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Abstract: Based on the idea of SLoPS, a probing technique, self-loading decreasing rate train (SLDRT), is
proposed. SLDRT measures the available bandwidth by using a single decreasing rate packet train. The special train
can efficiently avoid bias caused by multiple sampling and makes the tool converge fast. Analysis and simulations
verify the effectiveness of the method under both the single-hop and multi-hop path with the bursty cross traffic
environment, which also show that SLDRT estimates available bandwidth more, accurately and with less
measurement overhead and intrusiveness than other existing techniques such as Pathload, pathChirp.

Key words:  network measurement; available bandwidth; multi-hop path; bursty cross traffic; SLDRT (self-

loading decreasing rate train)
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Table 1 Comparison among different types of available bandwidth estimation methods!®
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1 R,, =avbw,, x7;

2 if (OWD,,, > MinOWD) /* OWD,,, is the one way delay of initial probing packet */
3 flag = PROBE; /* PROBE denotes estimation is under way */

4 else

5 return R, =R, . X 7;

Fig.3 Initial rate setting algorithm of probing packet
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/* SLDRT algorithm */

1 send()

2 send d loading packets;

3 if (flag == RESTART) /* RESTART T U8 — IR * /

4 R, =avbw,, x7; /% R, AR R, avbw,,: b — AT Y S8 I 2h e+ /
5 flag = PROBE; /* PROBE : W JF U bR A * /

6 restart();

7 end

8 else if (flag == PROBE) /% AR A Gy e+ /

9 R=R,.; U BRI AL AR A * )

10 while (OWD > MINOWN) PR AT R/

11 T, = (pktsizex (i +d))/ R;;

12 R,=Rla

13 T, = (pktsizex (i +1+ d))/ R.,,;

14 sendpkt(T,,, = T); [T, - TR R — AR */
15 R =R.;

16 i+

17 end

18 end

19 end

Fig.4 SLDRT algorithm
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Fig.7 Path persistent cross traffic
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Fig.9 Contrast between SLDRT, pathChirp and Pathload in the condition of fluid cross traffic
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Table 2 Result of simulation validation with fluid cross traffic

F2 ERGER RSO R B RS 45 R

Methodology MT (s) MO (MB) ME (%)
SLDRT 0.135 0.074 1.86
pathChirp 1.538 0.193 7.36
Pathload 12.76 2.114 2.75

SLDRT F 158 22 LMK T2 2.2.2 190 SR i 22 A BEAR ), I 2 K 04 SLDRT FA il & Inf Ji) 75 2 75
9Ll kL2 AR BRI NS-2 0 LIRS P i RS e (TR 7 AR Bl MR AT 5 25 v B T R
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Fig.10 One-Hop persistent cross traffic
10 One-Hop persistent 75 5t i

10] 10.0 T T
Real value 9.5 = Real value
9] 4 SLDRT _90] ¢® # SLDRT
> < pathChirp 2 85 l —o— Pathload
& 84 S 80
= < g i
= 74 = 7.5 |
[u] =)
g S 7.0 . o
ERRY 2o : g
=1 i < . * b
I 5 55 oo 1
L2 44 S 5.0 i a
e = 45 . w4
;; 34 z 40 .
5] 3.5
3.0
1 T T T T 2.5
0 20 40 60 80 100 1 2 3 4 5 6 7

Time (s) Sampling point

(a) SLDRT 4 pathChirp *f Lt (b) SLDRT 5 Pathload i Lt

Fig.11 Contrast between SLDRT, pathChirp and Pathload under single-bottleneck path
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Table 3 Result of simulation validation under single-bottleneck path

R3O AL AR T I IR SE IR 45 2R

Methodology MT (s) MO (MB) ME (%)
SLDRT 0.104 0.074 12.61
pathChirp 1.601 0.193 20.35
Pathload 13.76 2.335 24.37
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Fig.12 Multi-Hop test topology used in the NS2 simulations
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Fig.13 Contrast between SLDRT, pathChirp and Pathload under multi-bottleneck path
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Table 4 Result of simulation validation under multi-bottleneck path

R4 DI B AR PRSI 45 R

Methodology MT (s) MO (MB) ME (%)
SLDRT 0.099 0.073 11.15
pathChirp 2.406 0.227 22.02
Pathload 22.853 2.128 10.13
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Fig.14 Comparison of average measurement time, measurement overhead with SLDRT,
pathChirp, Pathload for three kinds of network model
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Table 5 Result of simulation validation under experimental network

RS ARSI NI AR

Methodology MT (s) MO (MB) ME (%)
SLDRT 0.344 0.211 11.96
pathChirp 7.088 0.253 27.26
Pathload 65.23 1.92 11.29
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Table 6 Comparison of congestion time between SLDRT and Pathload
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Congestion time (ms)
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Decrease factor o=1.1 Decrease factor o=1.015 Pathload
5 64.18 213.35 897.6
10 26.87 99.82 1153.2
20 9.30 35.71 960
30 5.25 17.74 720
40 3.32 10.75 1080
50 2.40 6.56 960
60 1.70 4.28 840
70 1.17 2.74 720
80 0.96 1.83 840
90 0.77 1.09 360
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