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Field 5 This invention relates to conmuni cati on network apparatus such as

is used t‘poloi,{yg?t oget her information handling systens or gefistoi®s Of
vari ous types an capabi | ities and to conponents of such apparatus. In

particular, this invention relates to sgalable switch apparatus and
conponents useful in assenbling such apparatus. This invention relates to

an inproved and rrultl-mrmw@mfommcbesssﬁhﬂkm METGDEhe conbi nation of
that device with other elenents to provide a nmedia speed network swtch.

The invention also relates to nethods of operating such apparatus which

i nprove they dilFMuigrandl i ng capability of network sw tches. Background
Art 15 The descri ptlon whi ch foll ows presupposes know edge of network data
conmruni cations and switches and routers as used in such conmuni cations
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Background Art
15
The description which follows presupposes knowledge of network data
communications and switches and routers as used in such communications
networks. In particular, the description presupposes familiarity with the 1ISO model
of network architecture which divides network operation into layers. A typical
20 architecture based upon the 1SO mode! extends from Layer 1'(also sometimes
identified as “L1") being the physical pathway or media through which signals ars
- passed upwards through Layers 2, 3, 4 and so forth to Layer 7, the last mentioned
being the layer of applications programming running on a computer system linked
to the network. In this document, mention of L1, L2 and so forth is intended to refer
25 to the corresponding layer of a network architecture. The disclosure also
presupposes a fundamental understanding of bit strings known as packets and
frames in such network communication. ‘

In today’s networked world, bandwidth is a critical resource.  Increasing
30 network traffic, driven by the Internet and other emerging applications, is straining
the capacity of network infrastructures. To keep pace, organizations are looking for
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support and manage traffic growth and the convergence of voice w th data.
Today' s dr amewi/eeesncrease in network traffic can be attri brCeaseozordse
popularity 5 of the Internet, a growing need for renote access to
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networ k bottl enecks continues to be a top priorit or service
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networ k- cOqeRts (RIPY VOREBRr ATM BRI RIS FiamB REIEFWSHR) teoP! e
. cost-effective alternatives in this changing market. However, to make migration to
these technologies possible, the industry has to ensure quality of service (QoS) for
voice and determine how to charge for voice transfer over data lines. The
20 Telecommunications Deregulation Act of 1996 further complicates this environment.
This legislation will reinforce a symbiotic relationship between the voice protocol of
choice, ATM, and the data protocol of choice, IP.

Integrating legacy systems is also a crucial concern for organizations as new
25 products and capabilities become available. To preserve their investments in
existing equipment and software, organizations demand solutions that allow them to

migrate to new technologies without disrupting their current operations.

Eliminating network bottlenecks continues to be a top priority for service
30 providers. Routers are often the source of these bottienecks. However, network
congestion in general is often misdiagnosed as a bandwidth problem and is
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sol utions. Today, mmnufacturers are recognizing this difficulty. They are
turni ng twonwiessr kK processor technologies to nmanage barREWVERK2978%our ces
nore efficiently and to provide the advanced data services, at w re speed,
that are comonly found in routers and3network application 5 servers. These
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or nore of the follow ng functions: Packet classification - identifying a
packet based on known characteristics, 20 such as address or protocol
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net \1/\§r 'ng tas lﬁd&ﬁrﬁ‘ébﬁé’nﬁ%ts _%r\]lg dtea ne'dn a r;se?wot “‘(’?:rroecetsgor(herein also mentioned

as an “NP") as a programmable communications integrated circuit capable of

performing one or more of the following functions:

Packet classification — identifying a packet based on known characteristics,
20 such as address or protocol
Packet modification -- modifying the packet to comply with IP, ATM, or other
protocols (for example, updating the time-to-live field in the header for IP)
Queue/policy management — reflects the design strategy for packet queuing,
de-queuing, and scheduling of packets for specific applications
25 Packet forwarding - transmission and receipt of data over the switch fabric
and forwarding or routing the packet to the appropriate address

Although this definition is an accurate description of the basic features of early

NPs, the full potential capabilities and benefits of NPs are yet to be realized.

30 Network processors can increase bandwidth and solve latency problems in a broad
range of applications by allowing networking tasks previously handled in software to
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of handling of data being transferred. This purpose is pursued by providing
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15 processor-model NP allows distributed processing at lower levels of integration,
providing higher throughput, flexibility and control. Programmability can enable easy
migration to new protocols and technologies, without requiring new ASIC designs.
With processor-model NPs, NEVs benefit from reduced non-refundable engineering
costs and improved time-to-market.

20

- Disclosure of the Invention

One purpose of this invention is to provide a scalable switch architecture for
use in a data communication network which is capable of sizing support capabilities
25 to a range of potential demands while improving the speed of handling of data being
transferred. This purpose is pursued by providing components, and assemblages
of components, which remove from the workload of processing units involved a
greater amount of data handling than has been the case heretofore.

30 Another purpose is to provide an interface device or network processor {the
terms being used interchangeably) which includes a plurality of sub-assemblies
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sub-assenblies WD 01116682 PC r/USOOnor98 5 integrated on a single’
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device interconnected with other conponents in different system
confi gur atde¥i€e. Fi gure 3 shows the flow and processing of an encapsul at ed
gui ded frame. 20 Figure 4 shows the flow and processing of an internal
guided franme. Figure 5 shows generalized format for a Quided Cell. Figure
6 shows t [Bridfdesmription ¢f thedDr@wing®! | nformation. Figure 7 shows the
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Figure 1 shows a block diagram for an interface device in accordance with this
156 invention.
Figure 1A shows a block diagram for the MAC.
Figures 2A through 2D show the -interface device interconnected with other
components in different system configurations.
Figure 3 shows the flow and processing of an encapsulated guided frame.
20 Figure 4 shows the flow and processing of an internal guided frame.
Figure 5 shows generalized format for a Guided Cell.
Figure 6 shows the format for Frame Control Information.
Figure 7 shows the format for the Correlator.
Figure 8 shows Command Control Information Format.
25 Figure 9 shows Addressing Information Format.
Figure 10 shows General Form of Structure Addressing.
Figure 11 shows chart for Addressing, Island Encoding.
Figure 12A shows a block diagram of the Embedded Processor Compiex.
Figure 12B shows a schematic of the Embedded Processors.
30 Figure 12C shows a structure for a GxH Processor.
Figure 13 shows a block diagram of the memory compiex.



30 Figure 12C shows a structure for a GxH Processor. Figure 13 shows a
bl ock di agram of the menory conpl ex. WO 01/ 16682 PCT/ USOQ 20798 6 Figure
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shows flows illustrating Data Structure without using a Direct Table and
with using a Direct Table. Figure 16 show a bl ock diagramof a switching
systems such as Prizma. 5 Figure 17 shows a bl ock diagramof a CP. Figure
18 shows a IHigure 1 shppowena d6wehart foritipe EixediNatblFMy searthpalgerittym.hi ghl i ght i ng
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di scl osed here is scal able and capabl e of functioning to interconnect

desktop or ] such switches into a network
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suppotQ@ Layer 2, Layer 3, and Layer 4+ forwarding in hardware. _Oer:]ai n
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t Kk ocessor , har dware subs emand a software library running on a
ggn;’\?{ﬂ P present invent?ons are show¥1. it is to be understood at the outset o¥ the descri%tion
which foliows that persons of skill in the appropriate arts may modify the inventions
15 here described while still achieving the favorable results of the inventions.

Accordingly, the description which follows is to be understood as being a broad,
teaching disclosure directed to persons of skill in the appropriate arts, and not as
limiting upon the present inventions.

20 Apparatus disclosed here is scalable and capable of functioning to
interconnect desktop or workgroup switches, aggregate such switches into a network
backbone, and provide backbone switching services. The apparatus can support
Layer 2, Layer 3, and Layer 4+ forwarding in hardware. Certain forms of the
apparatus are designed for desktop or workgroup switch aggregation and while

25 others are targeted as core backbone switches.

The architecture used for the apparatus is based on an interface device or
network processor hardware subsystem and a software library running on a control
point, all as more fully described elsewhere in this document. The interface device

30 or network processor subsystem is a high performance frame forwarding engine
designed for parsing and translation of L2, L3, and L4+ protocol headers. This



point, all as nore fully described el sewhere in this docunment. The X
I nterface device 30 or network processor subsystemis a high performnce
frame fowggidsdag engi ne designed for parsing and transkperiseo20f9sl2, L3,
and L4+ protocol headers. This WO 01/16682 PGI/USOCQO 20798 7 all ows
protocols to be switched at greater speeds using hardware. The interface
devi ce or network processor subsystem provides a fast-path through the box
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ability tofthersysiemr.e features 15 such as; grouping ports into separate
domai ns or trunks, configuring Virtual LAN (VLAN) segments, or filters to
control broadcast and nulticast traffic. This scal abl e apparatus has many
berg@f i ts. Fi r sWhilé tthel apparatuse heses distlosednsupportsamudti-lager #drwardingtin

configure, L3 forwardi and routing.of IP and | PX traffi 20 usin the.
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all ow systemadm nistrators 25 the ability to assign different traffic
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This scalable apparatus has many benefits. First, it allows the system

administrator the ability to configure L3 forwarding and routing of IP and IPX traffic

20 using the same hardware being used for L2 and at the same speed. Second, it

‘removes the need for using external routers to interconnect campus buildings while

increasing performance at the same time. Third, it simplifies or combines the

management of L2/L.3 service for a building into a single point of control. Finally, it

provides value added features with L4+ functions that allow system administrators

25 the ability to assign different traffic classifications to support mission critical
applications and network dispatcher for load-balancing among servers.

The apparatus is designed to be a modular unit using an interface device or

network processor, a Control Point (CP), and an optional switching fabric device as

30 its fundamental building blocks. The interface device preferably provides L2/ 3/L4+
fast-path forwarding services while the CP provides the management and route
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networ k processor, a Control Point (CP), and an optional switchi ng fabric
device as wWOonaesi undanental building bl ocks. The interfaperasvimsees
preferably provides L2/L3/L4+ fast path forwarding services while the CP
provides the management and route WO 01118682 PCT/USOQ 20798 8 discovery
functions needed to nmaintain the fast-path. The optional switching fabric
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be done . Tpe primary use of a CP only blade is for a product where redundancy is the primary
concern. The second type is a CP+Media Blade, which consists of a carrier
subsystem, a CP subsystem, and 1-to-3 media subsystems. The primary use of a

CP+Media blade is a product where port density is deemed more important than

20 redundancy. The third type is a Media Blade, which consists of a carrier subsystem
and 1-to-4 media subsystems. The media blades can be used in any chassis and
the type of media subsystem used is configurable.

Blade management will involve fault detection, power management, new

25 device detection, initialization, and configuration. This management will be done
using various registers, I/O signals, and a guided cell interface that is used to
communicate between the CP and carrier subsystems. However, unlike the chassis

there does exist programmable devices and memory on all biades. The amount of
programmability depends on the type of blade. When the CP subsystem exists on

30 a blade both the CP and carrier subsystems are programmable. The media
subsystems are also programmable but only indirectly through the carrier subsystem.
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formg a sphd e @pg@g%émgonterrpl ated by this invention has a control
poi nt processor; and an interface device operatively connected to the

control point processor. Preferably and as here ‘disclosed, the interface
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one ports connecting the internal data nmenory wth external data nenory
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exchange
' - units. The ports provided include at least one ports connecting the intemal data

memory with external data memory and at least two other ports exchanging data
passing through the interface device with an external network under the direction of

20 the interface processors. The control point cooperates with the interface device by
loading into the instruction memory instructions to be executed by the interface
processors in directing the exchange of data between the data exchange
input/output ports and the flow of data through the data- memory.

25 The network processor here disclosed is deemed inventive apart from the
switch assemblies into which it is incorporated. Further, the network processor here
disclosed is deemed to have within its elements here described other and further
inventions not here fully discussed.

30 Figure 1 shows a block diagram for the interface device chip that includes
substrate 10 and a plurality of sub-assemblies integrated on the substrate. The sub-
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as et hernet _
The sub-assemblies in the downside include DASL-A 26, DASL-B 28, SIF 30,
SDM-DN 32, EDS-DN 34, and PPM-DN 36. The chip also includes a plurality of
internal S-RAM’s, Traffic Mgt Scheduler 40, and Embedded Processor Complex
20 (EPC) 12. An interface device 38 is coupled by respective DMU Busses to PMM 14
and 36. The interface 38 could be any suitable L1 circuitry, such as ' ethernet
Physical (ENET PHY), ATM Framer, etc. The type of interface is dictated in part by
the network media to which the chip is connected. A plurality of external D-RAM's
and S-RAM are available for use by the chip.
25
While here particularly disclosed for networks in which the general data fiow
outside the relevant switching and routing devices is passed through electrical
conductors such as wires and cables installed in buildings, the present invention
contemplates that the network switches and components thereof here disclosed may
30 be used in a wireless environment as well. By way of an illustrative example, the
media access control (MAC) elements here described may be replaced by suitable



Physi cal (ENET PHY), ATM Framer, etc. The type of interface is dictated in
part by the network nmedia to Wmch the chip is connected. A plurality of’
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mount ed oapparstusdsefil withovirelessonetwork systems, di scl osed to achieve a switch
apparatus useful with wireless network systens. 10 The arrows show t he
general flow of data within the Interface device. Frames received froman
Et i net MAC aflee airows showthegeneral flobaf datatwithin thefifiterfacdgevite FrofesUP.
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Data in ntrol Menmory (the Generic Tree Handl er or shown in
Fi ¢ e 12ﬂ"b9ﬂ§‘3'_-1b(9fa e, PEasli processer s(ﬁlﬂ%e?ZB) two °f the ten protocol

processors are specialized; one for handling Guided Frames (the Generic Central
Handler or GCH) and one for building Lookup Data in Control Memory (the Generic
Tree Handler or GTH). As shown in Figure 12A, the EPC also contains a dispatcher
which matches new frames with idle processors, a completion unit which maintains

20 frame sequence, a Common Instruction memory shared by all ten processors, a
Classifier Hardware Assist which determines frame classification and coprocessor
which helps determine the starting instruction address of the frame, Ingress and
Egress Data Store interfaces which control read and write operations of frame
buffers, a Control Memory Arbiter which allows the ten processors to share Control

25 Memory, a Web Control, Arbiter and interface that allows debug access to internal
Interface device data structures, as well as other hardware constructs.

Guided Frames are sent by the dispatcher to the GCH processor as it

becomes available. Operations encoded in the Guided Frame are executed, such

30 as register writes, counter reads, Ethernet MAC configuration changes, and so on.
Lookup table alterations, such as adding MAC or IP entries, are passed on to the



whi ch matches new frames with idle processors, a conpletion unit which
mai'ntai ns 20 frane sequence, a Conmon Instruction nmenory shared. by all ten
processor sydoyiessassi fier Hardware. Assist which.determ nesciusvomoeros
classification and coprocessor which hel ps det ermine the starti ng

I nstruction address of the frame, Ingregqe and Egress Data Store interfaces
whi ch control read and wite operations of frame buffers, a Control Menory
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Some conma esuch as MB counter reads, require a response frame to be
built and forwarded to the appropriate port on the appropriate Interface
device. In sone cases, the Guided Frane is encoded forthe Egress side of

I nterface devic esefra re, forwarded taq e Egress side of the
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| nst r uct i oringituptiosAddress (CIA). ctreg Siearch dugnmmmpgugqumd FrixedMatchri xed
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and Soft mrrﬁa%ﬁ@?%%gh ].;Q%ﬁﬁnéttlﬁ@oﬂr rdif Pasnd Software Managed Trees (two patterns

defining either a range or a bit mask set, such as used for filter rules).

Lookup is performed with the aid of the Tree Search Engine (TSE)
20 Coprocessor, which is a part of each protocol processor. The TSE Coprocessor
performs Control memory accesses, freeing the protocol processor to continue
execution. Control memory stores all tables, counters, and other data needed by the
picocode. Control memory operations are managed by the Control memory Arbiter,
which arbitrates memory access among the ten processor compiexes.
25
Frame data are accessed through the Data Store Coprocessor. The Data
Store Coprocessor contains a primary data buffer (holding up to eight 16 byte
segments of frame data), a scratch pad data buffer (also holding up to eight 16-byte
segments of frame data) and some control registers for Data Store operations. Once
30 a match is found, Ingress frame alterations may include a VLAN header insertion or
overlay. This alteration is not performed by the interface device processor complex,



defining either a range or a bit nmask set, such as used for filter rules).
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frame | ookup of destination ports, 10 nulticast or unicast operations, and
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15 switch fabric queues. Frames from the switch fabric queues are segmented into 64
byte cells with Frame Header bytes and Switch Header bytes inserted as they are
transmitted to the Prizma-E Switch.

- Frames received from the switch fabric are placed in Egress Data Store
20 (Egress DS) buffers by an Egress EDS (34) and enqueued to the EPC. A portion of
the frame is sent by the dispatcher to an idle protocol processor for performing frame
lookups. Frame data are dispatched to the protocol processor along with data from
the Classifier Hardware Assist. The Classifier Hardware Assist uses frame control
data created by the Ingress Interface device to help determine the beginning Code
25 Instruction Address (CIA).

Egress Tree Searches support the same algorithms as supported for Ingress

Searches. Lookup is performed with the TSE Coprocessor, freeing the protocol

processor to continue execution. All Control memory operations are managed by the

30 Control memory Arbiter, which allocates memory access among the ten processor
complexes. |
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Egress hardware perforns the alterations. Upon co rrp et1on
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The completed frames are finally sent by PMM Egress hardware to the
Ethernet MACs and out the Ethernet ports.

20 An internal bus, referred to as the Web, allows access to internal registers,
counters and memory. The Web also inciudes an external interface to control
instruction step and interrupt control for debugging and diagnostics.

Tree Search Engine coprocessor provides memory range checking, illegal
25 memory access notification and performs tree search instructions (such as memory
read, write or read-add-write) operating in parallel with protocol processor execution.

Common Instruction Memory consists of one 1024x128 RAM and two sets of

Dual 512x128 RAM. Each set of Dual RAMs provides two copies of the same

30 picocode, allowing processors independent access to instructions within the same
address range. Each 128-bit word includes four 32-bit instructions, providing a total



frame in the EDS Egress queues and sending themto the Conpletion Unit. The
Conpl etion Unit guarantees frame orderfromthe ten protocol processors to

t he EDS wibolHgesess queues feedi ng the egress Ethernet MRCIUSEN20TH8e
conpleted franmes are finally sent by PVMM Egress hardware to the Ethernet
MACs and out the Ethernet ports. 20 AMSinternal bus, referred to as the
Web, allows access to internal registers, counters and nenory. The Wb

al so i ncl iange cf.8192 instmugtionsnt er f ace to control instruction step and

i nterrupt control for debuggi ng and di agnostics. Tree Search Engine
coprocessor provides nenory range checking, illegal 25 nenory access
notification afhe Pispatchescantrels the passing offrames twihe téis protocul provessors r ead,

wite or read-add-wite) operating in parallel with protocol processor
execution.n@m&eﬁwgﬁrpl"é?g%%mﬁ%ry consi sts of one 1024x128 RAM and two
setg of Dual 512x128 RAM Each set of Dual RAMs provides two copies of the
sanme 30 picogode, al] owi ng,.processors i ndependent access to instructions
W Ehin the sarheempledon i GuaERes Bums CHETICM INNBRESor SamPBAtD) 1

I nst ruct i {8 switeh Fabirié! i térg’g@bah qhBLes./ A Gichdnstrictibiveet iABI(38s canditibrial 9¢

of . 8192 instructions. The D spatcher controls the passing of frames to the
ten prot Gxeculion, pasking or inpet hash keys). sanditionalhranchino,signedandzinsigeed
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15 The Control memory Arbiter controls processor access to both internal and
external memory.

External Control memory options include 5 to 7 DDR DRAM subsystems each

supporting a pair of 2M x 16 bit x 4 bank or a pair of 4M x 16 bit x 4 bank DDR

20 DRAMs. The DDR DRAM interface runs at a 133 MHZ ciock rate and a 266 MHZ

data strobe supporting configurable CAS latency and drive strength. An optional 133

MHZ ZBT SRAM can be added in either a 128Kx36, 2x256Kx18 or 2x512Kx18
configuration.

25 Egress frames may be stored in either one External Data Buffer (e.g. DSO) or
two External Data Buffers (DS0 and DS1). Each Buffer can be comprised of a pair
of 2M x 16 bit x 4 bank DDR DRAM (storing up to 256K 64-byte frames) or a pair of
4M x 16 bit x 4 bank DDR DRAM (storing up to 512K 64-byte frames). Choose the
single External Data Buffer (e.g. DSO0) for 2.28 Mbps or add the second Buffer (e.g.

30 DS1) to support 4.57 Mbps layer 2 and layer 3 switching. Adding the second Buffer
improves performance, but it does not increase frame capacity. The External Data
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Buf fer interface tafifal Bht@sté?aéél\‘%viﬁéﬁ’ﬁﬁﬁé omamw%.w@n@ggﬁ@be

and supports configurable CAS I'atency an rive strengt nt r ol
nenory i ncl dagress disection WP)28 bit RAMS, two 1024 x 36 bit 5 RAMs and one
1024x64 bit RAM Internal Data storage provides buffering for up to 2048
64-byte frames in the 1Ingress direction (UP). 10 Fixed Frame alterations

i ncl Ut VLAN t ag Fixeddrrameralterationsdnciude Yt ANtag énvsertions intioe Wghéss digection

over | ay/i ns 8P VAN R EiGRER e <56 REEPhettdcrmety (i 1PBBRer e GRE  f on
Port m rror iovgriay/insert and MACTA/SA perayAnstroindhé Egress (DOVWN) directien.copi ed

to 15 a system designated observation port w thout using protocol
processor resources. Mrrored Interface device ports are configured to add

frame and sw t chPeftthineringallows one receive port and one transmit port to be copied to
15 a system designated observation port without using protocol processor resources.
Mirrored Interface device ports are configured to add frame and switch control data.

A separate data path allows direct frame enqueuing to the Ingress Switch interface.

The interface device integrates four Ethernet macros. Each macro can be
20 individually configured to operate in either 1 Gigabit or 10/100 Fast Ethernet modes.
Each Ethernet macro supports up to ten 10/100 Mbps MACs or one 1000 Mbps

MACs for each of four macros.

Figure 1A shows a block diagram of the MAC core. Each macro includes
25 three Ethernet Core designs; to wit, the muitiport 10/100 Mbps MAC Core (Fenet),
the 1000 Mbps MAC core (Genet) and the 100 Mbps Physical Coding Sublayer Core

(PCS).

Muiti-Port Ethernet 10/100 MAC Features:
30

Supports ten Serial Medium Independent Interfaces to the physical layer



A separate data path allows direct frame enqueuing to the Ingress Swtch |

i nterface. The interface device integrates four Ethernet nmacros. Each macro
can be #%fddinedsyi dually configured to operate in eitherPCT/AGS9aRI9% or 101100
Fast Et hernet nodes. Each Ethernet macro supports up to ten 10/ 100 Mops
MACs or one 1000 Mops MACs for each ®f four macros. Figure 1A shows a

bl ock di agram of the MAC core. Each macro includes 25 three Ethernet Core
desi gns; to wiGapabieofibandlingrten ports ©0 10Mhps\orc GMbps madia speedshany 000 Mops
MAC core %G%Pet% and the 100 Mops Physi cal Codi ng Subl ayer Core (PCS).
Mul ti - Por tP¥89HB¥net 10/ 100 MAC Features: 30 Supports ten Serial Medium

| ndependent Interfaces to the physical |ayer WO 01/16682 PCT/ US00/ Zz0798 17

Capabl e of handl.ng t orts of, 10 PS..0r 100 S .a speeds. any
speed nix A <ihEPERMARCARYEEs 81 tan ooyt s Tine o WRififley FFeTe

Mul i pl ex interface 5 Supports Full/Half duplex operations at nedia speed
on all ports Supports |EEE 802.3 Bipary Exponential Backoff 10 1000 Mops
Et hernet MAC @Hﬂ?oﬂéft‘{“#laﬁﬁ Bﬁ’?@“‘@%%{ﬂ?g&ﬂﬁﬂﬁﬁﬁppﬁaé’ﬁgﬁdent I nterface
(GM1) to the physical PCS layer or directly to the physical layer 15 Wth
the PCS Core, supports a conplete TBI (8b/10b) solution Supports Full _
dupl ex Poi nt-tSnnPorthtlEEErﬁWg’tDBm Exponential Bagkeff Supports the 1 BM PCS Core
valid byte signalling 20 1000 Mops Et hernet Physical Coding Subl ayer Core

Features: Perforns 8b/10b encodi ng and decodi ng
10 1000 Mbps Ethemet MAC Core Features:

Supports Gigabit Medium Independent Interface (GMII) to the physical PCS
layer or directly to the physical layer

15 With the PCS Core, supports a complete TBI (8b/10b) solution
Supports Full duplex Point-to-Point connections at media speed

Supports the IBM PCS Core valid byte signalling

20 . : _
1000 Mbps Ethernet Physical Coding Sublayer Core Features:
Performs 8b/10b encoding and decoding
25 Supports the PMA (10 bit) Service Interface as defined in IEEE 802.3z, this
interface attaches to any PMA that is compliant with IEEE 802.3z
Synchronizes data received from the PMA (two phase clock) with the MAC
(single phase) clock
30

Supports Auto-Negotiation including two next pages



25 Supports the PVA (10 bit) Service Interface as defined in | EEE 802. 3z,
this inferface attaches to any PMA that i's conpliant with | EEE 802. 3z
Synchr oni zewodn16882 ecei ved fromthe PVMA (two phase cl ock) RCTAUSeWR0798AC
(single phase) clock 30 Supports Auto-Negotiation including two next pages
WO 01/ 16682 PCT/ USOQ 20798 18 Converts f8om a. two phase cl ock system
defined. in the standards to a single phase clock Provides a signal to the
MAC i ndi cati ng t Gonvedsdrom ajwod pbaseclociksysterndefined irbthé atandandstosa sihgle
recei ved cogﬁ1 g%%l&% (10 bits) for COWA's and establishes word sync 10
Cal cul at es ) CKs the 8b/10b running disparity Figures 2A - 2D show
different configurations for the Interface device Chip. The configurations
are facilitated DASL and nnegtiQn to a switching fabric device. Each
BASL el udes. « whreYIaaR 8 ana i e A tndigatind Hioss Hasd cviten that coataia s, o
channef§. Fi gat® 2A shows a wap configuration for a single Interface
device. In this configuration, the transmt channel is wapped to the
recei ve channel. 20 Figure 2B shows the configuration in which two

I nterface devi ceqﬂ& RS iR ; ' Lk d
provided with at easttht%rle.ger')ASLs. }gﬁ%m&ﬁ?ﬁ%gﬁ@%ﬁ%’gﬁﬁbtﬁ %%Q%%lén@?? on
one DASL onsyne chip are operatively connected to the channels of a

mat chi ng DASL on the other chip. The other DASL on each chip is wapped.
25 Figure 2C shows the configuration in which nultiple Interface devices
are thnnected t Caiculates ahdichbckscthe Bivé1Gborimhing digparity ar r ows i ndi cat e
transm ssion in

Figures 2A - 2D show different configurations for the Interface device Chip.
The configurations are facilitated by DASL and connection to a switching fabric

device. Each DASL includes two channels; namely, a transmit channel and a
15 receiver channel.

Figure 2A shows a wrap configuration for a single Interface device. In this
configuration, the transmit channel is wrapped to the receive channel.

20 Figure 2B shows the configuration in which two Interface device chips are
connected. Each Interface device chip is provided with at least two DASLs. In this
configuration, the channels on one DASL on one chip are operatively connected to
the channels of a matching DASL on the other chip. The other DASL on each chip

is wrapped.
25
Figure 2C shows the configuration in which multiple Interface devices are
connected to a switch fabric. The double headed arrows indicate transmission in
both directions.
30 Figure 2D shows the configuration in which a Main switch and a Backup

switch are connected to Multiple Interface devices. If the main switch goes down,



both directions. 30 Figure 2D shows the configuration in which a Miin
switch and a Backup switch are connected to Multiple Interface devices. 1f
t he mai nwowinees2goes down, WO 01/ 16682 PCT/ USOQ 20798 eer/usépowsckup i s
avai l abl e for use. A Control Point (CP) includes a System Processor that is
connected to each of the configuratid® The system processor at the CP,
anong ot her things, provides 5 initialization and configuration services
to the chthe batkupdsawailablecforusated i n any of ‘three locations: in the
interface device chip; on the blade on which the chip is nounted or
external to the blade. If external to the blade, the CP nay be renote;

that is, houseA GortmhReint(CPyinclades aiSysiemmBrdzgssdrehatds somnected tuheach t he

i nterface VIC an CPare ttached. T nents o aCParesovvnln
H gur o sy oL cobfipiBfiomT i ssrm Bratesserat e CB LM ria Sibel Mo RIMdcs  rermor y
contg ol | enitidizilidn akd! Gonfiiifa W&é&ﬁ:tﬁéthm bRRKOPaNay BE tbdated inlariyet wor k
medi a. Fi gure 18 shows t&%'mq% Netvvork Pr cessor and t he functions

provi ded Bithree logationgs in chigronithe e which e ipis; he EDS-
15 DOMWN r Iock
(Pl}‘)uep d raéJEél'ﬁ?thé‘iﬂH& ?Efd‘éﬁ%ﬁo HebiSde, 3RE dﬁ‘ﬁla?éﬁgent e 5 5

(CB) that the contents In the queues are re
rect angul thatis; boused elsewbeneiandi communicatinghiydhe network taewhi é@mtmfaqe

functions M 7t Net wor k
Pr ocessor gé{)[g% @ont %F’éngﬂ?%ﬂ%@i@ F}—Qépe ﬁ@i 3& %‘?ﬁgﬁg{ a gc héeh? to the
extH nal Ridiudeememesy elumdﬁWcaEhe Jlashgnd SRRAM)Ly memdry wontralierPENRCI and
formats it into FISH es 2 t UP- EDS. There are 4
DMUs wi t hf’H Sand “F%OF %%P?“gfa"%ﬁf Hﬁﬂ(ﬂh?ﬁ‘e? %Enet or 10 FEnet
devi ces. UP-EDS:. This I ogic takes the fish from UP-PMM and stores theminto
gggeUP;iﬁt :f ¢ S i%{l%e%néﬁgvvsalthe I\{tgle c‘i'np Nekah R Pbe2tsoiChnd e ¥indfons 2MeS At
provided by the EDS-UP, the traffic Management (MGT) Scheduler and the EDS- '
16 DOWN (DN). The U-shaped icons represent queues and the Control Blocks (CB)
that keep track of the contents in the queues are represented by rectangular icons.

A description of the elements, their respective functions and interaction
follows.

20
PMM: This is the part of the Network Processors that contains the MACs (FEnet,

POS, GEnet) and attaches to the extemal PHY devices.

UP-PMM: This logic takes bytes from the PHYs, and formats it into FISH (16 bytes)
25 to pass on to the UP-EDS. There are 4 DMUs within the PMM, each capable of
working with 1 GEnet or 10 FEnet devices.

UP-EDS: This logic takes the fish from UP-PMM and stores them into the UP-Data
Store (internal RAM). It is capable of working on 40 frames at once, and after the
30 appropriate number of bytes are received, it will enqueue the frame to the EPC.
When the EPC is finished with the frame, the UP-EDS will enqueue the frame into



30 appropriate nunber of bytes are received, it will enqueue the franme to
the EPC. "When the EPC is finished with the frane, the UP-EDS wi || enqueue
the frame wodnk¥e2 01/ 16682 PCT/ USO0/ 20798 20 the approprlm:rlwsﬁm'zgm Port
Queue and start sending the frane to the UP-SDM The UP-EDS is responsible
for all buffer and franme managenent and20eturns the buffers/franes back to
free pools when the transfer to UP-SDMis conplete. 5 EPC. This logic

cont ai ns t hthe@ppogpriateTargetPart Quens andrstartsemihg;lmﬂeémdm‘to tRe WE-SDM. TThes

logic is c af ader and deci di n at t do

w th the f rORE0S dp iPaohsiRle Ty i byl End fHe ifiiadebient At Koing he

sever al Iqufa@s/ﬁahiessbaakrtdfmrnbwwr\asmestrmsferwmmnms bompwt@cessors to
keep up with the high-bandw dth requirenents of the Network Processor. 10

UP-SDM This logic takes the frames, and formats theminto PRI ZMA cells for

transgi ssi gepEo THE ﬁigid %Bnﬁaﬁiérth% gﬁ?}g}ﬁc&@ﬁ&@ arid MALCcoMBMPAR sthbédded ti ng
the VLAN header_into F: | ogi ¢ contains the UP-DASL

macros and PewerfitesThig |Q9'F‘e'séﬁpgblﬁ§f lookiRgtat the me hegdey and degiding what to I
(7o 20 DN MR S (RMWAE nideh, HET. B0\ g BRI nak dikele o Seleral ™,
for PTE: gsl triookupatables_eandbatdvgare assTls}sa alerw&e pnigcbprdtcms mepne:lgit Zfﬁgfb i
gf 2ree, and 'ﬂ@tﬂ"gﬁ@‘%g@W‘]‘-{\%@'ﬁ%@féﬂﬁé\f&\"@rﬂéﬁﬁ% mes. Wien the entire
;Irﬁlngﬂgz \rMecei ved,ftge frame wll bguggqggueﬂ to tggqu? After EPCis

t he Targetﬁ'g'fécgﬁ@tl?}g?bg' Eﬁsﬁpn ?énﬁ%d% Q%EIPETE éh&“ﬁé;ﬁeg rfz’ate

port by seapslidiissiba to teeBwiteifabst! Thiyf logit is aiswéaiabw@f iRSEHiAG e VRAN Ol

information to the
header mto the frame.

15 UP-SIF: This logic contains the UP-DASL macros and attaches to the external
switch 1/Os.

DN-SIF: This logic contains the DN-DASL macros and receives PRIZMA celis from
the external I/0s.

20
DN-SDM: This logic receives the PRIZMA cells and preprocesses them for help in
frame reassembly.
DN-EDS: This logic takes each cell and assembles them back into frames. The cell
25 is stored into external Data Store, and buffers are linked together to make frames.

When the entire frame is received, the frame will be enqueued to the EPC. After

EPC is finished with the frame, it is enqueued to the Scheduler (if present) or the

Target Port Queues. DN-EDS then sends the frames to the appropriate port by

sending the frame, any aiteration information, and some control information to the
30 DN-PMM.



30 DN-PMM WO 01/ 16682 PCr/USO0Nn0798 21 DN-PMM Takes the information from
DN-EDS and formats the frane into Ethernet, POS, etc. and sends the frane
to the eweosnmks2PHY. SPM This logic is used to all ow t PETRISONRATY8 Pr ocessor
to interface to external 5 devices (PHYs, LEDs, FLASH, etc) but only
requires 3 I/ 0s. The Network ProcessoR1 uses a serial interface to

comuni cate to SPM and then SPM preforns the necessary functions to nmanage
t hese ext BNaRBMMiclakesshe informiatien fromIDNEDS anrd fommatsthe framedhtorEilvethet, Byt es

are recei P-.P - en Fl ver to UP-EDS (Fish neans a
portion OP%'%%&%@? s't!%lsjgﬁg%g%meegﬁﬁngﬁﬁﬁ to UP-DS 5) UP-EDS sends
header over to EPC 15 6) EPC processes header and sends enqueue information
back to UR-EDS_ 7) UP-EDS continu receive the remainder of frame from
Up P ) SEBE EBsUaRla s aed il e DAMSECRIORRRHDT 49 BAFa.(e SRR < [ cady
to ssend H@viéé‘!JEHYs?LEDE;ﬁ%H%’t@)Ebtﬁb 3A/05. e Nétwork Prote8sdtRl ZMA
cells 20 10) - SDM sends cells to UP-SI 11) UP-SIF transfers the cells

over the BRe3 assgnial]infariags toocommenicate; 1o SREMmand then SPM preforassther anes

when al | +?§s§%ﬁ§§d'§q&%éﬁ§@qw@bﬁé%| Hondes. 25 1) DN-SIF receives

PRI ZMA ce stores cells and preprocesses themfor reassenbly
I nformation 3) DN-EDS receives the cell data and reassenbly information and
|l i nks the ; a new frame on down side 4) DN-EDS stores the cell
ks 1 NeUBSSIDE Fibh

10 1) Frame arrives at PHY

2) Bytes are received by UP-PMM
3) UP-PMM sends FISH over to UP-EDS (Fish means a portion of a frame)
4) UP-EDS stores FISH into UP-DS
5) UP-EDS sends header over to EPC
15 6) EPC processes header and sends enqueue information back to UP-EDS
7) UP-EDS continues to receive the remainder of frame from UP-PMM
8)  UP-EDS sends information to UP-SDM when appropriate data is ready to
send to switch
9) UP-SDM reads frame data and formats it into PRIZMA cells
20 10) UP-SDM sends cells to UP-SIF
11)  UP-SIF transfers the celis over the DASL serial links to PRIZMA
12) UP-EDS frees up buffers/frames when all the data has been taken

DN-SIDE Flow
25 1) DN-SIF receives PRIZMA cells
2) DN-SDM stores cells and preprocesses them for reassembly information
3) - DN-EDS receives the cell data and reassembly information and links the cell
into a new frame on down side
4) DN-EDS stores the cell into DN-DS
30 5) DN-EDS enqueues the frame to EPC when all of the data have been received
6) EPC processes the header and sends enqueue information back to DN-EDS



30 5) DN EDS enqueues the frame to EPC when all of the data have been
received” 6) EPC processes the header and sends enqueue information back to
DN- EDS WO G#6bderedes: PC r/ Usoono798 22 7) DN-EDS enqueues t lpeThusenmrdsnt o a
schedul er queue (if present) or a Target Port Queue 8) DN EDS services the
queues and sends franme information into 2he PCB 9) DN EDS uses the PCB to
"unravel" the frane and reads the appropriate data 5 and sends that data
to DN- PWM 1G) DNDINvEDScnnmmesHtefﬂahe inftoid schaduler quiee (if presentyesh gtnd

sends the frane gadhe external PHY 11) DN-PMMinforns DN EDS when buffers
are no | onger E& YWHHF DN-EDS frees these resources 10 FRAVE Contr ol

Flow 1) Headp r lsmsems smlEéﬁﬁgmdéBdh%ﬁndM mfortionaptehepdpader
i nformation @SEEB t abl es and receives frane enqueue information 15 3)

EPC sends tﬁ Si%P&F%FP@&OBWV%W@@QMWM@aparqpna? data

enqueugd to the aRd 58Rdd Naf datt DNIP Headers and Frame Headers are
sent along with the frane data to ai |n reassenbly and frane forwarding

20 CP Cont r dP) FI BN- EMM:Eqmets theslata (with altarstien ifrequested) and sends thefdamet t o
t he Network Pr 0CESH lsegﬁ Net wor k Processor enqueues the CGui ded Frane
to the GCH pi copr ocessor ¥h GCH processes the Guided Franme and reads
or wites tHé&)reDheBMMIinfamsDNESDS when buffers dde idlengéithgetistemdDN-EDRS! e
updat e requests AYEL to the GIH
ees these resources
10
FRAME Control Flow
1) Header is sent to EPC from UP-DS or DN-DS
2) EPC looks up header information in lookup tables and receives frame
enqueue information
15 3) EPC sends the enqueue information back to the EDS and the frame is
enqueued to the appropriate queue
4) Cell Headers and Frame Headers are sent along with the frame data to aid

in reassembly and frame forwarding

20 CP Control Flow
1) Control Point formats a Guided Frame and sends it to the Network Processor
2) The Network Processor enqueues the Guided Frame to the GCH
picoprocessor
3) The GCH processes the Guided Frame and reads or writes the requested
25 areas of Rainier
4) The GCH passes any Table update requests over to the GTH
5) The GTH updates the appropriate table with information from Guided Frame
6) An acknowledgement Guided Frame is sent back to CP

30 Network Processor Control Flow
1) A Picoprocessor can build a Guided Frame to send information to another



5) The GIH updates the appropriate table with information from Gui ded Frane
6) An acknow edgenent Guided Frame is sent back to CP 30 Network Processor
Control KlPyydds2A Pi coprocessor can build a CGuided FrampcrRisiidiofhs
information to another WD 01/ 16692 PCT/ USOOn0799 23 Rainier or the
Control Point 2) The CGuided Frane is ggnt to the appropriate |ocation for
processing A single Interface device provides nedia speed switching for up

to 40 Fast 5ﬂlhﬁfaﬁfhe@ﬁt&|ﬁ§irﬁure 2A). 80 Fast Ethernet Ports are
r

supported when two Interface evices are interconnected using |BMs Data
Ali gned SgnchriedGuided fameisegnt to damapprogiaterocation fopprocesaing DASL
differential pair carries 440 Mips of data. Two sets of eight pairs
provide a 3.5 Gops dupl ex connection (8 tines 440 Mops in each direction).
As shown i n FiAysingle Ipteriace demjcel provjdes medicespeeadaswitohing fopyip16 40 Fast

Pri Sre & EPITER POHS FaBl% 240 80 G ERatbtiias e Bubitewistiibe iterBtl ° i ex
DrAS\I;i ggnrwmaesrm’e unteecomvegtw using mursgl?r:atclr!WSyMroﬁousanzngsmet 0

ge\?i ces thmf"Eﬁ &))‘ gﬁ&r E?%Biﬁl-d:{ﬁ erenti pBFCQ"'e%%Q@EP%H d25a51WR qundant
swi tch f aguté 6f élEMQS#irQ p?!&ud@asl@@bﬁwmple* BontieRtibR {8 times 430 Misp&an ebble si ngl e

Net wor k Pr.ocessor i s scal eab in that one chip can be used to

provi de aﬂ'l’Qﬁ!P%dA§y§h@fﬁ (RabigHEes ACande 2D, | laesiopystamsscay buillaby 40) to
hi ab end p&Yé&rﬁx@bﬁﬁWhlﬁBlélﬁieﬁab&&é\)ic&t%s%&ﬁ s@afss 'Bﬁ”e s PAYMAE swilthPor t s) -

Intertace device In the systemis connected system processor Vi a

20 up t o Tmmmamodempmu@es o of thet 3. §6:‘rhns duplac DABL | aonnectiprishpre Et her net
t
EeprROw st She Bhe BRECHdHY, hicH cd b Bied W prouda Yras Bakipan Rrdéc! L1, O
The syst efmrpechnaﬁ'n:s enctwmhterfmdevmesraraldlremm conracied|dugures2B)ora syst em
see Figure 2).b th t
{ranes. o HrDnEHiG 1R odineint SRS Bineg R, D7 BRI SR ITVEY dtinfpas, ™
link to cadove, thesingsNetwarkPragcessor Chiptisscaleable in that one chip can be used -
to provide a low end system (having relatively low port density — say 40) to high end

system (having relatively high port density, say 80 - n ports).

One Interface device in the system is connected to the system processor via :
20 up to ten 10/100 Mbps Fast Ethernet ports or a single 1000 Mbps Ethernet port. The
Ethernet configuration to the system processor is placed in an EEPROM attached
to the Interface device and loaded during initialization. The system processor
communicates with all Interface devices in a system (see Figure 2) by building
special Guided Frames encapsulated as ethernet frames. The encapsulated Guided
25 Frames are forwarded across the DASL link to other devices allowing all of the
Interface devices in the system to be controlied from a single point.

Guided Frames are used to communicate control information between the

Control Point (CP) and the Embedded Processor Complex and within the interface

30 device. A prior disclosure of Guided Cells which will elucidate the discussion here
is found in U.S. Pat. 5,724,348 issued 3 March 1998 for Efficient Hardware/Software



Interface devices in the systemto be controlled froma single point.

Qui ded Franes are used to conmuni cate control information between the
Control Pomwdoifieéde and t he Enbedded Processor Conpl ex and mambson2e7s
interface 30 device. A prior disclosure of Guided-Cells which wll
elucidate the discussion here is found 24 U S. Pat. 5,724,348 issued 3
March 1998 for Efficient Hardware/ Software WO 01/ 16682 PCT/ USOQ' 20798 24

I nterface finterfacefonaPataSwitch-or Gui ded Frane traffic that originates at
the CP, the CP constructs the @uided Frane in data buffers in its |ocal
menory. The CP's Device Driver sends the 5 Guided Frane to one of the

nedi a i nt er f acesFr@f GuidedNeram traffit IRASGRIinatds &t Ihe\OFE Ihe GP chAstridiE \the

hardware regovers the GJided Franme and stores it in its internal data

store (U_DSpuideddirgmemdatghuftess ipitglacal memaiy o fihe GPisTeevigr Poyensends the ade,
procegsed. - Glied¥tahib RAbHe of the fdda fterfsd orole KRMWORE PRSGUIRST P ifstlid)d
bet ween an external CP and the Interface device are encapsulated to adapt

to the I10 phegassdbortrolt (MAG) bardware recanerscthesGuidedolrame. and stores it Tmeits |

cthor not 1 iinel deff soRE ) 38} ViR, Gl Einme e ol 8 aBRRRBlE 7

s e oyib e e e i L

beot | nat i or PoRYERE2D PamaleP & the miirte B8Rcaiie SRetrsiiandf o aipnid e

Thi s 10nal y sprotocol pfthé exteenalipetwdrk. EE’Ecbh%t'f”qBﬂlee, if thei e dl mdhwork ifdl@desTes
ont i

that the Interface device, has not been c ured and the DA and SA cannot
be anal yseoetgﬁnﬁiéhﬁ%'é?‘égm arpRNGapsylated axatbemef frameg and sofasthent | v
self-routing. The Enet MAC does, however, analyse the Ethernet Type 20
field to distinquish Guided Traffic fromData Traffic. The value of this

Et her net Type hemed fencapsulation: providesca meansraf tanspart for Guidedatraffic nt o

ntertave. daweshitic €p and e IMigtatelelcs, 708 EheBfMAC TERIMRG aPle, 12
dat a1buf f eripterfacedevicedoes motranglyzeithe Destination Address (DA) or Source Address
' (SA) when receiving frames. This analysis is performed by the EPC picocode.
Guided Traffic presumes that the Interface device has not been configured and the
DA and SA cannot be analysed by the EPC picocode. Therefore, these frames are
inherently self-routing. The Enet MAC does, however, analyse the Ethernet Type
20 field to distinguish Guided Traffic from Data Traffic. The value of this Ethernet Type
- value of the Guided Frame must match the value loaded into the E_Type C
Register. This register is loaded from Flash Memory by the Interface device’s boot
picocode.

25 The CP constructs the Guided Frame in data buffers in its local memory. The
contents of a 32 bit register in the CP processor are stored in big endian format in
the local memory as shown in Figure 3. Having constructed the Guided Frame, the
CP'S Device Driver sends an Ethernet frame containing a DA for specific Guided
Cell Handler (GCH), an SA corresponding to the global MAC address for the CP or

30 the MAC address for specific interface, a special Ethernet Type field that indicates
a Guided Frame, and the Guided Frame Data. All Ethernet frames arriving on the



contents of a 32 bit register in the CP processor are stored in big endian
format in the local nmenory as shown in Figure 3. Having constructed the
Gui ded Fwamnedshe CP'S Device Driver sends an Et her net PCT/AiSe0/20198t ai ni ng a
DA for specific Guided Cell Handler (GCH), an SA corresponding to the

gl obal MAC address for the CP or 30 t28 MAC address for specific interface,
a special Ethernet Type field that indicates a Guided Frane, and the

Qui ded Frportafentegeivad|angt dralyzed Hyr BmetdMAC: | Rorrfranoes witle an@thérret dype

it hoan - ces et e o G5k K7 1yBd . Regiaidrfhe Bnethikc phos shfthe’ ' 2™°
rores 1 ho B e L A e TS e v o S et ed by
She! Enet  ToRMODN Butes AR allaciBiby e EnSMALTonet pmaints 4 BockbT 165e8,  Thove
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contents in Interface device’s intemal U_DS memory. The Enet MAC indicates that
the frame is to be enqueued to the General Control (GC) Queue for processing by
the GCH. When the end of the Guided Frame has been reached, the Enqueue,

20 Dequeue, and Schedule (EDS) logic enqueues the frame into the GC Queue.

The GCH picocode on the blade locally attached to the CP examines the

Frame Control Information (see Figure 6) to determine whether the Guided Frame

is intended for other blades in the system and whether the Guided Frame is to be

25 executed on the down side of the Interface device. If the frame is intended for

blades other than or in addition to the locally attached blade, the GCH picocode

updates the TB value in the Frame Control Block (FCB) with the TB value from the

- Guided Frame’s Frame Control information and instructs the EDS to enqueue the

frame in the multicast Target Blade Start of Frame (TB_SOF) Queue. For

30 performance reasons, all Guided Traffic is enqueued to the multicast TB_SOF queue
independent of the number of destination blades indicated.



I's intended for other blades in the system and whether the Guided Frane is
to be 25 executed on the down side of the Interface device. If the frane is
i ntended feooRkedes other. than or in addition to the | ocadyussrensed

bl ade, the GCH pi cocode updates the TB value in‘the Frame Control Bl ock
(FCB) Wth the TB value fromthe GCuideggFrane's Frame Control information
and instructs the EDS to enqueue the frane in the nulticast Target Bl ade

Start of Frane (fT%ﬁ%i&Medﬁ@fo%tﬂéﬂbéﬂfymﬁed BR3ehe GCH pitcdad

Traffic is enqueued tothe | ficast eye mdependent of the number

of desti naeXaminasihe spidawn tf\ﬂCﬁfP@S&P dnformeiion tasietermine Wlhﬁﬂ'ﬁie
frame is igeg Gﬁ?%dfﬂ'hnﬁ'iﬁob?%xhé\&%ﬂoﬁtﬁéh ‘Uﬂﬁgwﬂls?@éofﬁg‘?m@%c@ degicade

exani nes the wn fie troI mati on to determ ne

whet her t joyeg| 6)r dfthe Guided thrameds to e exequied op the dowmsidedef the t he

| nt d

e B’ H8HaGe aRTEE. fieICA Hidocols, updbted hdh FAIBET i FERYTHRCHBC] "
val ue i n t halued@miheGuided Atameis RramierContrdl infG@mation dndbinstnscts-thenEDSdot r ol

i nf ti d he EDS. t | & t
o per b A FRHRb Ty bR IROE S R B ol

i _m;I or rr;aL i Ollfthéd-'ramé‘i}brltﬂwtnfdrhiatlai lmuicbejté‘(sj ﬂ'{jmhé;GuiueWram?ywse e&écditbg up

S| de, e I CO an e | de errt or

oper at i onseg_hg Q et(ﬁé §ﬁ??ge6?£gf e app,qﬁr}qr@s the

pr ocRp S| ngoﬁéra@éhé'ﬁiﬁuééié@h?%@e Ghl’ﬂédm&ﬂﬁ%ﬁs‘it%ﬁné he value of the ac

noac field of the Frane Control information. If this value is "0 b, then
the @uided Frane is discarded follow ng processi ng Qui ded read comrands

"1y and the valoLoosesMEBrENded Cmialds, ife Plopodtf Biedkt thd Ufibe'dre! ¢ !¢
pr ocessi ngthengckificacksfia iofithe ExamexGaptrolinfonmation.d¥dhisvalue, is ‘0'bethendbe ode

Che. Frane GHRIR tathe 18 Bl tof G pitdogend ¢ ot o ot S het 0
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If the value of the ack/moack field is ‘1'b, and the value of the early/late field
is ‘“1'b, then prior to processing any of the Guided Commands in the Guided Frame,
the picocode constructs an Early Ack Guided Frame with the value of the TB field of

20 the Frame Control equal to the contents of the Early_Ack Guided Frame with the
value of the TB field of the Frame Control equal to the contents of the My_TB
Register. The picocode routes the Early Ack Guided Frame back to the CP by
updating the TB value in the frame’s FCB with the value contained in the TB field of
the LAN Control Point Address (LAN_CP_Addr) Register and instructing the EDS to

25 enqueue the frame in the multicast TB_SOF Queue. The picocode then processes
the Guided Commands of the Guided Frame and discards the Guided Frame.
Guided read commands shall not be of this category.

If, on the other hand, the value of the ack/noack field is ‘1'b and the value of
30 the early/fiate field is ‘0'b, the picocode changes the resp/feq field of the Frame
Control information to ‘1'b to indicate a Guided Frame response, replaces the TB



value of the TB field of the Frane Control equal to the contents of the
My TB Register. The picocode routes the Early Ack Gui ded Frame back to the
CP by umabimegszt he TB value in the frame's FCB wi th t heCcraisee20e9snt ai ned i n
the TB field of the LAN Control Point Address (LAN CP Addr) Register and
instructing the EDS to 25 enqueue the2frane in the nulticast TB SOF Queue.
The picocode then processes the Guided Commands of the Guided Frane and
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Regi ster Queleee for CP) and instructing the EDS to enqueue the frane in the
mul ti cast TB SOF Queue. 10 Franes residing in the TB SOF Queue are

schedul ed for forwarding by the EDS. The Switch Data Mover (SDM buil ds
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15 side recognizes that the frame is a Guided Frame and signals the EDS to enqueue

it in the GC Queue.

Pressure from the GC Queue or the GT Queue stimulates the picocode to

access and analyse the Guided Frames. All Guided Frames arriving on the down

20 side are initially enqueued in the GC Queue. The gth/gch value of the Frame Control
Information for these frames is examined by GCH picocode. if the gth/gch value is

‘0’b, the Guided Frame is enqueued in the GT Queue. Otherwise, the GCH picocode
examines the resp/req field of the Frame Controt information to determine if the

Guided Frame has already been executed. If the resp/req has a value of ‘1'b, then

25 the Guided Frame has already been executed and is routed to the CP. Target port
values corresponding to CP connections are maintained by EPC picocode. Frames

from these Target Port queues are transmitted from the Interface device back to the

CP.

30 If the resp/req field has a value of ‘0'b, then the blade may be local or remote
with respect to the CP. This is resolved by comparing the value of the TB field of the



20 side are initially enqueued in the GC Queue. The gth/gch value of the
Frame Control Information for these franmes is exan ned by GCH picocode. |f
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the blade is local_to the CP and the frame is routed"to the Port
is remote from the CP, the picocode routes the Early Ack Guided Frame to the Wrap
Port. Otherwise, the blade is local to the CP and the frame is routed to the Port
- Queue corresponding to the CP. The picocode processes the Guided Commands
while either the Wrap Port moves the Early Ack Guided Frame from the D_DStothe
20 U_DS and enqueues the frame in the GC Queue on the up side or the frame is
transmitted from the Port Queue back to the CP. For frames wrapped back to the
U_DS, the GCH picocode again sees this frame, but the resp/req field will have a
value of *1'b. The GCH picocode routes the frame back to the CP by updating the
TB field in the FCB with the value contained in the TB field of the LAN_CP_Addr
25 Register and instructing the EDS to enqueue the frame in the multicast TB_SOF
Queue. Frames residing in the TB_SOF Queue are scheduled for forwarding by the
EDS. The SDM builds the Prizma Cell Header and Interface device Frame header
from information contained in the FCB. Celis from this frame pass through Prizma
and are reassembled into a frame on the CP's local blade. The SDM of the down
30 side recognizes that the frame is a Guided Frame and signals the EDS to enqueue

it in the GC Queue. This time when the GCH picocode analyzes the frame, the



Queue corresponding to the CP. The picocode processes the CGui ded Comrands
while either the Wap Port noves the Early Ack Guided Frame fromthe D DS
to the 2 nd enqueues the frame in the GC Queue o RRy j de or the
frame is ransmtted fromthe Port Queue back to the . For franes

wr apped back to the UDS, the GCH-piggcode again sees this franme, but the
resp/ field will have a value of '1'D. The GCH picocode routes the frane
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again sees this frame, but the resp/req field will have a value of *1'b. The GCH '
picocode routes the frame back to the CP by updating the TB field in the FCB with
the value contained in the TB field of the LAN_CP_Addr Register and instructing the
20 EDS to enqueue the frame in the multicast TB_SOF Queue. Frames residing in the
TB_SOF Queue are scheduled for forwarding by the EDS. The SDM builds the
Prizma Cell Header and Interface device Frame header from information contained
in the FCB. Celis from this frame pass through Prizma and are reassembiled into a
frame on the down side of the CP's local blade. The SDM of the down side
25 recognizes that the frame is a Guided Frame and signals the EDS to enqueue it in
the GC Queue. This time when the GCH picocode analyzes the frame from the
D_DS, the resp/req field has a value of “1'b. This implies that this blade is locally
attached to the CP and the Guided Frame is routed to the Port Queue corresponding
to the CP. Frames from this queue are transmitted from Interface device back to the

30 CP.



15 the frame in the GC Queue on the up side or the franme is transmtted
formthe Port Queue back to the CP. For franmes w apped back to the U DS,

t he GCH pi W@mmagal n sees.this frame, but the resp r/ r epctrusdoorss| | have
a value of '1'b. The GCH pi‘cocode routes the frame back to the CP by
updating the TB field in the FCB with tdpe value contained in the TB field
of the LAN CP Addr Register and instructing the 20 EDS to enqueue the frane
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field of the Fra trol informati to ' 0000 h, en_the GCH

pi cocode inter ng'g‘f%cﬁ fRICPPLAGES %ﬁwﬁ&ﬁgmmwﬁtﬁ@ewasﬁﬁ%ﬁ Hhis
accor@ ngl yfrarh@i canatsé tthnsa-dtea \Guiged Mmesbr 'a'hytdtﬁéﬂ fbﬂh | SFrayied Framey al ue
of the. M/_TB Register is 'O h for 5 all bl adés. CPwll 1nitialize

the My_TB RB&P@@U%QQ{B@’#@ fm%ﬁ @f}h&tv%msmeéyn ammatgimunptaaltgyv ded

Oommnd in REBatk 2 Eﬁmg | ue
of ' 0000 h. a%\ny 0 § \ggr ocesso:gbﬁﬂﬁéé#mmbg can genera e a | ded
Frane. Thi splcqpfopesms GHar GTHd) withio the sared ERG deto the &GH or Gikd/ofcsonee f or m
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in a way th&? does not allow acknow edgrrent (i.e. ack/nackC ='"0'"b). These

f ramaﬁ maybe sent to one of the two
Unsolicited Guided Frames may aiso be sent to the CP. Guided Frames
destined for the same EPC are constructed using data buffers in the D_DS. These
frames are then enqueued in the GC or GT Queue for processing. These frames are
then processed and discarded in the usual manner. Unsolicited Guided Frames
20 destined for the locally attached CP are constructed using data buffers in the D_DS.
These frames are constructed in a way that indicates that they have been executed
by the EPC (i.e. resp/req = *1'b, and TB = My_TB). These frames are enqueued in
the Port Queue corresponding to the CP. Frames from this queue are transmitted
back to the CP.
25
Guided Frames destined for another blade can be constructed using data
buffers in the D_DS or the U_DS. Unsolicited Guided Frames destined for the CP
are constructed in a way that indicates that they have been executed by the EPC
(i.e. resp/feq = "1'b, and TB = My_TB). Frames constructed using buffers from the
30 D_DS are enqueued to the Wrap Port. These frames are moved to the U_DS and
enqueued to the GC Queue on the up side. Unsolicited Guided Frames with a



pi coprocessors (GCH or GIH) within the same EPC or to the GCH or GIH of
some other blade. 15 Unsolicited CGuided Frames may al so be sent to the CP.
Qui ded Fr ?1%65‘295“ ned for the same EPC are construct edpiSiidbansias @ buffers
in the DDS. ese franes are then enqueued in the GC or GI Queue for
processing. These franmes are then prgﬂessed and di scarded in the usual
manner. Unsolicited Gui ded Franes 20 stined for the locally attached CP
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Si d‘Eadl The%%?k‘?g%& a%% ?ixec&??swggggghﬁﬁ’gcﬁlggyﬁres egq ‘0" b
and gt h/ ggeneralized format for guiged feamesie frane to the GI Queue (resp/req =
"0O'b and gth/gc = '0"), or enqueues the frame to the Port Queue
corresponding to the CP (resp/ = *I'b). Franes constructed using data

buf fers in theThe fofmat shawnjis@ legicalirepresentation with the ostQignificamt byteonup
the left and the least significant byte on the right. Four byte words begin with word
15 0 at the top and increase towards the bottom of the page.

Since Guided Frames must be routed and processed before the interface
device has been configured by the CP, these frames must be self-routing. The
results normally obtained by look-up and classification are contained in this Frame

20  Control information field of the Guided Frame allowing the chip to update the FCB
with this information without performing a look-up operation. The target blade
information contained in the Guided Frame is used by the Guided Frame Handlerto
prepare the Leaf Page field of the FCB. The CP provides the Target Blade
information while the GCH picocode fills in the other fields in the FCB. This FCB

25 information is used by the SDM to prepare the Cell and Frame headers. The format
of the Frame Control information field of the Guided Frame is shown in Figure 6.

An explanation for the abbreviation at each bit position in Figure 6 follows:

30 resp/req Response and Not Request indicator value. This field is used to
differentiate between request (unprocessed) and response Guided



side. Fromthis point forward, these franmes follow the sane route and are
handl ed 10 in the sane way as those constructed using D_DS data Buffers.
Fig. 5 showgobihgeszoeneral i zed format for gui ded franmes. ThecfasgaRbzeghown i s
a |l ogical representation with the nost significantibyte on the left and
the | east significant byte on the right 32Four byte words begin with word
15 0 at the top and increase towards the bottom of the page. Since CGuided
Frames nust be rout eFramesprocessed before the interface device has been
configured by the CP, these frames nust be self-routing. The results
normal |y obtai ned by @ ook- USRS cl assification are contained in this Frame
20 Control information fiefedpehsd he Gui ded Frane allowi ng the chip to
update the FCB wth this mPormation wi t hout perform ng a | ook-up
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the SDMto prepare t

Control information f @I@?gtﬁ%ﬂ@(@ arfezqqsa%g\%rﬁi@éntha?fgﬂér E&B@ém
expl anation for the auknowlesigedrshall m&cbnﬂam apy form ohGuided Gammand ik ows :
30 respfr-eq Response apd Not gféquest i ndicator value. This field is used
to differentiate bet t (unprocessed) and response Gui ded WO
01/ 1@82 PCT/ US00/ 2098 NOAEkmmedg;ﬁemequest | response 5 ac noac
Acknow edgnent or No Acknova ed% cr{t)ntrol value. This field is wuse to
control whet her (ack) or 5%@ he GCH pi cocode acknow edges the
Qui ded Frane. Cuided Frames that are not to be acknow edged shall not

contain any formof Guided Command that perforns a re QII_
earlyfate  Early and Late Acknowledgment control value. This field is used to

control whether the acknowledgment requested (ack/noack = “1'b)
15 occurs before (early) or after (late) the Guided Frame has been

processed. This field is ignored when ack/moack = 0'b.

0 Acknowledge after Guided Frame processing

1 Acknowledge before Guided Frame processing

20 neg/all Negative Acknowledgment or Acknowledge All control value. This field
is ignored when the ack/noack field has a value of *0'b unless a guided
command does not complete successfully.

0 Acknowledge all Guided Frames if ack/noack = “1'b. Early or
Late Acknowledgment determined by value of early/late.

25 1 Acknowledge only Guided Frames that do not complete
successfully. This acknowledgment will occur independent of
the values of ack/noack and early/late and will of course be a '
late acknowledgment.

30 up/down Up or Down control value. This value is used to control whether the
frame is processed on the up side or the down side. This field is



10 0 No Acknow edgnent 1 Acknow edgnent early/ Early and Late )
Acknowl edgnent control value. This field is used to control whether the
acknow edgowenieéssequested (ac nk/= '1'b) 15 occurs bef orRETVUESORO7I8 or after
(late) the Guided Franme has been processed. This field is ignored when ac
nkack = '0"b. 0 Acknow edge after Cui d88 Frane processing 1 Acknow edge
before Gui ded Franme processing 20 neg/-aff Negative Acknow edgnent

or Acknow edge Al | cdgnareti whehuesp/fEqiis 1. cAlimulticastBuided Frames shall mveoac

field has a val ue of_'0Q Ve . e | et e
successfully. 0 Ackﬁ&ﬁé@wgﬁﬁgeE%eo’ﬂ%ggH@E@@gg%@H 3s&agpqgwrgar| y or
Late Acknow edgment theuse of GXH hardware assibt instrustiorst shallHavé atcip@ovadge
only Qui ded Franes that q,Q Jg’ot conpl ete successfully. This acknow edgnent
wi |l occur independé’ﬁ‘fleo‘? he val ues of ac nkroack and early a e and wil|
of cgurse be a |ate acknow edgnent. 30 ups Up or Down control value. This
value is used to control whether the frane is processed on the up side or
the down side. This &iel Hown gjge prOCe8YRS PCl YUSOO/ 20798 33 i gnored when
resp eq is'l'b. Al qmult mes shall have an up/down val ue
of'Ob. In addition éﬁa@%%g{ﬁﬁhat require the use of GITH hardware
assi st instructions shaII have an ups value of "0'b. 5 0 Down side

Dy press! Tt Coﬁt f'o‘&‘erﬁ ﬁ?éﬁ.h?@dl&é&u@;ﬁﬂe&gﬁ%hd@E&th’ﬁ‘{)&bﬁfﬂﬁé véideded

10 is used to direct Guided Frames to the proper picoprocessor.
0 GCH picoprocessor
1 GTH picoprocessor
B Target Blade value. When resp/teq is "0'b, this field contains routing
15 information used by Prizma. Each bit position corresponds to a Target

Biade. If this value is *0000'h, then the Guided Frame is assumed to

be for this blade and is executed accordingly. A value of *1'binone or

more bit positions of the TB field indicates that the cell is routed to the

corresponding Target Blade(s). When resp/freq is "1'b, the field
20 contains the My_TB value of the responding biade.

Word 1 of the Guided Frame contains a correlator value (Figure 7). This
value is assigned by the CP software to correlate Guided Frame responses with their
requests. The Correlator includes a plurality of bits with assigned functions.

25
Every Guided Command begins with a Command Control Information field.
This Command Control contains information that aids the GCH picocode in
processing a Guided Frame. The format for this information is shown in Figure 8.
30 Length value: This value indicates the total number of 32 bit words contained

in the Control Information {Cmd Word 0), The Address Information (Cmd Word 1),



10 is used to direct Guided Franes to the proper picoprocessor. 0 GCH

pi coprocessor | GIH pi coprocessor TB Target Bl ade value. When respir-eq is
'0' b, thiswbieehesszontains routing 15 informati on used by PRA/USAK07¥ach bit
position corresponds to a Target Blade. If this value is ' 0000 h, then
the Guided Frane is assuned to be for t34 s blade and is executed
accordingly. Avalue of 1'b in one or nore bit positions of the TB field

i ndi cat es t and Qperand (CmdWomnlst2¥) podiariscof the Guidsddrrdmey Tar get Bl ade(s).
When resp r/-eq is '"1'b, the field 20 contains the M/_TB val ue of the
respondi ng bl ade. Wrd 1 of the Guided Frane contains a correlator val ue
(Figure 7). Thi sCompletion GodesvalgaecThis field s irfitialized bmecmmsmwiﬁed byi ded

of it 5w 1 IO pIReoHa her O0oseIE LIS ENES oA P S poceoRp s,

Command ConiHi®fielt ffércﬁd?%léﬁﬁh taisdor th@fpréce@mﬁ@ﬂﬂe%&rﬁﬁhnﬂ ‘iﬁ‘ﬁ@ db?nmand

information that aid GCH pi cocod pr ocessi ng ed Frane. The

format for ligt Singe éﬂ rﬁ‘t"ﬂ% G@nmaaadlstﬁ twyuate with 303 L%thmea&wqiﬁd s

val ue indic t QY b@@Q Nl trol

I nf or mat i one%mé%r{ggoﬁmﬁ]ﬁg&iﬁﬁéssyl'lril)éf'tcl)ar mat ﬁgﬂ%ﬁ rc?éf) r,n % @?16682
PCTNS00/ 207 Belimiter'siGonplationGodecfeld\or ds 2+) portions of the Gui ded Frane.
Conmpl eti on Code value: This field is initialized by the CP and is nodified
by the GCH pi cocode when processing Gui ded Commands. The GCH pi cocode uses
5 thiq9 field for conpletion status for the preceding Guided Conmand in the
command list. Since all Guided Coormand lists termnate with the End
Delimter Guided Conmmand, the conpletion status of the last command is
contained in the End Delimter's Conpletion Code field. 10



WO 01/ 16682 PCF/ USOQ 20798 35 Cuided Command type val ue (Synbolic Nane)
Type Synbolic Nanme Val ue Type Description 5 End Delinmiter 0000 mark the
end of a HbfifdsFrame sequence Build TSE Free List OO0Gkrassobshros f r ee
list. Software Action 0010 execute software action 10 Unsolicited 0011
frames initiated by the EPC pi cocode :{gock Wite . 0100 wite a bl ock of
data to consecutive addresses Duplicate Wite 0101 wite duplicate data to
regi sters ®lidedCOR @;,Q, : and respond for reading

regi ster o(rgu"rjr%rmry %?da% ﬁ'lmre er\?ggw#ﬁ'sﬁrt Leaf 1000 insert a leaf into
the search tree. Update Leaf 1001 update a | eaf of the search tree 20
Read Leaf 1010 request and respondr ar reading of Leaf Page data 1011
reserved Del ete Leaf 1100 del ete a“feaf of the search tree 1101-1111
reserved BynibalicNdmessi ng i nf or mMalee cont TypeDeseriptien Gui ded Frane

[ den%i fies an elenment within the Networking Processor's addressing schene.

The Yeneral formfor the Address Information field is shown in Figure 9.
End_Delimiter 0000 mark the end of a Guided Frame
sequence
Build_TSE_Free_List 0001 build a free list.
Software_Action 0010 execute software action
10 Unsolicited 0011 frames initiated by the EPC picocode
Block_Write - 0100 write a block of data to consecutive
addresses
Duplicate_Write 0101 write duplicate data to registers or
memory.
15 Read 0110 request and respond for reading
register or memory data
0111 reserved
Insert_Leaf 1000 insert a leaf into the search tree.
Update_Leaf 1001 update a leaf of the search tree
20 Read_[eaf ' 1010 request and respond for reading of
 Leaf Page data '
1011 reserved
Delete_Leaf 1100 delete a leaf of the search tree
1101-1111  reserved
25
The addressing information contained in the Guided Frame identifies an
element within the Networking Processor's addressing scheme. The general form for
the Address Information field is shown in Figure 9.
30 The Interface device employs a 32 bit addressing scheme. This addressing

scheme assigns an address value to every accessible structure of the Interface



30 The Interface device enploys a 32 bit addressing schene. This addressing
schenme assigns an address value to every accessible structure of the

I nterface WgdAée®682 PCT/ USO0/ 20798 36 devi ce. These st IrgIUSOe20788 €
either internal to the Processor or connected to interfaces under the
control of the Processor. Sone of theseggiructures are accessed by the
Enbedded Processor Conplex (EPC) via an internal interface called the Wb

Interface. gogics cTRéSH Struefuréd @ré teither irtemat e tﬁe%%essdfl r B5fAfscted fo
controller 5 |nterfaces In al|l cases the %enera formof the address is

shown in Fi Bierfacggun meneamrqttf@cﬁrpﬁm% qrae gﬁbas%sfwjureﬁta@e aegessedhi p
i sl ands. EaBEBHeﬁtﬂBgddéd pwcée&r@may@%#’@\ﬁ& n H?e Ferfalsa §Iléd1{ﬁruc{e§| and

| D val ue for nost signi ficant ress ur es
control | ed lnerface: a'heprematm ofthe swcwespamimcesseﬂ hatmemr)enontddlér

por 1 6h of ' eifardl" Ahall sasee uie odesaiIfi ok elaifthBen B <ol i Fidure 15", T e
ngieﬁ?drgzzrgggld i's segnented into a structure address portion and an

fromisland to T'S? @&hﬁ@g%g‘g‘baﬂwbl fiﬁtpgﬁ%gf)fﬁﬁ'r?' gg&fﬁ%’}g@]anmg vary

structures giveha udh |§|aﬁayollamoma5rbm§|audm&bhe%fm@mra%os nifidkt
reason there i s no size for these address segnents. The siructure

addr ess por Piteefthe agg@;stfg strustures cantrolied by thatchinislande The F@"rﬁ@ﬁﬂﬂﬂdﬁécﬁ he
el eneyy addbmeacgﬁcbead 'Isﬂﬂﬁ@ﬁﬂvélﬂe%ﬂrtﬁé ehipisahd e twgtﬁ?@r@f 142y -

The renai ni ng portlon dress Is to CCOhTTD terface's
32 bit dat aThesegans nqrtmmfthw\lu\lgbadwiessmnslsta@tﬂﬂmntmqswanroantsaa bitst i ng

22,20, b L “FRkfes e SGRER0RNEL & BE0L0d Beh ASPH7 BBY o AR 12,
Dat a Bus. VeddresspdrtiensThenhumiber of bitsiused foreachesegmend Mays:ayylfrbmslahd bots of
e on st SAERS e G b Hed BREK B0 S SHSSTRY 0
addr e$s por tontainofah snaall skactuies. For thaqte'asad there ﬁﬁéfka&ﬁJrrtﬁése
AL T L8 L e AN S IO T 7 A
si gni fi cant the island while the element address portion is used to address an element within
' the array. The remaining portion of the address is to accommodate the Web
Interface's 32 bit data bus limitation. This 4 bit word address is used for selecting 32
20 bit segments of the addressed element. This is necessary for moving structure
elements wider than 32 bits across the Network Controller's Web Data Bus. Word
address value "0'h refers to the 32 most significant bits of the structure element while
sequential word address values correspond to successively less significant segments
of the structure element. The word address portion of the address is not required for
25 structures not accessed via the Web Interface. For this reason, the Up Data Store,
Control Memories, and Down Data Store make use of the entire 27 least significant
bits of address to access structure elements. Another exception to this format is the
address for the SPM Interface. In that case all 27 bits of address are used and no
element is greater than 32 bits in width.
30
The Embedded Processing Compiex (EPC) provides and controls the



bits of address to access structure el enents. Another exception to this
format is the address for the SPMInterface. In that case all 27 bits of
address aveommed and no elenent is greater than 32 bit ecruseezvss. 30 The
Enbedded Processi ng Conpl ex (EPC) provides and controls the WD 01/ 16682
PCP/ USOQ' 20798 37 programmability of gfpe Interface device Chip. It

I ncl udes the follow ng conponents .(see also Figure 124): N processing

uni ts, cal pregrdmiabilitycof@iéinterface device Chipetdntiudegthedolivwing compdhents St or ed

in a comm& In?tr'gctio bnory. Each GxH consi st of a Processing Unit
core, cal | €98@$® FAHI%HYont ai ns a 3-stage pipeline, 16 GPRs and an ALU.
Each GxH al so contains several coprocessors, |ike for exanple the Tree

Search Engine. 10 Instruction Menor I s |l oaded during initialization and

contain the pi dYPrgESsingdits calied 7 : fihgf@dHs rencurently eyeeute picerode A
. H .
D spgt cherthati3 68 In Er&ﬁﬁnﬂf%ﬁ'ﬁ Méﬁﬂ.g?%ﬁgGﬂﬂ%ﬁﬁg?%eP@gﬁéﬁﬁea der

queues. After dequeue, the spat cher p S part o

fromthe Usait gpreycaliedLBawhinhoeentains)a drstags: pipeline, HB6sGPRsand an ALYLI
. As ' 1
nonder i +raGH GxaiBo S8 hla YRl cOpfocelslis, HGPRir SHEMOREARCfree Cearc s

Addr ess (dErgineo the GxH. The di spatcher also handles tiners and
interrupts. 20 A Tree Search Menory (TSM Arbiter There are a nunber of
shared internal and external nenory |ocations available to each GkH. Since

t hi ggmenory i s |Astaiction Memeorybils ivaded duselinitializativnrard contis the picd-eedeenory.
The TSM cafn e ac eSfed di rectrlr%,bﬁl_@tﬁhe f)i cocode, which can for exanple be
used to sti8f "‘d@f‘f\'@ﬂ rames and managin SYAl®, the TSMwill be accessed by
the TSE during tree searches. 25 The Conpletion Unit (CU): The Conpletion

Unit performs two functions. .
A Dispatcher: Dequeues frame-addresses from the up and down dispatcher

queues. After dequeue, the dispatcher pre-fetches part of the frame-header from the
15  upordown DataStore (DS) and stores this in an internal memory. As soon as a GxH
-becomes idle, the Dispatcher passes the frame header with appropriate control
_information, like the Code Instruction Address (CIA) to the GxH. The dispatcher

also handies timers and interrupts. :

20 A Tree Search Memory (TSM) Arbiter: There are a number of shared internal
and external memory locations available to each GxH. Since this memory is shared
an arbiter is used to control access to the memory. The TSM can be accessed
directly by the picocode, which can for example be used to store aging tables in the
TSM. Also, the TSM will be accessed by the TSE during tree searches.

25

The Completion Unit (CU): The Completion Unit performs two functions.
First, it interfaces the N Processing Units to the UP and Dn EDS (Enqueue, Dequeue
and Schedule Island). The EDS performs the enqueue action: a frame address,
together with appropriate parameters called the FCBPage, is queued in either a

30 transmission queue, a discard queue, or a dispatcher queue. Second, the
Completion Unit guarantees frame sequence. Since it may happen that multiple



First, it interfaces the N Processing Units to the UP and Dn EDS (Enqueue,
Dequeue and Schedul e Island). The EDS perforns the enqueue action: a frane

address, twgei/ives2 With appropriate paraneters call ed the PCHBsap20798s
gqueued in either a 30 transm ssion queue, a discard queue, or a dispatcher
gueue. Second, the Conpletion Unit guarggtees franme sequence. Since it may
happen that nultiple WO 01/16682 PCT/ USOQ 20798 38 GxHs are processing

frames that Gxblsarg processing ffames that elongitosams fiow, preéltions ritidive ARER

frames are gngueued.in the up or dp. transm ssion queues in the right
order. The 1888 Tames are nggege_dglq tbﬁé'Fp 9'?1;'? trapsmussion.guaiies,in: the right

d assifier trigd\WERECofpidtivh UnnUzebadabel ma&i@géiﬁratédgm&ﬁﬁe#ﬁémwré

Assi st: For up-franes, the C assifier Hardware Assi provi des a

cl assi fi cat AgsiskeponEame dispalchcases of frane formats. O assification
resultgs are passed to the xH during frane dispatch, in terns of the ClA
and contents of one or nore registers. For do franes, the Classifier

Har dwar e Assi st @lassifier Hormdware Assist! Kor dipsfeardes,therClassifién Hamiware dasist For
both up and

2°) abel  naptovides BFneSIRRBAOTAr A kikGun Cadidrrgie ot CassRRaton dRlRE | 0,
ang go gz :Ste(c)n?sedgg ahatci:Hagd(irasg fv'?l(r)\:irdiseﬁts\ﬂhn i@téﬂreﬁasa?f rfas mA?nUIC:t‘;dsdrl;&tg % 15
0 : : )
\?\‘Il‘n ite acce e%ryﬁ&dsgﬁ&fsﬁﬁg#“ﬁmpﬁﬁgﬁgﬁsﬁn%héﬁ?d’f{%fgfésg& g?ﬁﬂ“lﬂ%ﬁ"@ool
to tMe Dat aSiArdependingcah tHeeframateablelr FoEBSiN G BRY Idh, fratie disatctte thg ¢ hem

at atine cgﬁéa ceﬁsd“pe up, DataStore and one at a tinme can access the do
Dat aSt or e, sifieragdwarg Asgist genesatess |bel that isaiged bydhe Complstion Unitte and

VEBWAL ch | nnBiinkdif Sramie'Seqtfdhcér biter arbitrates among the GxHs for access
to the WEB. All &xHs have access to the WEB, which allows access all
menory and registers functions in Interface device. This allow any GxH

Up and dn DataStore Interface and arbiter: Each GxH has access to the up
15 and dn DataStore: read access is provided when reading “more Fish” and write
access is provided when writing back the contents of the FishPool to the DataStore.
Since there are N Processing Units, and only one of them at a time can access the
up DataStore and one at a time can access the dn DataStore, one arbiter for each
DataStore is required.
20
WEB Arbiter and WEBWatch interface: The WEB Arbiter arbitrates among
the GxHs for access to the WEB. All GxHs have access to the WEB, which aliows
access all memory and registers functions in Interface device. This allows any GxH
to modify or read all configuration areas. The WEB can be thought of as the
25 Interface device memory map. The WEBWatch interface, provides access to the
entire WEB from outside the chip using 3 chip-10 pins.

Debug, Interrupts and Single Step Control: The WEB allows the GCH or
WEBWatch to control each GxH on the chip when necessary. For example, the
30 WEB can be used by the GCH or WEBWatch to single step instructions on a GxH.



to nodify or read all configuration areas. The WEB can be thought of as the
25 Interface device nenory map. The WEBWAtch interface, provides access to
t he ent iweoMb&2f r om out si de the chip using 3 chip-10 pPCTUSINISES,
Interrupts and Single Step Control: The WEB allows the GCH or WEBWatch to
control each GxH on the chip when nec@9sary. For exanple, the 30 WEB can
be used by the GCH or WEBWAtch to single step instructions on a GxH WO

01/ 16682 PCP/ USmemhetided general purpose processor: like aRowesBE. processor, like a
Power PC. There are four types of GxH (Figure 12B): 5 GDH (General Data
Handl er). There are eight GDHs. Each GDH has a full CLP with the five
coprocessors (Theretara feurdgpes ofd®xH (Figutec12B)xt section). The GDHs are

mai nly used for forwarding frames. GCH (CGuided Cell Handler). The GCH has
exactly the sane hardware as a 10 GDH. However, a guided frame can only be

progessed by tEPH{Génerdl Data HANAWTR TTREIE @réBight GDMES EddnrGBrehdseafat er) i f
the GCH is enabled to also process datafranes ich case it takes the

wh
Te of A CEPIWIt tha Ve epTAGRSSORNIGh AR SRGAIR thanakbseclion).cTha.BDHS.
hard j . j t d del et . The GCH i dt
ar awar e g@@b&%ﬁ%}g&}%ﬁgﬁgﬁgf S an el et es e | S use 0

execute gul C performchip 15 and tree managenent
rel ated picocode |ike aging and to exchange control information wth the

CP ) or 2 e @ B, T BB el 1 B St de 5

execute frame ng re i coco caseé pbehav
exdé |y | GbH.a Khwbver) aGQiiidéddramel cafr oplyHoe girecgssedhisy @ie1 GGH. adtdist i onal

The Gr vprearangebie, B dhg e 6 6 o [stisted 3 £ 6517 3n BRpledl o ARG 1 roe
managenenprocessatames (in whiiPQase Rt takiks (Hecrve of sPGDH)PCTIEUGEM Has The GPH
nas addi o ona| Bahrrs oparBhS Gl Hlrbinre maaidt S pSibim B8 inderts
and deletes. The GCH is used to execute guided-ceil related picocode, perform chip
15 and tree management related picocode like aging and to exchange control
information with the CP and/or another GCH. When there is no such task to perform
the GCH will execute frame forwarding related picocode, and in this case behaves

exactly like a GDH.

20 GTH (General Tree Handler). The GTH has additional hardware assist to
perform tree inserts, tree deletes and rope management. The GTH will process
dataframes when there are no frames (containing tree management commands) in
the GPQ.

25 GPH (General PowerPC Handler). The GPH has additional hardware as
compared with the GDH and GTH. The GPH interfaces to the General Purpose
Processor through a Mailbox interface (iff).

The number of GxHs (ten) is a “best-guess®. Performance evaluation will
30 determine how much GxH are really required. The architecture and structure is
completely scaleable towards more GxH and the only limitation is the amount of



Processor through a Miilbox interface (i/f). The nunber of GxHs (ten) is a
"pbest -guéss". Performance evaluation will 30 determ ne how nuch GxH are
real ly reqWoedlés8he architecture and structure is conpl ePEI/YsSHRATBabl e
towards nore GxH and the only limtation is the amount of WD 01/ 16682

PCT/ US0020798 40 silicon area (which s#&@uld then also include a |arger
arbiter and _instruction nmenory). Each GkH is structured as shown in Figure
12C. I n addilicoparea(which shaulddhen alsedineude afargerarbitetagidinstrictiofiftdmery)l
Arithnmetic Logic Unit (ALU), each GxH 5 contains the follow ng five
coprocessors: (DS) Coprocessor Interface. Interfaces to the D spatcher and
to the sub- isl &adb Guxthis structired as shdwarinl Figuré ¢2@G¢ treaddition tdthelOLPithdo

Dat aSt or es. T I ace C kns e.so called FishPool. 10 The Tree
Sear ch Engiqmeé{%I? B?é’ggé‘?é?‘r%% ?a%ﬁé af’g'tE &ficnkogie 'Ehég'-&v rPa(Q’?eE'?‘Hees,
and & so i contdirecthe followihg fivé eoproeassdisMenory (TSM . Enqueue Coprocessor.
Interfaces the Conpletion Unit Interface and contains 15 the FCBPage. This
Coprocessor contains a 256-bit register with additional hardware assi st

that the pi COCO@BSEEEEE%%QS&OI_n%cQ. tlh%rﬁa@@?ﬁﬂﬁhe‘ﬂﬁ cieS U {,{ée?lﬂ{lweue

parameters. Once t CBPage Is built, the picCOprocessor can execute an
enqueue i igiandscthabprovide eadandsweteragoess tp thecup eod dndDataStered. (The DSBPage

to the Corméﬁééé)?o,\.ﬂgjn%.th%%g%pkﬁgppp_eCoprocessor. Thi s coprocessor

provides an Intertrace to ér and all ows reading and witing
to/ffbmthe Interface device WEB. Checksum Coprocessor. Generates

heck f i@t i.sh L bed i naf . Th
Procossi ng.Uni ¢ 108188 ReBEH EhdidE Cobforeal (e IR Tor Bremotppstarches’ '
processi ngin the treespand alswinterfacks tv thecTrebBuhirttdMensry (F8My.ved for ingress

Enqueue Coprocessor. Interfaces the Completion Unit Interface and contains

15 the FCBPage. This Coprocessor contains a 256-bit register with additional hardware

assist that the picocode must use to build the FCBPage, which contain the enqueue

parameters. Once the FCBPage is built, the picoprocessor can execute an enqueue

instruction, which causes this coprocessor to forward the FCBPage to the
Completion Unit.

20
WEB InterfaceCoprocessor. This coprocessor provides an interface to the
WEB Arbiter and allows reading and writing to/from the Interface device WEB.
Checksum Coprocessor. Generates checksums on frames stored in the
25 Fishpool (described hereinafter).

The Processing Units are shared between ingress processing and egress
processing. It is programmable how much bandwidth is reserved for ingress
processing versus egress processing. In the current implementation, there are two

30 modes: 50/50 (i.e. ingress and egress get the same bandwidth) or 66/34 (i.e. ingress
gets twice as much bandwidth as egress).



processing versus egress processing. In the current inplenentation, there
are two 30 nodes: 50/50 (i.e. ingress and egress get the sane bandw dth) or
66/ 34 (iwb.01més8f €SS gets twi ce as nuch bandw dth as egrERE3002098 01116682
PCF/ USOOR0798 41 Operation of the Processing Units is event-driven. That
Is, frame arrival is treated as an &4ent, as well as popping of a tiner or
an interrupt. The dispatcher treats different events in an identical

fashi on, though there i's-a priority (first interrupt, 5 then tiner-events
and finally frame arrival events).  \hen an ent i anded to a . Processing
Unit, appropr QF@tPHf%Xﬁ%F?%WSP@b&%SPHeF%“ﬁ%c@%fgi'% rqpe @rvalis ¢ ane
arrival egatidsas &meventNas Wéﬂ%slfpﬂt;{piny‘ oftambr oran litédtgpt. Fildispatehapt i on
comi ng from the hardware clrﬁss,l Ger._ Folfi ti rTEr and |_nt,erhusg:ts, this

i ncl udes treats diffsrentsvents ip @nidenticalfashier. theyghdnaea is g priortyi(first intgreupt; o t he
event . LlehaN'dhn ' Al | ' rd&das’a of

re(?;i vedgbyt eseﬁgﬁéﬁ?g@?ﬁ%@%@? %ﬁ%égg%@qﬁggﬁgﬁ%f Eaéfahr es holad, the
addr ess BrocessingUnit appiopriate information is givento dhe Procgssipg Urit. \Riesframezonpl et e

frame ha = (e S

wr i ten BTNAT eygs BTG ot bf e TRinis fiege “and Iformdi@eorfit fom L5
12B, t hethe hardware clgssifier. \For dimen and dnterrapgscthis includes the cagie@ntryopoint ns
frames tha st Db C 20 GITQ contains franmes that
nmust be ﬁpéeg&éﬂomoﬁ'eﬁéﬁ%?a@%%c% ins frames that nust be processed
byig he GPH.- 25 GDQ contains franmes that can be processed by any GDH (or
GCH / GIH they are enabl ed to process datafranes For the GDQ, there
are multi pl o Wheng Fame arEandne HrErSae, a8 fUrIPes oh1asRNPd VI ¢, CoO
will be pfiiefame hdecdeedéd arprogransthabie dhresheld) thecaddressof the frumee. 30

Some Processing Units, may be apeci alized. In the current inplenentation,
control-block is writtenin a GQ.

15 - - When a complete frame has been re-assembled on the egress side, the
frame address is written in a GQ. There are four types of GQ's (and for each type,
Figure 12B, there is an ingress version and a egress version):

GCQ: contains frames that must be processed by the GCH.

20
GTQ: contains frames that must be processed by the GTH.

GPQ: contains frames that must be processed by the GPH.

25 GDQ: contains frames that can be processed by any GDH (or GCH / GTH
when they are enabled to process dataframes). For the GDQ, there are muitiple
priorities, whereby frames enqueued in a higher priority GDQ will be processed
before frames enqueued in a lower priority queue.

30 Some Processing Units may be specialized. In the current implementation,
there are four types of Processing Units (GxH) (see also Figure 12B):



there are four types of Processing Units (GxH) (see also Figure 12B): WO
01/ 16682 PCT/ US00/ 20798 42 GDH (CGeneral Data Handler). The GDHs are mainly
used for fovoawrbsszg franes. GCH (CGuided Cell Handl er). Thecr0bbolzemsexact|y
the sane hardware as 5 CGDH.* However, a guided frane can only be processed
by the GCH. It is programmable on the WEB (CLP_Ena register) if the GCH is
enabled to also process datafranes (in which case it takes the role of a
GDH) . GTH ( Gener &DHr(General Mata )Hanther). GTHeh@DHsdatetainty used tbrefomvardingar ed
10 to the GDH X rdware assist to performtree inserts, tree deletes
and rope nmanage - The GTH will process datafranmes when there are no
frames (containing tree managenent conmands) in the GPQ GPH (CGeneral

P PC Handl i GPH h dditi I 15 dto th
Con G The GPHGGH dPided R, Aaftleph e R Hha erecth e Rame harwarads: - box
interfgce. IGDAN Mowéver, APGHAEA HREME bant amyr%( }r&%e;s!gﬂtebﬁﬁ*? HEHCPH gan be

I npl emented on a si nql e Processing Unit. For 1D | npl enent ati on
could 20 hdfegdrammableqn the YVERi CLFLEnacregister) dPte SGH ris lenablednteeatsohol ds

for the GCQ foggggﬂ%r%ggﬁi@y%@hﬁgﬂﬁ@rﬁbﬁgﬁé@_Oopr ocessor is: 25

To interfac«g to the Up contal ns t hat have been
received fromthe nedia, and the Down Dat aStore, which contains reassenbl ed

frames received ' t g, Dat ore .Coprocessor al.so
recei ves confi gu%m(%g%ﬁw%@#' r :Tﬁﬁ %ﬂiha§@%a{t'gﬂﬁlt'lq{gwweacqmﬂ%rpdevent
or i nt@rr uptto tMOGDH/GTIS2hdiaWaréaskidDitoPerfotim Fb6 indviras tree aldiates aRasPe | S
able to calcul ate ch?ckﬂg'ms gm frlames.
management. e GTH will process dataframes when there are no frames
(containing tree management commands) in the GPQ.

GPH (General PowerPC Handler). The GPH has additional hardware
15 compared to the GDH/GTH. The GPH interfaces to the embedded PowerPC by
means of a mail-box interface. '

In an actual implementation, the role of GCH, GTH and GPH can be

implemented on a single Processing Unit. For example one implementation could

20 have one Processing Unit for GCH and GPH. A similar comment holds for the GCQ,
GTQ and GPQ.

The purpose of the Datastore Coprocessor is:
25 To interface to the Up DataStore, which contains frames that have been

received from the media, and the Down DataStore, which contains reassembled
frames received from the Prizma Atlantic.

The Datastore Coprocessor also receives configuration information during the
30 dispatch of a timer event or interrupt.



The Dat astore Coprocessor contains a FishPool (that can hold 8 fish), a
scratch nenory (that can hold 8 fish) and sone control registers to

read/ wri WO 01fi6682shPool contents fronito the up or down ®CTAISPA20298 The

Fi shPool can be seen as sone kind of work area for the Datastore: instead
of reading/witing directly to a Dat#8tore, a |arger amount of franme data
is read fromthe Datastore into the Fishpool or a |arger anount of data is
written from t hhe Blatagiorel Coprocessoeisiatile ta caleulatthehecksums oh ftamessfer is a
Fish, which equals 16 Bytes. 10 The Fishpool can be seen as a nmenory that
can contain 8 fish, that is 8 words of 128 bits each. In the CLP processor
archi tecture, The DatastpreoCoprocessargiontains ar FishPoolf (tHat&capyheid. 8 fies)) byte in

t he Fi shpool ,has a 7-bjt byt 0,.. 127) .and .access is,on a 16-bit
or 32-bi F s¢atg meﬂ?%qﬁﬁt %@&@&gﬁéﬁré}&?"f"ﬁe t@ﬁﬁ%&e%i" seadiwpte ¢ | ar
addrgessi nBishPoelEontenits frontto the tps? dowa datafbré. (TheFishPeol car bRSeehlay t i ng at
| ocation 126 in é‘hgﬂFl sh&gg#@ r et Br ns bry'g es 126, 127, 0 and 1. Furtherrmre,
froma DEPMREKINTG OTHEHHA F the, Patastre;, inslgad: ofsreadingiwriting-diractly #e ari shpool
have a 3- b ' a??g}rm, rdrhe F q,xoﬁp?k il ki of a
frame ar ebgtatsg%%{hi Ica ly co nit_éﬁ n ??1% |§f‘£§g hpoo gj;?t%ﬁgréﬂh@gg? Eﬁgp.agtrhe

val ue of & largersymeuntebdats is written fropr thedtishnaat inte the Dgtpstore.| Yhe Ninitgual s
four for Hﬂ{%’ﬁgﬁsgﬁﬁtmcha@@%ﬂé%ﬁ'um cast franme dispatch, 4 for down

mul ti cast I spat ch and rupts and timers. 25 The picocode
carlread nore bytes froma franme, in which case the Datastore Coprocessor

Sddress. wr appl T Bpefceh BEEeS o ikiiol i caB 3RRAN Shart Mt BBhemsool has
been reaoht28 bitd each. UinthepCP probesserarchitediure, theiRishpobkis @redister atgfyast or e
at an absg# !lléf byt?ég. agglcrhegyst.e ir\'l/\'t?\eo I1-'{sll1ggglzha%CaP/7E§Pglyéoa7dgd8ress4(Aﬁ .. 127) and
access is on a 16-bit or 32-bit basis. Like all register arrays, the Fishpool has a
15 circular addressing scheme. That is, addressing a word (i.e. four bytes) starting at
location 126 in the Fishpool returns bytes 126, 127, 0 and 1. Furthermore, from a
Datastore Coprocessor point of view, fish-locations in the Fishpool have a 3-bit fish-
address.

20 Upon frame dispatch the first N fish of a frame are automatically copied in the
Fishpool by the Dispatcher. . The value of N is programmable in  the
PortConfigMemory. Typically, N equals four for up frame dispatch, 2 for down
unicast frame dispatch, 4 for down multicast frame dispatch and 0 for interrupts and
timers.

25

The picocode can read more bytes from a frame, in which case the Datastore
Coprocessor automatically reads the frame data into the fishpool! at the next fish
address, wrapping automatically to 0 when the boundary of the Fishpool has been
reached. Also, the picocode can read or write the up/down datastore at an absolute

30 address.



The WEB Coprocessor interfaces to the EPC WEB Arbiter. The EPC WEB Arbiter
Arbitratés anong the ten GxH and the WEB Watch to becone a naster on the
Interface ce@dUmEREB interface. This allows all GkH to reaBCHIS00R20798e on
the WEB. 5 The interface device menory conplex provides storage facilities
for the Enbedded Processing Conpl ex (EP43. Figure 12A. The nenory conpl ex
I ncludes the Tree-Search Menory (TSM) Arbiter and a plurality of on-chip
and of f-chip nefheiWEB Qoprocessor interfates to the EPCWER Arbifer. TheUEREWEBN

BTt her wor e ATpha ArplitHies dmBhg el B ol yitES IES Y dich §6 Berameismestaron s cd
by the har dike inteifadecdéviee WEB listerfeoe.U Thisdsliowd) alPGRAMS. reaGta?ld Virite dgﬁm
| ocati on WhlV@EBI s not allocated for trees or which is not allocate for

trees or whi s not used by the hardware is by default available for pico
code gise, like counters and aging tables. 15 Figure 13 shows a nore

detail ed bl ock di agram of the nmenory conplex. The tree-search nenory (TSM
arbi ter provi des ThRdntesiaeardevice memwrsrkcompmmmmdes storage fadilifies frsther s

hi
Sran and 7 EiTHRERd MiReestifa CBIRIGGERCIFINE 120 THE IMinpy 3B heg idlidesn: £ o)
Units (eachthmnd ree—ﬁeaml'ehﬂmlnrpr(é'su) ArbiteFraneldd euluralitycefs spvchipcahll ¢fehip3
The Request Mmiés e emofibe SfEc uBE SRutturgs, BomEraand amvibiag slseshathen
contrid uni mwud»detmﬂmmhe@a@&ék&ﬁvq:m&ré %%bm&'@ﬁ%b@ﬁse@t@sﬁ‘r@

control unit clu ecessar ard re to steer data between the
Enbedded Pr 9?, E}Pq ﬁ)atéwa ug mﬁ“?erﬂyarem@emm sueue-controkblogksng

hi P GxH
gtn ge{ hte gzgg gg\ggﬁéﬂﬁédhdlag&h Whléiﬁs%\ot '&ﬂé&ﬁé&‘ﬁr%’ee@ﬁ??ﬁﬁrfls ﬁdiga‘ﬂngﬁéglﬁg Cher

t hi ngs, esHr vyfpgwsdfotd@gg by the hardware is by default available for pico code
use, like counters and aging tables.

15
Figure 13 shows a more detailed block diagram of the memory complex. The
tree-search memory (TSM) arbiter provides the communication link between the
Embedded Processors (GxH) and the memories. The memories include 5 on-chip
SRAMSs, 1 off-chip SRAM, and 7 off-chip DRAMS. The TSM Arbiter includes ten
20 Request Control Units (each one connected to one of the Embedded Processor
GxH) and 13 memory arbiter units, one for each memory. A bus structure
interconnects the Request Control Units and the arbiter units in such a way that each
control unit and its connected GxH have access to all memories.

25 The control unit includes necessary hardware to steer data between the
Embedded Processor (GxH) and the arbiters.

The SRAM arbiter units, among other things, manage the flow of data
between the Embedded Processor GxH and the on-chip and off-chip SRAMs.
30

The DRAM Arbiter Units, among other things, manages the flow of data



WO 01/16682 PCT/ USOO 20798 45 between the Enbedded Processor (GxH) and the
of f-chi p DRAM devi ces. Each Menory Arbiter contains a "back-door" access,
whi ch i swo@ees2l y used - by other parts of the chip andPGX&ISMIPM8st access
priority. 5 The DRAM Menories can run in two nodes of operation: TDMW node.
Menory access to the four banks in the#®DDRAM i s done alternating read-

w ndows" and wite-wi ndows, whereby in a read 10 w ndow, access to any of
t he four  thebween therkmbedded Prsassor (Gxti) and the offichip DRAMsdevicesany of t he
four banks is wite only. Using TDM node for nultiple DDRAMs allows. to
share sone control signals between the DDRAMs and hence this saves sone
chip 1 Gs (whi cEack MamaenyrArbiteracontainea dhackedoorlacddss, whibh itypicallfeused/ access

to the fouyr S J e can. be.a conhination of read and wite,
whi ch nus Vﬂgiﬁé}ﬁiﬁ'@%ﬁ’sﬁw&a%m&ﬁta SR ‘e, one can do a read in
banks A and a wite in bank C wthin an access wi ndow. 20 The TSM Arbi ter
all ows N Requegter Iyl t aneous access to nories. When nmultiple
Request er s wanﬁ“h?ﬁ’a@ﬁ%mpﬂ%s cappun 'HTSSWQWPJ\% qrp@aﬂﬁ’ﬁfﬁtloﬂbi n arbitration is
performed. 25 The M nenories can have different properties. In our current

i mpl ementation, there are three nenory types: internal SRA ext ernal SRAM
and ext er nal DDMMTW%W%M%WWM@SPEFSEK@WM any

Requester 30 can ageassidyVedthdowd it WkREMinddal, WHAHED 198 read

10 window, access to any of the four banks is read-only and in a write
window, access to any of the four banks is write only. Using TDM-
mode for multiple DDRAMs allows to share some control signals
between the DDRAMSs and hence this saves some chip IOs (which is
a very scarce resource).

15
Non-TDM-mode. Memory access to the four banks in the DDRAM can
be a combination of read and write, which must follow some specific
rules. For example, one can do a read in bank A and a write in bank
C within an access window.

20
The TSM Arbiter allows N Requesters simultaneous access to M
memories. When multiple Requesters want to access the same
memory, a round-robin arbitration is performed.

25 The M memories can have different properties. In our current
impiementation, there are three memory types: intemal SRAM,
external SRAM and external DDRAM.

The M memories and N Requesters are homogeneous: any Requester
30 can access any memory.



46 Sonme nenories are logically divided into nmultiple sub-nenories (Iike
four banks in the DDRAM), which can be logically accessed sinultaneously.
5 Part of W0l6eR@nori es are used for control nenories corRGI/USONZ0798
internally used data structures, which have a high priority access

conpared to the picoprocessors. This al 946 al | ows debuggi ng of the chinp,
since the picoprocessors can read the contents of the control nenories. 10
The arbiter supports PeEE raemeses an logisalicdivided inta mudtiple sub-meinpees (likeer eby

an N-bit integer is aggled NOHRA f ok LY kn. aton c
operation. 15 A general ab re%?ﬁs@ ene Ism&%ﬂ]ﬁ)’%@‘ég&h’h«%ﬂ% ﬁﬁ‘f‘ﬁﬁngs,
such that the physi csimultapeousin of an object in the nenory is transparent.

The concept of trees as used by the Tree Search Engine to store and
retrieve information. Retrieval, i.e., tree-searches and also inserts and

del etds are done 20 Bastad the M rifemoried aed used JobLéntRditrhembries ldntdifihg
exanpl e, a MAC source, ﬁddrias concat enation of an |P source

th
address and | P desti natarga yaﬁgchrgg_ta Pﬁpgpfﬁéb ivgich ir@"gt‘blh_éﬂ!" PHortycageess|
bl ock called Leaf, \M‘ti:d?ﬁpéféattéitﬁé)eitgnﬁl'&%éorkhel'Hf@?ilsﬁ?lloginge R gig?;et?f'ihéat er,

the stored bit pattern_ is actuall e hashed Key). C SO contain
addi ti onal i nformati oHliP.,siRee the pigopsacessersicen read the sontemts ofithe contralhi ch
can for 25 exanpl e hRekferiwar ding information like target blade and target
port nunbers. There are tree types (FM LPMand SMI) and associated tree
type Wear ches, nanely: fixed match, software managed tree and | argest

prefix match. An opti : | riteri for checking the le

during a tree search ﬂ??ﬁbééegg{)%%tﬁ?% é‘%%‘#z%‘ﬁ?g‘?""&&? rﬂ‘da'%ﬁd?qdé‘e’g{?' are

used to increase searwlergby iniN+hibintegeMs34ddedidhe coltEntsIPMEMENory fran
atomic operation.

15 A general address scheme is used to access the M memories, such
that the physical location of an object in the memory is transparent.

The concept of trees as used by the Tree Search Engine to store and retrieve
information. Refrieval, i.e., free-searches and also inserts and deletes are done
20 based on a Key, which is a bit-pattern like, for example, a MAC source address, or
the concatenation of an IP source address and IP destination address. Information
is stored in a control block called Leaf, which contains at least the Key (as will be
seen later, the stored bit pattern is actually the hashed Key). A leaf can also contain
additional information, like aging information, or user information, which can for
25 example be forwarding information like target blade and target port numbers.

There are tree types (FM, LPM and SMT) and associated tree type searches,
namely: fixed match, software managed tree and largest prefix match. An optional
additional criterium for checking the leaf during a tree search is the VectorMask.

30 Roping, aging and a latch are used to increase search performance.



The search algorithmfor FMtrees is show in Figure 14. The search

al gorithm operates on input parameters, which include the Key, perforns a
hash on wadw/186g, accesses a Direct Table (DT), wal ks t RETUSeNR20798r ough
Pattern Search Control Blocks (PSCBs) and ends up at a Leaf (Figure 14).
There are three types 5 of trees, eacd?7with its own search algorithm which
causes the tree-walk to occur according to different rules. For exanple,
for Fixed Mat chheragarch algorithnhdor BM trees us tshowni ip Bigeeet Adci Tharsearchhen a

mmtch e GBI RBSrates i ffarhmelsl vHIEH inclldR the Key bR ethdsitn |0
Ic_ﬁ::‘ f] ; ?ZthceﬁKeyp gecesséw sian Direbi Tﬁalalﬁe(m'f)l walks mblntze:&aeugstalgl:gbﬂawﬁgﬁhorlouh P?I
the chai ff© Hﬁg}ﬁl@@# Q%héﬁét@ﬂ’o ss‘!f}létaﬁ p@# Wiﬂ%é?ﬂ gﬁe@ liY)?Fér ation,

wWhi @ COBPRESS ddth witlPits olR)seardhnalyBfthR Wiich calistsafle itreelWalk t8 dccuver i fi es
if the Leaf reallt\;}jl mat ches t he [ nput K% The result of the search will be

OK when t Recarding fo, gliffprent "I"B%rndFa'n @xampie, cer Hzixed, Mateh dfM)otreas the al |
ot her cas 8§tasf]r§ctgir€|§' d1PHltncfa°I'r§eS Wﬁé‘ha EBE{)I’E% %rﬁﬁﬂﬁd $his Laf [dtRe o c,)JoOWI ng

paraneters: Key must t using speclal picocode

i nstructi Dﬂsﬁluprqa@dlda@ﬁ thﬁt cgezmainh Ghﬁ input Key/ dwr Softwarg iManaged Tees, one Key
regi ster tar, egi st er
e be st oalf HEWRipi@ L befs thitark ERBRAH & (riiafiief. MthE tase, Ml LeaHs in°
comdurr entﬁeycham are ¢hask§d;ﬁntpéhé imput Key,tundil amatch ha§ been faurngsarauntibtnehe TSE -
bashes t d sto n shedk i Ster
(thus, or] REbaTstpd, X R galiod ucPtherd 388 ont BRECNGH, MBS ' i <
r egl st gr bcampanessthe hgout Kegmhu:i% péteerl(];storeu irbihed eaf, tverifies ifitHeoloedfireallyl y h.
updat e re I n ui 0 t . This
is an i ndé?t‘??\% ?H@UE&B@'?*E ‘t\#f \??Ihe %kf"% t&@ﬁg@éqa}#{ n of the
lt r tee i n WouRl dndea Wﬂh@é@dﬂ#@d, JMothEﬂbTﬁ&rlcesé& described in detail
ater.
15 .
The input to a search operation consists of the following parameters:

- Key (128 bits). The Key must be built using special picocode instructions
- . prior to the search (or insert/delete). There is only one Key register.
20 However, after the tree search has started, the Key register can be
used by the picocode to build the key for the next search, concurrently
with the TSE performing the search. This is because the TSE bashes
the Key and stores the result in an internal HashedKey register (thus,
in reality, there are 2 Key registers).
25 .
KeylLength (7 bits). This register contains the length of the Key in bits. It is
automatically updated by hardware during building of the Key.

LUDefindex (8 bits). This is an index into the LUDefTable, which contains a full
30 definition of the tree in which the search occurs. The LUDefTable is
described in detail later.



WD 01/ 16682 PGI/ US00120798 48 TSRNr (1 bit). The search results can be
stored either in Tree Search Result Area 0 (TSRO or TSRI. This is
specified wodipess2z. Wile the TSE is searching, the picocRCEUSIONR0T8CESS
the other TSR to analyze the results of a previous search.. 5 Vectorl ndex
(6 bits). For trees which have the Vect a#8ask endbked (which is specified
in the LUDef Tabl e), the Vectorl ndex denotes a bit in the VectorMsk. At
the end of TB&Nrear ch(1 hithe Thesearchirestitsscan e $teredsaithen indTreerSearoh Resultsed

by pi cocode. 10 The i t i ]| hashed i nt Key. . a in
Figure 14. There ar e&%gxo %@%a&ﬁfkl Zﬁ'ﬁi'f ﬁﬂ%c'%fgl?‘f'_igﬁgﬁ( W@le'ti'ﬁgﬂgé\?hm
perforns no hash f uristsearching, the picopede tam actess the Jth&eTSRIb anglyzs the
algorithmw || be used. for'o%r;{ammbl e hash function nmay be used to add
flexibility. 15 The JEEWH O'F PEEYOUSSRER G inction is al ways a 128-bit nunber,
whi chghas the property that there is a one-to-one correspondence between
the original input Ke% and the output of the hash function. As wll be

expl ai ned b¥eeiprindex S hitshe kor tregs, whichebaves thei MectorMask ienablede(which ist art s

case in the exampl o GPeEned ih the ) Unkertabief He' Vitofihadd Hedotbs a bRIE e oy 'y
the 128-bit hash fundlemr%dﬂﬂ(plﬁdtha'aed of thewearaim thecvalue offhisciit isyretfrhed  t he

Direct Table. l.e., i ] I ontains 2" entries, then the
o 3, 08 8] o e

16-bit color value is InSer tion N, as shown in the figure.
25 THO® out put of the hash function, together with the inserted col or val ue

(when enabled),nis.stored in.th shedKey. regi sger. The hash_function is

defined such t haThW?é%tyr 'B)Pq ﬁaéﬁ%‘rﬁg‘? ﬁ%ﬁ” s 8s shayn in Figure 14.
There are six fixed hash algorithms available (one “algorithm” performs no hash
function). It is specified in the LUDefTable which aigorithm will be used. A
programmable hash function may be used to add flexibility.

15
The output of the hash function is always a 128-bit number, which has the
property that there is a one-to-one correspondence between the original input Key
and the output of the hash function. As will be explained below, this property
minimizes the depth of the tree that starts after the Direct Table.
20

If colors are enabled for the tree, which is the case in the example of Figure

14, the 18-bit color register is inserted in the 128-bit hash function output. The

insertion occurs directly after the Direct Table. |.e., if the Direct Table contains 2"

entries, then the 16-bit color value is inserted at bit position N, as shown in the figure.

25 The output of the hash function, together with the inserted color value (when
enabled), is stored in the HashedKey register.

The hash function is defined such that most entropy in its output resides in the
highest bits. The N highest bits of the HashedKey register are used to calculate an
30 index into the Direct Table (DT).



hi ghest bits. The N highest bits of the HashedKey register are used to
calculate an 30 index into the Direct Table (DT). WO 01/16682

PCT/ USO0/\48 §Bkest© The search starts with an access intg, bhdact Tabl e:
a DTEntry‘%lBs read from the direct table. The address used to read the
DTEntry is calculated fromthe N hig t bits of the HashedKey, as well as
on tree-properties as defined in the Def Tabl e. This is explained in

detail bel ow Lt with i . '
particular tree aste géﬁiﬁrﬁ%t ure fbﬁg;é@]é§ "ﬁéte g%dg%géoﬁbt-%gﬁ '{V?%’ee???'g’g‘. At
t hi s poi ntthe direciitablee sThe address used 40 Pead thei BTENtry isicalesiatedciromethe N used

for FMtr | r InCl r.ees r.LPM and.SMI'.t rees. An
exarml'e ofiest B dithg HadtBR, BEWAICHS of iotabries € Honned in, 1" con
10 that ttléJMTgablb. trhisﬂsexptai$edtTrtuetaiwﬁm. The BFERtry ::Eabg;geep abmmt teszed)ff
can be redu usi. n : u ncr easi e I ze, a trade-o
can %e mac?g aﬁ%%@%p?@%ﬁ%{,gﬁgﬁgﬁiﬂa&i@gp@ﬁ B%"rﬁ?mi’é@"% tYPE- seen
fT L om Fi gurﬁettﬁif po?t iDEufficey tosay thﬁlr”]é_ ahﬁigrghﬁeéabt:swhm{e ihﬁ:téeaffeimlgtie%% Enpty.
2 sl ngl ¢ EBAEHRNSRIRD HSem TEoesenL P and SWB ey 1o o Psce. There are
nore than one Leafs attached to this 20 DTEntry. The DTEntry defines the

root of a tree. The Search Algorithmfor_a software nanaged tree and
al gorithm for Ag&xample effhe Hse of a8 entry B is shawn inFigigerd: dtgandesearat i on

Serqygl No : : ' - ' ' ' ' uses a
cgﬁt% n rrgtlérl?éé% %a%ﬁragzl'égF@a?%ggggcﬁgpgghgﬁggpﬁ%?r‘#%| egﬁg:é{\;ﬂg eg from
i tems ter feduced bydising a D . sEhus; by ingreasing thedD T sizeca tradietofbcan be mgrecs ar e

couched i %ﬁem e headers, but a fixed format
header of Bg{r\{@é ypgﬁ‘gb{]@%éd%eé’h{%%'?'ﬂ%@éﬂﬂ@% In I P, each Rule pertains to
certain Keys which mght be built with the follow ng subsections: Source
Address (SA), R§ Séa\'nn teI é)enenA?r%%eﬁguq'g A?s, aS(BII[I':CnEiryP%Q}u contain the following

15 information:

Empty. There are no Leafs attached to this DTEntry.

A pointer to a Leaf. There is a single Leaf attached to this DTEntry.

A pointer to a PSCB. There are more than one Leafs attached to this
20 DTEntry. The DTEntry defines the root of a tree.

The Search Algorithm for a software managed tree and algorithm for
generating the tree is set forth in US Patent Application Serial No. 09/312,148.

25 An algorithm termed “Choice Bit Algorithm” uses a certain metric to build a
binary search tree based upon bits selected from items termed “rules” in a set or
universe of rules. All our examples are couched in terms of Internet Protocol (IP)
headers, but a fixed format header of any type could be used instead.

30 in IP, each Rule pertains to certain Keys which might be built with the
following subsections: Source Address (SA), Destination Address (DA), Source Port



WO 01/ 16682 PCT/ USQO/ 20798 50 (SP), Destination Port (DP), and Protocol
(P). Theése data are respectively 32, 32, 16, 16, and 8 bits long and so a
Key to be W‘; ﬁ%szonsi sts of 104 bits. The Choice Bit Al garpnsoonémads
certain of bits which are especially useful. Testing the few bits
in effect elimnates all but one or all byt a few rules from possible 5
application. For sone rules, testing inequalities by neans of sinple

conpar e Op%sr‘:?] [Stinfidh Poft PbRY prpéﬁaow&éé;% ﬂ]er%sfe daﬁéfa?e ?égéeewezsszir e

| ogi cally or tree ree i1s I nto har dwar e

enabl ed str d@t 16 candh8 bits ngsanﬁl s@a l@ytmhgiestsdws\&s 1Q4eb|ts n'ljh¢ ebaices in

key mght 1ot Apafriifinds BuForhe s B whidH rkieselSfy bR Mol the 7,
rule. In thdewaditsein effect eliminakes/ allsbuthelme tmsalb&but a few aulescfromf possible

d full d
i th dh att EBRIGHODn  For BHg, fieé.estt, rpcias oy et 1 itele egfipdte, ™ ©

which fits rations anlhlse appropriate: 'HREbit teefantoompdres hv&)Io?fcall)wr Iz%d
rules). In that, case, | es can be gjven Eélorlt

that any tw ?M’@l%@%?l he tree @i“ﬂm&d ipiga @M@%?'ﬂ%ﬂ'ggﬁéﬁ“t(’% attests bits, at or
must decl ar gt yiif $pecds! eSﬁ%ﬁ‘t@ﬂir@Srg'sﬁlt@ ﬁl\éhﬁh%%lﬁ"& £5mal Jﬁﬁmbé'l_*bﬁ'ulécs or €

than one rule remalns to be tests an conpar es

rul es are t éealied a jeafchain) &\fhl?l'tﬂ'@rll(e)ymlght ﬁtO\/lBﬁh@fGTmﬁftOﬁSﬁuth@eKe!i&ﬂ‘@ﬁat es
arulgswith

provi JE‘l)on mté}tg&;ﬁ{sfuﬂ'by?ﬁ ¢ {P{e Tﬁehé]:'aaa&régﬁ%% gﬂéé erﬂ*% ﬁtt%%% E)nnées
Mat chi ng netsing coanpares Bod full fute td8Sts. Pat ent 5, 787, 430,. The net hod reqU| res
entering at a node of said database (root 25 node); determ ning a search
path from one node to another through said tree-like database by

successi vely progaeh ruﬂe irsthemaietset (¥ assacidtexbwitls an actisrowhichuétakien ifthepulese

oL Y| Lhose B hiest ol i ot e 058 5an nc-aarSne s el
ggg;gal?ggo\rmr?cﬁe gtzlillé? )in M%ahé%ld%&aﬁ%@bﬁﬁ?ﬁ@ht& hafbery 9218t i.Q8o tifatadgched;
two intersecting rules have d|fferent priorities (an administrator must declare which
rule dominates if a key fits two or more). Thus if more than one rule remains to be
tested after the bit tests and compares, the rules are tested in order of priority. A
lower priority number designates a rule with higher priority.
20

If no fit is found at all, some default provision may be specified.

The search algorithm for the longest Prefix Matching method is set forth in US

Patent 5,787,430,. The method requires entering at a node of said database (root

25 node); determining a search path from one node to another through said tree-like
database by successively processing segments of said search argument which
comprise only those parts of the entries which are necessary to identify the next

(child) node, and said second link information until said segments are consumed or

a (leaf) node lacking said second link information is reached; comparing with said

30 search argument an entry stored in the node at which said search path ended; and
if no at least partial match between the search argument and said entry is found in



30 search argunent an entry stored in the node at which said search path
ended; and if no at |east partial match between the search argunent and
sai d ent moeeésound in WO 01/16682 PCT/ USOQ 20798 51 s&CAUSHV20298t node,
backtracki ng said search path by processing said first link information of
said current node; and repeating the @tevious two steps until said at

| east partial match is found or said root node is reached. 5 Figure 16
shows an eaikdocimentt nae, tb&:ktmckmg;\sakjcbealghfpdth i by dmcesang é%’daffmtalniw each

i nterface, ast rat ed al lel-to-ser ports
whi ch recgﬁ%a‘é&na ﬁ%fcﬁ%ﬁ{%& Qﬂ@e .ﬁﬂﬁf}'&P?a &*ﬂrﬁ‘"? sé{“’fﬁtﬁﬂs EB@&?@@% al
data str feast péatiahmatchfie foundisrésaid ®ot Aode i lachedik to the switching fabric
device. Data received fromswitching fabric device on a high speed seri al

link is converted to 10 parallel data by another DASL. An enbodi ment of the
Ser igal i zer / Despigurd 1BEsh6Wssh eRbodinientIsr 8§ inddin Lévﬁi&hﬁr%?éﬁnd derigscr i bed

herein. Af | east one DASL interfaces the switching fabric device to the

serial Ii Rkejerabbhﬁaclﬂ F‘ﬁﬂﬁf@‘?%d@@q chip | hagiatileast me i esratedrgajauﬂﬂmsaaal dat a
which 1S péits WhjchChebave Hardildl dsta aha (Ve Bt o hidh et sdtdl ghta?! 0t 2
ng iC e

fromswitc abric device I's converte serl livered
to the sesﬁ’%ﬁm Iwhiels is forwardlediaver aiseidil linktobtheagywitahing iabnct(bwceeraaiae

wi o | afsopifeli o Fyichindttabile Beid Bnoy nidh Sl Sérbh 1k By ShyifBriedec o
cori@ect edparalielidataby andthérDASL. Amembodiment of the Setializer/Deserisilizer temhedut put
2t out put DA S bk OASDE adiBEARRIR G out goi ng tr ans Ssi on 11 nike
21 (21-1...21-q9) and 23 (23-1...23- 25 r) are connected to the switch
LTl L s ot
swi t ched bﬁ&fﬁdrﬁtﬁémaﬂmk i eorwe?@eh&dpum&ﬁdaté%rbméd&%keo%%w. fih

tel ephone sets or (I'inks designated W5), fromand to gl area
nethor ks faprig I@?V'éésﬂg'ﬁ%n"%%i pa_ral!gl data emwitchingfabtie devige S%ﬁm\@él@dljpgl tal-

Net wor kT il HbtaSohiCh isHetivel@d'ts B Sétial links. The serial links can be aggregated
to increase throughput.

Still referring to Figure 186, the switching system includes switch fabric 11,

20 input switch adapters 13 (13-l . . .13-k) which are connected to the switch fabric input

ports 15 (15-l. . .15-k), and output switch adapters 17 (17-l. . .17-p) which are
connected to the switch fabric at output ports 19 (19-1. . .19-p).

incoming and outgoing transmission links 21 (21-l. . .21-q) and 23 (23-I. . .23-

25 r) are connected to the switch system by line (link) adapters 25 (25-1. . . 25-q) and 27
(274. . . 27-1), respectively. The transmission links carry circuit switched or packet
switched traffic from and to attached units such as work stations, telephone sets or

the like (links designated WS), from and to local area networks (links designated

LAN), from or to Integrated Services Digital Network facilities (links designated

30 ISDN), or from and to any other communication systems. Furthermore, processors
may be attached directly to switch adapters 13 and 17. The line adapters (LA) and



30 ISDN), or fromand to any other comunication systens. Furthernore,
processors may be attached directly to switch adapters 13 and 17. The line
adapters (WQoEtea82\O 01116682 PCT/ US00/ 20798 52 switch ade@r/uses/20®8) have
a comon interface. Atthe input switch adapters, various services from
packet switched and circuit swtched i nffzrfaces are coll ected and
converted into uni form m ni packets (having one 5 of several possible fixed
| engt hs), wiswitch adaptess (SAYhaverd commontintegfacef or mat i on desi gnating t he
requi red output port (and outgoing link) of the switch. Sone details on
the m ni packet format and on m ni packet generation in the input switch

adapters and onAtithedmputswitch adapters, vdriousisepvidesdrinh paciet switshied akd éirdEﬂ
' packet s

' in th t,. t .10 . T itch fabric_ routes the mni,
S ach thst  ufiEddinkrbes Aeisclemd Bnd shiv HNOHMIIRAGKRS (hayBseNeo any
out puts port of Seeeral pussibleclield lgngtag) with @' header ec?it&!\f.midtghio%tmgﬁ@férﬁ%&i?pi cts

m ni packets ,can be routed simultaneously internally out con
h thgy

15 The hear fesignating thg;requiradputput rat (andiavigaing link) of therswitchyGorae tetailent

I mpl ement at | mdﬁq‘? ' | r : e
I npl ement at Pg;ﬁe ?iri]rgpsw t.fch_ gg??gﬁg‘élh : lﬁlc'ggeigg QégégPP w?%ﬁﬁﬁ\%ilcﬁaa'ldfgf%e for
each i nput apdéran depagkelization imther oulput siwitoh iadapterp will beogireh inuthputiextor t s;
the switch § foigg 20 conprises k such trees in conbination (if k input

I ded

ports are prov ). In the other inplenentation, a bus structure with an
outpdd RAM i s provided as a slice for each output port, connecting all

bomh oI Tees 1o CTiPRITEAG Rutes Be nifPatkat U8 ATt sER o ditgintesconpRation s ©
descri bed i netiverk from any irfpritiport thuafeoupat alaﬁ., e sthidued éfa]thg;ﬁlég-roii . The

DASL Interface receiyv a parallel interface suc

es data from . . .
ASI C, part i PEReEK Fﬁ@c‘a&ag minipackete.canbe rquizd simultaneeusly intesnallywithaus anyunber
of paral |l el conflicts.

15
The heart of the switching system is the switch fabric. Two different
implementations are considered and will be described separately. In one
implementation, the switch fabric comprises a self-routing binary tree for each input
port, connecting the respective input port to all output ports; the switch fabric
20 comprises k such trees in combination (if k input ports are provided). In the other
implementation, a bus structure with an output RAM is provided as a slice for each
output port, connecting all input ports to the respective output port; the switch fabric
comprises p such slices in combination (if p output ports are provided).

25 DASL is described in Application Serial Number 09/330,968, filed 11 June

1999. The DASL Interface receives data from a paralle! interface such as a CMOS

ASIC, partitions the bits from the pérallel interface into a smaller number of parallel

bit streams. The smaller number of parallel bit streams are then converted into a

high speed serial stream, which is transported via a transmission medium to the

30 receiver of the other module. A differential driver with control impedance drives the
serial bit stream of data into the transmission media.



bit streans. The smaller nunber of parallel bit streans are then converted
into a high speed serial stream which is transported via a transm ssion
medi um t V@ HIAG6ER3 recei ver of the other nodule. A differ ACGIIUROR/er with
control inpedance drives the serial bit streamof data into the

transm ssion nmedia. WO 01/ 16682 PCT/ USXY 20798 53 DASL i npl ements the

nmet hod of parsb“%a data stream presented as N bits in parallel into a

plurality of p&ASloiplenentsithe methed of p%'smmﬂ%tarstrsaﬂspr@semgdtasmh biss N;
serializi r h
seriali zegIg g‘r%??*c:ﬂmbéoyg?ay ?:%rgésnsté% r?csaﬁ Ofs”“ﬁh ur a %t%JFéc?gngfgr | el
channel s; sgnallmeaaram bit pagionaf m$data:§trgam: tratlsfpmng eacheerializedfpartionst r eam

ar awi ngs. X 3 sabdharkfrifdhe of ERERARY B dedhd Shandost 4t dhelBdhd Baon | 7

enbolli nentmnsferredepartioreof the datastream teestore theadata stietihmiogiresantatidr as t er s
are used, E,Esg desr%]hlptl on thus given uses termnology in a generic and
descripti \;"e and not for purposes of limtation. WO 01/ 16682
PCT/ USCQO 20798 54 V\hat is clai rred is: 1 1. Apparatus conprising: 2 a
media interface that, attaches to rrrrunlc tions networks or network 3

devices: 4 an (ﬁ’éﬂ”’ﬂﬂ%@!@sﬁpe@ ioBs t eieo have heernsetotorthopreferred nat i on
i s routed enfbdﬂim&ﬁt@%%%%enﬁoﬁé‘hék@h?dd&eé%a dlfhollgh Spétitittelhs afe Used! €SS

data fromthe nedia interface into 7 the apparatgs I's routed at nedia
speed; 8 éhejdﬁacnptmtmqu@ws%mwﬁgm|wr@cm dﬁ@@tﬂfeoﬁnﬂe@f&ppar at us
into the ?hﬁg ?P&retsqﬁ% iatioR Ut ed at nedia speed; and 10 a coupl er

0

operatlvefay inter ectin e up-si de data path to the down-side



11 data path. 1 2. The apparatus of claim1l further including nenories; and

a nenory ‘interface 2 nmechani smoperatively coupling the nenories to the
enbedded p™wRekses2 conpl ex. 1 3. The apparatus of clai m 2PET/USIZP798

including a substrate on which recited 2 elenents are operatively

I ntegrated; and wherein the nmenories arebgartitioned into 3 separate

nodul es sone of which are nounted on the substrate and others of which 4

are nount ed What isiglaimetdds:r ate. 1 4. The apparatus of claim1 further

i ncludi ng an up-side data store positioned in 2, the up-side data path;

and a down-side data store positioned in the dowmn-side data 3 path. 1 5.

The appar at Us of Apparatusicomprising: i ncl uding: 2 a first interface logic

circuit that coupl h -dag,a,store to the emhedded 3 processor
corrplb%x; and 4 ags'g%gi?dﬁ'lt%&%m qtnggﬁ%sg?rcemm”?'ﬁ%tfo'@oﬂ ks QE NebYPKdat a
store3to thelevicegimbedded processor conmplex. I LLELELL TEEELD VLD VILT T
L1 L MS W 01/16682 PCT/ USOO 20798 55 1 6. The apparatus of claiml
wher et n the medi @NeMkadded Prosassorcamplex thraugh which %"@ﬁéfpﬁﬁﬁt'%@'@éteé
(Macr®) . 1 6rpidtesaédpar atus of claim6 further including an ethernet PHY
operatively coupled 2 to the ethernet macro. 1 8.  The apparatus of claim?7
wher®n the at | apyp-sidedatapathibroughovhich ingresseiata fromtbe media interfaceiintot

nmodule Wi th élgﬁﬁsé;}g g$§%§%§ (3 .t ethernet including 3 100 Mops

Physi cal Codi ng : .. a second nodule with functions 4 to
suppdt 10/ 100 ealdownsidedatapaticthronghwitioh egresedaja framahe dpparatyxinttithe of

o 218 8 11" il A B e \padauhaPper 41 Vel coupling 2 e

10 a coupler operatively interconnecting the up-side data path to the down-side
1 data path.
1 2. The apparatus of claim 1 further including memories; and a memory interface

mechanism operatively coupling the memories to the embedded processor complex.

3. The apparatus of claim 2 further including a substrate on which recited
elements are operatively integrated; and wherein the memories are partitioned into
separate modules some of which are mounted on the substrate and others of which

AW N -

are mounted off the substrate.

4. The apparatus of claim 1 further including an up-side data store positioned in
the up-side data path; and a down-side data store positioned in the down-side data
path.

5. The apparatus of claim 4 further including:

a first interface logic circuit that coupies the up-data store to the embedded
processor complex; and

a second interface logic circuit that couples the down-data store to the
embedded processor complex.
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1 10.- The apparatus of claim8 further including a SMI| interface
operatively coupling 2 the second nodule to the ethernet PHY. 1 11.
Appar at USyg BiHskd2Si Ng: 2 a sem conductor substrate; 3 i nuskosisdres f | ow

| ogic fabricated on said substrate and responsive to 4 information units
flow ng i nbound to the apparatus fromgs network address; 5 partitioning

| ogic fabricated on said substrate and operatively connected to 6 said

i nbound data flow logic to receive information units therefrom and
partition the_7 information units into predeterm ned sectors; 8 inbound

syslem i ntéer f 3@ Inp@ratus of claim; L wherein theimedissinterfasednciudesatlerstone 9
congpect ed ' L iiaQRi~ng | ogic to receive sectors of information
unin?s thereﬁbrrgﬁfjﬂaﬁgyogéw'?g‘?ﬂi nput / out put port fabricated on said
substrate; 11 first high speed interface logic fabricated on said substrate

and, oper aty v Ldy 1 Abo S ogi c..and said, first
pli ) out fat 1S aPPRLAARBEGARHS hiRE e af Brditi BEM SR erbied,

i n@und sye thenethemiet maeraai d first input/output ITITETITTITETT
1111111211211111 WO 01116682 PCT/ USOQ' 20798 56 14 port; 15 a second

I nput /out put port fabricated on said substrate; 16 second hi gh speed

i ntgrfaceg, ogi cTheRippanites! ofreigini @ whérein e afNeastGe ethephet mhérs @nect ed
to said second i nput/output port to receive therefromsectors of 18

i nfér mat i GANtGHraklewiharstimedyle withJfunetion tasuppert 1 Sigabitethrmeyinchusing 19
outsound ' ; ' re j o :

oper at vel ro Mo Eh I oS i o8 P E?e%ﬁﬁﬁﬁ'%%@e Etions

recki ve s&supperbl0/i100 ethemetnr Packei ouer Soneb{ROSm 22 conpl etion | ogic
fabricated on said substrate and operatively connected to 23 said outbound
systeminterface |logicto receive sectors of information units therefrom

1 9. The apparatus of claim 8 further including a GMII interface operatively coupling
2 the first module to the ethernet PHY.

1 10.- The apparatus of claim 8 further including a SMH interface operatively coupling
the second module to the ethernet PHY. '

11.  Apparatus comprising:

a semiconductor substrate;

inbound data flow logic fabricated on said substrate and responsive to
information units flowing inbound to the apparatus from a network address;

partitioning logic fabricated on said substrate and operatively connected to
said inbound data flow logic to receive information units therefrom and partition the
information units into predetermined sectors;

inbound system interface logic fabricated on said substrate and operatively
connected to said partitioning logic to receive sectors of information units therefrom;

 a first input/output port fabricated on said substrate;

first high speed interface logic fabricated on said substrate and operatively
connected to said inbound system logic and said first input/output port to pass
sectors of information units from said inbound system logic to said first input/output
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24 and to conbine received sectors with previously partitioned sectors and
form 25 information units flow ng outbound fromthe apparatus to a network
address; awdo1d668an enbedded processor conpl ex fabricated RFEAPPRbst rat e
and operatively' 27 connected to said inbound data flow'logic, said
partitioning logic, said inbound 28 sydiGeeminterface |ogic, said outbound
systeminterface logic and said conpletion 29 logic to control the
operidti on thpemteof in passing information uni ts through the 30 apparatus. 1

12. par atus ac a traffic managenent

2 schedul er fabrlggé&rgpmh&s,%tgh%#ﬁdg e an espgose in the path of

out ueund dat a 3sédomdh|ghsnbedkneﬁawloglcdamabdmsmdw&tm‘taﬁahbpwaﬂelw 12

furt i ncl udi | ur.gl it f. 2.1n ut _nedi a s far sald

by ot ot BoInsiind 18; HG; hechnd ineiolal ' eleBRer e, AR

% 148 Appar ﬁqlf%rﬁnatigﬁqrrﬁbswltbwngfmmcgﬁfa ﬁ{ﬂof@nstwoﬁoaadrgufpu: mEdlj a ports
conprise inbound nmul tiplexe a ated on substrate an

oper® ively 3 ifytbpy ﬁﬁ!?mrﬁfem Aee 'qgfﬁjé}’ t°" subsypte.an oP?f@t'Y?Mound

dat ggf | ow | gghfectétfto shidsdcBAl RighBpebl Mterach Mp@e o fetBive®RERSs Bfinfutinftion

subst rate andm{)erat ively 5 int erconnect| ng [ nput/OJt put rredl a ports
totZ‘le out buid sefeom] ow | ogic. 111 | 11 1111 1111 M'S

wnerBin the | nput TERCR] %%ﬂ%@f*ﬁ b %&?ﬂ*’é‘;{ oo,

Si ng!3e chi psaidpatbound systemmterfage Iogmtarecergﬂsemtmfutmatlon usitssthierefram 3 UP

cai Gup. Epaalit iAo e e bt festir oieh e BBl HafttohBe factor add W™ &

firgs dir ecmmmaﬂdﬁ units flowing outbound from the apparatus to a network address; and

26 an embedded processor complex fabricated on said substrate and operatively’
27 connected to said inbound data flow logic, said partitioning logic, said inbound
28 system interface logic, said outbound system interface logic and said completion
29 logic to control the operation thereof in passing information units through the
30 apparatus.
1 12.  Apparatus according to Claim 11 further comprising a traffic management
2 scheduler fabricated on said substrate and interposed in the path of outbound data
3 fiow.
1 13.  Apparatus according to one of Claims 11 or 12 further including a plurality of
2 Input/Output media ports formed on said substrate for exchanging inboud and

outbound data flows with a network.

14. Apparatus according to Claim 13 wherein said input/output media ports
comprise inbound multiplexed MACs fabricated on said substrate and operatively
interconnecting the input/Output media ports to the inbound data flow logic and
outbound multiplexed MACs fabricated on said substrate and operatively
interconnecting the Input/Output media ports to the outbound data flow logic.
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6 UP Switch Data Mover (UP-SDM logic fabricated on said substrate, said,
UP- 7 SDM | ogic being positioned to receive information units from said

UP- SDM arooB16p82rt i ti oned said information units into pRETAISE2A798%d

i nformati on sectors; 9 UP SystemInterface (UP-SIF) |ogic fabricated on
said substrate and 10 positioned to r5fceive information sectors flowng in
the UP direction fromsaid UP- 11 SDM 12 first Switch 1/O port formed on
said substrate; 13 a nodule that serializes data | eaving the chip and

paral l elizgd d i . 14, opyt.he ' bpic 0 he_chi nd
posft [ oneé%bet &@%‘rﬁsﬁ aﬁﬁﬂgé ng'%ﬂr g? mr%&@v\fhpcﬁntpﬁgpﬁp@gns '?eﬁ?'& of
dovihsi de dohrienétherrebports.at ed on sai d substrate, simlar to the UP 17 side
el enents di sposed in spaced relationship to the UP side el enents and
operable 18 to process data flowing in a second direction, Down; and 19 an

Enbedded HBQCEASSMQIQQﬁplabg)aHtOQ c6mpfising" the substrate at the 20
approxi mate center of said chip and having access to UP side and Down side

21 %l enent s toaﬁf’l&',%§%m|°ﬁf‘€\‘?fﬁ sulstrale;t s flowing there-through. 1 17.. The
si gl e chip apgpr gmeaé/dé@bné/&hé&ﬁlhbeguplm?ﬁu caLéHri?Héd_C SR RARETENT 2
ow path of said c

schedul er fabricated on _the downside traffic fl . ] ~chip. 1 18.
The# si ngl Substrate..8aidh Hi-EDSdieing egspensive to progessiinformation amitalflawing iplaur al i ty
of g2 Inp ia ports formed on said substrate. | 1

ii i“?#i i ﬁ#%@@’?% 01/ 16682 PCT/ USOQ 20798 58 .1 19. The single chip
apfar at us of (JRiSwitch Data Moyer (UR-SDiM)logie fabricatedtonsiaigsubsinates; saidPcat ed on

corts to: Sl fpgReChdHitorEeto moblh IREHHRRTL LA ki 88 Up PN g™ ©
sulBst r at epartitiongasaid iinformpatidn unitsdntopredeterminet limfotmation $@dtorg; nedi a ports
toghe Down Efp guetem Interface (UP-SIF) logic fabricated on said substrate and

10 positioned to receive information sectors flowing in the UP direction from said UP-
11 SDM; -
12 first Switch 1/O port formed on said substrate;
13 a module that serializes data leaving the chip and parallelized data received
14 on the chip fabricated on the chip and positioned between the UP-SIF and first
15 Switch Port;
16 a series of downside elements, fabricated on said substrate, similar to the UP
17 side elements disposed in spaced relationship to the UP side elements and operable
18 to process data flowing in a second direction, Down; and
19 an Embedded Processor Complex fabricated on the substrate at the
20 approximate center of said chip and having access to UP side and Down side
21 elements to process information units flowing there-through.

1 17. . The single chip apparatus of Claim 16 further including a traffic management

2 scheduler fabricated on the downside traffic flow path of said chip.

1 18.  The single chip apparatus of Claims 16 or 17 further including a plurality of

2 Input/Output media ports formed on said substrate.
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1 20. The single chip apparatus of Caim18 wherein the Input/Qutput nedia
ports 2'include ethernet ports. 1'21. The single chip apparatus of Caim
16 wherei n Wael/Ee8cdded Processor 2 Conpl ex further incl uBEBHUS00B)HBem
Control PC fabricated on said substrate. 1 22. The single chip apparatus of
claim 16 wherein the series of Dowmn Sideb82 el enents include at | east one
serializerldeserializer, a Down-SIF, a Down-EbS, and 3 Down Ml tipl exed
MACs. 1 23. The single chip apparatus of Cl aim 16 wherein UP-EDS incl udes

data 42 st | 5F I Ioglcfabrlcated on

Sglg cm; Orl 4. ?%é'ﬂg?edﬁc%agﬁ%%ﬁ%r aicgéﬁf i@%ﬁﬁ? ci (Q 9 si ngl e

" senmi c@nduct or subdPr Multjpiexes rMACaI fatmcafed][ mwtda@twﬂstrﬁtﬁjlai}qxvﬁezﬁ@y??ve
d b t refe itioned rela

Co o Birst ohiptbdmeding v frofotit s peests e WB RIS AN por s 1 or med on

sai d gubstrate, Déwn sMultiplexear MACS fariatsc by sAR BGbﬁPé’(étéﬁH‘ erdivdlly Ve

to -a second ed of said substrate; 7 a first set of circult
e?emegt s faHmeg?H’El?cﬂFgg}ﬁ lnpytiQutnut media portsta the; Q‘P‘Ufhg@st 0 operat i vely

i nterconnect the nmedia ports and the switch ports and 9 process data
flowwing in a first direct; 10 a second set of Down side circuit elenments

fabridated o#P-saikhessinglechipappasetas of Clabmds thmmthe?n?mfm?ﬁprgﬁmﬁ chrtslqefl I
|ns ced r e UP side circuit [

TR 111?"@%8%39?5% \D 01/ 16682 PGT/ US00/ 20798 59 12 el enents,
operatlvel y interconnecting the nedia ports and tge swi tch po(rjésdagd 13
rocessin ta f L« i n.a _second directi an rocessor
Rl b, P agesfids’ if aRpaRis of it P irareindhe Rimbaties BRseesonos

i nt erzedl at @amplewmmaéndhma@rswCbhﬁ'ommﬂaﬁridé@ed of saidesumiatrateand
processing information flow ng through the UP side elenents and the

1 22. The single chip apparatus of claim 16 wherein the series of Down Side
2 elements include at least one serializer/deserializer, a Down-SIF, a Down-EDS, and
3 Down Multipiexed MACs.

1 23. The single chip apparatus of Claim 16 wherein UP-EDS includes data

storage, a plurality of registers and control logic fabricated on said chip.

24.  Asingle chip apparatus including:

a single semiconductor substrate;

a plurality of input/Output media ports formed on said substrate, said media
ports preferably being positioned relative to a first edge of said substrate;

a plurality of switch ports formed on said substrate, said switch ports
preferably being positioned relative to a second edge of said substrate;

a first set of UP side circuit elements fabricated on said substrate and
positioned to operatively interconnect the media ports and the switch ports and
process data flowing in a first direct;

a second set of Down side circuit elements fabricated on said substrate, said
Down side circuit being positioned in spaced relationship to the UP side circuit
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17 Down side elenents. 1 25. A nethod conprising the steps of: 2 receiving
information units flowi ng i nbound froma network address; 3 partitioning
recei ved woPuteas2t i on units into predeterm ned sectors; 2PCFAIS002MI8
predeterm ned information unit sectors to first high speed interface 5

| ogic while storing other informati onS@nit sectors; 6 receiving passed

I nformation unit sectors at a second high speed interface 7 logic; and 8
cd”bi ni neleroentsy operativelyrioterconnealing thecmedia poris apddhe ewitch pdrts and ot her 9

I ggor mat i [ C Laformation units to fl ow outbound to
ngéwork rﬁgog%h}rge@agégl;g@qtﬂ\ﬁn%ﬁ?ﬂg%nrg ing the performance of the
rédi t ed steps aniEmbedgedBrxessorCompiex, ERC, fabricaiédon said eubstre usitidr
sypstrate.dgotegral lv..with.circuit elenpats. through whi .43 information
Pt s andERBEG PoREPhe] iRESdRe e P Figk RN 0 dne PWRFE cps. 1
246 A netgmrflents antProgessingGhformation flowihg tHroGghhel P Bidelelerfiénts ahl¢helat a flow
| n%o 2 ®(§)I ur al |Eg/ of portions, storing selected portions of the parsed
ddfa 1 okPqWn Sideglementsnory, and directing other selected portions of the
parsed data flowto a switching 4 fabric for determ nation of an outbound
direction. 1 27. A method according to Claim26 further conprising
r etonbi nidlgy t Aemethedcemprisingthestaps afel ect ed portions of the data flow -
prgor to diregtd ; tput port. |
B30 D) T T adeing nfdrftatda ufits RoWing infllndHoH] o AERA adtites

3 partitioning received information units into predetermined sectors; :

4 passing predetermined information unit sectors to first high speed interface
5 logic while storing other information unit sectors;
6 receiving passed information unit sectors at a second high speed interface
7 logic; and |
8 combining received information unit sectors with previously stored other
9 information unit sectors to complete information units to flow outbound to network
10 addresses; all while
1 controlling the performance of the recited steps with a processor complex
12 formed on a semiconductor substrate integrally with circuit elements through which
13 information units and sectors thereof pass in the performance of the recited steps.
1 26. A method according to Claim 25 further comprising parsing the data flow into
2 a plurality of portions, storing selected portions of the parsed data flow in data
3 memory, and directing other selected portions of the parsed data flow toa switching
4 fabric for determination of an outbound direction.
1 27. A method according to Claim 26 further comprising recombining the stored
2 and other selected portions of the data flow prior to direction of the data flow
3 outbound through an output port. '
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