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Agenda Amerdet
e Objectives

e Simulation setup and parameters
* Resultsand analysis of various scenarios
* Next steps

These are preliminary incomplete results
of work still In progress
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ODbjectives e

* Investigate the performance characteristics
of aring of Ethernet Switches:

—Enable comparing the resultswith the
performance characteristics of 802.17
RPR solutions

—Quantify areas of strength for 802.17
solutions as compared to Ethernet
switches
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Objectives ...

e Focuson fairnessin:

—Bandwidth utilization including
locality fairness

—ETE delay
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Methodol ogy AmerAGr

* Follow the methodology that the
ner formance adhoc committeeisin the
orocess of defining

 Eliminate parameters of specific switches
whenever possible:

—Infinite buffers
—Huge switching capacity rate
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Simulation setup Amerdet

 Modeling tool used for analysis. Opnet
* Node count: Ring of 8 nodes

* Ring circumference: 100K m

 Ring Rate: 10 Gbps

e Packet size: 1250 Bytes
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Simulation setup ... Amerdet

o Configurations:
—Hubbing
—Next hop

o Low traffic at the beginningto force
Spanning Tree Protocol to break thering
at a predictable point
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Switch Parameters Amerdet
e Generic switch

— 10 Gbpsports
—Try to eliminate parameters of specific
switches

e Store-and-forward
o Switch servicerate: 10M packets/second
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Metrics

* Throughput
—In overload conditions
—Per node (for now)

« ETE delay

Khaled Amer
March 2001

Performance of Ring of Ethernet Switches
|EEE 802.17 - Plenary meeting - Hilton Head

-y
AmerNet



Hubbing Topology .
Scenario | =

AmerNet
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Setup for Hubbing Topology
Scenario | EME'

e Station 1, 6 & 8 aretransmitting to
station 7/

e Station 5istransmittingto station 10

e Station 7 and 10 are attached to the same
switch (switch 7)

o All stationsgenerating CBR, 8Gbps
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Results: Hubbing Topology [-:-:Q
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Analysis. Hubbing Topol ogy
E-.'l
Scenario | EMN::

e Station 1,5, 6 & 8 sharethe BW but:
—Station 1 & 5get 2.7 Gbps
—Station 8 gets 4.4 Gbps

o Station 8 getsall the BW It needs since
It’sone hop away from dest

—Demonstrates location unfairnessin
BW use
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Results: Hubbing Topology &

Scenario | (ETE Delay) S
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Analysis. Hubbing Topol ogy
E-.'l
Scenariol . EMN::

o Station 6 hasaconstant ETE delay as
expected

e Stationsl, 5, 6 have queues growing
infinitely resulting in infinitely increasing
ETE delays

—Demonstrates location unfairnessin
ETE delay
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Hubbing Topology
Scenario ||
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Setup for Hubbing Topology
Scenario || EME'

e Station 1listransmittingto station 10
e Station 2 Istransmitting to station 12
o All stationsgenerating CBR, 8Gbps
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Results: Hubbing Topology &
Scenario | | Amerdet
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Analysis. Hubbing Topol ogy

El
Scenario || EM?
o Station 1 & 2 get thesame BW in this
simple case
—whichisgood ... but hold on!
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Hubbing Topology g
Scenario || RNt

e Similar to Scenario Il except:

—Station 2 I1s sending traffic twice
the amount of traffic that Station 1
IS sending

e Station 2 is sending 10 Gbps
e Station 1 is sending 5 Gbps

—Hence the ring is overloaded:
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Results: Hubbing Topology
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Scenario |1 Amerdet
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Analysis. Hubbing Topol ogy
E-.'l
Scenario Il EMN::

o Station 2 getstwicethe BW of stationl
even though both don'’t get all the BW
needed

* No reservation mechanism at the MAC
level to prevent a greedy station from
chewing up more or most of the BW

Khaled Amer Performance of Ring of Ethernet Switches 22
March 2001 |EEE 802.17 - Plenary meeting - Hilton Head



| ntro to Hubbing Topology ri_]--@..[E
Scenario |V Amerdet
 More stations sending to a single hub
— 7 active stations

o Staggered input for source stations

—0.4 seconds apart

 \When all stationsare on, the aggregate
BW demand is 20Gbps (200% overload)

o All stationstransmit to separate stations
on the same hub switch (switch 7)
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Hubbing Topology
Scenario |V
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Setup for Hubbing Topology
Scenario 1V EME'

e Station 5& 6 start first
* Followed by stations3 & 4
* Followed by stations1 & 2
* Finally followed by station 8
o All stationsgenerating CBR, 2.8Gbps
— Glves aggregate BW demand of 20Gbps
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Results: Hubbing Topology E_]@.@
Scenario |V (BW Allocation) Zeser
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Analysis. Hubbing Topology
Scenario 1V EME'

e In underload conditions each station gets
Its BW demand granted

e Asring getsoverloaded, unfairnessin
BW usage occurs:

—Station 2, 3,4 & 5get 1.5 Gbps
—Station 1 gets 1.7 Gbps

— Station 8 gets 2.25 Gbps

— Station 6 gets 2.8
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Analysis. Hubbing Topology
Scenario lV .. EME'

* In overload unfairnessis caused by
Spanning Tree

—Forcestraffic from Station 5to go
around thering

— This competes with traffic from
Stations 1, 2,3,4& 8

— Station 6 has no competition
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Analysis: Hubblng Topology E_J

Scenario 1V .. zm';':

e Thereiseven unfairness between stations
1,2,3,4,5& 8

—Stations 2, 3, 4 &5 compete for BW on
link between switches 1 & 2 sincethat
link 1s overloaded

—Then they all compete with S1 for BW
on link between switches1 & 8

—Then they all compete with S8 for BW
on link between switches8 & 7
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Results: Hubbing Topology &

Scenario IV (ETE Delay) S
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Analysis. Hubbing Topology
Scenario lV .. EME'

« ETE delay varies,
— S6 has constant delay

— Others have delays growing infinitely
dueto infinitely growing queues
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Next Hop Topology g
Scenario | Amerier
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Setup for Next Hop Topology &

. B &
Scenario | gy,

e Station n sendsto station n+1 (8Gbps CBR)
— Station 8 sendsto station 1

— Station 5 sendsto station 6 around the whole
ring
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Results: Next Hop Topology
IEI
Scenario | ",q"m::'
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Reminder of ri_]--@..
Ethernet Switch Behavior EWE'

e Ethernet switcheslearn MAC address by
monitoring traffic received and mapping
MAC addressesto switch ports

 |f aswitch doesnot know on what port to
send a packet, it will send to all ports
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Analysis. Next Hop Topology &
. B
Scenario | Amerder

o Stationsb, 6 & 7 get thefull 8Gbpsas
requested

— They face no contention for BW
e Stationsl, 2, 3,4 & 8 get only 5Gbps!

—The only two switchesthat |earned
about S6 location areswitches6 & 7

—All otherswill send packets destined to
S6 to all the switch ports
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Analysis: Next Hop Topology &
. S
Scenariol ... Amerdet

—Thisincludesthelink directly
connecting these stationsto the
corresponding switch!

—Hence BW for thelinks between these
stations and corresponding switchesis
split 50/50
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Next Hop Topology g
Scenario || Amerier

e Similar to scenario | except:

—Each station generates Poisson
traffic at a 1 Gbps rate.

—This was done to ensure that none of
the links will be overloaded to allow
evaluation of end-to-end delay
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Results: Next Hop Topology

Scenario ||

End_to_end Delay for Traffic Recieved
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Analysis. Next Hop Topology ri_]--@..

. (]
Scenario || gy,

« ETE delay:
—Largefor trafficrecaeived by station 6
—Small for all other stations
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Next Hop Topology

B
Scenario ||| Amerdet
a0
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o o switchl
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Setup for Next Hop Topology &

. B &
Scenario || gy,

e Similar toscenario |l & Il except:
— Attached to each switch isa Station and a Node
— Stations ar e sending to Nodes

— Nodes 1 - 8 start by transmitting 100 packets/sec
for ashort period of timeto allow the switchesto
learn their MAC addresses

— Staggered asin hubbing scenario |V
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Results: Next Hop Topology
IEI
Scenario Il Em::'
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Analysis. Next Hop Topology
El
Scenario Il EMN::

o All stations get the BW of 8 Gbpsas
requested

e Thisisbecause provisonswere madeto
allow the switchesto learn the MAC
addresses of recelving nodes
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Conclusions ATENEE

 Ethernet switchesfor RPR configurations
exhibit fairness problemsin:

—BW allocation
—ETE packet delay
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Suggestions for future g
- - 2 =
simulations Amerdt

o Bursty traffic
 TCP and UDP apps (and combinations)

—ftp, http, video-conferencing, voice,
video streaming

 Multiplerings?

e Mesh of rings?

* RPR Ringvs. Mesh of switches

* Performance behavior when Link fails
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Suggestions for future g

. . B &
ssimulations... gpiya,

 Throughput per flow and per class
 Morescenariosfor next hop and hubbing (?)
e Simulationsfor the random configuration

— Stations send to random stations
o Packet sizedistributions (if needed)

e More scenarioswith varioustraffic
generation distributions:

—Nodes gener ating traffic move around ring
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Suggestions for future
simulations...

e Other metrics.
—Same analysisfor jitter
—Packet loss (?)
— Congestion control
—Fault recovery
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Discussions
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Hubbing Topology g
Scenario V RNt
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Setup for Hubbing Topology
Scenario V EME'

e Similar to Scenario IV except:

—Station 7 Is sending CBR traffic to
Node 20 at 9.5 Gbps

— what Station 1 is sending and the
ring is overloaded:
e Station 2 is sending 10 Gbps
e Station 1 is sending 5 Gbps
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Results: Hubbing Topology

(=
Scenario V gpis,
AmerNet
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Next Hop Topology g
Scenario Il Amerier
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Setup for Next Hop Topology

E
Scenario |11 EMN::

e Station n sendsto station n+1 (8Gbps CBR)
— Station 8 sendsto station 1
— Station 5 sendsto station 6 around the whole
ring
o Staggering:
— Station 7 & 8 start first
— Station 1 & 2 next
— Station 4 & 5 next
— Finally station 6 & 7 next
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Results: Next Hop Topology D@.

Scenario I11 (BW Allocation) T

Traffic Received from Stations 1-4 Traffic Received from Stations 5-8
W Station 1 & 2 Traffic Received W Stations 5 & B Traffic Received
B Station 3 traffic Received W Stations 7 & 8 Traffc Received
Station 4 Traffic FReceived 3.000.000.000

5,000,000,000
£,000,000,000
£,000,000,000 A

7.000,000,000
7.000,000,000 [\ I\ / \

\ 6.000,000.000

5.000,000,000

5.000.000.000

5.000,000.000

4,000,000, 000

4.000,000.000

3.000.000.000

|1
,——_'

|

!

!

3.000,000,000 ’
|
I
J

2.000,000,000 2,000,000, 000
1.000_000,000 I, 1.,000,000,000 l/
' ' ' ' ' a.0s 10,05 1.0s 12,05
. 95z 10,02 10,52 11.0z 11.5z . . . }
Khaled Amer Performance of Ring of Ethernet Switches 56

March 2001 |EEE 802.17 - Plenary meeting - Hilton Head



Results: Next Hop Topology @
Scenario |11 (ETE Delay) mm@f
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