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This paper studies the buffer reduction schemes for the Transport Protocol TCP. By using network simulations, it
shows that a TCP connection requires large number of receive buffers to achieve high throughput. However, it also
shows that theses buffers are not utilized efficiently. To improve utilization of the buffers this paper proposes common
receive buffers for multiple TCP connections. Evaluation by simulations proves that the common buffer scheme can
reduce the number of required buffers. Although segment losses are observed, its effect to the total throughput is
allowable. This paper also studies outstanding buffers for the sending side of TCP and shows that large amount of
outstanding buffers are held in provision for retransmissions. To mitigate this problem this paper proposes utilization of
secondary storage for the outstanding buffers. Although extra delay is introduced for retransmissions, its effect to the

total performance is limited.
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W, FHREMPNE CIIZ O TCP 2% 7 v a VERELTEY, Fa 37 v a VICZENy 7 7 DRSNS,
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Outstanding Reassembling
buffers TCP buffers
S1 ¢ connection >
I S1
33 S2
S_4 [ ]
S5
[ s6 7] 1
[] 527 ]
S7

[ ]
[ Isafss] ]

[ ] S41S5]8S6 | |

[ Is#IssIs6s7 ]

|S4|SS|SG|S7|SS|

[ S3 [ 84185186 |S7] S8 ]

Fig.1 Example of TCP sequence.
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______________________________________________________________________________

Transmission Receive

1 1 1 1
1 1 1 1
1 1 1 1
| FTP FTP oo FTP 1 | Null Null oo Null 1
i | i |
P ' | N 1 T
1 1 1 1
1 1 1 1
H TCP/ TCP/ coo TCP/ H H TCP/ TCP/ coo TCP/ H
1 | NewReno NewReno NewReno | | H Sink Sink Sink 1
1 1 1 1
] ]

100 Mbit/s. 20 ms

Fig. 2 Simulation model.
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\ 4

No. of Retained
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Fig.3 The number of retained buffers by the receiver.

Table 1

Simulation conditions and parameters.

Version of TCP, its window size

NewReno, Window size:

351 segments (512 KB)

Segment size

1460 B

Characteristic of packet loss

Random

Packet loss rate (Pr)

0.00001, 0.00002, 0.00005, 0.0001, ..., 0.05, 0.1

Volume of buffers at a node

Unlimited

Bandwidth and delay of the link

Bandwidth: 100 Mbit/s, Delay: 20 ms

Number of TCP connections (Ny) 1,2,5,10
Simulation time 10 sec
Number of simulation runs 16
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Fig. 4 Packet loss rate vs. throughput.
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WRIHNAE DN D DIL5/351=14% Th D, ZENNy 77 OFHNEINVNSWEF R D, Fig. 5 TEEHNY 77
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Fig.5 Packet loss rate vs. the average number of retained Fig. 6 Packet loss rate vs. the maximum number of retained
buffers by the receiver. buffers by the receiver.
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Fig. 7 Packet loss rate vs. the average number of outstanding Fig. 8 Packet loss rate vs. the maximum number of
packets. outstanding packets.
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Ny 77 BT ER2NOT, BERRREIND Z LD, 20X T vy Fay 72, REANY
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\ 4 A A 4
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Discard Common Buffers

Fig. 9 Common buffers for the TCP receivers.
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Fig. 10 Packet loss rate vs. throughput. Fig. 11 Packet loss rate vs. segment discard rate.
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Fig. 12 Packet loss rate vs. the average number of retained buffers by the receiver.
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