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"+ Peer to Peer LAN
5.1 LAN
Algorithm Early Packet Discard (EPD)  EPD using per VC accounting EPD using Dynamic Threshold
Effective Throughput (packet) 5564 5463 5900
TCP Throughput (Mbit/s) 117.96 11545 12539
Fairness index 0.9326 0.9505 0.9673
Efficiency (%) 87.14 85.28 92.63
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11 Peer to Peer WAN
5.2
Algorithm Early Packet Discard (EPD)  EPD using per VC accounting EPD using Dynamic Threshold
Effective Throughput (packet) 5244 4943 4968
TCP Throughput (Mbit/s) 110.96 104.6 104.85
Fairness index 0.9810 0.9822 0.9906
Efficiency (%) 81.97 17.21 7745
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EPD using per VC accounting
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53 Peer to Peer
LAN
Algorithm Early Packet Discard (EPD)  EPD using per VC accounting EPD using Dynamic Threshold
Effective Throughput (packet) 4507 5037 5046
TCP Throughput (Mbitls) 92.989 103.02 1047
Fairness index 0.8970 0.9547 0.9806
Efficiency (%) 68.69 76.10 71.35
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513 Peer to Peer
Peer to Peer
LAN EPD per-vc  accounting
(Throughput) TCP EPD
per-ve accounting 52 ()
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5.1 TCP EPD
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EPD
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5.2 Parking Lot

521 (persistent)

Local Area Network (LAN) Wide Area Network (WAN)

3 Parking Lot
10 4
42
Parking Lot
2000 1
EPD 1600 (80% ) (High Threshold)
(Low Threshold) EPD 1600
1000 Parking Lot 412
54 3
LAN 5.5 3
WAN 510 512 Effective Throughput 3
LAN 513 515 Effective Throughput
3 WAN
54 Parking Lot
LAN
Algorithm Early Packet Discard (EPD) ' EPD using per VC accounting EPD using Dynamic Threshold
Effective Throughput (packet) 9321 9854 10091
TCP Throughput (Mbit/s) 118.85 125.18 128.03
Fairness index 0.9745 0.9824 0.9951

Efficiency (%) 87.80 92.47 94.58
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EPD using Dynamic Threshold

Ceil Loss of EPD using Dynamic Threshold
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5.2.2
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5.6 Parking Lot
LAN
Algorithm Early Packet Discard (EPD)  EPD using per V/C accounting  EPD using Dynamic Threshold
Effective Throughput (packet) 5608 432 6211
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Fairmess index 0.9629 0.902L 0.9923
Efficiency (%) 8212 1915 92,04
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523 Parking Lot

EPD Effective Throughput 9 10
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5.3 Chain
531 (persistent)
Local Area Network (LAN)  Wide Area Network (WAN)
Chain 43
Chain link link
Chain
Chain
TCP
2000 EPD EPD per-vc accounting
1600 (60% (High Threshold)
(Low Threshold) EPD 1600 1000
Chain 413
V 5.7 1 3
LAN 5.8 1 3
WAN 519 521 Effective Throughput 3
LAN 522 5.24 Effective Throughput
3 WAN
5.7 Chain
LAN
Algorithm EarlyPacket Discard (EPD) ~ EP» using per VCaccounting EPD using Dynamic Threshold

Effective Throughput (packet) 10049 9401 9798

TCP Throughput (Mbits) 91,692 04454 97582

Fairness index 0.9385 0.9698 09914

Efficiency (%) 6173 69.77 7209
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EPD using Dynamic Threshold
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5.21 () Effective Throughput ( ) EPD
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58 Chain
WAN
Algorithm Earty Packet Discard (EPD)  EPD using per V/C accounting  EPD using Dynamic TTiresiiold
Effective Throughput (packet) 16068 16227 16154
TCP Throughput (Mbit/s) 88.493 90.359 89.504
Faimess index 0.9620 0.9614 0.9620
Efficiency (%) 65.37 66.75 66.12
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Effective Throughput (packet) 10347
TCP Throughput (Mbit/s) 11.357
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Efficiency (%) 57.15

EPD Algorithm

Effeclive Throughpu! (Packels)

switch1
switch2
switchd

Queue length (Cells)

Cha

Effective Throughput (Packels)
=

in

9847 10753
82.76 11331
0.9246 0.9847
61.14 8371

EPD Algorithm

_________________________

64

o
s |
AR
— . sourced
| - — . sourceb
ZF miakil e
0 N . N n
0 05 1 15 2 25
Time (s)
Cell Loss in Switch EPD Algorithm
2500 . .
ey
2000} [
|
= 1500 [
3 o ¥
3 1000} |
500
() Cell Loss Early Packet Discard

, LAN



Effectif Throughput (Packets)

Queue length (Cells)

EPD using per VC accounting EPD using per VC accounting
2500

------- sourcel
------- source2
— . source3
------- source4
— SDUAR
- - . sourceb
— . source?
— . source8
- — . source9

2000

source10
sourcetl

000 T
——  sourcet2

500 i source3
| source6
| source9
. : source12
0 05 1 15 2 25 )_;5 1 15
Time () Time ()
Queue length of EPD using per VC accountimg Cell Loss in Switch EPD using per VC accounting
2000 . v . - 2500 - -
1800 —
———  swilch3
1600 \ \ 2000},
1400 ‘ ‘.
1200 i l % 1500]
1000 ‘% i e
800 2 1000 | ]
600 ' ] 2 === rJ—
ST
400 ! | I 500 | J
200 | j -
! l | | — switch3
0 0 L
0 0. 1 1.5 0 0.5 1 15 2 25 3
Time (s) Time (s)
5.26 ( ),( ) Effective Throughput ( ) () Cell Loss EPD per-VC

accounting LAN



EPD using Dynamic Threshold

EPD using Dynamic Threshold

66

Effective Throughput (Packets)

Queue length (Cells)

forcoad T T - T
——  sourcel
| — source2
syl — - sourced
ST —— sourced
——  source$
- — . sourceb
i T
= e sourced P
——  source10
- - sourcell
1000 I
o ——  sourcei2
S0, source3
sourcee
source9
sourcel2
0 05 1 15 2 25 k! 1 15 2
Time (s) Tume ()
Queue length of EPD usingDynamic Threshold Cell Loss in Switch EPD using Dynamic Threshold
2000 2500 - . -
switcht
180 ——  Switch?
——  switch3
150
140C
1200 f | e ! g
' i |l [ 1 3
1000 | [ | 1 | | =
| IR /K| | B! ]
| { K | B ! o
&0 \HU AR | | =
1 | | | 8
&C | 1 il ) ! ’ i
O A i
< NN |
LI R
200 [ ‘ |
| \mn LA L
2 | | I 4
b 05 1 1.5 2 25 a

Time (s)

() ()

5.27 ( ),( ) Effective Throughput ( ) () Cell Loss

EPD

LAN
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55 TCP
LAN
WAN TCP
TCP
( connection), Maximum Transmission Unit (MTU),
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' EPD
VC accounting
5.14 EPD
accounting
Number of source 5 10 5 25 50
Effective throughput (packet) 6392 6113 5974 6015 5920
Total Throughput (Mbit/s) ;, 13439 42931 12602 . 42587 125.34
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5.30 EPD per-vc accounting
J EPD
515 EPD
Number of source 5 10 15 25 50 100
Effective throughput (packet) 6376 6109 6063 6052 6056 6098
Total Throughput (Mbit/s) I EUH 1LE 15 127.78 91 &,
Fairness 0.9936 0.9919 0.9907 0.9925 0.9795 0.01
Efficiency (%) " R 95.12 UW 944 97.79
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connection
J connection TCP (fairness)
connection EPD
TCP connection fairness
connection EPD
VC fair share
VC EPD
fail- share EPD
) 513, 5.14 5.15
EPD per-ve accounting | EPD
TCP EPD 2
\C fair share  VC fair share \(C
TCP
. connection connection
L (threshold)
Threshold < Maximum Window size < connections (*  — =6128 cells
\Y 53
TCP 1( )
Threshold > Maximum Window size*, connections TCP
1( )
2. connection
Buffersize > MTU x connections (171 x 100 = 17100ce//.s) fairness
index
Buffersize < MTU Xconnections fair share ( 100
connections 0.01) VC VC
1 TCP

TCP
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5.5.2 TCP MTU (Maximum Transmission Unit)
MTU TCP
MTU TCP
(fairness) (throughput)  MTU
1500, 4352, 8192 9180
TCP 1500
ethernet 4352 FDDI 8192 file transfer
9180 IP ATM
MTU MTU TCP
TCP IP MTU
TCP 1 MTU TCP
4.2 TCP 1500
132.4 Mbps TCP 4352
135.13 Mhbps TCP 8192
135.37 Mbps TCP 9180
135.1 Mbps
3000 . TCP window size 64
kB, retransmission time out 100 msec, peer to peer 10
600
3 411
MTU 1 1 5.16-
5.18 5.16 MTU EPD 5.17
MTU EPD-per-VC accounting 5.18
MTU EPD
532 535 Effective Throughput Effective Throughput
EPD 536 5.39
Effective Throughput EPD per-VC accounting

540 543 Effective Throughput EPD



1L EPD

5.16 MTU Early Packet Discard

Effective Throughput (packet) 20425 9830 5366 4925

Total SLEP throughput (Mbit/s) |

Total Loss (cells) 18592 34799 56522 60096

Efficiency (%) 58.34 81.95 84.02 86.52
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Queue length of EPD using per VC accounting
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Efficiency of each MTU

100
90 -
g 80 —&— EPD Algorithm
g —&— EPD using per VC accounting
;g 70 —a&— EPD using Dynamic Threshold
60
50
1500 4352 8192 9180
MTU (bytes)
5.44 MTU
MTU
516 518 MTU TCP
MTU 9180 bytes EPD per-VC accounting
3.6%
5.39 ()
MTU
532,536 540 ()
MTU EPD
( 532 () 5,44
MTU = 4352 bytes EPD TCP
EPD per-VC accounting 2.19%
fair share VC
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55.3 Retransmission Time Out (RTO)
Retransmission time out TCP
Retransmission time out TCP
3000 TCP 8 kB
Peer to Peer 10
600 LAN
3 Peer to Peer
411
RTO 5.19-5.21
5.19 RTO EPD 5.20
RTO EPD per-vc accounting 5.21
RTO EPD 545 548
RTO EPD () Effective Throughput ()
() Congestion window size 549 552 RTO
EPD per-ve accounting ()  Effective Throughput
() () Congestion window size 553 5.56
RTO EPD ()  Effective Throughput
() a Congestion window size
EPD
5.19 Retransmission Time Out Early Packet Discard

Effective Throughput (packet)
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Efficiency (%)
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EPD per-ve accounting

520 Retransmission Time Out EPD
per-VC accounting
' RTO (msec) VAT oW
Effective Throughput (packet) 6058 5655 32 1456
Total TCP throughput (Mbit/s) 12693 11946 | 68074 30,611

Total Loss (cells) 10908 65062 28746 15074
Faimess 09899 099 07772 033
Efficiency (%) Q377 W5 029 26l

EPD using per VVC account ting Queue length of EPD using per VC accounting
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EPD using per VC accounting Queue length of EPD using pet V/C accounting
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EPD using Dynarrsc Mowshold Quews length of EPD using Dynamic Threshoid
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Retransmission Time Out

Retransmission Time Out Retransmission Time Out
Retransmission Time Out Retransmission Time Out
EPD ( EPD
)
5.48(),552() 556()
ACK
link
TCP Retransmission
Time Out Retransmission Time Out
545 () 556 () Congestion window ~ Retransmission Time
Out 50 100 ms
Retransmission
Time Out
Retransmission Time Out 250 500 ms Congestion window
( Congestion window “TCP synchronization” [0])
Time
Out
Congestion window
Retransmission Time Out
Retransmission Time Out
Congestion window 5.45
(),549() 553() \VC
Retransmission Time Out
ACK time out

Retransmission Time Out
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Retransmission Time Out 557 558
5.57 (Fairness) EPD 3
Retransmission Time Out 558 TCP
EPD 3 Retransmission Time Out
558 Retransmission Time Out 250 500 ms EPD
TCP EPD EPD
fair share VC
fail' share EPD
558 TCP EPD
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554 Fast retransmission recovery TCP
EPD, EPD per-vc accounting
EPD Peer to Peer, Parking Lot~ Chain
TCP
TCP TCP (time out)
“Fast retransmission and recovery” Fast retransmission ~ recovery
224
Fast retransmission recovery
TCP Peer to Peer Fast retransmission
recovery TCP ,
411 Fast retransmission [ecovery TCP
5.22 EPD, EPD per-
V¢ accounting EPD Peer to Peer
Fast retransmission ~ recovery 559 () Effective Throughput ()
EPD Fast retransmission recovery 5.60 ()
Effective Throughput () EPD per-VC
accounting Fast retransmission ~ recovery 5.59 () Effective Throughput
() 1 EPD

Fast retransmission  recovery
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5.22 Peer to Peer Fast retransmission ~ recovery
Algorithm Early Packet Discard (EPD) ~ EPD using per VC accounting EPD using Dynamic Threshold
Effective Throughput (packets 5941 5963 5995
TCP Throughput (Mbit/s) 128.47 128.15 129.03
Faimess index 0.9399 0.9762 0.9873
Efficiency (%) 94.90 94.67 95.38
EPD Algorithm Queue length of EPD Algorithm
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Fast retransmission recovery
Fast retransmission  recovery TCP
TCP EPD Fast retransmission ~ recovery
TCP Fast
retransmission recovery TCP Fast retransmission
TCP slow
st congestion avoidance
duplicate ACK 3
(time out)
congestion avoidance slow start 1 congestion window  1segment
congestion  window Fast
retransmission recovery EPD, EPD
per-vc accounting EPD
1.76%, 9.39%  2.75%
EPD per-vc accounting
EPD per-ve accounting
EPD per-vc accounting
EPD
VC fair share
EPD Fast
retransmission recovery TCP
Fast retransmission ~ recovery EPD
EPD
( 5.61)
VC
EPD EPD
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( EPD
TCP
56.1
55.1
TCP connections
connections
connections

EPD
) 551
TCP
551

TCP connections

TCP connection
100 TCP connections

100 TCP connections
(5.1)

Buffersize < MTU x connections

104

0.01

(5.1)

TCP connections 5 TCP connections

10 TCP connections
5 TCP connections

10 TCP
TCP



5.23

accounting,

5.64

5.64

5.63
5.6

5.65

EPD

5.23

Number of TCP connection

o

15
25
50
100

5.24

Effective throughput (packets)
Tora! TCP throughput (Mbil&ec)
Total loss (cells)

Fairness

Efficiency (%)

TCP connections
EPD
TCP

EPD

5.24

EPD,

EPD

5.26
EPD

per-VC accounting

Minimum buffer size

from calculate (cells)

6153 704 6148
133.55 15.09 133.446
16 10275 50
0.2 0.4 0.1
98.66 11.15 98.58

1482

31.84

9967

0.2

2352

855
1710
2565
4275
8550
17100

6143
133.34
84
0.0667

98.50

3264

69.98

7465

0.1327

51.69

105

per-VC
5.62

Minimum buffer size
from simulation (cells)
665
1488
2306
3990
8089

16305

connection
11
6133 4675 6109
133131 10007 132615
106 5335 286
004 00798 0.2
9835 7392  97.96

EPD
6348 6062 6298
133.391  131.578 132.32
285 620 619
0.04 0.01 0.02
98.54 97.20 97.75
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Numb?®r of TC”connection

; 8% rffflw 1S |
Effective throughput (packets)
Total TCP throughput (Mbit/sec)
Total loss (cells)

Fairness

Efficiency (%)

5.26

Effective throughput (packets)
Total TCP throughput (Mbit/sec)
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Fairness

Efficiency (%)
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