 15 wherein, in step (b), the multiplicity of tribes, the
15 muitiplicity of memory blocks, and the multiplicity of memory ports are equal in number,

and each tribe has a dedicated port to a memory block.

17.  The method of claim 13 wherein, in step (d), processing tasks are received

sequentially.

18. The method of claim 14 further comprising a step wherein the thread

20  operating in the first one of the tribes is migrated via the interconnect structure to a
second one of the tribes before completion of the task associated with the thread, by

moving the program counter and at least a portion of the context to registers in the

second one of the tribes.



a migration interface, the migration interface capable of interacting with the arbiter to coordinate
sending of the parameters pertaining to the particular thread from the requesting tribe to the
destination tribe via the interconnect. 2 1 APR 2D0O6 93 32. The processing engine of claim 31,
wherein the migration interface is capable of submitting a migration request tog‘u’e 'tgﬁqévaiting for a
grant from the arbiter, and sending the parameters pertaining to the particular

destination tribe via the interconnect. 5 33. The processing engine of claim 31, wherein the
destination tribe comprises a second migration inté¥face, the second migration interface capable of
providing an indication to the arbiter that the destination tribe is not currently full, receiving the
parameters pertaining to the particular thread, and causing the particular thread to be 10 executed
within the destination tribe in accordance with the parameters. 34. The processing engine of claim 27,
wherein the migration mechanism comprises a deadlock resolution mechanism, which detects

possible deadloﬁ}f caulsﬁéj rQé’th%%Sé'fe(ljﬁWq Wﬁ@r‘é ﬂs ﬂ-‘é?%ng 3 ”érlgg$| n%grqaaﬁsatpe deadlock to

enable the thread' to be migrated to the fu tribe. essmg e gine of crainy 34, wherein
the deadieeR e itibas fﬁé‘&l’ﬁ%ﬁs‘?ﬁ@6%&%’@@%ﬂ?ﬁ”t%ﬁﬁféﬁ'?fb@ﬂﬁfp&ﬁﬁeﬁ‘%é@@]arﬂ%ﬂﬁ;lent facility,
and wheteémératieadieick resolution mechanism breaks a deadlock involving a first tribe and a
second tribe (where the second tribe is full) by: migrating a first thread from the first tribe into the first
transient facility; 20 migrating a second thread from the second tribe into the second transient facility;

and migrating the first theeadtfiedothrafirst 4ransient fagiiel inadhasreanssiine. tabed Reaprocessing
englgle o e%ls' g \gﬁ&/ ?g‘c%h‘?rgr?%d'OCk resolution mechanism guarantees that, after the second
thread is mig ate from the second tribe,

21. The method of claim 14 wherein original assignment of tasks to tribes is at

least partly hardware controlled.

22.  The method of claim 18 wherein migration of a thread from one tribe to
another tribe is at least partly dependent on distribution of processing data among the

10 memory blocks.

23. The method of claim 18 wherein direction and timing of migration from tribe

to tribe is at least partly software controlled.

24. The method of claim 18 wherein direction and timing of migration from tribe

to tribe is at least partly hardware controlled.

15 25. The method of claim 14 implemented at a first node in a data packet
network wherein the tasks are generated by receipt of data packets and processing the

packets for translation to a second node in the network.

26. The method of claim 25 wherein the data packet network is the Internet

network.



25 the first thread will be able to migrate into the second tribe. 2 1 APR 2DD6 94 37. The processing
engine of claim 35, wherein the deadlock resolution mechanism further proceeds by: migrating the
second thread from the second transient facility into the first tribe. 38. The processing engine of claim
35, wherein the deadlock resolution 5 mechanism further proceeds by: migratir%ihép& thread
from the second transient facility into a third tribe. 39. The processing engine of claim 35, wherein the
deadlock resolution mechanism further proceeds by;migrating a third thread from a third tribe into the
first transient facility; and 10 migrating the second thread from the second transient facility into the
third tribe. 40. The processing engine of claim 34, wherein the deadlock resolution mechanism
comprises a first transient facility and a second transient facility, wherein the second transient facility
contains an existing thread which is to be migrated to a destination tribe that is full, and wherein the
deadlock resolution mechanism breaks the 15 deadlock between the second transient facility and the
destination tribe,by: migrating a first thread f the destination tribe into the first transient facility; and
migrating the e%Zting tﬁﬁgcgﬁ%ﬁéﬁ é%égﬂégmasr@?ént facility into the destination tribe. 41. The
processing engBléRtieift WbetvIsarsiH ffecaERIIBER RSOt BrATeERARIEASYlieRastkEs that, after
the first tbreast iadrégrateskfregistbe fastuppiiorntibee cthie reafsiiegoiniead Wik ddds adie to migrate into the
destination tribe, %%ﬁ& %_%ﬁ?ﬁ@rg SO 25 BT BF{r?dQstf}ﬁef'Fﬂg‘i%‘iﬁﬁ%_%éRaﬁ%nm'grated toa
second destination tribe {hat Is full, and wherein the deadlock resolution ‘mechanism further proceeds
by: 5 1 apRlipgEetiigad executing in one of the plurality of tribes to be migrated to another of

the plurality of tribes to be executed therein.

28. The processing engine of claim 27, wherein the migration mechanism
comprises:
an arbiter, the arbiter capable of interacting with a requesting tribe and a
10  destination tribe to coordinate migration of a particular thread from the requesting tribe to
the destination tribe, wherein the requesting tribe and the destination tribe are part of the
plurality of tribes; and
an interconnect, the interconnect enabling parameters pertaining to the particular

thread to be transported from the requesting tribe to the destination tribe.

15 29. The processing engine of claim 28, wherein the parameters pertaining to

the particular thread comprise a set of context information.

30. The processing engine of claim 28, wherein the requesting tribe comprises
a mechanism capable of automatically evaluating one or more factors to determine

whether to migrate the particular thread to the destination tribe.

20 31. The processing engine of claim 28, wherein the requesting tribe comprises
a migration interface, the migration interface capable of interacting with the arbiter to
coordinate sending of the parameters pertaining to the particular thread from the

requesting tribe to the destination tribe via the interconnect.



migrating a second thread from the second destination tribe into the second transient facility; and
migrating the first thread from the first transient facility into the second destination tribe. 5 43. A
machine implemented method, comprising: executing a first thread in a first tribe, whegei first tribe
comprises one or more processing resources and one or more context registersﬁfargﬁ%&éﬁﬁig
execution of one or more threads; 10 migrating the first thread from the first tribe to a second tribe,
wherein the second tribe comprises one or more pgojcessing resources and one or more context
registers for supporting execution of one or more threads; and executing the first thread in the second
tribe. 44. The method of claim 43, wherein execution of the first thread is terminated 15 in the first
tribe. 45. The method of claim 43, wherein migrating comprises: receiving, from the first tribe,
parameters pertaining to the first thread; and providing the parameters pertaining to the first thread to
the second tribe. 46. The method of claim 45. wherein the parameters pertaining to the first 20 thread
comprise a setd?af cont%t information. 47. Thf methé)1d of claim 43, Whe{ein.mi%{atin_ comprises:
receiving an in 'gation from the secdRanse ﬁ!iafl% s ‘?58"%4[3% Y8R0 P I?/CFe' eiving, from the
first tribe cppalle eferdbpetiammigratienfiestubst tadtharatb 2, preificing tha pntdmetdhe pertaining to the
first threagidpetharresondrsiaee gataNBRr3RGQRIMSolNG paribadahramsiBeMastaitisnigrating
compriseg, receiying a re ugs&from the first tribe to migrate a thread to the second tribe; receiving an
|nd|c§1t|on ftr)om?he Second thbe that the second tribe is not currently 5 full;
33. The processing engine of claim 31, wherein the destination tribe comprises

a second migration interface, the second migration interface capable of providing an

indication to the arbiter that the destination tribe is not currently full, receiving the

parameters pertaining to the particular thread, and causing the particular thread to be

10 executed within the destination tribe in accordance with the parameters.

34. The processing engine of claim 27, wherein the migration mechanism
comprises a deadlock resolution mechanism, which detects possible deadlock caused by
desired migration of a thread to a full tribe, and breaks the deadlock to enable the thread

to be migrated to the full tribe.

15 35. The processing engine of claim 34, wherein the deadlock resolution
mechanism comprises a first transient facility and a second transient facility, and wherein
the deadlock resolution mechanism breaks a deadlock involving a first tribe and a second
tribe (where the second tribe is full) by:

migrating a first thread from the first tribe into the first transient facility;

20 migrating a second thread from the second tribe into the second transient facility;

and
migrating the first thread from the first transient facility into the second tribe.

36. The processing engine of claim 35, wherein the deadlock resolution
mechanism guarantees that, after the second thread is migrated from the second tribe,

25  the first thread will be able to migrate into the second tribe.



sending a grant to the first tribe; receiving, from the first tribe, parameters pertaining to the first thread,;
and providing the parameters pertaining to the first thread to the second tribe. 49. The method of
claim 48, wherein the parameters pertaining to the first 10 thread comprise a set of context
information. 50. The method of claim 43, wherein migrating comprises: detectirgsa gegsjiyig deadlock
involving the first tribe and the second tribe; and breaking the possible deadlock to enable the first
thread to be migrated into the second tribe. 15 51. 9he method of claim 43, wherein migrating
comprises: detecting that the second tribe is full; migrating the first thread into a first transient facility;
migrating a second thread from the second tribe into a second transient facility; and 20 migrating the
first thread from the first transient facility into the second tribe. 52. The method of claim 51, wherein
migrating further comprises: guaranteeing that, after the second thread is migrated from the second
tribe, the first thread will be able to migrate into the second tribe. 25 53. The method of claim 51,
further comprising: mi rating}(t:he second thread from the second transjent facility into the first tribe. 2 1

APR 2006 54. THe melR6P S &SRS c@imhpreis RifRgiAgatiackeeshl ifPead from the
second traashentsiadilithéntorecttids tribe. 55. The method of claim 51, further comprising: 5 migrating a

third thread from i ihtirg ee s e sl ransieat el Ade P BEAlpthibenearengdsBread from the

second transient facility into the third tribe. 56. The method of claim 43, further comprising:
determining, based upon evaluation of one or more factors, whether to migrate the

38. The processing engine of claim 35, wherein the deadlock resolution
5  mechanism further proceeds by:

migrating the second thread from the second transient facility into a third tribe.

39. The processing engine of claim 35, wherein the deadiock resolution
mechanism further proceeds by:
migrating a third thread from a third tribe into the first transient facility; and

10 migrating the second thread from the second transient facility into the third tribe.

40. The processing engine of claim 34, wherein the deadlock resolution
mechanism comprises a first transient facility and a second transient facility, wherein the
second transient facility contains an existing thread which is to be migrated to a
destination tribe that is full, and wherein the deadlock resolution mechanism breaks the

15 deadlock between the second transient facility and the destination tribe by:

migrating a first thread from the destination tribe into the first transient facility; and

migrating the existing thread from the second transient facility into the destination
tribe.

41. The processing engine of claim 40, wherein the deadlock resolution
20  mechanism guarantees that, after the first thread is migrated from the destination tribe,

the existing thread will be able to migrate into the destination tribe.

42. The processing engine of claim 40, wherein the first thread is to be
migrated to a second destination tribe that is full, and wherein the deadlock resolution

mechanism further proceeds by:



first thread from the first tribe to the second tribe. 10 57. A machine implemented method, comprising:
storing a first thread in a first transient facility, the first thread destined to be migrated to a destination
tribe, wherein the destination tribe comprises one or more processing resources and one or more
context registers for supporting execution of one or more threads; 15 detecting'gwgt}xl% % ination
tribe is full; migrating a second thread from the destination tribe into a second transient faclility; and
migrating the first thread from the first transient facifity into the destination tribe. 58. The method of
claim 57, further comprising: 20 guaranteeing that, after the second thread is migrated from the
destination tribe, the first thread will be able to migrate into the destination tribe. 59. The method of
claim 57, wherein the second thread is destined to be migrated to a second destination tribe, and

wherein the method further comprises: 21 APR 2DD6 98 migrating a third thread from the second
destination tribe MG RS HRGIPAALEREGFOMYNGPRIVIA HestUEtioRd IssiRtRS BB L omprises one or

more protessiny faglityrees and one or more context registers for supporting execution of one or more

threads; and migrating dNReSrceif disersh TR HReRARAM ERNTISHLARIL LA HemeaRRd S

destination tribe.
tribe.

5 43. A machine implemented method, comprising:
executing a first thread in a first tribe, wherein the first tribe comprises one or
more processing resources and one or more context registers for supporting execution of

one or more threads;

10 migrating the first thread from the first tribe to a second tribe, wherein the second
tribe comprises one or more processing resources and one or more context registers for
supporting execution of one or more threads; and

executing the first thread in the second tribe.

44. The method of claim 43, wherein execution of the first thread is terminated
15  in the first tribe.

45.  The method of claim 43, wherein migrating comprises:
receiving, from the first tribe, parameters pertaining to the first thread; and

providing the parameters pertaining to the first thread to the second tribe.

46. The method of claim 45, wherein the parameters pertaining to the first

20  thread comprise a set of context information.

47. The method of claim 43, wherein migrating comprises:
receiving an indication from the second tribe that the second tribe is not currently
full;
receiving, from the first tribe, parameters pertaining to the first thread; and
25 providing the parameters pertaining to the first thread to the second tribe.
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48. The method of claim 43, wherein migrating comprises:

receiving a request from the first tribe to migrate a thread to the second tribe;

receiving an indication from the second tribe that the second tribe is not currently
full;

sending a grant to the first tribe;

receiving, from the first tribe, parameters pertaining to the first thread; and

providing the parameters pertaining to the first thread to the second tribe.

49. The method of claim 48, wherein the parameters pertaining to the first
thread comprise a set of context information.

50. The method of claim 43, wherein migrating comprises:
detecting a possible deadlock involving the first tribe and the second tribe; and

breaking the possible deadlock to enable the first thread to be migrated into the
second tribe.

51. The method of claim 43, wherein migrating comprises:

detecting that the second tribe is full;

migrating the first thread into a first transient facility;

migrating a second thread from the second tribe into a second transient facility;

and

migrating the first thread from the first transient facility into the second tribe.

52.  The method of claim 51, wherein migrating further comprises:
guaranteeing that, after the second thread is migrated from the second tribe, the
first thread will be able to migrate into the second tribe.‘

53. The method of claim 51, further comprising:

migrating the second thread from the second transient facility into the first tribe.
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54. The method of claim 51, further comprising:

migrating the second thread from the second transient facility into a third tribe.

55. The method of claim 51, further comprising:
migrating a third thread from a third tribe into the first transient facility; and

migrating the second thread from the second transient facility into the third tribe.

56. The method of claim 43, further comprising:
determining, based upon evaluation of one or more factors, whether to migrate the
first thread from the first tribe to the second tribe.

57. A machine implemented method, comprising:

storing a first thread in a first transient facility, the first thread destined to be
migrated to a destination tribe, wherein the destination tribe comprises one or more
processing resources and one or more context registers for supporting execution of one
or more threads;

detecting that the destination tribe is full;

migrating a second thread from the destination tribe into a second transient
facility; and

migrating the first thread from the first transient facility into the destination tribe.

58. The method of claim 57, further comprising:
guaranteeing that, after the second thread is migrated from the destination tribe,

the first thread will be able to migrate into the destination tribe.

59. The method of claim 57, wherein the second thread is destined to be

migrated to a second destination tribe, and wherein the method further comprises:
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migrating a third thread from the second destination tribe into the first transient
facility, wherein the second destination tribe comprises one or more processing resources
and one or more context registers for supporting execution of one or more threads; and

migrating the second thread from the second transient facility into the second

destination tribe.



