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KEYWORD: LEAKY BUCKET/ FUZZY LOGIC/ ATM NETWORKS.
APISAK SUNTANA: DYNAMIC QUEUE LENGTH THRESHOLD
SCHEDULING POLICY FOR A PRIORITY LEAKY BUCKET IN AN ATM
NETWORK USING FUZZY LOGIC. THESIS ADVISOR: ASSOC. PROF.
Dr.WATIT BENJAPOLAKUL. 76 pp. ISBN 974-03-0474-5

This Thesis proposes a dynamic queue length threshold scheduling policy for priority
leaky bucket algorithm in an ATM network. The proposed model uses fuzzy logic controller to
make soft decision in dynamic queue length threshold scheduling policy based on traffic
condition and Quality of Service (QoS). Real-time Variable Bit Rate (rt-VBR) traffic is sensitive
to mean waiting time but insensitive to cell loss ratio. Non real-time Variable Bit Rate (nrt-VBR)
traffic is sensitive to cell loss ratio but insensitive to mean waiting time. Dynamic queue length
threshold scheduling policy using fuzzy logic increases token utilization and can meet the QoS
requirements of both types of traffic. Compared to the fixed queue length threshold, this

proposed model decrease cell loss ratio of both types of traffic.

The performance of controlling the violating traffic source and non violating traffic
source, in terms of the average cell rate, are compared. In the case of non violating traffic source,
dynamic queue length threshold scheduling policy using fuzzy logic gives a longer average time
before the first loss of real-time or non real-time traffic is detected. Thus, the false alarm
probability is decreased. This trade off on the violating traffic increases average time before the
first loss is detected, compared to that of fixed queue length threshold. The effects of system
parameters, such as the buffer size and token bucket size, on the performance of the proposed
model are also investigated.
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p(l —p)x ;x €1{0,1,....}

f (e p)=
0 ; otherwise (4.2)
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IS = . = . B F A A Y A =

¥ IaY (Negative Exponential Distribution) 11 Mean E[S] o lvian £ ABITeLINUYY
{ v 1 I~ Y] § ) [

mae ' lafansuanuiziiluyesszezinaiten (s) naad lasaaunsn (4.4) [11] 913U
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A Time

s1ii 4.1 On/Off Traffic Model
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M3 4.1 A auAvoLKaIni1ila On/Off

Parameter Real Time (Voice) Non Real Time (Data)
Peak Rate 32 kbps 44.8 kbps
On Time 352 ms 500 ms
Off Time 650 ms 1,500 ms
Burstiness 2.85 4
Mean rate 11.2 kbps 11.2 kbps
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1 Linguistic Variable 48% Linguistic Value
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1A A g 1 A o s A 1 — = Sl 1
ﬂTE]L!‘V‘J.GI‘V]lfﬂuﬂﬂﬂaEJ"lIEN’E)GIiHGD'ﬁﬁmﬁEJGluG]S’N i UTAANWIUNT (Average Mean Cell

Rate, MCR ) wpaniwilnuuunainss ( MCR, ) wazuvy lidluna1ass ( MCR,.. ) el
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gﬂﬁ 4.7 Input Membership Function RVERT Average Mean Cell Rate vosunasnutanimnn

HULIAI59 (Real-Time Traffic) ozt 1351111781959 (Non Real-Time Traffic)

e
N oo

e
~

Degree of Membership

—

Lowest

Low Medium High Highest
Weakly Low Weakly High

0.2 0.4 0.6 0.8

Output

3 Un 4.8 Output Membership Function



M3 4.2 §IUNY

40

RULE | Buffer Space Buffer Space | Mean Cell Rate | Mean Cell Rate | OUTPUT
Real Time Non-Real Time | Non-Real Time Real Time

1 L L L L WH
2 L L L M WH
3 L L L H H
4 L L M L

5 L 1 M M WH
6 L |5 M H WH
7 L L H L WL
8 L iy H M M
9 L A, H H

10 L WL Iy L

11 L WL b, M

12 L WL ) H HE
13 L WL M L WH
14 L WL M M WH
15 L WL M H H
16 L WL H L

17 L WL H M WH
18 L WL H H WH
19 L WH L L HE
20 L WH L M HE
21 L WH L H HE
22 L WH M L

23 L WH M M

24 L WH M H

25 L WH H L WH
26 L WH H M

27 L WH H H

28 L H L L HE
29 L H L M HE
30 L H L H HE
31 L H M L HE




41

RULE | Buffer Space Buffer Space | Mean Cell Rate | Mean Cell Rate | OUTPUT
Real Time Non-Real Time | Non-Real Time Real Time

32 L H M M HE
33 L H M H HE
34 L H H L H
35 L H H M HE
36 L H H H HE
37 WL L L L WL
38 WL iL, L M WL
39 WL L L H M
40 WL J M L L
41 WL 14 M M WL
42 WL 14 M H WL
43 WL L H L L
44 WL L H M L
45 WL L H H WL
46 WL WL L L M
47 WL WL 1L M M
48 WL WL L H WH
49 WL WL M L M
50 WL WL M M M
51 WL WL M H M
52 WL WL H L WL
53 WL WL H M M
54 WL WL H H M
55 WL WH L L WH
56 WL WH L M WH
57 WL WH L H H
58 WL WH M L WH
59 WL WH M M WH
60 WL WH M H WH
61 WL WH H L M
62 WL WH H M WH
63 WL WH H H WH
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RULE | Buffer Space Buffer Space | Mean Cell Rate | Mean Cell Rate | OUTPUT
Real Time Non-Real Time | Non-Real Time Real Time

64 WL H L L

65 WL H L M

66 WL H L H HE
67 WL H M L

68 WL H M M

69 WL H M H HE
70 WL H H L WH
7 WL H H M

72 WL H H H

73 WH it L L

74 WH L L M L
75 WH L L H WL
76 WH L M L LE
77 WH L M M L
78 WH L M H L
79 WH L H L LE
80 WH L H M LE
81 WH L H H L
) WH WL L L WL
83 WH WL L M WL
84 WH WL L H M
85 WH WL M L WL
36 WH WL M M WL
87 WH WL M H WL
88 WH WL H L L
89 WH WL H M WL
90 WH WL H H WL
91 WH WH L L M
92 WH WH L M M
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RULE | Buffer Space Buffer Space | Mean Cell Rate | Mean Cell Rate | OUTPUT
Real Time Non-Real Time | Non-Real Time Real Time

93 WH WH L H WH
94 WH WH M L M
95 WH WH M M M
96 WH WH M H M
97 WH WH H L WL
98 WH WH H M M
99 WH WH H H M
100 WH H it L WH
101 WH H L M WH
102 WH H L H H
103 WH H M L WH
104 WH H M M WH
105 WH H M H WH
106 WH H H L M
107 WH H H M WH
108 WH H H H WH
109 H L L L LE
110 H L L M LE
111 H L L H LE
112 H L M L LE
113 H L M M LE
114 H L M H LE
115 H L H L LE
116 H L H M LE
117 H L H H LE
118 H WL L L L
119 H WL L M L
120 H WL L H WL
121 H WL M L LE
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RULE | Buffer Space Buffer Space | Mean Cell Rate | Mean Cell Rate | OUTPUT
Real Time Non-Real Time | Non-Real Time Real Time
122 WL M M L
123 H WL M H L
124 H WL H L LE
125 H WL H M L
126 H WL H H L
127 H WH L L WL
128 H WH L M WL
129 H WH 15 H M
130 H WH M L WL
131 H WH M M WL
132 H WH M H WL
133 H WH H L L
134 H WH H M WL
135 H WH H H WL
136 H H L L M
137 H H L M M
138 H H L H WH
139 H H M L M
140 H H M M M
141 H H M H M
142 H H H L WL
143 H H H M M
144 H H H M
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Algorithm TLB PLB QLT Fuzzy-QLT
Normalized rt nrt rt nrt rt nrt rt nrt
Total Arrival Rate
0.50 - 5.2941e-4 - 4.3929¢-7|7.2506¢-8 - - -
0.55 3.6371e-6(2.7885¢-3 3 3.0379¢-5[1.9496¢-6 - 1.1983¢-6 -
0.60 1.2195¢-4|8.1673e-3 ¢ 3.7642e-4|4.0551e-5| 7.576e-8 |1.7512¢-5| 7.577¢-8
0.65 8.6605¢-4|0.018087 3 2.0351e-3|3.0824¢-4(2.0384¢-5(2.0824¢e-4|1.1340e-5
0.70 0.003468 | 0.032254 > 6.9152e-3[1.3060e-3 |3.1149¢-4|1.0147e-3|2.0970e-4
0.75 0.009266 | 0.050616 3 0.016923 |3.9130e-3|1.6144¢-3|3.2615¢-3[1.3010e-3
0.80 0.019243 | 0.072099 5 0.033754 |9.0112¢-3|5.1852e-3|7.7446¢-3 |4.4990e-3
0.85 0.033377 | 0.095308 |4.5557¢-9{ 0.057706 | 0.017264 | 0.012110 | 0.014929 | 0.010956
0.90 0.050888 | 0.120128 |3.0041e-7| 0.088163 | 0.028784 | 0.023134 | 0.02534 | 0.021482
0.95 0.070963 | 0.144795 | 1.2871e-5| 0.124230 | 0.043150 | 0.037912 | 0.03859 | 0.036167
1.00 0.092553 | 0.169616 |19.6312¢-5| 0.164028 | 0.060050 | 0.056414 | 0.054494 | 0.054570
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Algorithm TLB PLB QLT Fuzzy-QLT
Normalized rt nrt rt nrt rt nrt rt nrt
Total Arrival Rate
0.50 1.0318e-3| 0.21242 | 9.940e-5 | 0.004542 [5.7023¢-5|2.3984¢-3|5.2588¢-5|2.1287¢-3
0.55 8.1900e-3| 0.36339 |4.1671e-4| 0.02151 |3.4790e-4| 0.013058 | 0.00035 |0.012104
0.60 0.03114 | 0.53771 |1.1064e-3| 0.063757 | 1.6358¢-3| 0:042471 | 0.00167 | 0.03952
0.65 0.07637 | 0.72215 |2.3434e-3| 0.14218 |6.1672¢-3| 0.10173 |0.006626 | 0.096131
0.70 0.14464 | 0.89636 |4.4751e-3| 0.25906 | 0.017456 | 0.19646 | 0.019039 | 0.18743
0.75 0.22924 | 1.06291 | 0.01112 | 0.41056 |0.040071| 0.32717 |0.044301 | 0.31605
0.80 0.32363 | 1.21172 | 0.02201 | 0.59001 |0.077492 | 0.48701 |0.084906 | 0.47150
0.85 0.41850 | 1.34435 | 0.03696 | 0.78818 | 0.12788 | 0.6628 | 0.13963 | 0.64747
0.90 0.50765 | 1.46085 | 0.05628 | 0.99969 | 0.18830 | 0.84368 | 0.20516 | 0.82892
0.95 0.59011 | 1.56419 | 0.07929 | 1.21793 | 0.25451 | 1.0192 | 0.27670 | 1.0083
1.00 0.66335 | 1.65497 | 0.10540 | 1.44082 | 0.32276 | 1.18197 | 0.35066 | 1.17549
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