06-1269
Performanceof TCP
over UBR+

Rohit Goyal, Raj Jain, Shivkumar Kalyanaraman,
and SoniaFahmy

Raj Jain is now at Washington Urdversity in Saint Lowds, jait@cseaustl edu hitp www ese wustle du~j ainf

Seong-Cheol Kim
Samsung ElectronicsCo. Ltd.

http://www.cis.ohio-state.edu/~jain/
The Ohio State University



Raj Jain
Horizontal extra long


Q Simulation M odel
2 UBR
2 UBR+EPD

2 UBR+ EPD + Selective Drop

2 UBR + EPD + Fair Buffer Allocation

The Ohio State University




Simulation model
Destination

Sourcel

Switch

SourceN estination

le— xy Km > XKmM =}« X Km —»

2 N identical infinite TCP sources
2 Link Delay: LAN: 5ms, WAN: 5ms.
2 Link Capacity = PCR = 155.52 M bps

2 Unidirectional traffic
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TCP Parameters

2 TCP maximum window size =64 kBytesfor LAN
and 600,000 bytesfor WANS

2 No TCP delay ack timer
2 Duration: 10 secfor LAN, 20 sec for WAN
2 All processing delay, delay variation=0

2 TCP sourcesare not staggered nor randomized.
All start and stop at the same times.

2 TCP Fast Retransmit and Recovery disabled
2 TCPMSS =512 bytes

2 TCPtimer granularity = 100 ms
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Performance M etrics

2 Efficiency = Sum of throughputs/M ax poss. throughput

2 Maximum Segment Size =512 data
=512data+20TCP+20IP+8LLC + 8 AALS
=12 cells= 12x53 bytes = 636 bytesin ATM Layer

2 Maximum possiblethroughput =512/636 = 80.5%
=125.2 Mbpson a155.52 Mbpslink

0 Fairness= (Sx)?

nSx?
Wherex = throughput of theith TCP source
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TCPover UBR: Zero L oss

N | Configuration | Efficiency | Fairness | Max. Queue
(cells)

5 LAN 1 1 7591

15 LAN 1 1 22831

5 WAN 1 1 59211

15 WAN 1 1 196203

2 For zero TCPIloss:
Switch buffers=S(TCP window sizes)
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TCPover UBR: Limited Buffers

Conf. | Srcs | Buffers| Eff. | Fairn.

LAN 5 1000| 0.21| 0.68
LAN 3 2000| 0.32] 0.90
LAN 3 3000 0.47| 0.97

LAN 15 1000| 0.22] 0.31
LAN 15 2000| 0.49| 0.59
LAN 15 3000| 0.47] 0.80
WAN 5| 12000| 0.86] 0.75
WAN 5| 24000| 0.90| 0.83
WAN 5| 36000| 0.91] 0.86
WAN 15| 12000 0.96| 0.67
WAN 15| 24000 0.94| 0.82
WAN 15| 36000 0.92| 0.77

2 Low efficiency and low fairness. Better with buffers.
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UBR + EPD

UBR EPD
Conf. | Srcs | Buffers | Eff. | Fairn. | Eff. | Fairn.
LAN 5 1000 0.21| 0.68| 0.49| 0.57
LAN 5 2000 0.32| 0.90| 0.68| 0.98
LAN 5 3000 0.47| 097 0.72| 084

LAN 15 1000 0.22] 0.31] 0.55| 0.56

LAN 15 2000 0.49| 0.59| 0.81] 0.87

LAN 15 3000] 0.47| 0.80] 091 0.78

WAN 5| 12000| 0.86] 0.75| 0.90] 0.94

WAN 5| 24000| 0.90| 0.83| 091 0.99

WAN 5| 36000| 0.91| 0.86/ 0.81 1

WAN 15| 12000 0.96| 0.67| 0.92| 0.93

WAN 15| 24000 0.94| 0.82| 091 0.92

WAN 15| 36000 0.92] 0.77] 0.96] 0.91

2 EPD improvesefficiency but not fairness
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UBRF:+ | Selec)gtive Drop

K

Packetsmay  No packets are dropped

bedropped
1 K =Buffer Size(cells), R = Minimum Threshold,

X = Buffer Occupancy

2 Fair Allocation = X /' N,

2 Per-VC Accounting gives Y| =# of cellsin buffer
2 Buffer Load ratioof VG =Y, /(X/ N,)

2 Drop complete packet of VC,
If X>RandY,/(X/N,;)>Z
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SD Effect of Parameters

R 2
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Efficiency

2 Tradeoff between efficiency and fairness
1 Theschemeissensitiveto parameters
1 Bestvaluefor Z=0.8, R=0.9*K
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UBR + EPD + SD

UBR EPD SD

Conf. | Srcs | Buffers | Eff. | Farn. | Eff. | Fairn. | Eff. | Fairn.
LAN 5 1000 0.21| 0.68| 0.49| 0.57| 0.75| 0.99
LAN 5 2000 0.32| 0.90| 0.68| 0.98| 0.85| 0.96
LAN 5 3000 0.47| 0.97| 0.72| 0.84| 090 0.99
LAN 15 1000 0.22| 0.31| 055| 0.56| 0.76f 0.76
LAN 15 2000 0.49| 0.59| 081 0.87| 082 0.98
LAN 15 3000f 0.47| 0.80| 0.91| 0.78] 094, 094
WAN 5/ 12000 0.86| 0.75| 0.90| 0.94| 0.90| 0.95
WAN 5/ 24000 0.90| 0.83] 0.91| 0.99| 092 0.99
WAN 5/ 36000 0.91| 0.86| 0.81 1| 0.81 1
WAN 15| 12000 0.96| 0.67| 0.92| 0.93| 094, 0.91
WAN 15| 24000 0.94| 0.82| 091 0.92| 094, 0.97
WAN 15| 36000 0.92| 0.77] 0.96| 0.91| 0.96| 0.89

2 SD improvesfairnessand efficiency.
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Fair Buffer Allocation (FBA)
K R X 0

Packetsmay  No packets are dropped

bedropped
2 Drop complete packet of VCif

(X >R) AND (Y, * N,/ X >W(X)
W(X) = Z*((K - R)/ (X - R))

A

W(X) \
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FBA: Effect of Par ameters
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Efficiency

2 Tradeoff between efficiency and fairness
1 Theschemeissensitiveto parameters
1 Bestvalueof Z=0.8, R=0.5*K
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UBR + EPD + FB

A

UBR EPD FBA

Conf. | Srcs | Buffers | Eff. | Fairn. | Eff. | Fairn. | Eff. | Fairn. | Eff. | Fairn.
LAN 5 1000 0.21| 0.68| 0.49| 0.57| 0.75| 0.99( 0.88| 0.98
LAN 5 20001 0.32| 0.90| 0.68| 0.98| 0.85| 0.96| 0.84| 0.98
LAN 5 3000( 0.47| 0.97| 0.72| 0.84| 090 0.99| 0.92| 0.97
LAN 15 1000 0.22| 0.31| 055 0.56| 0.76] 0.76] 091 0.97
LAN 15 2000f 0.49| 0.59| 081 0.87| 0.82| 0.98| 0.85| 0.96
LAN 15 3000( 0.47| 0.80| 0.91| 0.78| 0.94| 094| 0.95| 0.93
WAN 5( 12000f 0.86| 0.75] 0.90| 0.94| 0.90| 0.95| 0.95| 0.94
WAN 5( 24000| 0.90( 0.83] 091| 0.99( 0.92| 0.99| 0.92 1
WAN 5( 36000 091 0.86| 0.81 1| 0.81 1] 0.81 1
WAN 15( 12000| 0.96( 0.67| 0.92| 0.93| 0.94| 091 095| 0.97
WAN 15[ 24000| 0.94( 0.82| 091| 0.92| 094| 097 096 0.98
WAN 15( 36000| 0.92( 0.77] 096| 0.91| 0.96| 0.89| 0.95| 0.97

2 FBA improvesboth efficiency and fairness
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UBR+:Summary

2 Low efficiency and fairnessfor TCPover UBR

2 Need switch buffers=S(TCP maximum window
sizes) for zero TCPloss

2 EPD improvesefficiency but not fairness
2 Selectivedrop improvesfairness

2 Fair Buffer Allocation improves both efficiency
and fairness, but is sensitiveto parameters

2 TCP synchronization affects performance
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