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The Journey from Coal to the Server....

33.2 MW 10 MW 65% DC power 0.4-0.8 MW
Coal Energy - to the JNESEHERCLELEE “Useful Server
Input Data Centre Cycles”

15-30% Server and

60% Lost *
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Where does the power go?

This data center is 30%

Chiller 33% gfficient

Humidifier 3%
Electrical CRAC 9% = Waste

Power: INDOOR  rl2:l%
IT Equipment 30% NATL
I " L1 N T

PDU 5% HEAT
UPS 18% o 2 PPV

Switchgear / Generator 1%
Lighting 1%

Load: 30% design capacity CRACS: N+1 redundancy
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The Green Data Centre
Going Hydro???

M

Google has two computing centers, top and left, each the size of a
football field, @ Columbia River, The Dalles, Oregon
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into space by the earth in
the form of infrared waves

Most of this radiationfa#*
is absorbed by the
Earth and warms it

Some energy is radiated back

SIGNIFICANTLY MORE
of this outgoing infrared
radiation is trapped by
the earth’s atmosphere
and warms it




As well as averages, climate change
causes more extreme events

ey
. i_.v:._.\..‘-.

T
R ]

Extreme rainfall : =

M
u

M
[a]

-
w

Hurricanes

-
=)

I H _I‘— _|'l—.— ) S|

| i

Number of storms, hurricanes per year

Sources: Intergovernmental Government Panel on
Climate Change (2007)
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Cosmic Radiation

High energy neutron  High energy neutron in cosmic ray reacts with Si nuclei and generates secondary particles.

or living with soft errors....

and Lithium ion.

« particles emitted from impurities in mold resin, solder bump, aluminum layers

reacts with 1°B which can be found in BPSG and produces alpha particles

| High energy neutron ‘ | T'hermal neutron ‘

8lalS)e
-u particle
i

“Idealized”
v Silicon Recoil
Nucleus

Fission

Protons (>> 1 GeV)

o

3rd-Tth generation

HEutmn 5: 25 '."-r-I aﬂ + ¥ 2 . _r:':" f"-r'Il.:""-r"
——™  glectrons, muons, IBALl + p 4.00 MeWV
protons 2TALl+ o Q.70 MeV

(<1GeV) Mg+ + o 1034 MeV
Al 4+ + p 12,00 MeV
oM g + ‘He 12.58 MeWV

2INe + 2a 12.99 MeVW

-
¥
e
Alpha Particles

High Energy Neutrons:
Thermal (low energy) Neutrons
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Environmental Challenges
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Foundation Network

What's Up in the Datacenter?

[
All this are applications running on top of our Data Network
(=
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Prediction

1983 802.3 Ethernet (10 Mbps) Thick Coax

1986 802.3a Ethernet Thin Coax

1991 802.3i Ethernet Twisted Pair

1995 802.3u Fast Ethernet (100 Mbps) Fiber, TP

1998 802.3z Gigabit Ethernet (1 Gbps) Fiber

1999 802.3ab Gigabit Ethernet Twisted Pair

2003 802.3ae 10G Ethernet (10 Gbps) Fiber

2003 802.3af PoE, Power over Ethernet 4 / 7 / 15,4 watts

2006 802.3an 10G Ethernet Twisted Pair

2006 802.3ap Backplane Ethernet (Blade servers and communications equipment)
2007 TRILL WG Solve L2 STP forwarding limitations, with a link state protocol

2007 |IEEE 802.1aq Shortest Path Bridging (Optimal Bridging) in L2 Ethernet topologies
2007 IEEE 802.1Qau Congestion Management (per virtual link)

2007 |IEEE 802.3ar Enhancements for rate limiting (per physical link)

2008 ePoE ePoE, Enhanced Power over Ethernet ~30 watts

2008 FCoE Fibre Channel over Ethernet

2008 DCE Data Center Ethernet

Lossless Ethernet [Pause, Per Priority Pause]
Ethernet Congestion Management [ECN / (aka BCN)
IEEE 802.1Qau, Priority Groups
IEEE support for (baby) giant frames
Layer 2 Multipath [Cisco DCE, TRILL]

2009 802.3at PoE Plus, Power over Ethernet Plus ~60 watts

2010 higher speeds for Ethernet
- 40Gbps for server and storage, applications
- 100Gbps for aggregation

2011 |EEE 802.3 EEE Energy Efficient Ethernet Study Group (0BASE-T)
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Evolution of Ethernet
Role of transport in enabling these technologies !

Mid 1980’s Late 2000’s

X2
SFP+ Cu
SFP+ Fiber

UTP Cat 3

Technology

Cable

Distance

Power
(each side)

Cat 6/7 7?7

Transceiver
Latency (link)

SFP+ CU
Copper

SFP+ USR

ultra short reach

SFP+ SR

short reach

10GBASE-T
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Ethernet Interface Evolution:
40G vs. 100G

IEEE Standard None None Call for interest: July 2006.
Expect ratification in 2010-
2011.

Increased Bandwidth No, 4 x 10GE Yes, true 40G per Yes, true 100G per

vs. 10GE muxed solution | interface interface

EtherChannel 2 links 8 links 8 links

Fiber savings Yes Yes Yes
Approximate 2008 2009 2010-11
Availability

Approximate Cost at 2-3 x 10GE 10 x 10GE At least 10 x 10GE

FCS
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Density and Scalability Implications

Oversubscription and Uplinks

Figure 1. Bandwidth -per-pin compar
PCI, PCI-X and PCIl Express™.

= What is the oversubscription ratio?
Develop an oversubscription reference model
|dentify by application, tier, or other means

= Considerations
Server capacity
PCI and PCI-X: “Shared multi-drop bus architectures”
PCI Express: “Point to point dual simplex link”
PCle Gen1: , PCle Gen2:
PCle maximum bandwidth of 132MB/s
Uplink choices available
Gigabit EtherChannel 10GE
10Gig EtherChannel
Flexibility in adjusting oversubscription ratio

Can | upgrade to 10GE easily?
10G EtherChannel?

Upgrade CPU and switch fabric? (sup1-2-720-7?)
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Cooling Issues and Solutions

100,000
80,000

60,000

= Today’s products are
hotter than yesterday’s

40,000

20,000

= Tomorrow’s
products will be hotter than
today’s

10,000
8,000

6,000
4,000

2,000

= Data Center Managers
prefer to tightly pack
deVICeS to Conserve Space 1932 1934 1996 1938 2000 2002 2004 2006 2008 2010

Year of Product Announcement
[ | 2 2000 The Uplime Institute Version 1.2

1,000
800

Heat load per product footprint - watts/ft?
Heat load per product footprint - watts/m?

Jonathan Koomey, Lawrence Berkeley National Laboratory, total electricity used by office and
network equipment

= 74 TWh per year, about 2% of the total electricity use in the U.S
= 2005-Server-Energy bill in the US 2,7 Milliarden Dollar, 7,3 Milliarden Dollar worldwide
= 2005-Server-Power usage in the US 45 Millionen KWh, 123 Millionen KWh worldwide

DC Trends towards the Next Generation Ethernet wr@cisco.com © 2007 Cisco Systems, Inc. All rights reserved. Cisco Public 16




What Is High Availability?

Availability DPM Downtime Per Year (24x365)

Measurement Criteria:
Application availability

) Application response time

99.500% 5000 1 Day 19 Hours 48 Minutes System availability

Network availability
99.900% 1000 8 Hours 46 Minutes RTO (Recovery Time Objective)

RPO (Recovery Point Objective)

99.950% 500 4 Hours 23 Minutes MTTF (mean-time-to-failure)
MTTR (mean-time-to-repair)

99.000% 10000 3 Days 15 Hours 36 Minutes

99.990% 100 53 Minutes

99.999% 10 5 Minutes

99.9999% 1 30 Seconds

subGroup: SJ-Transport/Data Center 12
Ops REeview for September 2003

Adjusted
Soverage | Avrailability
Draily Target
Dovwnmtime

Production | 55 998 | 0.0mins | 99.999 | 0.0mins | 99.985 )

= ba

P " Average |Adjusted
subiZroup ;rc:;l Daily Percent
v Dowmnmtime Suowrail
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Data Center Architectural Evolution
Business Continuance / Disaster Recovery

ynch , Storage and
L Applicatio plication
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Datacenter interconnect options

DWDM/CWDM

most often short distance
dark fiber must be available {

dedicated channels for LAN,
SAN and other signals

SONET/SDH

IP, IPIMPLS, Metro Ethernet

most often short — intermediate
distance

dark fiber not avail. — distance, {
cost, exhaust

links may be shared

(

EoSDH and FCoSDH

short — long distance

dark fiber not available {
links may be shared

FCIP for FC and/or FICON

DC Trends towards the Next Generation Ethernet

Local — — Remote
Datacenter Datacenter

Local _— —_— Remote

Medium distance

Local —_ — Remote

IP Routed

WAN

Short — Long distance
0 - 5000+ km
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TCPI/IP in Long Fat Networks
Bandth*DeIay product

o

to+8 tseg + window size 10 EB
+ 1 KB segments

* capacity of the channel 1 32 KB

Long Fat Network

=
—
o
2
Q
P
3
L)
7p)

* window size 13 10 KB

¢ cvery segment is 1 KB, i red Wind - £
+ capacity ofthe channel is 8 KB feduired Mindow SRl e ¢ Mex franster
ate

5 km LAN 100 km MAN 2000 km WAN
Bytes in the Pipe:
10 Mbit/s Ethernet 20800
155 MBi1t/s ATM 703 _ 281250
1000 MBit/s GE 5208 2083330
Typical Windows TCP/IP window size:
bellow 1 Mbps = 8kB, 1 Mbps-100 Mbps = 17kB, greater than 100Mbps = 64kB

iIT larger i1s needed use window scaling option — up to ~1GB (RFC1323)
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Latency and Synchronous Replication

< 50km (30mi)
m— 250us ——
o 250ps =—"
— 250us T

1 ms added on each mirrored write

between source and destination arrays per write 1/0
2 X 2 x 5us/km = 20us/km additional latency

e.g. at 50km - additional 1000us (1ms) I/O Service time (write) with

Synchronous replication

Implementation dependent (ex. SRDF, DRM, HDS True copy)
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“Network Virtualization” in the Data Center
One term, many contexts ...

Virtual connectivity services
IP/MPLS, L3 VPN, VRFs
L2 VPNs, VFls, PW

Virtualized front-end
VLANSs and private VLANs
Virtual intelligent services
(Firewall, ACE, L4-7, etc.)

= Server virtualization

Clustering, GRID, Cisco VFrame™
Server, VMware ESX Server, SUN
Logical Domains, Microsoft Virtual
Server, OpenV/Z, ...

Decoupling CPU, Mem and I/O

functions from physical devices
= Virtualized storage

Virtual SANs (VSANS)

Network-hosted storage
virtualization software

DC Trends towards the Next Generation Ethernet wr@cisco.com
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Server Virtualization
Virtualized Server Models

One Server to Many Virtualized Services

Dynamic
Provisioning

Many Servers to one Virtualized Service

Dynamic

q ’ Provisioning

Server
‘ Pool

—
m—
Communications
ﬁﬁ\r,?gfk Network Storage % Communications
Network — Network
O ——
—X86-Server- —_—
VMware Infrastructure DRS and HA clusters can include no more¢ than typical 8 to 10 hosts

http://Iwww.vmware.com/support/vid/doc/releasenotes esx302.html !

http://www.vmware.com/support/vid/doc/vi3 esx35 vc25 rel notes.html
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Virtualization Technology

Virtual
Switching
System

Virtual Port
Channels

Many to one:
Control Plane

DC Trends towards the Next Generation Ethernet

Virtual'Data
Center

Switching

Virtual Port
Channels

One to many:
Control Plane

Virtual Blade
Switching

Virtual Port
Channels

Many to one:
control plane

wr

Server
Virtualization
Networking

Hypervisor-
level

Switching

NPIV.

Unified
Control Plane

cisco.com

Virtual
Infrastructure

SErvices

VLANS,
VSANS

Transport:
VPN, GRE,
MPLS; OTV:

Routing:
VRES

© 2007 Cisco Systems, Inc. All rights reserved.

Virtual
Application

Services

Rrovisioning

Eirewall
Contexts

VErame

load
Balancing
Context

DENM
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What's the problem ?
Most Datacenters are still looking like this...

= Failure deterministic?

= How many blocked links?

= Convergence ?

= Maintenance implications ?
= |TIL conformity ?

DC Trends towards the Next Generation Ethernet Wr@cisco.com © 2007 Cisco Systems, Inc. All rights reserved.



Environmental Challenges
What's up in the Datacenter

Fibre Channel compared to Ethernet
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Data Center Ethernet (DCE)
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Network Equipment Distribution

End of Row
End of Row Al it A Al Al Al
=Traditionallyused — [FENE R
=Copper from server to access switches ﬂﬂ|||-|||l Patch panel Patch panel
Poses challenges on highly dense server farms ] |
= Distance from farthest rack to access point e Pane! aten pane! server
= Row length may not lend itself well to ? !
switch port density .- -
Ne rk
Common Characteristics AccEgoint
«Typically used for modular access s ’
=Cabling is done at DC build-out e
*Model evolving from EoR to MoR
=Lower cabling distances (lower cost) P ib
-Allows denser access (better flexibility) liF === Fiber
=6-12 multi-RU servers per Rack Ii Copper
r:c_:i Kw per server rack, 10Kw-20Kw per network —— Middle of Row
=Subnets and VLANs: one or many per switch. ;
Subnets tend to be medium and large
patch panel ||o.._ . IIIIIIHIIIII atch panel
Middle of Row —— Patch panel
=Use is starting to increase given EoR t x-eonnect 7reornest
challenges —
=Copper from servers to access switches
=Fiber may be used to aggregate ToR E
It addresses aggregation requirements for ToR A A
access environments i
server

DC Trends towards the Next Generation Ethernet wr@cisco.com © 2007 Cisco Systems, Inc. All rights reserved. Cisco Public




Network Equipment Distribution

Top of Rack

7

Ll

ol

£ El" 7

ToR Patch panei i [ LI
-Used in conjunction with dense access o . . I * e
racks(1U servers) erer Patch panel Patch panel —
«Typically one access switch per rack * X-oonnect X-connect S
=Some customers are considering two ' ————
+ cluster
=Typically: ANe rk Network
- ~10-15 servers per rack (enterprises) . i
= ~15-30 servers per rack (SP) T .
» Use of either side of rack is gaining
traction
- Cabling: To network core

=Within rack: Copper for server to
access switch
=Qutside rack (uplink):

-'III
il

'7_/ 7 Aé 7'7 LT A A

fiber aggregation _Patch panel i, . RRE o lel o Bo...s || Patch pane
-Fiber (GE or 10GE):is more flexible and o _Top®fRack_
sub altau lctau\lllli:z\lillysglcy mouct (1IMivn ) X-connect X-connect
=Subnets an
= one or many subnets per access switch
= Subnets tent to be small
B C-D

DC Trends towards the Next Generation Ethernet Cisco Public
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Network Equipment Distribution

o
End of Row (Switch to Switch) T _
=Scales well for blade server racks (~3 |: /4-_:'

blade chassis per rack) Patch panel
=Most current uplinks are copper but < S
the NG switches will offer fiber Patch panel Patch panel
X-connect X-connect
Blade Chassi
SW2
Middle of Row (Pass-through) 2 NETk
Agg tion
=Scales well for pass-through blade _
racks : Wl sw2
=Copper from servers to access Blade Chassi
switches

ToR R I .. e
*Have not seen it used in conjunction M * |
ith blad itch . Top OfRack :
V\Iclt ba e s_wl;clc est_ Patch panel Patch panel | e
*May be a viable option on pass- X-connect X-connect
through environments is the access
port count is right I I
A B D A E D
[Btade chassis)|
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Density and Scalability Implications
Top of Rack ./. Middle Of Row

Modular
Access

1RU
Access

DC Trends towards the Next Generation Ethernet wr@cisco.com © 2007 Cisco Systems, Inc. All rights reserved.

2 With ~1,000 Servers/
9 Slot Access Switches=
| 8 Access Switches (250 ports) to manage

Wlth ~1 OOO Servers/
25 Cabinets =

es (40 ports) to manage

Lower STP Proc

More I/O Cables

Fewer uplinks

Higher STP Proc

Fewer I/O Cables

1l

Cisco Public
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Environmental Challenges

What's up in the Datacenter
DC Architecture Trends

|/O Consolidation
Data Center Ethernet (DCE)

Unified I/0O Use Case

Summary
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LAN — SAN - Similarities
yes, this is not all technical correct but just to get the point...
LAN

Naming: MAC Address, FQDN

SAN
Naming: WWNN, WWPN

IANA Ethernet Address Block

Reserved FC_ID Addresses

Location: MAC + VLAN TAG, DHCP Option 82

Location: FC_ID

IP-Addressing: Network, Subnet, Host

FC-Addressing: , Area ID, Port ID |

IPv4 32 Bit, IPv6 128 Bit

FC 24Bit

Routing: based on IP
~L3: OSPF with single AREA 0.0.0.0
L2: or other L2 Multipathing in the future

Routing: based on FC_ID

(Network Address Translation)

(Inter VSAN Routing)

QoS, RSVP Fibre Channel Frame Classes, Class 1, Class 2, Class 3, Class 4, Class 6, Class F
Address Resolution: Address Resolution: Directory/Name Server running on a

DNS -> name to IP ARP -> IP to MAC WWPN to FCID

IEEE 802.3x, , link-level "Pause BB_Credits, , link-level and end-to-end

Frame"

switchport mode: access, dot1g-tunnel, dynamic, private-
vlan, trunk, routed, routed p2p

Port Types: ‘N’ port, ‘F’ port, ‘L’ port, ‘NL’ port, ‘E’ port, ‘GL’ port, Auto Discovery

Trunking: dot1q, isl, negotiate

Inter-Switch Link (ISL): E_Port to E_Port, TE_Port and EISL

802.1x + Flexible Authentication

Extended Link Services (ELS): FLOGI, PLOGI, FAN, PRLI, PRLO, SCN, SCR, RSCN

~TCP Sequence Numbers

Fibre Channel Exchange

private VLAN's, ACL's

Fibre Channel Fabric Zoning

Frame Relay BCN, DCE BCN/QCN in the future

Fibre Channel Congestion Control (FCC)

BPDU, TCN — Topology Change Notification

SCN - State Change Notification

DC Trends towards the Next Generation Ethernet

wr@cisco.com
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Some Math on Encoding

Physical Layer El\r/llc;(t)r(]j(i)rég Data( I\I7Iibnilt(/s|,_)ayer Data(ll\_/:réljslgayer
FC 1G 1,062.50 Mb/s 8b/10 850 Mbit/s 106.25 MB/s
FC 2G 2,125.00 Mb/s 8b/10 1,700 Mbit/s 212.5 MB/s
FC 10G 10,518.75 Mb/s 64b/66 10,200 Mbit/s 1,275 MB/s

Ethernet 1G

1,250 Mb/s

Ethernet 10G

(LAN)

10,312.5 Mb/s

8b/10

64b/66

1,000 Mbit/s

10,000 Mbit/s

1,250 MB/s

DC Trends towards the Next Generation Ethernet
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What is Wire Rate?

FC Frame : Inter- . - Effective Throughput
Payload | Link Rate F'Efg;i di'ge Frame | o eat) —
Size Gap (MB/s) wire %
efficiency
1G FC 52 24 1,398,026 22.368 21%
Small-Sized 2G FC 2,796,052 44.736 21%
Frame
(16 byte

srdlord] 8G FC 11,184,210 178.947 21%

Improved

1G FC 2148 48,918 SNy versus  97.2%
Maximum-

4G FC 2148 195,672 413.26 97.2%

(2112 byte
oayload) | 8GFC | 2148 - 391,344 826.52 97 2%

10G FC 2148 591,373 1,248.98 99.9%

DC Trends towards the Next Generation Ethernet wr@cisco.com © 2007 Cisco Systems, Inc. All rights reserved. Cisco Public 35




Environmental Challenges

What's up in the Datacenter

DC Architecture Trends

Fibre Channel compared to Ethernet

Data Center Ethernet (DCE)

r\k ™ ra\V 7/ aY s
\ |

Fibr nainnei oV
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Summary
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Challenges in the Data Center

Virtual Machines

o i

Multi Socket Application
Multi Core Demands

Storage

Alll of this growith is causing a
significant problem
with power, cabling and cooling

DC Trends towards the Next Generation Ethernet Wr@Cisco.com ® 2007 Cisco Systems, Inc. All rights reserved. Cisco Public 37




Today /O resides in isolated Networks

Block I/O
SAN/Storage Traffic
Lossless Fabric

Limited convergence on
dedicated Ethernet
Networks

FCIP
ISCSI

Ethernet
LAN Traffic

“Packet Drop” flow control

DC Trends towards the Next Generation Ethernet wr@cisco.com © 2007 Cisco Systems, Inc. All rights reserved. Cisco Public 38




/O Consolidation in the Network

Storage
IPC
LAN

DC Trends towards the Next Generation Ethernet wr@cisco.com © 2007 Cisco Systems, Inc. All rights reserved. Cisco Public 39




/O Consolidation in the Host

= Fewer CNAs (Converged Network adapters) instead of
NICs, HBAs and HCAs

= Limited number of interfaces for Blade Servers

-— FC Traffic

FC Traffic

=== All traffic
goes over
10GE

— Enet Traffic

— Enet Traffic —

m— Enet Traffic

— |PC Traffic
— |PC Traffic

DC Trends towards the Next Generation Ethernet wr@cisco.com © 2007 Cisco Systems, Inc. All rights reserved. Cisco Public 40




/O Consolidation: Benefits to Customers

FC Traffic
FC Traffic

T S
Enet Traffic

i Enet Traffic

FCoE SAN

Fewer CNAs and Cables Storage keeps the same
Management Model as Native FC

FC FC Switch FCoE Server
Switch

No Gateway Less Power and Cooling

DC Trends towards the Next Generation Ethernet wr@cisco.com © 2007 Cisco Systems, Inc. All rights reserved. Cisco Public 41




Why Has it not Succeeded Yet?

* Previous attempts
Fibre Channel
Never credible
Infiniband
Not Ethernet
iISCSI
Not Fibre Channel

= Before PCIl-Express there was not enough 1/O
bandwidth in the servers

= |t needs to be Ethernet, but ...
1 GE didn’t have enough bandwidth

DC Trends towards the Next Generation Ethernet wr@cisco.com © 2007 Cisco Systems, Inc. All rights reserved. Cisco Public 42




Environmental Challenges

What's up in the Datacenter

DC Architecture Trends

Fibre Channel compared to Ethernet
|/O Consolidation

Fib
Unified I/O Use C
Summary
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What is Data Center Ethernet (DCE)?

Data Center Ethernet is an architectural
designed to improve Ethernet networking and

management in the Data Center.

Cisco is showing while working through the
standardization process with these extensions




Ethernet enhancements, DCB, CEE and DCE™

Different names for different collections?

e Q\Pﬁ%‘)j R T———
Different organizations created different names to identify the collection of the
specifications, all based on the specifications

H

— |EEE “Data Center Bridging (DCB)”

No way to identify the group of specifications, therefore grouped the specifications into DCB

— IBM “Converged Enhanced Ethernet (CEE)”

H

— CISCO “Data Center Ethernet (DCE)”

Superset of the CEE and DCB proposals, using the same three specifications
Includes L2MP, lossless fabric, and congestion notification

DC Trends towards the Next Generation Ethernet Wr@cisco.com




Data Center Ethernet Features
Overview

Feature Benefit

Provides class of service flow control. Ability to support
(PFC) storage traffic

CoS Based BW Grouping classes of traffic into “Service Lanes”
Management IEEE 802.1Qaz, CoS based Enhanced Transmission

End to End Congestion Management for L2 network

(BCN/QCN)
Data Center Bridging Auto-negotiation for Enhanced Ethernet capabilities
Exchange DCBX (Switch to NIC)

Eliminate Spanning Tree for L2 topologies

(L2MP) Utilize full Bi-Sectional bandwidth with ECMP

Lossless Service Provides ability to transport various traffic types (e.qg.
Storage, RDMA)

DC Trends towards the Next Generation Ethernet wr@cisco.com © 2007 Cisco Systems, Inc. Al rights reserved. Cisco Public 46




Data Center Ethernet Features (PFC)

PHoHLy~5asediFiow Control (EEE): ‘

Transmit Queues Ethernet Link Receive Buffers
One One
Two Two
Fhres Thres
it — ol
Five—§8 S Five 8% ianes
IIIH o el ISk
SeviiN = sevenfli]
Eldnt || m contlil

H £ [ P | £ o
Enables lossless Fabrics for each class of service

PAUSE sent per virtual lane when buffers limit exceeded
Network resources are partitioned between VL'’s (E.g. input
buffer and output queue)

The switch behavior is negotiable per VL
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Data Center Ethernet Features (VL)

An example...

Up to 8 VL'’s per physical link
Ability to support QoS queues within the lanes

VL1 - LAN Service — LAN/IP
/ LAN/IP Gateway

Campus Core/
Internet |

__--""F"

VL3 - Delayed Drop Service - IPC

Storage Area
Network
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Data Center Ethernet Features (DCBX)

- 4
// Legacy Ethernet
K Links

4
.|

Legacy Ethernet
Netwaork

Handshaking Negotiation for:
CoS BW Management
Class Based Flow Control
Congestion Management (BCN/QCN)
Application (user_priority usage)
Logical Link Down
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Data Center Ethernet Features (ETS)

l Enhanced iransmissionselection (EilS):

Offered Traffic 10 GE Link Realized Traffic Utilization

L AN Traffic
4 Gbps

Enables Intelligent sharing of
bandwidth between traffic classes
control of bandwidth

Being Standardized in IEEE 802.1Qaz
Also known as Priority Grouping
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Data Center Ethernet Features (BCN/QCN)

gongestion vianagement

N

- Switch

Transmit Queue

Receive Buffer

g —

Moves congestion out of the core to avoid congestion spreading
Allows End-to-End congestion management
Standards track in 802.1Qau
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Data Center Ethernet Features (L2MP)

Layerziviult=Pratining l

Uses Layer 3 protocol at Layer 2

Equal Cost Multi-Pathing

Eliminates STP from L2 domain

Preferred path selection

Load Balancing across available bisectional Bandwidth
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Environmental Challenges

What's up in the Datacenter

DC Architecture Trends

Fibre Channel compared to Ethernet
|/O Consolidation

Data Center Ethernet (DCE)

Unified I/0O Use Case

Summary

DC Trends towards the Next Generation Ethernet



What is Fibre Channel over Ethernet?

= From a Fibre Channel P —
standpoint it's OS / Application
FC connectivity over a new type

of cable called... an Ethernet
cloud

SCSI Layer

= From an Ethernet
standpoints it’s

Just another ULP (Upper Layer
Protocol) to be transported, but...

a challenging one! FCoE
_ A
= And technically... "~ E.Ethernet

1,10 ... Gbps

FCoOE is an extension of Fibre Channel
onto a Lossless Ethernet fabric
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FC over Ethernet (FCoE)

= Mapping of FC Frames = Fewer Cables
over Ethernet Both block I/0O & Ethernet
traffic co-exist on same
= Enables FC to Run cable

on a Lossless

Ethernet Network = Fewer adapters needed

= Overall less power

<+— Ethernet

= |nteroperates with existing
SAN’s

Fibre No Gateway - St
Channel

Traffic
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FC over Ethernet (FCoE)

1,2, 4, 8, 10 Gbps 10, 20 Gbps
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FCoE Advantages

FCoE is managed like FC at initiator, target, and switch level

>Completely based on the
FC model

}Same host-to-switch and switch-to-
switch behavior of FC

Aligned with the
FC-BB-4 Model,

To be standardized
in FC-BB-5

E.g., in order delivery or
7 FSPF load balancing

WWNSs, FC-IDs, hard/soft
} zoning, DNS, RSCN
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FCoE Enablers

= 10Gbps Ethernet
= | ossless Ethernet

Matches the lossless behavior guaranteed in FC by B2B credits
= Ethernet jumbo frames

Max FC frame = 2112 bytes

iNormaI Ethernet frame, ethertype = FCoE

/ iSame as a physical FC frame

FC Payload

\_| Control information: version, ordered sets (SOF, EOF)

DC Trends towards the Next Generation Ethernet

Ethernet
Header
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Environmental Challenges

What's up in the Datacenter

DC Architecture Trends

Fibre Channel compared to Ethernet
|/O Consolidation

Data Center Ethernet (DCE)

' v C+lN
Fibre Channel over Etl

Summary
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Unified I/O Use Case

Today:
= Parallel LAN/SAN Infrastructure

= |nefficient use of Network Infrastructure

FC Traffic

= 5+ connections per server — higher adapter
and cabling costs

FC Traffic
Adds downstream port costs;

Enet Traffic cap-ex and op-ex
Each connection adds additional points

of failure in the fabric
= Longer lead time for server provisioning

Enet Traffic = Multiple fault domains — complex
diagnostics

= Management complexity — firmware, driver-
patching, versioning

|
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Unified I/O Use Case

Unified 1/0 Phase 1 Mﬁgd 1/0 Phase 1

| | = ReRlal&AbY selniashyrlre
LAN - SAN A 1 Bietfioaitieie st diebueralpfrastapting

Managemen % e’ *, / u &m&%%mfmﬂ andrg]AN
- L2 Mylipeding ArssspoRistdayton

= Lowenp@®and op-ex

= FewEmCakl@snection adds additional

= InveBRHERPGIRERIA IDATRPHRD SANS)

»  Dongésteeaddiyeesfirssiiviydaiovisioning

= Multiple fault domains — complex
diagnostics

= Management complexity — firmware,
driver-patching, versioning

DCE and FCoE
Ethernet
FC
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Unified 1/0 Use Case

Unified I/O Phase 2 Unified I/O Phase 2
- = Elimination of parallel network
DCE Fabric | infrastructure

< F(.:O.E = L2/L3 Multipathing end to end

= Faster infrastructure
provisioning

= Lower TCO

= Disk array access via DCE or
Native FC

: Mana\imey

DCE and FCoE
FC
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Unified I/O Use Case

Unified I/O Phase 3 Unified I/O Phase 3

= Datacenter wide Unified
Fabric for LAN and SAN

= L2/L3 Multipathing end to end

. Mgm;\ sl Niad DG DI = Consistent network policies
= Lower TCO

DCE and FCoE
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Data Center 3.0 Infrastructure Portfolio

Nexus 7000
b« & 10GDE Core
i IP+MPLS WAN
Agg Router

DC Aggregation

Nexus 7000
Catalyst 6500 = seE= | 10GbE Agg

10GbEVSSAgg ESEE[T [e@l [e@l [ae| Catalyst 6500
DC Services 246 s DC Service

Catalyst 6500 Catalyst49xx CBS 3100 Nexus 7000 Nexus Nexus MDS 9500
End-of-Row Rack Blade End-of-Row Rack (Future) Blade (Future Storage

1Gb Server Access | 10Gb Server Access Storage



Data Center 3.0 Infrastructure Portfolio
DC Core

Gigabit Ethernet
Nexus 7000 - 10 Gigablt Ethernst
x 10GbE Core 10 GbFCoE
' IP+MPLS WAN E— Flbre Channsl

Agg Router

DC Ag@regation "= "

-' = Nexus 7000 ’_@
10GbE VSSAgg  [EEE ™= N7 | Sy “Hsan AB
22 AgY ) % )+ ¢ Catalyst 6500
DC Services ’ . DC Services \

| — =
Catalyst 6500
End-of-Row

Catalyst 49xx CBS 3100
Rack Blade

Nexus 7000 Nexus Nexus MDS 9500
End-of-Row Rack (Future) Blade (Future Storage

1Gb Server Access con 10Gb Server Access Storage
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Complete Your Online
Session Evaluation

Please complete the online
evaluation under

www.cisco.at/expo2008/feedback

The first 100 to complete the
survey will receive a copy of Don
Tapscott” s book “Wikinomics”.

We very much appreciate and
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