
Copyright © 1998 Cisco Systems Inc All rights reserved Printed in USA

1
603
F0_6852_c1 © 1999, Cisco Systems, Inc. 1© 1999, Cisco Systems, Inc. 

603
F0_6852_c1

2© 1999, Cisco Systems, Inc. 

603
F0_6852_c1

Campus SwitchCampus Switch
ArchitecturesArchitectures

Session 603Session 603



Copyright © 1998 Cisco Systems Inc All rights reserved Printed in USA

3
603
F0_6852_c1 © 1999, Cisco Systems, Inc. 

Architecture Responsibilities

AgendaAgenda

• Queuing Models

• Switching Implementations

• Switching Fabrics

• Example—Catalyst 4000 Series

• Example—Catalyst 8500 Series

• Example—Catalyst 5000 Family

• Example—Catalyst 6000 Family
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Typical Responsibilities of theTypical Responsibilities of the
HardwareHardware

• Switching packets

• Packet lookups
(assuming cache is primed)

• Quality of Service

• Access Control Lists

• Address Learning
(in some implementations)
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Typical ResponsibilitiesTypical Responsibilities
of the Softwareof the Software

• Anything not handled in hardware
(i.e. Appletalk, DecNet, etc.)

• Server load balancing

• Security (IPSec, etc.)

• Intrusion detection systems
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Typical Responsibilities of theTypical Responsibilities of the
Control PlaneControl Plane

• Spanning Tree

• Routing Protocol updates

• ICMP packets

• RMON and SNMP statistics

• The Routing Table

• Flow setup frames (ie. the first packet of a flow)

• Address Learning
(if no hardware mechanism is enabled)
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Congestion ManagementCongestion Management

• Required when multiple ports are
contending for the same port

• Normalize bursts from the network to an
outbound port



Copyright © 1998 Cisco Systems Inc All rights reserved Printed in USA

9
603
F0_6852_c1 © 1999, Cisco Systems, Inc. 

Dynamic Buffer QueuingDynamic Buffer Queuing

• Each buffer fixed in small increments
(for example, 64 bytes each)

• Allows for efficient use of buffers

Three 64–Byte
Frame Uses 192

Bytes of Memory

One 256–Byte
Frame Uses 256
Bytes of Memory

Unused Memory
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Fixed Buffer QueuingFixed Buffer Queuing

• Buffer length fixed in size (often to MTU)

• Less expensive than custom controllers

• Inefficient use of buffers

One 64–Byte
Frame Uses One

2000–Byte Buffer

One 256–Byte
Frame Uses One

2000–Byte Buffer

Wasted Memory
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Input QueuingInput Queuing

• Packets buffered at the inbound port

• Results in head of line blocking

• Reduces throughput to 60% maximum

Output Port

Buffer

SwitchingSwitching
FabricFabric

Data inData in

Input Port
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Head of Line BlockingHead of Line Blocking

Output
Port A

Output
Port B

Congested!
Input

Module

SwitchingSwitching
FabricFabric

to Bto B to Ato A to Ato A

Data to A and B
Buffered at

Inbound Port

Congestion Forcing
Mass Queuing at
Inbound Port
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Head of Line BlockingHead of Line Blocking
with Input Queuingwith Input Queuing

• Traffic for B cannot enter switching fabric
due to data for “A” being ahead of it

Traffic
Destined

for B

Traffic
Destined

for A

Data inData in SwitchingSwitching
FabricFabric
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Output QueuingOutput Queuing

• Buffers at the output port

• No head of line blocking

• Can overflow buffers at peak bursts

Buffer

Output Port

SwitchingSwitching
FabricFabric

Input Port

Data inData in
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Output Queuing/Shared BufferOutput Queuing/Shared Buffer

• Central pool of buffers shared between all ports

• Maximum throughput with fewest buffers

• No head of line blocking

Data out to Port 1Data out to Port 1

Data out to Port 3Data out to Port 3

Data out to Port 9Data out to Port 9

Data out to Port 2Data out to Port 2

Data inData in
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Rules of Shared BufferRules of Shared Buffer
ArchitecturesArchitectures

• Amount of buffer can be dynamically
allocated per port ONLY IF there are
no QoS requirements

Data destined toData destined to

Port 1Port 1

Data out to Port 2Data out to Port 2

Data inData in
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Rules of Shared BufferRules of Shared Buffer
ArchitecturesArchitectures

• If QoS is a requirement, buffers are
typically fixed per port and per queue

Data out to Port 4Data out to Port 4

Data inData in

Data out to Port 1Data out to Port 1

Data out to Port 2Data out to Port 2

Data out to Port 3Data out to Port 3
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Multiple Queues per PortMultiple Queues per Port

• Can be implemented in either output
queuing or shared memory models

• Support multiple service levels for QoS

• Scheduling and/or congestion avoidance
algorithm required

Critical Data, 
High Priority

Non-Critical Data, 
Low Priority

Data inData in
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Weighted Round RobinWeighted Round Robin

• Outbound scheduling
algorithm

• Service assigned
via user-defined weights
on outbound port

• Scheduler enforces
bandwidth requirements
per queue

Queue 0
Weight = w

Queue 1
Weight = x

Queue 2
Weight = y

Queue 3
Weight = z

ToS = 6,7

ToS = 4,5

ToS = 2,3

ToS = 0,1
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Weighted Random EarlyWeighted Random Early
DetectionDetection

• Pre-emptive drops as buffer begins to fill

• Without WRED:  tail drop of packets throttles
multiple TCP sessions

• With WRED:  limited numbers of TCP sessions
throttle back due to random discard

Randomly drop:  
                    ToS=6,7  ToS=4,5  ToS=2,3   ToS=0,1
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AgendaAgenda
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Switching ImplementationsSwitching Implementations

• Describe where and how a switching
decision is made

Where: Locally or centrally

How: Longest match, exact match
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Serial vs. Hashed LookupSerial vs. Hashed Lookup

• Sequentially look up
entries in CAM

• Benefit: more entries

• Drawback: decrease
in performance as
entries increase

• Hash values together
to obtain a value in
memory

• Benefit: faster lookup

• Drawback: fewer
entries due to hash
collisions
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Centralized SwitchingCentralized Switching

• Central forwarding
table utilized

• Provides centralized
control for switching
and learning

• Lookup done is ASICs
for fast processing

• Can perform a Layer 2
or Layer 3 lookup

Central 
Switch ASIC

Switching FabricSwitching Fabric

Forwarding orForwarding or
Routing TableRouting Table

00-0e1-00-00-00-00  2/3
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Distributed SwitchingDistributed Switching

• Switching decision
made locally by port
or module

• L2 and L3 tables must
be synchronized to
account for adds,
moves or changes

• Routing table not
necessarily
distributed on line
cards

Switching FabricSwitching Fabric

Forwarding orForwarding or
Routing TableRouting Table

00-0e1-00-00-00-00  2/3CPU

LookupLookup
TableTable

LookupLookup
TableTable

LookupLookup
TableTable

26
603
F0_6852_c1 © 1999, Cisco Systems, Inc. 

Route CachingRoute Caching
(Traffic-Based Switching)(Traffic-Based Switching)

• Demand-based
switching

• Entry containing
source, destination
and/or Layer 4
information

• Flows are
unidirectional

LocalLocal
RouteRoute
CacheCache

Switching Fabric

Routing TableRouting TableRouteRoute
ProcessorProcessor

Central RoutingCentral Routing
CacheCache

LocalLocal
RouteRoute
CacheCache

A3
BB
C1

Ethernet 1
FDDI 2
Ethernet 5

••
••
••
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••
••
••

Route CachingRoute Caching
(Traffic-Based Switching)(Traffic-Based Switching)

• First packet
processed
switched by
processor

• Flow cache
enabled (centrally
and/or locally) LocalLocal

RouteRoute
CacheCache

Routing TableRouting TableRouteRoute
ProcessorProcessor

LocalLocal
RouteRoute
CacheCache

Central RoutingCentral Routing
CacheCache

A3
BB
C1

Ethernet 1
Gig E-net 1/0
Fast Ethernet 2/0

Switching Fabric
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••
••
••

Route CachingRoute Caching
(Traffic-Based Switching)(Traffic-Based Switching)

• Subsequent packets
in that
flow switched
via flow cache

• Flow cache decision
made centrally and/or
locally

• All packets switched
at Layer 3

LocalLocal
RouteRoute
CacheCache

Routing TableRouting TableRouteRoute
ProcessorProcessor

LocalLocal
RouteRoute
CacheCache

A3
BB
C1

Ethernet 1
Gig E-net 1/0
Fast Ethernet 2/0

Switching Fabric

Central RoutingCentral Routing
CacheCache

SA DA Interface
C1 BB FF 2/0
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The Slow PathThe Slow Path

• First packet in a traffic based switching
implementation must go to Route Processor

• Speed of switch dependant on performance of
this engine

• Slow path functions: cache entry,
cache flush in route flap

••
••
••

Routing TableRouting TableRouteRoute
ProcessorProcessor

A3
BB
C1

Ethernet 1
Gig E-net 1/0
Fast Ethernet 2/0

Central RoutingCentral Routing
CacheCache

SA DA Interface
C1 BB FF 2/0

Switching speeds: 
1,900 pps to 500K pps

Switching speeds:
1 to 5 million pps
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••
••
••

Routing TableRouting TableRouteRoute
ProcessorProcessor

A3
BB
C1

Ethernet 1
Gig E-net 1/0
Fast Ethernet 2/0

Switching Fabric

SA DA Interface
C1 BB FF 2/0

Cisco Express ForwardingCisco Express Forwarding
(Topology-Based Switching)(Topology-Based Switching)

• Topology-based
switching

• Cache pre-populated
based on routing table,
not traffic

LocalLocal
FIBFIB

LocalLocal
FIBFIB

OSPF, IGRP
EIGRP, RIP, 
BGP, IS-IS

Routing
Protocols

Inject Routes
into the
Routing

Table

ForwardingForwarding
InformationInformation
BaseBase
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SA DA Interface
C1 BB FF 2/0

LocalLocal
FIBFIB

LocalLocal
FIBFIB

ForwardingForwarding
InformationInformation
BaseBase

Cisco Express ForwardingCisco Express Forwarding
(Topology-Based Switching)(Topology-Based Switching)

• FIB calculated
based on routing
table entries, not
traffic flows

• FIB can be kept
central or
distributed

Routing TableRouting TableRouteRoute
ProcessorProcessor

Switching Fabric

••
••
••

A3
BB
C1

Ethernet 1
Gig E-net 1/0
Fast Ethernet 2/0
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SA DA Interface
C1 BB FF 2/0

LocalLocal
FIBFIB

LocalLocal
FIBFIB

ForwardingForwarding
InformationInformation
BaseBase

Cisco Express ForwardingCisco Express Forwarding
(Topology-Based Switching)(Topology-Based Switching)

• Packet enters
router

• No process
switching
necessary

• Decision made
locally or centrally
irregardless of
switching fabric

Routing TableRouting TableRouteRoute
ProcessorProcessor

A3
BB
C1

Ethernet 1
Gig E-net 1/0
Fast Ethernet 2/0

Switching Fabric

••
••
••
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AgendaAgenda

• Architecture Responsibilities
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• Switching Implementations

• Switching Fabrics

• Example—Catalyst 4000 Series

• Example—Catalyst 8500 Series

• Example—Catalyst 5000 Family

• Example—Catalyst 6000 Family
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BackplaneBackplane

Switching Fabric

Electrical traces (wires) run
signals 

Switching Fabric switches 
signals between wires. Fabric
can be located on backplane
or line card

Wires clocked at certain speed
(measured in MHz) via a clock 
sourceClock

Source
ClockClock

SourceSource
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Switching FabricSwitching Fabric

Switches between the “wires”
on the backplane

Slot 0

Slot 3

Slot 2

Slot 1
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Non-Blocking Switching FabricNon-Blocking Switching Fabric

10 Gbps ports

10 Gbps ports

10 Gbps ports

10 Gbps ports 

60 Gbps Fabric
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Over-subscribed Switching FabricOver-subscribed Switching Fabric

10 Gbps ports

10 Gbps ports

10 Gbps ports

10 Gbps ports 

10 Gbps Fabric
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Single BusSingle Bus

• One central fabric element

• Each port must arbitrate for access

• Broadcast and multicast easy

• Oversubscription normal

Ethernet Switch
Module

Fast Ethernet
Switch Module

FDDI Uplink
Module

ATM Uplink
Module

ForwardingForwarding
TableTableCPU

00-0e1-00-00-00-00 2/3
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Unicast Switching overUnicast Switching over
A Single BusA Single Bus

• Data enters switched port

• Bus arbitration takes place

• Lookup in forwarding table performed

• Packet sent to destination port

Client A Client B

ForwardingForwarding
TableTable

Client A Mod3/Port12

Client B Mod5/Port2
…
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Multicast/Broadcast overMulticast/Broadcast over
A Single BusA Single Bus

• Flooded data decreases end-station performance

• Destination must be only those ports who need that traffic

• Multicast or VLAN mechanism must limit
traffic to certain ports

Multicast
Source

Client A Client B

MulticastMulticast
TableTable

Multicast A Mod3/Port12

Mod3/Port12

…
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Crossbar FabricsCrossbar Fabrics

• Multiple input
buses allows for
meshed fabric

• Typically (but not
always) non-
blocking

• Broadcast/multicast
complex

• More complex
forwarding table
lookup CPU

Forwarding TableForwarding Table

00-0e1-00-00-00-00 2/3
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Unicast Switching overUnicast Switching over
Crossbar FabricsCrossbar Fabrics

• Balanced traffic

• Ports/modules
have access to
part of the
crossbar

• Multiple traffic
streams
simultaneously
in fabric
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Multicast/Broadcast over aMulticast/Broadcast over a
CrossbarCrossbar

• Weakness in
a crossbar
architecture

• Packet replication
must occur, possible
performance loss

• Entire fabric must be
“quiet” for multicast
to occur
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Shared Memory ArchitectureShared Memory Architecture

• Buffering internal to the switching fabric

• Switching inputs to memory governed by ASICs

• Uses high-speed memory and switching fabric

Module 1

Module 2

Module 3

Module 4

CPU

Forwarding TableForwarding Table
00-0e1-00-00-00-00 2/3

Shared MemoryShared Memory
PoolPool

SwitchingSwitching
CoreCore
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Shared Memory ArchitectureShared Memory Architecture

• Switching core performs lookup, resolves
destination to pointers in memory, switches
the packet

Module 1

Module 2

Module 3

Module 4

CPU

Forwarding TableForwarding Table
00-0e1-00-00-00-00 2/3

Shared MemoryShared Memory
PoolPool

SwitchingSwitching
CoreCore

High-Speed
Switching ASIC
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Shared Memory ArchitectureShared Memory Architecture

• Buffers either fixed or dynamic,
less buffers needed if architecture
is non-blocking

Module 1

Module 2

Module 3

Module 4

CPU

Forwarding TableForwarding Table
00-0e1-00-00-00-00 2/3

Shared MemoryShared Memory
PoolPool

SwitchingSwitching
CoreCore

Large Pool of
Assigned Buffers
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Unicast Switching overUnicast Switching over
A Shared Memory FabricA Shared Memory Fabric

• Data enters
switch module

• Switched into
memory

• Switching core
evaluates and
resolves
destination

• Packet switched to
outgoing module

Shared MemoryShared Memory

SwitchingSwitching
CoreCoreModule 1 Module 3

Forwarding TableForwarding Table
00-0e1-00-00-00-00 2/3
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Module 1

Multicast/Broadcast SwitchingMulticast/Broadcast Switching
over a Shared Memory Fabricover a Shared Memory Fabric

• Data enters switch
module and is switched
into memory

• MAC address lookup
reveals packet to be
broadcast/multicast

• Switching core
identifies
outgoing ports

• Packet switched to
outgoing multiple
outgoing ports

Module 2

SwitchingSwitching
CoreCore

Forwarding TableForwarding Table
00-0e1-00-00-00-00 2/3

Module 3

Shared MemoryShared Memory
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Local SwitchingLocal Switching

• Local switching fabric keeps local traffic off
main fabric; increases switch bandwidth

• Local architecture can be bus, crossbar or
shared memory

Main Fabric Input

Forwarding Table

Local Bus

00-0e1-00-00-00-00 2/3

•
•
•

Packet BufferPacket Buffer
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AgendaAgenda

• Architecture Responsibilities
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The Catalyst 4000 SeriesThe Catalyst 4000 Series

• Extension of the
Catalyst 5000 Family
for mid-range
wiring closets

• Flexible modular
configurations

• Cost-effective,
high-performance
10/100/1000 Ethernet
switching

• Enterprise software
functionality
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Catalyst 4912 and 2948GCatalyst 4912 and 2948G

• Same architecture as the
Catalyst 4000

• All ports access 24 Gbps of
shared memory

• Catalyst 2948G—48 10/100 ports
with two Gigabit Ethernet ports

• Catalyst 4912—12 1000BaseX ports



Copyright © 1998 Cisco Systems Inc All rights reserved Printed in USA

53
603
F0_6852_c1 © 1999, Cisco Systems, Inc. 

Catalyst 4000 ArchitectureCatalyst 4000 Architecture

24 24 Gbps Shared MemoryGbps Shared Memory

FabricFabric

SwitchSwitch
ControllerController

Line CardLine Card Line CardLine CardSwitching ASICSwitching ASIC

00-0e1-00-00-00-00 2/3
Forwarding TableForwarding Table
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Catalyst 4000 ArchitectureCatalyst 4000 Architecture

Non-Blocking
Switching
Fabric

24 24 Gbps Shared MemoryGbps Shared Memory

FabricFabric

SwitchSwitch
ControllerController

Line CardLine Card Line CardLine CardSwitching ASICSwitching ASIC

00-0e1-00-00-00-00 2/3
Forwarding TableForwarding Table
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Catalyst 4000 ArchitectureCatalyst 4000 Architecture

24 24 Gbps Shared MemoryGbps Shared Memory

FabricFabric

SwitchSwitch
ControllerController

Line CardLine Card Line CardLine CardSwitching ASICSwitching ASIC

12 Gbps per
Line Card

00-0e1-00-00-00-00 2/3
Forwarding TableForwarding Table
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Catalyst 4000 Port InterfaceCatalyst 4000 Port Interface——
Gigabit EthernetGigabit Ethernet

• 12 Gbps per
line card

• No buffering or
switching on
line cards

• All intelligence in
switching
core ASIC

Shared MemoryShared Memory
FabricFabric

Switching ASICSwitching ASIC

GBICGBIC GBICGBIC GBICGBIC GBICGBIC GBICGBIC GBICGBIC

Non-Blocking
Access into

Fabric
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Catalyst 4000 Port InterfaceCatalyst 4000 Port Interface——
Fast EthernetFast Ethernet

• Breakout ASIC
connects 8 10/100
ports to single
1 Gbps fabric port

• Non-blocking
10/100

• All switching on
supervisor engine

Breakout
ASIC

Shared MemoryShared Memory
FabricFabric

Switching ASICSwitching ASIC
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24 24 Gbps Shared MemoryGbps Shared Memory

FabricFabric

SwitchSwitch
ControllerController

Line CardLine Card Line CardLine CardSwitching ASICSwitching ASIC

00-0e1-00-00-00-00 2/3

Switch ControllerSwitch Controller
Forwarding TableForwarding Table

Catalyst 4000 Shared MemoryCatalyst 4000 Shared Memory

8 MB
Shared
Memory
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Catalyst 4000 ArchitectureCatalyst 4000 Architecture

Centralized
Forwarding
Engine

24 24 Gbps Shared MemoryGbps Shared Memory

FabricFabric

SwitchSwitch
ControllerController

Line CardLine Card Line CardLine CardSwitching ASICSwitching ASIC

00-0e1-00-00-00-00 2/3

Switch ControllerSwitch Controller
Forwarding TableForwarding Table

60
603
F0_6852_c1 © 1999, Cisco Systems, Inc. 

24 24 Gbps Shared MemoryGbps Shared Memory

FabricFabric

SwitchSwitch
ControllerController

Line CardLine Card Line CardLine CardSwitching ASICSwitching ASIC

00-0e1-00-00-00-00 2/3

Switch ControllerSwitch Controller
Forwarding TableForwarding Table

Frame Switching in the Catalyst 4000Frame Switching in the Catalyst 4000

Packet Enters
Switch, Stored

in Memory
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Frame Switching in the Catalyst 4000Frame Switching in the Catalyst 4000

Switching Engine
Consulted While

Frame Is in
Memory

24 24 Gbps Shared MemoryGbps Shared Memory

FabricFabric

SwitchSwitch
ControllerController

Line CardLine Card Line CardLine CardSwitching ASICSwitching ASIC

00-0e1-00-00-00-00 2/3

Switch ControllerSwitch Controller
Forwarding TableForwarding Table
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24 24 Gbps Shared MemoryGbps Shared Memory

FabricFabric

SwitchSwitch
ControllerController

Line CardLine Card Line CardLine CardSwitching ASICSwitching ASIC

00-0e1-00-00-00-00 2/3

Switch ControllerSwitch Controller
Forwarding TableForwarding Table

Frame Switching in the Catalyst 4000Frame Switching in the Catalyst 4000

Destination Found,
Packet Sent to

Output Port
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Catalyst 4003/4912 PerformanceCatalyst 4003/4912 Performance

• 10/100 for 96 ports

14,285,760 packets per second (64 bytes)

• 1000BaseX for 12 ports

17,857,200 packets per second (64 bytes)
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Catalyst 2948G PerformanceCatalyst 2948G Performance

• 10/100 for 48 ports

7,142,880 packets per second (64 bytes)

• 1000BaseX for 2 ports

2,961,319 packets per second (64 bytes)
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AgendaAgenda

• Architecture Responsibilities

• Queuing Models

• Switching Implementations

• Switching Fabrics

• Example—Catalyst 4000 Series

• Example—Catalyst 8500 Series

• Example—Catalyst 5000 Family

• Example—Catalyst 6000 Family
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Catalyst 8500 SeriesCatalyst 8500 Series

Cisco IOSCisco IOS®®

Catalyst 8540Catalyst 8540
13 Slot13 Slot

Catalyst 8510Catalyst 8510
5 Slot5 Slot

Cisco Express ForwardingCisco Express Forwarding

Cisco IOS Routing ProtocolsCisco IOS Routing Protocols

Wire-Speed IP, IPX SwitchingWire-Speed IP, IPX Switching

Extensive QoS CapabilitiesExtensive QoS Capabilities Multiservice IntegrationMultiservice Integration

Wire-Speed IP MulticastWire-Speed IP Multicast
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Routing Table/Routing Table/
FIB TableFIB Table

Catalyst 8540 ArchitectureCatalyst 8540 Architecture

40 40 Gbps Shared MemoryGbps Shared Memory

FabricFabric

RouteRoute
ProcessorProcessor

LineLine
CardCard SiSi

LineLine
CardCard SiSi

LineLine
CardCardSiSi

LineLine
CardCardSiSi

LineLine
CardCard SiSi

LineLine
CardCard SiSi

LineLine
CardCardSiSi

LineLine
CardCardSiSi

00-0e1-00-00-00-00 2/3
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Routing Table/Routing Table/
FIB TableFIB Table

Catalyst 8500 SeriesCatalyst 8500 Series
Switch FabricSwitch Fabric

Non-
Blocking,
Fabric

10/40 10/40 Gbps Shared MemoryGbps Shared Memory

FabricFabric

RouteRoute
ProcessorProcessor

LineLine
CardCard SiSi

LineLine
CardCard SiSi

LineLine
CardCardSiSi

LineLine
CardCardSiSi

00-0e1-00-00-00-00 2/3
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Dynamic Buffering ArchitectureDynamic Buffering Architecture

LineLine
CardCard SiSi

LineLine
CardCardSiSi

Shared Memory FabricShared Memory Fabric

Buffers fixed to 48
bytes each
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Multiple Queues per PortMultiple Queues per Port

• Four queues per port

• Scheduling algorithm allows average
bandwidth per queue

Shared Memory FabricShared Memory Fabric

Output Queues
Serviced

According to
Priority Queue 0–6,7

Queue 1–4,5

Queue 2–2,3

Queue 3–0,1
SiSi SiSi

IntInt
G1/0/0G1/0/0

IntInt
F1/0/2F1/0/2
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Routing Table/Routing Table/
FIB TableFIB Table

Catalyst 8500 ForwardingCatalyst 8500 Forwarding

• Cisco IOS processor maintains routing table

• Computes forwarding information base

FIB Computed
Centrally via

Routing
Protocols

Shared Memory FabricShared Memory Fabric

RouteRoute
ProcessorProcessor

LineLine
CardCard SiSi

LineLine
CardCardSiSi

00-0e1-00-00-00-00 2/3
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Catalyst 8500 Distributed FIBCatalyst 8500 Distributed FIB

• FIB performs longest match network
address lookup in hardware

DistributedDistributed
FIBFIB

Shared Memory FabricShared Memory Fabric

RouteRoute
ProcessorProcessor

LineLine
CardCard SiSi

LineLine
CardCardSiSi

FIB Downloaded
to Line Cards

Routing Table/Routing Table/
FIB TableFIB Table

00-0e1-00-00-00-00 2/3

ACL EngineACL Engine

DistributedDistributed
FIBFIB

ACL EngineACL Engine
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Catalyst 8500Catalyst 8500
Access Control List EngineAccess Control List Engine

• ACLs populated on Daughter Module

DistributedDistributed
FIBFIB

Shared Memory FabricShared Memory Fabric

RouteRoute
ProcessorProcessor

LineLine
CardCard SiSi

LineLine
CardCardSiSi

ACLs downloaded
to Line Cards that
contain the ACL
Daughter Card

Routing Table/Routing Table/
FIB TableFIB Table

00-0e1-00-00-00-00 2/3

ACL EngineACL Engine

DistributedDistributed
FIBFIB

ACL EngineACL Engine
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Shared Memory FabricShared Memory Fabric

LineLine
CardCard SiSi

LineLine
CardCardSiSi

FIB Computed and
Downloaded to Ports

FIB TableFIB Table
A3
BB
C1

Fast E-net 0/1
Fast E-net 3/6
Fast E-net 5/8

A3

BB

C1

Fast E-net 0/1

Fast E-net 3/6

Fast E-net 5/8

•
•
•

A3

BB

C1

Fast E-net 0/1

Fast E-net 3/6

Fast E-net 5/8

•
•
•

…

Packet Switching in thePacket Switching in the
Catalyst 8500Catalyst 8500
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Shared Memory FabricShared Memory Fabric

LineLine
CardCard SiSi

LineLine
CardCardSiSi

FIB TableFIB Table
Fast E-net 0/1
Fast E-net 3/6
Fast E-net 5/8

A3

BB

C1

Fast E-net 0/1

Fast E-net 3/6

Fast E-net 5/8

•
•
•

A3

BB

C1

Fast E-net 0/1

Fast E-net 3/6

Fast E-net 5/8

•
•
•

Packet Enters Switch,
Switching Decision

Made at Ingress Port;
Consults ACL Engine
to determine if ACL

exists

…

A3
BB
C1

Packet Switching in thePacket Switching in the
Catalyst 8500Catalyst 8500
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Packet Switched
into Memory;
Pointer Set to

Outgoing
Interface

Shared Memory FabricShared Memory Fabric

LineLine
CardCard SiSi

LineLine
CardCardSiSi

FIB TableFIB Table
Fast E-net 0/1
Fast E-net 3/6
Fast E-net 5/8

A3

BB

C1

Fast E-net 0/1

Fast E-net 3/6

Fast E-net 5/8

•
•
•

A3

BB

C1

Fast E-net 0/1

Fast E-net 3/6

Fast E-net 5/8

•
•
•

…

A3
BB
C1

Packet Switching in thePacket Switching in the
Catalyst 8500Catalyst 8500
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Frame Rewritten
on Egress Port;
outbound ACLs

consulted, if
necessaryShared Memory FabricShared Memory Fabric

LineLine
CardCard SiSi

LineLine
CardCardSiSi

FIB TableFIB Table
Fast E-net 0/1
Fast E-net 3/6
Fast E-net 5/8

A3

BB

C1

Fast E-net 0/1

Fast E-net 3/6

Fast E-net 5/8

•
•
•

A3

BB

C1

Fast E-net 0/1

Fast E-net 3/6

Fast E-net 5/8

•
•
•

…

A3
BB
C1

Packet Switching in thePacket Switching in the
Catalyst 8500Catalyst 8500
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Catalyst 8500 Series PerformanceCatalyst 8500 Series Performance

• Fast Ethernet forwarding rate

Catalyst 8510—4.76 million pps

Catalyst 8540—19 million pps

• Gigabit Ethernet forwarding rate

Catalyst 8510—5.77 million pps

Catalyst 8540—23 million pps
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AgendaAgenda

• Architecture Responsibilities

• Queuing Models

• Switching Implementations

• Switching Fabrics

• Example—Catalyst 4000 Series

• Example—Catalyst 8500 Series

• Example—Catalyst 5000 Family

• Example—Catalyst 6000 Family
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The Catalyst 5000 FamilyThe Catalyst 5000 Family

• Powerful switching
solutions:

Multilayer,
multiprotocol
switching

Complete Cisco IOS
network services
support

Integration of
gigabit/ATM/Layer 3
on a common platform

High-density LAN
aggregation
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Catalyst 5500 ArchitectureCatalyst 5500 Architecture

Port 25Port 25Port 8Port 8

256 256 KBKB
 Buffer Buffer

256 256 KBKB
 Buffer Buffer

EthernetEthernet
ModuleModule

3 Input Buses;
1.2 Gbps Single Bus

Each

LCPLCP

3.6 3.6 Gbps Switching FabricGbps Switching Fabric

Network Mgmt.Network Mgmt.
 NMP/MCP NMP/MCP

NetFlowNetFlow
FeatureFeature

CardCard

RMONRMON
StatisticsStatistics

Supervisor
Engine III

Layer 2 TableLayer 2 Table
Layer 3 Route CacheLayer 3 Route Cache

Bus ArbiterBus Arbiter

SAINTSAINT
ASICASIC

SAINTSAINT
ASICASIC

SAGE ASICSAGE ASIC LCPLCP

BufferBuffer BIGABIGA
ASICASIC

BufferBufferBIGABIGA
ASICASIC

Route ProcessorRoute Processor

SAGE ASICSAGE ASIC
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Catalyst 5500 ArchitectureCatalyst 5500 Architecture

Port 25Port 25Port 8Port 8

256 256 KBKB
 Buffer Buffer

256 256 KBKB
 Buffer Buffer

EthernetEthernet
ModuleModule

Central Bus Arbiter
with Local Arbiters 

per module

3.6 3.6 Gbps Switching FabricGbps Switching Fabric

Network Mgmt.Network Mgmt.
 NMP/MCP NMP/MCP

NetFlowNetFlow
FeatureFeature

CardCard

RMONRMON
StatisticsStatistics

Supervisor
Engine III

Layer 2 TableLayer 2 Table
Layer 3 Route CacheLayer 3 Route Cache

Bus ArbiterBus Arbiter

SAINTSAINT
ASICASIC

SAINTSAINT
ASICASIC

SAGE ASICSAGE ASIC LCPLCP

BufferBuffer BIGABIGA
ASICASIC

BufferBufferBIGABIGA
ASICASIC

Route ProcessorRoute Processor

SAGE ASICSAGE ASIC

LCPLCP
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Catalyst 5500 ArchitectureCatalyst 5500 Architecture

Port 25Port 25Port 8Port 8

256 256 KBKB
 Buffer Buffer

256 256 KBKB
 Buffer Buffer

EthernetEthernet
ModuleModule

Per-Port ASICs
and Buffering

3.6 3.6 Gbps Switching FabricGbps Switching Fabric

Network Mgmt.Network Mgmt.
 NMP/MCP NMP/MCP

NetFlowNetFlow
FeatureFeature

CardCard

RMONRMON
StatisticsStatistics

Supervisor
Engine III

Layer 2 TableLayer 2 Table
Layer 3 Route CacheLayer 3 Route Cache

Bus ArbiterBus Arbiter

SAINTSAINT
ASICASIC

SAINTSAINT
ASICASIC

SAGE ASICSAGE ASIC LCPLCP

BufferBuffer BIGABIGA
ASICASIC

BufferBufferBIGABIGA
ASICASIC

Route ProcessorRoute Processor

SAGE ASICSAGE ASIC

LCPLCP
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Catalyst 5500 Port InterfaceCatalyst 5500 Port Interface

Switching Fabric

Results Bus

CPU
Interface

CPUCPU
InterfaceInterface

DMA
Engine
DMADMA

EngineEngine

10/100
MAC

10/10010/100
MACMAC

Packet
Buffer
PacketPacket
BufferBuffer

Transmit
224 Kb

TransmitTransmit
224 Kb224 Kb

Receive
32 Kb

ReceiveReceive
32 Kb32 Kb

Rewrite
Engine
RewriteRewrite
EngineEngine

Saint ASIC

Physical Layer Interface
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Catalyst 5500 ArchitectureCatalyst 5500 Architecture

Port 25Port 25Port 8Port 8

256 256 KBKB
 Buffer Buffer

256 256 KBKB
 Buffer Buffer

EthernetEthernet
ModuleModule

LCPLCP

Central
Switching and
Classification
Engine

3.6 3.6 Gbps Switching FabricGbps Switching Fabric

Network Mgmt.Network Mgmt.
 NMP/MCP NMP/MCP

NetFlowNetFlow
FeatureFeature

CardCard

RMONRMON
StatisticsStatistics

Supervisor
Engine III

Layer 2 TableLayer 2 Table
Layer 3 Route CacheLayer 3 Route Cache

Bus ArbiterBus Arbiter

SAINTSAINT
ASICASIC

SAINTSAINT
ASICASIC

SAGE ASICSAGE ASIC LCPLCP

BufferBuffer BIGABIGA
ASICASIC

BufferBufferBIGABIGA
ASICASIC

Route ProcessorRoute Processor

SAGE ASICSAGE ASIC
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MACMAC
AddressAddress

Page 1Page 1

Page 0Page 0

Page 2Page 2
Page 3Page 3

ColorColor IndexIndex ControlControl

EARL Hashing AlgorithmEARL Hashing Algorithm

• Four pages of
memory

• Hashing algorithm

• 128,000 maximum
entries

• Contains L2/L3/L4
information
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Components of Catalyst 5500Components of Catalyst 5500
Multilayer Switching (MLS)Multilayer Switching (MLS)

CiscoCisco
7500 Series7500 Series
7200 Series7200 Series
4000 Series4000 Series

36003600

oror
RSM

MLS-RPMLS-RP——
Route ProcessorRoute Processor

MLSPMLSP——Multilayer Switching ProtocolMultilayer Switching Protocol
 for Router Registration with MLS-SE for Router Registration with MLS-SE

NFFCMLS-SEMLS-SE——Switch EngineSwitch Engine
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Multilayer SwitchingMultilayer Switching
Protocol (MLSP)Protocol (MLSP)

• Allows RSM, Cisco 7500, Cisco 4000,
Cisco 3600 and Cisco 7200 series
routers to provide route processing
functionality

• Used for router registration and
services (i.e., access list) updates
for NFFC

• Not used in Layer 3 switching itself
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Frame Switching in the Catalyst 5500Frame Switching in the Catalyst 5500

Port 25Port 25Port 8Port 8

256 256 KBKB
 Buffer Buffer

3.6 3.6 Gbps Switching FabricGbps Switching Fabric

Network Mgmt.Network Mgmt.
 NMP/MCP NMP/MCP

NetFlowNetFlow
FeatureFeature

CardCard

RMONRMON
StatisticsStatistics

Supervisor
Engine III

Layer 2 TableLayer 2 Table
Layer 3 Route CacheLayer 3 Route Cache

Bus ArbiterBus Arbiter

SAINTSAINT
ASICASIC

SAINTSAINT
ASICASIC

256 256 KBKB
 Buffer Buffer

EthernetEthernet
ModuleModule

SAGE ASICSAGE ASIC LCPLCP

BufferBuffer BIGABIGA
ASICASIC

BufferBufferBIGABIGA
ASICASIC

Route ProcessorRoute Processor

SAGE ASICSAGE ASIC

LCPLCP

Data Enters Port and
Is Sent to All Ports
in the Switch
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Frame Switching in the Catalyst 5500Frame Switching in the Catalyst 5500

Port 25Port 25Port 8Port 8

256 256 KBKB
 Buffer Buffer

3.6 3.6 Gbps Switching FabricGbps Switching Fabric

Network Mgmt.Network Mgmt.
 NMP/MCP NMP/MCP

NetFlowNetFlow
FeatureFeature

CardCard

RMONRMON
StatisticsStatistics

Supervisor
Engine III

Layer 2 TableLayer 2 Table
Layer 3 Route CacheLayer 3 Route Cache

Bus ArbiterBus Arbiter

SAINTSAINT
ASICASIC

SAINTSAINT
ASICASIC

256 256 KBKB
 Buffer Buffer

EthernetEthernet
ModuleModule

SAGE ASICSAGE ASIC LCPLCP

BufferBuffer BIGABIGA
ASICASIC

BufferBufferBIGABIGA
ASICASIC

Route ProcessorRoute Processor

SAGE ASICSAGE ASIC

LCPLCP

NFFC Identifies
Port-of-Exit and
Policy
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Port 25Port 25Port 8Port 8

256 256 KBKB
 Buffer Buffer

3.6 3.6 Gbps Switching FabricGbps Switching Fabric

Network Mgmt.Network Mgmt.
 NMP/MCP NMP/MCP

NetFlowNetFlow
FeatureFeature

CardCard

RMONRMON
StatisticsStatistics

Supervisor
Engine III

Layer 2 TableLayer 2 Table
Layer 3 Route CacheLayer 3 Route Cache

Bus ArbiterBus Arbiter

SAINTSAINT
ASICASIC

SAINTSAINT
ASICASIC

256 256 KBKB
 Buffer Buffer

EthernetEthernet
ModuleModule

SAGE ASICSAGE ASIC LCPLCP

BufferBuffer BIGABIGA
ASICASIC

BufferBufferBIGABIGA
ASICASIC

Route ProcessorRoute Processor

SAGE ASICSAGE ASIC

LCPLCP

Frame Switching in the Catalyst 5500Frame Switching in the Catalyst 5500

If L3 Decision
and No NFFC
Entry Exists,
Packet
Goes to RSM
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Frame Switching in the Catalyst 5500Frame Switching in the Catalyst 5500

Port 25Port 25Port 8Port 8

256 256 KBKB
 Buffer Buffer

3.6 3.6 Gbps Switching FabricGbps Switching Fabric

Network Mgmt.Network Mgmt.
 NMP/MCP NMP/MCP

NetFlowNetFlow
FeatureFeature

CardCard

RMONRMON
StatisticsStatistics

Supervisor
Engine III

Layer 2 TableLayer 2 Table
Layer 3 Route CacheLayer 3 Route Cache

Bus ArbiterBus Arbiter

SAINTSAINT
ASICASIC

SAINTSAINT
ASICASIC

256 256 KBKB
 Buffer Buffer

EthernetEthernet
ModuleModule

SAGE ASICSAGE ASIC LCPLCP

BufferBuffer BIGABIGA
ASICASIC

BufferBufferBIGABIGA
ASICASIC

Route ProcessorRoute Processor

SAGE ASICSAGE ASIC

LCPLCP

If NFFC Has Entry at
L2 or L3, Outbound
Port Keeps Frame;
All Others Discard
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Frame Switching in the Catalyst 5500Frame Switching in the Catalyst 5500

Port 25Port 25Port 8Port 8

256 256 KBKB
 Buffer Buffer

3.6 3.6 Gbps Switching FabricGbps Switching Fabric

Network Mgmt.Network Mgmt.
 NMP/MCP NMP/MCP

NetFlowNetFlow
FeatureFeature

CardCard

RMONRMON
StatisticsStatistics

Supervisor
Engine III

Layer 2 TableLayer 2 Table
Layer 3 Route CacheLayer 3 Route Cache

Bus ArbiterBus Arbiter

SAINTSAINT
ASICASIC

SAINTSAINT
ASICASIC

256 256 KBKB
 Buffer Buffer

EthernetEthernet
ModuleModule

SAGE ASICSAGE ASIC LCPLCP

BufferBuffer BIGABIGA
ASICASIC

BufferBufferBIGABIGA
ASICASIC

Route ProcessorRoute Processor

SAGE ASICSAGE ASIC

LCPLCP

Outbound Port
Rewrites IP TOS
and/or Dest.
MAC Address
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Catalyst 5000 FamilyCatalyst 5000 Family
Layer 2 PerformanceLayer 2 Performance

• Forwarding rate: 10 Mbps
2,200,000 pps aggregate

• Forwarding rate: 100 Mbps
2,200,000 pps aggregate

• Forwarding rate: 1000 Mbps
35.7 million pps (with local switching)

• Multicast forwarding rate: 100 Mbps
39.2 million pps
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Catalyst 5000 Series Layer 3Catalyst 5000 Series Layer 3
Forwarding RatesForwarding Rates

• Route Switch Module (RSM)—
175,000 pps (based on RSP-2)

• Route Switch Feature Card (RSFC)—
170,000 pps (based on NPE-200)

• NetFlow Feature Card (NFFC-II)—
2.0 million pps
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AgendaAgenda

• Architecture Responsibilities

• Queuing Models

• Switching Implementations

• Switching Fabrics

• Example—Catalyst 4000 Series

• Example—Catalyst 8500 Series

• Example—Catalyst 5000 Family

• Example—Catalyst 6000 Family
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The Catalyst 6000 FamilyThe Catalyst 6000 Family

• Next Generation
switching platform

• Provides support for
High Speed Switching

Cisco IOS features and
functionality

Web Hosting features such
as Server Load Balancing,
WCCP, Security

Voice Support via powered
line cards, analog ports,
DSP functionality.
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Catalyst 6000 Series ArchitectureCatalyst 6000 Series Architecture

Gigabit EthernetGigabit Ethernet
ModuleModule

Control Bus
Results Bus

Port 1Port 1––44

10/100 10/100 EthernetEthernet
ModuleModule

Port 1Port 1––1212

64 64 KBKB
 Buffer Buffer

512 512 KBKB
 Buffer Buffer

32 32 Gbps Switching FabricGbps Switching Fabric

Network Mgmt.Network Mgmt.
 NMP/MCP NMP/MCP

Fabric Fabric 
ArbitrationArbitration

Supervisor
Engine

Multilayer Multilayer 
Forwarding TableForwarding Table

COILCOIL
ASICASIC

PINNACLEPINNACLE
ASICASIC

PINNACLEPINNACLE
ASICASIC

512 512 KBKB
 Buffer Buffer

All Ports in theAll Ports in the
Catalyst 6000Catalyst 6000

EARLEARL
SwitchingSwitching

SystemSystem

MultilayerMultilayer
SwitchSwitch
FeatureFeature

CardCard
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Catalyst 6500 Series ArchitectureCatalyst 6500 Series Architecture

Gigabit EthernetGigabit Ethernet
ModuleModule

Port 1Port 1––44

10/100 10/100 EthernetEthernet
ModuleModule

Port 1Port 1––1212

64 64 KBKB
 Buffer Buffer

512 512 KBKB
 Buffer Buffer

COILCOIL
ASICASIC

512 512 KBKB
 Buffer Buffer

Traces for Future Crossbar FabricTraces for Future Crossbar Fabric

32 32 Gbps Switching FabricGbps Switching Fabric

PINNACLEPINNACLE
ASICASIC

PINNACLEPINNACLE
ASICASIC

Network Mgmt.Network Mgmt.
 NMP/MCP NMP/MCP

EARLEARL
SwitchingSwitching

SystemSystem

Fabric Fabric 
ArbitrationArbitration

Supervisor
Engine

Multilayer Multilayer 
Forwarding TableForwarding Table

MultilayerMultilayer
Switch Switch 
FeatureFeature

CardCard

Control Bus
Results Bus
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Catalyst 6000 Series ArchitectureCatalyst 6000 Series Architecture

Gigabit EthernetGigabit Ethernet
ModuleModule

Port 1Port 1––44

10/100 10/100 EthernetEthernet
ModuleModule

Port 1Port 1––1212

64 64 KBKB
 Buffer Buffer

512 512 KBKB
 Buffer Buffer

COILCOIL
ASICASIC

512 512 KBKB
 Buffer Buffer

32 32 Gbps Switching FabricGbps Switching Fabric

PINNACLEPINNACLE
ASICASIC

PINNACLEPINNACLE
ASICASIC

Centralized Switching Fabric

Network Mgmt.Network Mgmt.
 NMP/MCP NMP/MCP

EARLEARL
SwitchingSwitching

SystemSystem

Fabric Fabric 
ArbitrationArbitration

Supervisor
Engine

Multilayer Multilayer 
Forwarding TableForwarding Table

MultilayerMultilayer
SwitchSwitch
FeatureFeature

CardCard

Control Bus
Results Bus
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Catalyst 6000 Series ArchitectureCatalyst 6000 Series Architecture

Gigabit EthernetGigabit Ethernet
ModuleModule

Port 1Port 1––44

10/100 10/100 EthernetEthernet
ModuleModule

Port 1Port 1––1212

64 64 KBKB
 Buffer Buffer

512 512 KBKB
 Buffer Buffer

COILCOIL
ASICASIC

512 512 KBKB
 Buffer Buffer

32 32 Gbps Switching FabricGbps Switching Fabric

PINNACLEPINNACLE
ASICASIC

PINNACLEPINNACLE
ASICASIC

Network Mgmt.Network Mgmt.
 NMP/MCP NMP/MCP

EARLEARL
SwitchingSwitching

SystemSystem

Fabric Fabric 
ArbitrationArbitration

Supervisor
Engine

Multilayer Multilayer 
Forwarding TableForwarding Table

MultilayerMultilayer
SwitchSwitch
FeatureFeature

CardCard

Control
Signals

Control Bus
Results Bus
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Catalyst 6000 Series ArchitectureCatalyst 6000 Series Architecture

Gigabit EthernetGigabit Ethernet
ModuleModule

Port 1Port 1––44

10/100 10/100 EthernetEthernet
ModuleModule

Port 1Port 1––1212

64 64 KBKB
 Buffer Buffer

512 512 KBKB
 Buffer Buffer

COILCOIL
ASICASIC

512 512 KBKB
 Buffer Buffer

32 32 Gbps Switching FabricGbps Switching Fabric

PINNACLEPINNACLE
ASICASIC

PINNACLEPINNACLE
ASICASIC

Network Mgmt.Network Mgmt.
 NMP/MCP NMP/MCP

EARLEARL
SwitchingSwitching

SystemSystem

Fabric Fabric 
ArbitrationArbitration

Supervisor
Engine

Multilayer Multilayer 
Forwarding TableForwarding Table

MultilayerMultilayer
SwitchSwitch
FeatureFeature

CardCard

Fabric Arbitration

Control Bus
Results Bus
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Catalyst 6000 Series ArchitectureCatalyst 6000 Series Architecture

Gigabit EthernetGigabit Ethernet
ModuleModule

Port 1Port 1––44

10/100 10/100 EthernetEthernet
ModuleModule

Port 1Port 1––1212

64 64 KBKB
 Buffer Buffer

512 512 KBKB
 Buffer Buffer

COILCOIL
ASICASIC

512 512 KBKB
 Buffer Buffer

32 32 Gbps Switching FabricGbps Switching Fabric

PINNACLEPINNACLE
ASICASIC

PINNACLEPINNACLE
ASICASIC

Network Mgmt.Network Mgmt.
 NMP/MCP NMP/MCP

EARLEARL
SwitchingSwitching

SystemSystem

Fabric Fabric 
ArbitrationArbitration

Supervisor
Engine

Multilayer Multilayer 
Forwarding TableForwarding Table

MultilayerMultilayer
SwitchSwitch
FeatureFeature

CardCard

Per-Port
Buffering

and ASICs

Control Bus
Results Bus
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Port ASIC Built-in FeaturesPort ASIC Built-in Features

• InterSwitch Link (ISL) and 802.1Q

• In-line rewrite capability for Layer 3
and QoS reclassification

• Fast and Gigabit EtherChannel

• Four groups of RMON per port

• Two queues per port

• Four drop thresholds per port
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PINNACLE Controls DMA Access into Per-Port
Memory and Performs Arbitration Requests

Catalyst 6000 Port ASICsCatalyst 6000 Port ASICs——
Gigabit EthernetGigabit Ethernet

Gigabit Ethernet ModuleGigabit Ethernet Module

Port 1Port 1––44 Port 5Port 5––88

32 32 Gbps Switching FabricGbps Switching Fabric

512 512 KBKB
 Buffer Buffer

per Portper Port

PINNACLEPINNACLE
ASICASIC

PINNACLEPINNACLE
ASICASIC

512 512 KBKB
 Buffer Buffer

per Portper Port
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Buffer AllocationBuffer Allocation——GigabitGigabit
EthernetEthernet

Port 3/8Port 3/8Port 3/8

Switching Fabric

Single Input Queue
(Store and Forward

Check and
Arbitration Request)

Dual Output
Queues

(Configurable)
PINNACLEPINNACLE

ASICASIC

RXRX
64 KB64 KB

TX(high) 100 KBTX(high) 100 KB

TX(low) 408 KBTX(low) 408 KB
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Catalyst 6000 Port ASICsCatalyst 6000 Port ASICs——
10/100 and 100BaseFX10/100 and 100BaseFX

Fast Ethernet ModuleFast Ethernet Module

Breakout
ASICs:
1 Gbps

to 12
10/100
Ports

PINNACLEPINNACLE
ASICASIC

COILCOIL
ASICASIC

Buffering per
10/100 Port

COILCOIL
ASICASIC

COILCOIL
ASICASIC

COILCOIL
ASICASIC
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Buffer AllocationBuffer Allocation——Fast EthernetFast Ethernet

Port 4/48Port 4/48Port 4/48

TXhigh 14 KBTXhigh 14 KB

TXlow 38 KBTXlow 38 KB

RX RX 
8 KB8 KB

Switching Bus

Dedicated
per PortPINNACLEPINNACLE

ASICASIC

COILCOIL
ASICASIC
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Weighted
Round Robin

Used To
Schedule
between
Queues

Weighted
Random Early

Discard
(WRED) Used
within Queue

for Congestion
Avoidance

PINNACLEPINNACLE

QoS Mechanisms in Catalyst 6000QoS Mechanisms in Catalyst 6000

Switching FabricSwitching Fabric

High
Priority Queue

256 Kb

Low
Priority Queue

192 Kb

PINNACLEPINNACLE
WRR Queue SchedulerWRR Queue Scheduler
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Catalyst 6000 Switching SystemCatalyst 6000 Switching System

Results Bus

EARL Switching
System

Multilayer Switch
Feature Card (Route

Processor)

Multilayer SwitchMultilayer Switch
Feature Card (RouteFeature Card (Route

Processor)Processor)

Layer 2
Forwarding

Engine

Layer 2Layer 2
ForwardingForwarding

EngineEngine

Layer 2
Forwarding

Table

Layer 2Layer 2
ForwardingForwarding

TableTable

Layer 3
Forwarding

Engine

Layer 3Layer 3
ForwardingForwarding

EngineEngine

Layer 3
Route Cache

(Forwarding Table)

Layer 3Layer 3
Route CacheRoute Cache

(Forwarding Table)(Forwarding Table)

Access List
Engine

Access ListAccess List
EngineEngine

Access
List

Table

AccessAccess
ListList

TableTable

Route Processor
(Control Plane)

32 32 Gbps Switching FabricGbps Switching Fabric
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Catalyst 6000 Switching SystemCatalyst 6000 Switching System

EARL Switching
System

Multilayer Switch
Feature Card (Route

Processor)

Multilayer SwitchMultilayer Switch
Feature Card (RouteFeature Card (Route

Processor)Processor)

Layer 2
Forwarding

Engine

Layer 2Layer 2
ForwardingForwarding

EngineEngine

Layer 2
Forwarding

Table

Layer 2Layer 2
ForwardingForwarding

TableTable

Layer 3
Forwarding

Engine

Layer 3Layer 3
ForwardingForwarding

EngineEngine

Layer 3
Route Cache

(Forwarding Table)

Layer 3Layer 3
Route CacheRoute Cache

(Forwarding Table)(Forwarding Table)

Access List
Engine

Access ListAccess List
EngineEngine

Access
List

Table

AccessAccess
ListList

TableTable

Lookup and
Forwarding ASICs

Results Bus

32 32 Gbps Switching FabricGbps Switching Fabric
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Page 5Page 5

Page 4Page 4

Page 6Page 6
Page 7Page 7

MACMAC
AddressAddress

Page 1Page 1

Page 0Page 0

Page 2Page 2
Page 3Page 3

Layer 3Layer 3
RouteRoute
CacheCache

ControlControl

Policy Feature Card (PFC)Policy Feature Card (PFC)
Hashing AlgorithmHashing Algorithm

• Eight pages of
memory

• Hashing algorithm

• 128,000 maximum
entries

• Contains L2/L3/L4
information
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Gigabit EthernetGigabit Ethernet
ModuleModule

Control Bus
Results Bus

Port 1Port 1––44

10/100 10/100 EthernetEthernet
ModuleModule

Port 1Port 1––1212

64 64 KBKB
 Buffer Buffer

512 512 KBKB
 Buffer Buffer

Network Mgmt.Network Mgmt.
 NMP/MCP NMP/MCP

EARLEARL
SwitchingSwitching

SystemSystem

Fabric Fabric 
ArbitrationArbitration

Supervisor
Engine

Multilayer Multilayer 
Forwarding TableForwarding Table

MultilayerMultilayer
SwitchSwitch
FeatureFeature

CardCard

COILCOIL
ASICASIC

PINNACLEPINNACLE
ASICASIC

PINNACLEPINNACLE
ASICASIC

512 512 KBKB
 Buffer Buffer

All Ports in theAll Ports in the
Catalyst 6000Catalyst 6000

Ingress Port
Arbitrates,

Places Frame on
Fabric

32 32 Gbps Switching FabricGbps Switching Fabric

Frame Switching in theFrame Switching in the
Catalyst 6000Catalyst 6000
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Gigabit EthernetGigabit Ethernet
ModuleModule

Control Bus
Results Bus

Port 1Port 1––44

10/100 10/100 EthernetEthernet
ModuleModule

Port 1Port 1––1212

64 64 KBKB
 Buffer Buffer

512 512 KBKB
 Buffer Buffer

32 32 Gbps Switching FabricGbps Switching Fabric

COILCOIL
ASICASIC

512 512 KBKB
 Buffer Buffer

PINNACLEPINNACLE
ASICASIC

PINNACLEPINNACLE
ASICASIC

All Ports in theAll Ports in the
Catalyst 6000Catalyst 6000

Network Mgmt.Network Mgmt.
 NMP/MCP NMP/MCP

EARLEARL
SwitchingSwitching

SystemSystem

Fabric Fabric 
ArbitrationArbitration

Supervisor
Engine

Multilayer Multilayer 
Forwarding TableForwarding Table

MultilayerMultilayer
SwitchSwitch
FeatureFeature

CardCard

32 32 Gbps Switching FabricGbps Switching Fabric

Frame Switching in theFrame Switching in the
Catalyst 6000Catalyst 6000

EARL Makes
Switching,

Classification
Decision
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Gigabit EthernetGigabit Ethernet
ModuleModule

Port 1Port 1––44

10/100 10/100 EthernetEthernet
ModuleModule

Port 1Port 1––1212

64 64 KBKB
 Buffer Buffer

512 512 KBKB
 Buffer Buffer

Network Mgmt.Network Mgmt.
 NMP/MCP NMP/MCP

EARLEARL
SwitchingSwitching

SystemSystem

Fabric Fabric 
ArbitrationArbitration

Supervisor
Engine

Multilayer Multilayer 
Forwarding TableForwarding Table

MultilayerMultilayer
SwitchSwitch
FeatureFeature

CardCard

COILCOIL
ASICASIC

PINNACLEPINNACLE
ASICASIC

PINNACLEPINNACLE
ASICASIC

512 512 KBKB
 Buffer Buffer

All Ports in theAll Ports in the
Catalyst 6000Catalyst 6000

Destination
Receives
Packet,
Rewrites if
Needed

Control Bus
Results Bus

32 32 Gbps Switching FabricGbps Switching Fabric

Frame Switching in theFrame Switching in the
Catalyst 6000Catalyst 6000
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Catalyst 6000 PerformanceCatalyst 6000 Performance

• Forwarding rate: 100 and 1000 Mbps

Layer 2: 15 million packets per second

Layer 3 (MSFC): 15 million packets
per second
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Please Complete YourPlease Complete Your
Evaluation FormEvaluation Form
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