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# # 4170226221 : MAJOR ELECTRICAL ENGINEERING

KEY WORD : ATM / QoS / Priority / Leaky Bucket / Fuzzy Logic
KITTIPHONG SERMTECHATHAVORN : CONTROL OF A PRIORITY LEAKY
BUCKET WITH FUZZY LOGIG FOR POLICING TRAFFIC IN AN ATM NETWORK.
THESIS ADVISOR : ASSOC. PROF. DR.WATIT BENJAPOLAKUL, 154 pp.
ISBN 974-03-0442-7

One of the most important tasks for a policer in ATM networks is to meet Quality
of Service (QoS) requirements for different classes of service. The conventional token
leaky bucket, which is designed for policing single traffic, cannot perform well in dealing
with different traffic types and guaranteeing their QoS. As a result, the priority leaky
bucket has been proposed to cope with this problem by providing priority level for each
service class according to its requirement. However, the scheme still has a great
disadvantage that the QoS of low priority class is degraded as a tradeoff for better QoS
of high priority class. So, this thesis proposes two new priority leaky bucket mechanisms
in order to improve the QoS of both traffic classes. The first new mechanism adds an
extra token pool with the conventional one that can improve QoS of both priority classes
and resource utilization. The second one applies a fuzzy logic system with the first
mechanism to adjust the token generation rate dynamically, according to traffic source
characteristics. Moreover, this thesis also studies the selectivity and responsiveness of
the priority mechanism when traffic is overloaded. These important properties of the
mechanism as a policer have never been investigated in the past priority scheme
literature.

The simulation results show that when the traffic source respects the service
contract, the first and the second proposed mechanisms_provide 30 % and 90 % better
QoS than the conventional -one; respectively. When one traffic class violates the
contract, the proposed fuzzy logic mechanism shows that it can control the effect of the
excessive cells and still maintain the QoS of the other traffic class in the finest level when
compared to the other mechanisms. The proposed fuzzy logic mechanism also has a
fast responsiveness, that is, it firstly detects cell violations 26% faster than the other

mechanisms.

Department Electrical Engineering Student’s SigNature ........ccceeeiiiiiieeeeeeeeeees
Field of study Electrical Engineering AQVISOr's SIgnature ...

Academic year 2001



nRAnssNUszn A

a a c  a d” o 3 { % a 4 1 A 1 da‘
QWHWHWMﬁ@UUM@’]N’]?ﬂ@’]L?@@q@’)ﬁiﬂi@ﬂﬁlﬂﬂ AL AIMNTIELLNADDEINALNUBN

a a

a rdl rd‘ v 1 = o o
A, AT.INE LUDYANANA mmawﬂ?‘ﬂmqmmuwuﬁ sﬁﬂimﬂﬁ@’]ﬂﬁ]’]ﬂm@’ﬂ ATLUSUT AL

aa

v oo e o o o Y v s
deAniusne  Mdudsslandlunminddennloanaen  souviaiew]  ludesdifinis

dl d‘ ' a o dl = o dl v o o Y a dld
aaa19nAu Ingannzivew) lunguanuddaizeanaiu niawusiuazdednnanlag
AABA WATIBLDUAMIYULANUYULATALATNINY 1 UNUT seaUTeyaynIn-lanaaenuag

NIy Seatiuayuan ldanelunianatnantinug

1%

vinefigal gadalasaensiureunszaininia uazyn o viuluasauaia

o

v o o o ¥ 0 o |9 o ° =
pNIAR F_I‘Vlsl,‘lﬂﬂQWN@uU@L}uLL@ZIMﬂ’]Z\]\ﬂ@LLﬂHQ@ﬂM@@@N’]’QM@’]Lﬁ‘@ﬂ’]ﬁ‘ﬂmﬂ’]

ARRANIA LATHBTZDNT



A917y
NN
LNAREBNTIENING L. oo, X
UNARHBNTEIRINNT L. q
ABRBANITNLTENNA ., !
BNTLITL et e o
AVTUTYTU e, M
AVTTEURNTN oo e, | O ... ...l eennns i
L

1 undn ... R N . T e, 1
1.1 AuTluNIaZANNAATYIRSTIUMY 1
1.2 AR UsCRAl. i A R e, 3
1.3 IUULUAZTRLLUATNL VNS i, 3
14 TUROUUATARANTUNIT - oot 4
15 Ul AR IEI oo 4
2 UUIRA HATHTAENUNA WATARANTTEUE cororrrr e 5
2.0 ARYIIIY e e, 5
2.2 n@inﬁﬁmmu&iwj b L 8
2.2.1 ﬂ@iﬂﬁﬂéﬂg/\‘ilﬁu (Conventional Leaky Bucket Mechanism) .. 8
222 ﬂ@iﬂﬁﬂﬁﬁ@i (Dual Leaky Bucket Mechanism) .........c........ 9
223 nalndeiuuuinifu (Token Leaky Bucket Mechanism) ...... 10

2.2.4 ﬂ@inﬁﬁmmuﬁﬁﬁummzﬁﬂﬁm (Priority Leaky Bucket

MECNANISM) .ttt e 11



2.2.4.1

2242

2243

2244

A1 (Fia)

nalndeaFuuuatAuANNAIATY A MTUNIINANID
GRG (Priority Leaky Bucket Mechanism for

Virtual Path Traffic) .......coooiiiii
. o o o e o dday L

nalndadauuuansupanddynldqanEuilanu

A2INEINIAY (Priority Leaky Bucket Mechanism

with Queue Length Threshold) .............ccceeee.e.

nalndefuuuatsunondAnylaaldnsdnass
IMIAULULNATR (Priority Leaky Bucket

Mechanism using Dynamic Token Allocation

o o o 3 o o ag o &
ﬂ@iﬂﬂQ?QLLUU@’WﬂUﬂQWNﬂ’Wﬁﬂalﬂ/li“ﬁ‘]_l’ﬂiﬂfll,ﬂu@

(Priority Leaky Bucket with Two Token Pools) ....

225 nalnfefaiiaauausmaiadanan (Leaky Bucket Mechanism

2.3 NalNMFULUAIALANNAATYN

with Fuzzy Logic Control) .......c.oeeiiiiiiiiiiiiiee e,

2.2.51

2.2.5.2

1% QI/ dl o v <3 ¥ =
ﬂ@llﬂﬂﬁ"lﬂﬂQUQN‘ﬂﬁ]?’m’]ﬁ"&i’NIV}Lﬂuﬂ@ﬁlﬁeﬁsﬁ
afan (Leaky Bucket Mechanism with Token

Rate Controlled by Fuzzy Logic) .....ccoveeeninnn.e.

o al/ dlz A | 1 v a
ﬂZ‘liﬂﬂﬂ?QV]W\TM?'ﬂﬂﬂﬂﬂmquLsﬁ@@Tﬂﬂmﬁ@iﬂﬂ@qﬂ
Wadaaan (Leaky Bucket Mechanism with Drop-

Pass Fuzzy Logic DeciSion) «....ve. coviee e innnnn..

]
=l

=0
2
)
=
8]

2.3.1  nalndeFuuuanauanudAnyildueniAunds  (Priority

2.3.2

Leaky Bucket Mechanism with Extra Token Pool) .............

nalndefauuusatduaud1AyAldualniAunLAsLas

mquﬁ")ﬂﬁsﬁ@'ﬂaﬂ (Priority Leaky Bucket with Extra

Token Pool and Fuzzy Logic Controlled) .........cccccevevennnen.

11

12

13

15

17

18

21

23

23

24



A1 (Fia)

uni win
2321 BUWARUFUAIAMUANATE-0 ..o, 25

2.32.2  BUWARNUTUAIAMUANATE-1 ..., 26

2.32.3  W@IFWAANFIAILANTETE-0 ..o, 27

2.32.4  @IFNAAINFIAILANTET-1 ..o, 28

2.3.25 WritusNEntes8unmaessianuaNiEd-o ... .. 28

2.3.2.6  MifuaN1TNIDBUNABLIFIALANNTT-1 ....... 29

2327 ffduaniinaesiesinauassaniuauied-o ... 30

2.32.8 defduanidinuesednsrasdanauauied-1 ... 30

2.32.9 NOIBIAIPIUANAGT-0 ... 31

2.3.210 NHUBIAIAGUANNLTA ..oveieriee 32

2.3.211 Fansuaanduiled (Defuzzication) ................. 34

3 ULUAIABSUAZABNITRNRBIELIL 1. oir i 35
3.1 WUURIABIUBIUARIN IR it 35
32 A3nnsenasiunrenalndsauLLafA2 KA ”aﬁﬁfn,mu'a ........ 36
3.3 MITUBNAUBNANITNIABIL oot 37
3.4 NIINARBUAINDNABIIBINITANABILLIL ot 37

341 n1amedauAINgnRestesnalnfiFLuuAdFAw

NP 5NN V] 1L.d VIC). . IeNC)...... 37

3411 NIINAADLAINYNABITBITAIIAIUNITGEYUE
YAITARLALINANUILIRALIRINIINANTUN 0

WATTUN 1 NEUAUNATINIBIUUIATRIATWING S 38



A1 (Fia)

3.4.12  NIINAABUANINYNABIIBIEAIIAIUNITGEYUE
YAITARLALIIANUILAIURALVRINIINANTUN 0

LATTUN 1 WauduaKIatastaln@y ..
3.4.2 NINAABLAYINGNARIIBINA NI UL MIAUGTTNA ... ..

3421  NIINAABLAINYNABITBIENIIHIUNITGEYUE
YAITARLALLIANUILFRALVRINTINANTUN 0

9;/ Py = o a o c
WAZTUN 1 WeUNUKATINTRIUNATaIATWINGS

3422 NIINAADLUAMNNYNABITRITAIIAIUNITGYUE
ARITARLALIIANLT AR ALURINTINANTUN 0

LATTUN 1 LUAUARIATRILa AL ..o
4 HANITANARILULLAZ ATV EANANITANABILIL © oo
A1 ABUVHATED oo e

42 @an1aaesuLugesnalndefanuuaauaNdAnyalddalniAn

4.2 1 N@ﬂﬂﬂﬂﬁ?LﬂaﬂuLLﬂ@\iWﬂ?’]ﬁLﬁlﬂfﬂ?ﬁd“’] aaanalndada ...

4241  malasuulasaesdnadaunisgynasedaas

LAZANUIEAvRAtina U UALI ATRsATH I e 5-0

4212 7 aspmzinindaguldaseresdnsndaunnsg
AEUNNUTBNLTARHATIAN U AURALNILIA LU A

ABIANTWENDT-0 ..o,

4213  nsulaguulaaesdnangaunisgouunasedias

a d‘ = o a o I3
LAZLIANLUTZIR AL NEUALUWNATRIATTWN B -1

S

41

43

44

47

50

50

51

52

52

55



4214

4215

4.2.1.6

4217

4.2.1.8

4.2.1.9

4.2.1.10

4.21.11

4.21.12

A1 (Fia)

N33R ZW N As UL A9 Ua9d RN g 2UNg
gryinsresmasuariIaliziveasnauiuIuA

AAIAVTINENBT-T oo,

nalasnul aeresdnadounisgaunnaIeEas

P A = o | &
LRI A NOGE WeauiurrIaeatain LAU-0

n1saAgzinIsdaguulaseesdnsndaunnsg
AU EBNTARLATIAN SRRt LW A

YBILBIILAT0 - oee oo

nasasuilasreednNdaunnIgeyMNIBUTAT

a dl = o 1 <3
waziantssaveaginguiuauiatesdainiAn-1 .

n1satAg Iz nIsidasuulaseesdmsndaunnsg
grumereNmasuAZIIaNLsvdvea i ELiLIWIA

ARIUAILATT oo,

nslasnilasresdnndiunnsgaunnaetas
EE—T). y «
waztaantsranafene Ui uanIn1sa e InAy

YBIUD A0 oo,

N199LATIEW NN As UL A9 898RN g UNIg
zgtymﬂmmLéﬁ@@immmﬂizﬁqLfaﬁm‘ﬁﬂuﬁuﬁm’]

N128519 N AUIRILATNLAU0 v,

malasunlasresdnsdaunisguinses I as
a dl a o o % =3
waziantsrdaaneineuiudnsnisaialniAy

AAILBTNILAUT oo

n13atAszinIslasuntlasaesdnsdaunis
4rUneTaLIa A LATIIAsEARAEUA USRI

N198519 M AUIRILRNLAU-T o

59

60

63

64

66

67

70

71

73



A1 (Fia)

42113  agduaresnisilasuulaswisidimesaaanaln

422 N@ﬂjﬂ\iﬂﬂﬁ‘LﬂaﬂuLLﬂ@\‘iW”}ﬁﬁLl?l@’fl?l"]xi“‘]%@x‘]LLM@'\‘iﬁWL‘am

NIINAN

4.2.21

4222

42.2.3

4224

42.2.5

4226

N9l asuLlaspesdnIdaunnsgruMnIBTas

= o o '

LazlaNsgAaRe N uAUARINN1TELTARLAAE

'
i o

209 NINANTUN 0 ARARINIMANALS .

N199LAT1ZW N7l A s UL A91D99 N8 UN1T

'
o o

JIUMIEIe L TasLATIIATU sT AR LA LER

22D
R
i)
EO_
i)
D
)
2
=

. ' . S
NI9AIIAALRAEITRINIINANTLN O N

T L 2 e T T VTR

A9 AULIAI 198NN AAUNTG UM LTI AR

1
o o

a = = ! s dl
LaZla1UsEN AL INALAUARIINITELIA R LA

90993 MANGUA 0 NHAgIndTsNadld ...........

n199LAT121W N7l A UL A91099MIIE3UN1T

gruvngradauaznalssdveaieuiudne

. o ~_ 3 oA = o
N19RLIAALRALTAINIINANTUN O NHANGININ

MASNLIYISSINS..co

N9IAULL AR AUNTG U MILTDITAR

= o o !

LR e OIS i P PY NG YAVl

1
= '

a Z’/ dld 0I 1 dl v
2aININANTUN 1 ARAAINIAANAIlS ..

A199LATZ Nl At UL A9 UaIE RN g UNAg

4rungradIIaRuaAIIAsEANRAEUR SR

' s o S _ o oA Sa o .o
N9ANEARLARLUAINIINANTUN 1 NHATRININ

74

75

78

79

82

85

87



=b_

4227

4228

4.2.2.9

4.2.2.10

4.2.2.11

42212

4.2.2.13

A1 (Fia)

n9asuulaeresdnIdaunnsgeu I IRTAs

1
o o

a a = ! s dl
LazAUTLANRALNALAUERIINITAS AR LA

o % 4 ds - .
203N NANTUN 1 NHAgenIanadly ...

N199LAT W N1 AB UL A9IRIRN IR AUNNT

ArUNN8Ta9E a8 uavIaNUssiuadn e uiuans

1
= I

. s o ~_ S ~
N1989LIaARAURININANTUN 1 NHATFINIMN

Rl T

N191 a8 UL A9 LA R TNEIUNNTGEYMNTBUTAT

= o o

LL@%LQ@’]‘IJ?Z?NLﬂaﬂLVIEIUﬂU@ﬁ]ﬁ"Wﬂ’]ﬁ‘Z‘NLGI]@@r@\‘IZQﬂ

489NN ANTUN 0 ARANAININNANRIL ...

n193LATIEYW N1l As UL A91098 MR 2UNN T

o o

4rUMN AR TAR UATIIAN 1 9r 3R U USRI

NA9dsTaRgIgAeININANGuN 0 NRAAINIT

nsilasunlasnesdnsdaunisgounnaraanag

o o

LATINANLIN AN U USRI IN T AR AIAR

a q

'
a '

209n9NANTUN 0 NHAgenIanadld ...........

N199LATIZ W NN TR UL A9 UIERIIE I UNT

I RELRNE LB G PR R I b

|
{ =

NNIAAULASQIEAUDINTNANGUA 0 NHAIFININT

dad@ON K1 L O FI1IGI 10N G)

nsulasunlasresdnadiunisganna e aag

'
o o

LLZ\IzL'J@’]‘IJ?&’aQLﬂaEILﬁEIU VERTINITAUTARGIAA

a q

1
= 1

4INIINANTUN 1 ARANAININNANRIL ...

&2

91

92

95

96

98

99



=)

4.2.2.14

4.2.2.15

4.2.2.16

42217

43  HANITANAAILLLIBINA INTIFAULUAFLAINN

A1 (Fia)

N199LATZ Nt UL A9 UaIE RN g I UNNT

qruneaemasuazIaNlsr3veas s uaRs

pad)}
.
)
EO_
)
)
5]
)
=)

N9deaaagIgAIeInIWNAndGun 1 7

ANAS I

nsilasunlasuesdnsdounisgannaveaiaas

1
o o

LazLIANUZAa RN LA USRI TAITARAIEA

a Q

'
S J

o o v
20N ANANTUN 1 ARAIgINdTANalY ...

nasAAs Iz nTIlasuula9re98nsNdunIs
ArungaedaauAIIaAlsLARAE U ISR

NN9duTaagIqn0InIMANTUN 1 ATANgINdN

AT e e e

asnarasn nlasunlaansiinefrieres

ARSI NUANTINTD e

AldualniAy

20
2

¢
o

a ¥ = a
WLARILAZAL @NﬁfJﬂﬁ“ﬁ‘ﬁ@ﬂ@ﬂ ................................................

dl a [ s | U o a
4.3.1 N@mﬂﬂﬂﬁiLﬂ@HuLLﬂ@ﬁW’]ﬁ"]NLﬁ]‘ﬂ‘j‘ﬁ‘l’1\‘1”’] WALV AINTLUA

43.1.2

na9ulasunl aseedREauNITg UM BTRUTAT

= o o '

wazlanlsglvalanauiuamnINn1rdaLTasIads

489 NINANGUA 0 NRAIRIAIANEIIS

N199LATIZ N7 U A B UL A9IDIRNIIEAUNNT
aryngreaEas uarIAsEAueas e ISR

. e o a_ o oA a0 A
N1949 AR LRALIRININNANTUN 0 NNARININ

ANA L

102

102

105

106

107

107

107

110



=b_

43.1.3

4314

4.3.1.5

4.3.1.6

4.31.7

4.3.1.8

4.3.1.9

A1 (Fia)

n9asuulaeresdnIdaunnsgeu I IRTAs

waTAaNlsLAveatia Ui U RIIN1TdL AR LAt

geansAngud 0 AfiAgeniniianadly ..........

N193LAT 2 N7l A ULl A9 UaId RN g UNIg
mmmmmLsﬁmﬂm”mmﬂiﬁmL@ﬁmﬁﬂuﬁ”m@”mm

nsdatadiafremaAnduil 0 Aflrgendng

L T e T

nsilasunlaspesdnandaunisgymnaaeamas

1
o o

a N = ! s -:ll
LaZA1ls 3 RAtNaUNUARINNITANIA R LRAE

1IN INANTUN 1 N

¢, d Y
ANRANIARNASlY

N192LA91EW N1 AB UL A91R98NIIE2UNN T
qrunagemas LazIaNlsr3vea Ui uans

i s A ~_ o oA P
NIIRILIAALRALLININANTUN 1 NHAIRINGN

B LD e e

nasulasnilasresdnsdaunnsgryn BRI TAR

WATNAN13ARAtINE LA RIIN1TEL AR LRSI

| '
= a A

2aININANTUN 1 ARARINI AN .

u

N139LA2N 2 W NN LAWY A9 UBIF RN E I UNT

gryvnaeudasuazinanlsriseas e uiudns,

'
= '

! & dl a zlx dld 1 dl
NITANLTAS LRALURINIWANTUN. 1 AHAIGINIMN

nsianunlasresdnaaaunIsquInaIedTas

WATINANLIEARAR e UALSRT NI TARAIR P

a Q

2aNINANGUT 0 ARFAndRAnadls .o

114

116

118

120

122

124



=b_

4.3.1

4.3.1

4.3.1

4.3.1

4.3.1

4.3.1

4.3.1

.10

1

A2

' )

A4

A5

16

A1 (Fia)

A199LATZ W N U A B UL A91R99NIIEIUNNT

= o o

ZQG_I‘M’]EMJ@QLsﬂ@@rLLZ\]"’LQ@’]ﬂ?“’aQL'ﬂa?;lwl%lllﬂ‘i_l’ﬂ[?li"]

'
| o

mimmmmmmmmmﬂﬂnwm 0 NRAIAININ

=)

AN AS I oo

nsulaguulaspesdnsdounisgonnaaesinag

LATNANLTEARAt s UALART NI TARAIR A

a Q

2N IINANFUN 0 NRAIRININANAIS ..

u

N1991A9121W N2 Uas UL A9 UaIE RN g AUNS

ZQELI‘VI’]EI"II@\‘]Lsﬁ@ﬂrLL@”LQ@WﬂizaﬂL'ﬂaﬂl,ﬁﬁl‘]_lﬁ‘]_l'ﬂvﬁlﬁ"]

nsdaradgsaaemaAinguR 0 AflFrgendnd

n19ulasuil aeresdnIndounnsga ML IaeIa s

UAZIAN13A9RAIT e UAUSRT NI ARRIR A

a q

1 ' i
= 1 o

ga AR 1 ARFA NI Tanadls o

a |3 dl o 1
AvratAT Iz NI tdaguLlaIIesdRINdaunIg

ZQEUWTEI“II@\‘JL"I]Z\]ﬁLLZ\]“’L”J@Wﬂﬁ‘”%\?L@laﬁlLﬁHUﬁUﬁﬁli"]

mimmemmmmm’W\IWﬂwm 1 PRAIAINIDN

AN e

nnsilaguilaspesdnaaaunisgunaaedTas

LazaILsEdnafeeu USRI I T8GR

! 1
=l 1

PENNANTUT 1 ARFaansafinadld

a

N199LAT1ZW N7 U RS UL A9ID98NTIR2UNT

mmmmmmm‘ﬂmmmﬂa:ﬁqL@Emﬁauﬁuﬁmm

! 1
= '

m‘:?mmmmmmmmwﬂﬂmum 1 PRA1IE9NIN

ANA L

432 HaU8IN1IRaLAUBIAaNTINANINU (Responsiveness) ........

126

127

130

131

133

134

136

137



4.3.2.1

4322

43.2.3

4.3.2.4

A1 (Fia)

NATRINITAALAUAIAaNI WA NIAWIaIna lnde5a

1%

dl ! 6 dl 1 o a a)
LWHATATINITEILTAR AR TDILNAINUHANTINAN

o y
ANGINIMANASNT

)}

Ui 0

ee

N139LATIEHNATRINITADLAUDIFADNTINN LN

)

o '

?J‘ﬂ\‘]ﬂ@iﬂﬁﬂ%‘/’] Lm@mwmmumﬁmﬁmmme

k>

I o P VL%

N ANITNANTWN 0 HANZININNANAY

a

NATRINTADLAUAIAANI WA NLAUIaIna InTe5a

[ %

dl ! & dl 1 o a =
WASAIINITELTAALRALUBILUAINELANTINAN

a4 = A P
UN 1 mngqummmiq ..............................

e

N15ATIZANATDINITADLALDIAANTINA NLAY

b

1% ]

YAINA INTITIUHAAAIINIFIEITAB QAL UDI LA

v 1
o A

o a a ISP ' dl 1%
nanaingun 1 dAgandnfianasls ...

433  aUuani991ae9uuL9e9naln Fuzzy PRLB-EX ...ooooveeeee,

5 zﬁ@ﬂm@m?@?m@umu WA RLAUBUUE .ot

5.1 ATUMANITIVABIULL «ovvevrivreeeeeeeeeeeneeseasiaeetee e e eeeeeeieieeees

52  UALAUALUY ......

VNIRRT e

UNAITNN TN AU TN TR D L e e,

UsdRd@eaneniinug ...

137

138

139

140

140

142

142

145

146

148

154



AT IIEST
stlsznay Wi
gﬂ‘ﬁl 21 nalndefadaiu (Conventional Leaky Bucket Mechanism) ............... 8
gﬂ‘ﬁl 2.2 ﬂ@iﬂﬁxﬁ‘l/fgﬁj (Dual Leaky Bucket Mechanism) ..........cccccovvevveveeenne. 9
g‘ﬂ‘ﬁl 23 nalndeiuuminify (Token Leaky Bucket Mechanism) .................... 10
gﬂﬁ 24  nalndenuudduAINNEa Ty niunsWilnasialew  (Priority

Leaky Bucket Mechanism for Virtual Path Traffic) .........ccccovveeeeenit. 12

25  nalndeiuuuaiduandiAnyildqnBailasuaonuannma  (Priority

2ap

Leaky Bucket Mechanism with Queue Length Threshold) ................ 13

nalndedanuuaidualtua Ay laeldnisdnassiniAuuuunadn

©ap
il
=
N
(@)}

(Priority Leaky Bucket Mechanism using Dynamic Token Allocation

Method) .40 . 40 e o A R N N e, 14

g 27 nalndsFuutaisuamdranyildialnifug (Priority Leaky Bucket

Mechanism with Two Token POOIS) ......ccooevveiiiiieiieeeeeeeeee e 15

s 2.8 nalndviuuusiduasudranilde IniAuguuuAaTiesion
(Priority Leaky Bucket Mechanism with Two Token Pools and

Shared QUEUE BUFFEI) ...vuveieeeieeeeeeeeeeeeeee e 16

k4

sn 2.9  nalndedauuuanduaaudidyinldualnianguuuaainmesines
(Priority Leaky Bucket Mechanism with Two Token Pools and

SingleQueue BUFFEN) ....oooiii ittt bttt 17

317 2.10 - palndsFuuuiataeaniildanueAatininesiduduns (Fuzzy Leaky

Bucket Mechanism with Queue Buffer INPUt) ..o eeeeie i 18

39 211 nalndeFwuuiedaeanildninansaeslassdnedudunn  (Fuzzy

Leaky Bucket Mechanism with Network Resource Input) ................. 19

o

gﬂﬁ 2.12 AFNANLTATULL FAMLB (FAMLB MUItIDIEXET) ©.oveeeveeeeeeeeeeeeeeeenans 20



s1ltlsznay

gaﬁ‘{ 2.18
gﬂﬁ" 2.19
gﬁﬁ" 2.20
gaﬁ‘{ 2.21
gﬁﬁ" 2.22

gaﬁ‘{ 2.23

2ap
[l
=)
w
—_

©ap
il
=)
w
N

#15Uwysd (sia)

nalndeiuuuigdasannldnuansacasmsminiduduns (Fuzzy

Leaky Bucket Mechanism with Traffic Characteristic Input) ............

nalndefuuuisdasdanuuuiensadasec1u (Drop-Pass Fuzzy

Leaky BUCKEL) .oouviie ettt

nalndeiuuuiatasanuuunaiseldas inui W 1dfi23u (Drop-Pass

Fuzzy Leaky Bucket Mechanism without Counter) ............cccceveeeennee..

nalndefuuuansuaudAunldalniAudee  (Priority Leaky
Bucket Mechanism with Extra Token Pool) ..........ccoooeeeeieiieciiiiee

nalndvianuuafuaNdAnyi lduelniAuiiarLazArLANAE
Wadaaan (Priority Leaky Bucket Mechanism with Extra Token Pool

and Fuzzy LogiC CONtrol) ... iuieeieiiiiee et
WATFURNITNIRIBUNA MCRR0 L.
WANFUANITNUBIDUNS PCRR0 wovvseevreececeeeeeeeeseeeseeeneses e
AANTUANITNVBIBUNA MCRRT oot et
WINFUANNTNVBIBUNA PCRR1 woveerireaeeciite oo
HIAFUANNTNVBNBVANA TRR-0 oo
TNATUANTNTDUBNFNF TRR-T i b
AN NHALULLIATIA (ON-OFf SOUICE) e eitteeeeerre

N3 INUAAIAIERIIAILNNIGUNIEADAUTARVININANTUN 0~ e

[ %

UNATINTDITUIATRIA T INaTUa9nNa TN EIFILLUR1ALAQIN

'
=

N3INULARIANERIIAIUNITGTYIEIDUTARTBINIWANTUA 1 1RaL

UNATINTRIUUIATaIATWINaFaR9na lndeFauuuadumAly

21

21

22

23

24

28

29

29

30

30

31

35

38

39



#15Uwysd (sia)

719U AAIAIAUTE AR AL URITEARUBINIINANTUR 0 Heaufy

211A299A TN I e F PN e INA NS ULLAALANNEVATYLAN .........

1 a dl & = ilz dl = o
NIMNBAAIAIIANLTZINRALUANTARUDINTINANT RN 1 Wauny

211A299A TN I e F TN T89NA NS LUAALANNEVATYLAN ...

1o ! 3 2 1'/ dl =
ﬂi’]‘V‘lLLZQ&'Nﬂ’]@m?qﬁquﬂﬁﬁ‘@jmﬂ’]ﬂﬂ’ﬂ\‘iLeﬁ@@ﬂ]‘ﬂ\‘lﬂﬁ‘WWWﬂﬁJuW 0 wmey

a

Auaunavestaln@uaeIna INGISIULLAIALAINEIATYLAN ............

1o ! 3 2 1’/ d‘ =
ﬂi’]‘V‘lLL’ﬁﬁ\iﬁ’]‘ﬂf}"]i"mﬁuﬂ’]ﬁ‘@ﬁyﬁﬁﬂmﬂﬂL‘*ﬁ@@ﬂ]@\‘m‘i‘qV\lWﬂﬁqu 1 ey

fuaunngastie nALeena ln i MLLAFUANNEIATYUAN ............

72191 ASAN IR sE AR AL IR TIA R UBINI N ANGUR 0 Waufy

a

1111991 TMIALI8IN A INHSFIULANALANNAVATYAN .o

7219 1A AR AU R A IRIEARIRIN I N ANGUR 1 Haufy

a

211020912 INLALLEINA INFIFWULAIALANNEVATYLAN oo

N3INUARIANERINAUNITGTUMIEIDUTAR TR WANTUA 0 Wy

AunaTNIasIRIAdasA e FIa9na lndF LU INIAUETINAN .. ..

navluansAInIIdaunIIgyIBIesEasLMIWANdGWn 1 e

AunaTNIasILIAtIadAeF1a9na NI anL L INIAUETINAN ...

1 a dl & a il/ d‘ = o
NN LAAIAIIANLIETNRALURNTARLDINTINANTRN 0 WUy

11N ADIATN WD 524N A TN T TNLAUEITHAT e

299 A ALA9 A1 2R ALUBITAB ADINIANA NFUN 1 e

UV ATRIANTNINE NN A TN TS UL TN LAUEITNAT oo

NINUARIANERINAUNIIGIYINEIDAUTAR TR WANTUA 0 Wy

AUAUIATa9La N LALIRINA INEISUUL INEUBITUNAN oo

NIINUARIANERINAUNIIGIYINEIDUTAR TR WANTUA 1 Wy

AUAUIATa9La N LALIRINA INEISUUL INEUGITUNAN —eeeeeeeeeee

40

40

41

42

42

43

44

45

45

46

47

48



#15Uwysd (sia)

stdszney ive

3171 316 nauaasAanlssivedlegasIaanIWNANdun 0 Waudy

A1UNAUBILATNLAUIAINA INTIFILLINLAUEITHAN oo 48

31N 317 novluaasAnanlsziednaaamagaemaWindun 1 Wauiy

AUNAUBILATNLANIAINA INTIFILLTNLAUEITNA oo 49

s 41 nevuansAn CLR-O aufiuauinzasdcninmaes-o aeanalndein

WU TLB, PRLB WA PRLB-EX i 53
sUn 42 nevuansad CLR-1 auiuaningesaainives-o aeanalndein

WU TLB, PRLB WAE PRLB-EX ..., 53
3N 4.3 namuansdn Delay-0 WeiiuawinvesAinines0o aanalndein

WUL TLB, PRLB WAZ PRLB-EX .o, 54
qUn 44 nouansAa Delay-1 Wiguduauinaed@ctiwines0o aeenalndein

WU TLB, PRLB Wag PRLB-EX o, 54
9N 45  novuassAn CLRO Wauduauinneshcniwmas-1  aeenalndedn

WUL TLB, PRLB WA PRLB-EX .. 57
g 46  novuansen CLR-1 Wauduswiazesastinmas-1 wesnalndain

WUL TLB, PRLB WA PRLB-EX .., 58
3N 47 nouansrn Delay-0 Weuiuawiatesmativines- 1 seenalndedn

WUL TLB, PRLB WA PRLB-EX ... e, 58
71 4.8,  “ naanuanepa Delay-1- WeuduauInaespatinines-1, 1evnalndain

WUL TLB, PRLB Wae PRLB-EX .o, 59
3N 4.9  nauansAn CLR-0 Weuiuauiagestalniiu-0 aenalndedauuy

TLB, PRLB WaZ PRLB-EX ..o 61

3191 4.10  namuansAn CLR-1 WauiuawinvasianiAu-0 sesnalndedouuy

TLB, PRLB WaE PRLB-EX .. 61



#15Uwysd (sia)

nenuandA1 Delay-0 WauiuauiavesteniAu-0 a89nalndeda

WUU TLB, PRLB QY PRLB-EX ...,

1 = o ' =3 volx
NN LAAIAN Delay-1 WauiuaunresteiniAu-0 ﬁl@ﬂﬂ@1ﬂﬂ\1§"]

WUU TLB, PRLB WAY PRLB-EX ...,

A9 NLEAIAN CLR-0 WauiuauiatadstalniAu-1 aaenalndasauuy

TLB, PRLB W& PRLB-EX oo i

AN LEAIAY CLR-1 WaufiuauiInladtalniAu-1 aaenalndasauuy

TLB, PRLBUWAZ PRLB-EX .o e

nsnuangA Delay-0 guiuawisrestelniAu-1 189nalndeda

WUU TLB, PRLB AT PRLB-EX .o

nsnuandAl Delay-1  WauiuariaresteniAu-1 189nalndeda

WUU TLB, PRLB LAY PRLB-EX .ot

3 NWEAYAT CLR-0 HeufiuemnsinisadenauaestalnGu-0 1aq

AANTYWUL TLB, PRLB WAL PRLB-EX ..o oo,

A NLEAIAY CLR-1 auiuemsIniIsaseintauaastainéu-0 1aq

AAINGYFIUL TLB, PRLB WAL PRLB-EX ..ot

nsLangAn Delay-0 thauiusnsnn1saireiniAuaeste niAu-0 14

ARINEYFILL TLB; PRLB WAL PRLB-EX oot

' = v o % <3 1 I3
A29NLERAIAD Delay-1 WMEUNUERIINI9AIN AR TALAINLAK-0 T84

AAINTIFIUY TLB, PRLB WAL PRLB-EX cooos oo

N3 MWEAIAT CLR-0 Waufudmsnisadenifuaastiani@u-1 1a9

AAINTIFIUL TLB, PRLB WAL PRLB-EX w.eoeooeoeeoeooeeeoe,

N3 NWEAIAT CLR-1 Waufudmnsnisadenifuaastiani@u-1 1a9

AAINTIFUL TLB, PRLB WAL PRLB-EX w.eoeooeoeoeooeoooeee,

62

62

64

65

65

66

68

68

69

69

71

72



#15Uwysd (sia)

sillsznay uin

7171 4.23 N3 muansAn Delay-0 auiudasnisaialnidusestalnidu-1 a9

AAINEIFWUY TLB, PRLB WAL PRLB-EX w.vvoeoe oo 72

7171 4.24 N3 uansAn Delay-1 WauiudasInIsaialndusestalnidu-1 a9

AAINTIFWUY TLB, PRLB WAL PRLB-EX w.oovoeoe oo 73

' ]
=

U9 4.25 namuans CLR-O MEUALaRInad9sa8iadeaaans WAndun o 9
Anandnaianasldnuiassinaaesnalndsiauuy TLB, PRLB uay

PRLB-E X b i . e 76

U9 426 namuansAa CLR-1 sududnsnisdeaasiadgsasmsWindun o
dl 0I 1 o all Y o 1 o nI/
nendnansannnaslinulassdnavesnalndeiauuy TLB, PRLB uay

PRLB-B¥.. . #F B “rog . 4R W .. 76

31N 427  neluamsdl Delay-0 Wauiudnsnisaaaasiafaaaansiniin
dui 0 ARnanamsnanasldnulassdaeaeanalndeiouuy TLB,

PRLB WAZ PRLEB-EX it 144

31N 428 neluandA Delay-1 WguAUSRIINITaTas 2R IBINIINAN
dui - 0_nnandadnsananaslinulassiasaesnalndsiuuy TLB,
PRLB AT PRLB-EX ... 77

1
=

3191 4.29  namuans CLR-O Weuiudnsn1sdesasiaaaaaansWindun o 7
aandnansaienaslinulassineaesnalndedauuu - TLB, PRLB uay

PRLB-EX . 80

U1 4,30 n9uanIA CLR-1 euiusmansdasadiadsnasyaaningua o
dl I o dl Y o 1 o aI/
ngandndnananasldiulaseinesesnalndeiauuy TLB, PRLB uas

PRLB-EX e 80

71N 431 neluanadn Delay-0 Wauiudnsnisdaimasiadaansnaniin

'
= '

duil 0 Ngendndnsnanasiiiulasednsvasnalndsiauuy TLB,

PRLB WAE PRLB-EX e 81



#15Uwysd (sia)

stlsznay Ut

31N 4.32  neluansdn Delay-1 WauiudnsInisdgasiadaaansInin
dunl 0 Ngenddnsnanaslinulasdnaaenalndeiauuy TLB,

PRLB WAE PRLB-EX ..o e 81

7171 4.33  namuans CLR-O WauiudnInn1sdesasiadeaaans midngun 1 9

AnddnTnenadlaiulnsedngaednalndesquuy TLB, PRLB WAL

PRLB-EX ... 00l ... ) - - oo e e 85

317 4.34  noluansAn CLR-1 WeufudnsNIsasafiafs 1asnsMAndun 1
dl OI 1 o dl Y o 1 o oI/
nenandnsananasldniuiassdazaasnalndeiauuy TLB, PRLB uay

PRLB-EX .. . g £ A o . 86

31N 4.35 N9 uanIA1 Delay-0 WguUAUSRINNIIAUTARRRL1BINIINAN

dui 1 Anandensnenadlitulaseinauasnalndaiiuuy TLB,

PRLB WAE PRLB-EX ..ottt 86

71 436  nauanadn Delay-1 Waufudns N1 gasLaaaa0InsInin
dunl 1 Waandagnsainnasidnulassdnsvesnalndeiaouuy TLB,

PRLBIASPREB-EX el e 87

U7 4.37  namluans CLR-O WeuiusnsInfsdeaadiaassasns Windun 1

ngandnanananasldiulaseinesesnalndedauuy TLB, PRLB uaz

PRE Bal Xm0 - 108 B a5 0872 B kB g N N T e e 89

=)
2
Lo
-~
"5 |
>
BQ
ab
2
=)
=3
o
>
Zo
—
ol
e
-
D
>
ab
Lo
=2
)
|
=
(n))
Lo
2
>
—
5
f_SQ
o
e
g
_|
=
@
-
X
—
o
E
Qe

PRLB-EX e 89

3171 4.39 N9 vuansA1 Delay-0 WauiudninisaaaasiafaraansIniin
dunl 1 Ngendndnananaslidiulassinevesnalndeiouny TLB,

PRLB IWAZ PRLB-EX .. 90



s1l1lszney

31l 4.47

#15Uwysd (sia)

1 a o o 1 & all a
NI MNLaAIAN Delay-1 WNEUAUAAIINIIEEARLRALUAINIINAN
dunl 1 Ngendndnananasldiulassinsvesnalndeiouny TLB,

PRLB WAE PRLB-EX .t e

n3MUAAIAT CLR-0 UAUSRINN19a9 a8 498A8IMINANTUN 0
dl °| ! o dl Y o 4 o nl/
nendndnananasldnulasstnzaasnalndedauuy TLB, PRLB uay

PRLB-EX ... 0ttt . ... ). - . i e

N3 WUaAnIA1 CLR-1 1 LALERIINISALTARQIAAUDINIINANTUA O
dl OI 1 o dl Y o 1 o oI/
nenandnsananasldniuiassdazaasnalndeiauuy TLB, PRLB uay

PRLB-EX ... . . L N . ™

naWuanIA1 Delay-0 LNAUAUARIINITANTARFIGATBINIINAN

dui 0 NRnd1enRanasldiulasednauasnalndaiiuuy TLB,

PRLB WAE PRLB-EX .o

naWuandAn Delay-1 EUAUARIINIIATARGIGATBINIINAN

dun 0 ARndensinnadldnulasednauasnalndaiouuy TLB,

PRLBIAS PREB-EX el e

AN WAAYAT CLR-0 8 UAUSAIINI49 AR EI8A 19N TNANTUN 0

U Q

[ %

Ngandnansnanasldnulasstnaasanalndedauuy TLB, PRLB uay

&

A9 NLAAIAT CLR-1 MU USRI N9 491 Ea8 a98n 19N NANTwWN 0

u q

ngandndnsnanasldiulaseiaaesnalndedauuy TLB, PRLB uas

PRLB-EX

n3WuanIA1 Delay-0 taufudnsnisaaasgeganaansIniin

1 1
=

dunl 0 Ngenddnsnanaslinulassdnaaenalndeiauuy TLB,

PRLB WAZ PRLB-EX ..

90

93

93

94

94

96

97

97



#15Uwysd (sia)

sillsznay uin

U7 4.48  naWuansen Delay-1 eUAUSRINNIIAITARGIGATINIINAN
Ui 0 fNganddnaianasldiulassansvesnalndeiauuy TLB,

PRLB AZ PRLB-EX ..eoreie ettt e e e 98

U7 4.49  nauansAn CLR-0 WauiudnIIn1datasgeqnaamnamingui 1
dd o d ) . ‘s
nAnddnananadldnulnssdiesenalndsiauuy TLB, PRLB uaz

PRLB-EX .. oo vt . .. .. Tt ..o 100

3171 450  nauaneAn CLR-1 WMaunudnsn1sdaaageqaaans Wingdui 1
dd /, . 9
frndndnsnanasldivlaseiaaesnalndefauuy TLB, PRLB Ay

PRLB- ... " 0. 8 SRR W .. ... 100

1N 451 naWuansea Delay-0 AgUALERINNIIANIARGIgATINIINAN
duil 1 Aeandiensannaslinulassdiesasnalndeiauuy TLB,

PRLB WAy BR LB E R s et - A . ... 101

31N 452 naWuansAn Delay-1 AgUAUSRINIIAITARGIGATBINIINAN

o o < 0 e = Yo : v o
dUNn 1 °Vll?]’]ﬂ’]’?‘ﬂl?]‘j"ﬁ/lGlﬂZ\]\ii’]ﬂutﬁi\i‘ﬂ’]ﬂﬁl‘ﬂﬂﬂ@iﬂﬂﬂﬁ‘qLL‘]_I‘]_I TLB,

PRLB-WAS PRLB-EX ... . iccceeiiiiiiiiniie e L 101

3171 453 noluaaNAn CLR-0 MEUNUSRINIIa9taageqaaans T WingGui 1

U 9

Nganddnananasldnulassdneasanalndedauuy TLB, PRLB uay

PRLBAEX e 103

6

317 454 noludasAn CLR-T WEUnUSRsN1989aageqaaans Wingui 1

Ell 9

Pgandadnaananasldniulassgisasenalndedanpy TLB, PRLB uay

PRLBEX et e 103

3171 4.55 naWuansAn Delay-0 EUAUARINNIIATARGIGATINIINAN

fun 1 Ngendndnananasldiulassinsvesnalndedouny TLB,

PRLB LAY PRLB-EX .. 104



s1l1lszney

#15Uwysd (sia)

naWuandAn Delay-1 EUAUARINNIIATARGI4ATININAN

dunl 1 Ngendndnananasldiulassinsvesnalndeiouny TLB,

PRLB WAE PRLB-EX .

A NWEAIAT CLR-0 ABUAUARTINITAIadaatuadn s WANGui o

Annaemsnanasldnulasediaaasnalndefuuy Fuzzy PRLB-EX .

N NWEAIAT CLR-1 N8UFLARIINIIAIAA LAt URINIINANTUR O

Annadmananaslidnulasedtaaesna lndesuuy Fuzzy PRLB-EX .

naudngAn Delay-0 aUiugnIInIsdaasiafaradnsnin
A M LLEL 4 AN . . L
dun 0 aRndaamsnnanasldiulaseanavesnalndefauuy

Fuzzy PRLBEEXE: S5 (R 0 0.

neNLARIA Delay-1 WAUTUEATINITATARLBALIBINIAINAN

9:/ a a o U o = Y o | o nI/
TvWNn 0 mmmmamwmnmiqnuimwwm@\m@iﬂmmuuu

FUZzy PRLB-EX e

A3 LEAIAT CLR-0 MaLALARIINITAIAR LA UBININANTUR O

|
I e =

Ngadndnsananasidnuiassdinaasnalndedaiiy Fuzzy PRLB-EX .

A NWEANAN CLR-1 ELfLaRIINNTAadlaataadns nAnGui o

fgandngnsnfianaslifulassdisaeanalndsiauuy Fuzzy PRLB-EX

A3NLARIAY Delay-0 WaLALBATINITANTAR BALIBINIAINAN
> o Do ve . . o
iUl 0 Agendndnsanianasldiulassrraaesnalndeionuy

FuzZNFRUBSEX . 1L 38 R L. B/) K. A /b d. RN 22 ...

nIMNLARIA Delay-1 WaUALERTINTIATARLRALIBINIAINAN

o o = e = Yo | v o
dun O ‘1/]23\‘1?1"3’]@B‘]ﬁ‘ﬁ‘ﬂﬁ]ﬂ@\‘iiﬁ]ﬂ‘i.liﬂ’i\ﬂ]’]ﬁlﬁl‘ﬂ\?ﬂ@iﬂﬂ\‘iﬁ"]uﬂﬂ

FUZZY PRLB-EX Lo e

A9 NLAAIAT CLR-0 8UfUSRTINI949Ead At uaIns W ANGun 1

Anndnensnnnasldiulasadneaesnalndedauuy Fuzzy PRLB-EX .

104

108

108

109

109

112

112

113

113

116



s1dsznay

71l7 4.66

#15Uwysd (sia)

A NLEAIAT CLR-1 8UAUSRTINI49aa At UaINT W ANTUNA 1

Annaensnanaslinuiasetnaassnalndefuuy Fuzzy PRLB-EX .

nIMNLAAIAT Delay-0 WauiUensI N4 sadaasaa9nsInan
A dd e e . . o
duf 1 AR1ndensnnnaslinulasetreveanalndefauuy

FUZzy PRLB-EX .o i i e e e

1 a o o 1 & all a
NI NLaAIAT Delay-1 N8UAUEAIINIIAEARLRALUAINIINAN
v E—— o . . o
FuUN 1 NANsAINAnastdnulAser1aaenalndesanuy

Fuzzy RRED- L . A s e T e,

A9 NLAAIAT CLR-0 M8UfUERIIN1949Ead At uaIns W ANGun 1

Ngadndnannanasldniulasadneuesnalndeiauuy Fuzzy PRLB-EX .

AP NLEAIAT CLR-1 A8UfUSRT N9 49 adLRa s uaIN T WA NTUN 1

Nganandnsnanaslifulassngaeanalndsiauuy Fuzzy PRLB-EX .

nINLAAIAT Delay-0 DaUNLERIIN1TEITARIBALI8INIAINAN
9uj/ dl dl 1 [ dl Y o 1 o oI/
dun 1 Nganandnsananasldiulaseangaesnalndeiouuy

FUZZY PRLB=EX e eeassssasecsss s s s 4 55 e eae it aeteeeeaaeeeneens

1 al [ % o ] L dl a)
NIINLAANAT Delay-1 WEUNLERTINIALTARLRALTAINTINAN
A o e o ; . &
dUN 1 mg\mawmwmnmiqﬂuiﬂiwmmmﬂ@inmmuuu

B

PeZzy-REBaEX a. .1 A QA D 1O Lt @ FNLT v veeveeiininens

n3WUAAIAT CLR-0 WNELALERIINIIAIAREIQnBINIINANTUN O

Annndaansmanae iulasedeaesna lnde3auuy Fuzzy PRLB-EX .

N3 uaneA CLR-1 1auAudnsnIsdatadgegarasnsmindun o
dd . d v e : v
nrnandnsnanasidiuiasednaaesnalndaiauuy Fuzzy PRLB-EX .

nauanIA1 Delay-0 NaUAUSRIINITa0Iadg9qnLaINIINTAN

a

TUN ApnTenInenasldfulaseravasnalndasanuy

FUZZY PRLB-EX Lo e e

117

117

118

120

120

121

122

124

125

125



s1l1lszney

#15Uwysd (sia)

naWuandAn Delay-1 EUAUARINNIIATARGI4ATININAN
¥ N oo . o &
dui 0 Ae1ndrdnsnenaslddulasaraaagnalndefauuy
Fuzzy PRLB-EX .. e
1 a o o 1 & a 2’/ dl
NaNULEASAT CLR-0 g UAUSRIIN1IRUTaagIgA129Nn s WANGLRA O
1 o/ dl

Ngadndnsnanasldnulassinavesnalndedauuy Fuzzy PRLB-EX .

&

N3 NWEAIAT CLR-1 M UAUSRIIN19 498 A 898 AR9NIINANTUN O

a Q

fgandndnsnanasldiulassdisaeana lndeiauuy Fuzzy PRLB-EX .

naWuAnIA1 Delay-0 LARUAUSRINNITAITARFIQATAINIINAN
A < VEL, 4 LA . v L
duf 0 Pgapdadnsananadldiulanseanaaesnalndeiouuy

Fuzzy BRLBEEXE #5. (C98  ERNR B%. ™ l

naWuaRIAT Delay-1 EUAUARINNITANTARGIGATBINIINAN
A &FF 5 ve . v
dul 0 Ngandndmnaananasliiulaseanaaesnalndefouuy

Fuzzy PRLB-EX e e ... e

N3MLAAIAT CLR-0 NEUAUSRIINIAULAFGI4ATBINIINANTUN 1

o

Annanensananacidnulasediaaesnalndeiauuy Fuzzy PRLB-EX .

N3LAAYAT CLR-T 1NUAUSRIMNIAUTARGIGATBINIINANTUN 1

Annaensnanaclinulasednaasenalndefuuy Fuzzy PRLB-EX .

n3WuwandpT Delay-0 WEUALERINNNIAILTARENEGATININAN

v
1%

= < o e = Yo , o o
Un 1 V][fl’]ﬂ’lﬁ@ﬁlﬁ"ﬁ’lﬁ]ﬂ@ﬂ1’lﬂ‘l.lIﬂﬁ\‘i‘ll’]Elﬂl@\‘Iﬂ@iﬂﬂ\ﬁ‘QLL‘Ll‘Ll

FuzZNFRUBSEX . 1L 38 R L. B/) K. A /b d. RN 22 ...

naWuan9An Delay-1 eUAUARINIIAITARGIGATININAN
A dd e d ve . v
duil 1 Anandndasnanaslifulasedsaesnalndedouuy

FUZZY PRLB-EX Lo e

n31MuanIA1 CLR-0 lALALERINNNIAUTARQIEAUINIINANTUN 1

Ngedndnananaslidnulasedisnesnalndeiauuy Fuzzy PRLB-EX .

126

128

128

129

129

131

132

132

133

134



s1dsznay

#15Uwysd (sia)

&

A9 NWEAIAT CLR-1 e UAUSRIIN1949 a8 A94A 19N NANTUA 1

a Q

fganandnsfianaslifulaseisaeanalndsiauuy Fuzzy PRLB-EX .

naWuanIAn Delay-0 NEUAUARINNIIATARGIGATININAN
=

dun 1 Ngandndnsniinnasliiulaseangaesnalndeiouuy

FUZzy PRLB-EX .o i it e e e e

naWuandAn Delay-1 AEUAUARIINIIAILTARGIGATBINIINAN
ZJ/ dl d‘ U o dl Y o | o oI/
dud 1 Nganaadnsinnasldiulaseanaaesnalndeiouuy

Fuzzy RRED- L . s e T e,

AP NULAAIAT CLR-0 N8UALAIUIULEARNNIRINUUAINNLANTINAN

135

135

136

138

139



MEMN

lﬂ'ﬁ"]\iﬁl 2.1
lﬁl%"]\i‘ﬁl 2.2
[5]’1'3"1\‘1‘17‘1' 4.1
lﬁﬂﬁ"]\‘ﬁ?]l 4.2

AN999 4.3

AN 4.4

AN9199 4.5

A19199 4.6

AN9199 4.7

AN9199 4.8

A19199 4.9

A19199 4.10

A9 A5

NYVDIFIATLANTITE-0 ..o
o =

NDVBIAVAVUARTIT-T .ocovvverrveecererrereeeseeesnsenesesesss e

ANNIFTTHLADTUDTEARTIO VIR ©ee oo

ANV AR FURINA ENEIED e

ATUNINTBIUINIIN LHANTT PRLB WAy PRLB-EX isuiuamunIn

YRILENNT10998 TLB NANMAAUNR e,

ATUNINTBIUFNISN 1HAINAT PRLB WA PRLB-EX isuiugmunIn
2041301798998 TLB tHafA7IN1949 TaFaasuaIns wWindui o

. - 4
AN A e e,

ANARIALARBLANNAIYANARTEIAS TLB, PRLB Uaz PRLB-EX Lia

o ; s A ~_ 2 A A Y
ARTINTANLTARLRALVRINIINANTUN O zgqummnm% .............

ATUNINTBIUTNITNLHAINAE PRLB WAz PRLB-EX WiuiuamunIw
2891301910998 TLB 1Ha8RIINITRATARLRALUBINIINANTUR 0

AINGTBNAIIT .o

ATUNNTBIUIN3N LHAINAT PRLB WAz PRLB-EX isuiugmuunw
28913N1910998 TLB LHa8mATINT4IaARAtUBININANTUR 1

S, Y
AN IRNBI Y e

AIPATALARDUAMANIAANARYEIS TLB, PRLB why PRLB-EX 18

o ! & dl ) 9uzj/ dl ! dl 2
ARIINIAUTARLRALURINTINANTUN 1 @jammmnm% .............

ATUNINTBILFNNINIHAINTE PRLB 1Az PRLB-EX WEUAUAMNN
284913N1970978 TLB LHa8RIIN1989 AR QAL UBINIINANTUR 1

o y
AINTMANAIIE Lo

ATUNINIDILTNNIUEIRD PRLB-EX UAZAD Fuzzy PRLB-EX Liiaiy

AUAMNINTBILFNNIT8995 TLB Nannzlnantng ....................

31

32

51

52

74

78

82

82

87

91

91



MEMN

AN9199 4.11

AN 4.12

AN9T99 4.13

AN 4.14

A5UUA9N (FiD)

ATUNINDBILTNNINIHAIN3E PRLB-EX Ay Fuzzy PRLB-EX Liiail

AUAMUNINDBILINI9T893D TLB 1HEERINNNIATIAR 1AL UDY

NIWANTUN 0 AVNTIANAI e

ATUNINDDILTN3N 1HAINAE PRLB-EX Az Fuzzy PRLB-EX LiiaiL
AUANNINTBNLTN99995 TLB LHadRINsd 9 ad1ant1as

NIWANGUN 0 ganannanaeld o,

ATUNINTBIUINIITLHAINTE PRLB-EX Uaz Fuzzy PRLB-EX Wi

UANNINIENN329495 TLB LadnsInsastasiade1aens niin

e

S S Y
WA ARIAANAI i,

Hev

ATUATNUIUFNI3T 11ANT PRLB-EX uaz Fuzzy PRLB-EX L
AUAMNINDAILINI9T893D TLB LHaaRINNIIATIAR 1AL UDY

NoWNANEUN 1 gana anaely ..

110

114

118

122



uny 1
UNUN
[~ ) %
1.1 AndtduninazaNdIA IRl

Tugatlaqiiu Tanaglugasssnisuanilasudayadinans inldsuinsanuian
(Telecommunication) HUNLMAIATYNINTL AneuzLEnififadulnlsessulnsauuAl

1
My 2 =l

Tuilaqiiugasnisdnsinisdedegansmiananlussaufesiuncinsedui wanainil

a

aa a

vsnsfaddnwusiludasiingpedszneudeanaiss) usnissaudideeiuiu n1ssaunn
waaulin daya wazi@es asluEnisdszgunasing dwsiu luanenlasadramsanuiay
ANgnasnuUUNILNeasasfIuIN1NaRsINIsasTayafn N NN dnF a3 U N LA AINN9T
[ a v A a = =2 1 o a 1 o Yy KX A o
saafuuInasldiiestfiniaeg Aliaiunsasesiuunisiuay Tuilaqiuld Aelinnsinaue
walulagluldunniesesduiznisaenatn Bandn Tasedngafdn (ATM : Asynchronous
4‘ o 2 ¥ dl 1 o b4 1
Transfer Mode) [1] 48181709893 0LENMINA BN ReaNsszinnsinge Tuilaqii Tdun
N19R0ATULLLILAIINDNENN (Broadband Communication) 13n139aRNLA6I
(Multimedia Services) wazdanfansasiunnisiudy uauiaaisednisaaimizalunisds
¥ = %
Tayagaansiae
o | | oo 3y ' o =
anmouziauleslasdhaeienne  dayaazgnasluztuuureanadmiadauinad
Wiy 53 lus uazA NsnidARRINIATeNRLRAIRTiNAen1sdedaya i e lnaan Ay
WanNN1s2IR9 VP (Virtual Path) waz VC (Virtual Channel) wasn1suamnwandimaans
(Statistical Multiplexing) nN138aRNanT T34t NN 1A LENENAINTOTRITLIAN U
gl ldnntu-whenafia i lddnelunsiinlddedoyanion Auvzedsdayaiiundd
o e SE 4Ll dVICLL) o4 o .
AMUIUNAAATIIW Asadudesiinisdanisnuninanszesiassdiafmunzanive ety
AnALATIuTAstauaziain AN NTRILFNI9 (Quality of Service) 2a9ld naln

Ardildluntsanupudeganiensinndnglassinaneiiasiuauduasldun  cAC

(Connection Admission Control) kaz UPC (Usage Parameter Control)

Connection Admission Control (CAC)
cAC unalnuilaraslaseana g nasnieuwludunaugsnanissa  Jusnn

o

ArAuladnazairenissia (Connection) dmiugldndnunludvsaly TnaNaisanainaaes

FaasunenaWin (Traffic Descriptor) AMAINTBILINNNAEINTT  wazannzlanaes



Tasgrneluaniein CAC azsanlinnisaaludidanudidnsnansuaalasatnsainae

v

iigananazsasfunmuNINaaeLENIsTseIn g niunsseludly  wazlinsynusianmnan

29913194 sFe R e AN

Usage Parameter Control (UPC)
naln UPC &ntihdlunisnsaa (Police) nawWnuesdldsinge # UNI (User-
Network Interface) %3787 NNI (Network-Network Interface) tiasutseiudniaunns

nonAnaTaresldusiazaunazidnglasednadenladinuliuiumamiinalannasldly

v

dumauaas CAC tag UPC azdnnisvizeadinmilanudnidy dndsdayalulfuinmifunga

a

Anad nalneine ARnIsdanaiNe e UPC anwnsoutieliidulszinnudn 2
sziny A nalnuiinsna (Window Mechanism) funalnidea (Leaky Bucket Mechanism)
o dl? £ 1 A o o o rdl ¥ 1
u@ﬂmiwugﬁummﬂ@iﬂumm\m@ NINTRUANUILEEA AN LLININY TUT 9980
< ¥ \ a4 Ao o A (== 4 = I, Y o
wileniisngdAuaniaue ldviald feunninisauenalnuiisieianagluuudaeiu
16 Jumping Window (JW), Triggered Jumping Window (TJW), Exponential Weighted

o |

Moving Average (EWMA) Lag Moving Window (MW) 41131aifilinunn [3-4] uamnalfiiudn
[ nI/ = a a dld 1 7 1 A a a & o d”d =
nalndefodlsz@ninaniiandnalnuidasivfaunngduuy  Tudnandnusaiuiaed
o = - o o PR P
WanwuiananlunisAneanaziliulsanalngein wavazlinaaisuazidanaanaln
. X
niFNaImanil
o - s - .o Y .
nalndsFaneadnisiianesndegnanagluuudasiu by nalndeiuuuaai
(Conventional Leaky Bucket Mechanism) nalngfefauuuaisuAnudnAty (Priority Leaky
Bucket Mechanism) waznabnaasauwuufed (Fuzzy Leaky Bucket Mechanism) flusiu
ludnednusaiuigideazmiuniimareasnisdivdganalndeiauuuatdunanuddndu
v A " A A-0 L0 o\ y . .
uan Wasaanidunalnarunsoressuidnnsifuinndiniletlszinndavunzaniuingedng

ada a o

LNBNNENULLNIEMIULIN T ARNIREUATAINITDTAATIAMUN NI BILEFNNINUNITAN
Tunwsnnawsazlsznnleaansog Tnaaziauedanisliudedsiae
1. dfudpnalndeiauuudnduaanuddnin lianininaestsnisdmiuninig
! A o ] s ' a a = 1 Ao
wiazlszinn Ae ERIAIUNITGIUVIETRUTAR WAANNANLIEIURRHANNA
-l% -lzlv o - 1 ¥ 1 = a A é( v
11 wenanigwinlildninensaasinssdneliatnellsr@naninunaugdae

Tpan1NAIuTeINa bR 3andn Ualnuauiuee (Extra Token Pool)



1
=

2. dfulgenalndeiauuuaisuaaudAgnldue iniauiiasliausndnass
YFnraminanslasstranmunzaniiuuinisusazdszinnlinndnainieds
¥ a 1’/ o = a
fayareeLinisluaniiig lnaninidsdaeanuinduns
o o s : ae o 4«
PeaziRanf1e] 2ednalndedauuusine lwanuddendiunn waznalnidiuys
Insitlaztinaualuuni 2 4mFuuni 3 azna19iNsEazIBeATBILLLANARILAZANNAFIY
1 dl Y o d‘ o =X o @
piner Aldiunalnfitiaue sandinisdnaesuunaenaln LaTNIIRIIRAELAINYNAEY

29NAINFTLNNUAREANIUNT UNT 4 AZUNAUBHATAINITINAAILLLNA INNUNAUBLATANT

Apszinad 1 douuni 5 azaginauaziguauuzianisliulenuluesuian

1.2 Ingulszaea

dll aa o o al/ o o ] o val a a aa d%l
LW’ﬂL@u’ﬂ’lﬁﬂ’]?ﬂﬁ‘ﬂﬂﬁ;\‘m@iﬂﬂ%"lLL‘LI‘LIZ\]’]ﬁ]‘]_lﬂ"J']NZQ’]ﬂmiﬁﬂﬂ’iﬁ’&%ﬁﬂ’ﬁﬂlﬂﬁlﬂﬁmiﬂ

7

ANUTBIANNINDBILENNT MHLA BRTIAIUNNTGEUMNELRAUTAS LAY ANAIUIETREE

1.3 LINNNLUAZAALLYAINEVTNUS

o a

1. A1AAILLLNEIN NN A INAITAIL LA FUANNAADLANLAZNA IS L

7

o o

arnuAuaIARTELelagnisaeullsunsupanianes

2. arnuagadnianaesuuLingllsunsumaniiane avilTouisuanssnuzaes
nalnavianuuanAuAINATIAAUIauaiunalnt R LLLaAuANEIATY
BN luAU SRsdounnsgauneTaiEas A1anlseiaea

3. Anmuardnaziuaresnnailmefine lunalndsiuuusiduanudrAnyd
daae laud sisaesmaidmas auinaaciamifiy  wazdnmnisa¥ieiniAu
dl a ekl o dlal 1 dl ¥
o uniadinasdAnyaasnalnfidnasdeanssnusinaldidunuanielunig
o 1 a o 1 é’ v ZJ/ = dl
NMAUAAINITIN AT A TR ImNIZaN | T0NYNANEINa 99Nl As ULl ag
ansuzanTRrasuuaendia 1Hun enmnsduTasiedt LarensIN1TauTas

allal 1 dl o
NG NAANTTOUTIINA INNULALE



1.4 TUAAULALITALLUNG

1.

ﬁﬂﬁqmqm?§WULL@$WQEﬁﬁqu ‘ll‘ﬂ\??ﬁ‘l_l‘l_lﬂ"]llQNﬂq?ﬂlﬂmqu‘WﬂiuIﬁixﬂhﬂ
PR o o o o oA Aa g

L@VIL@NI@ﬂL’ﬂW"]zﬂ@iﬂﬂﬂ?"J LL@SW)‘IJ'ﬂ'ﬂu"]VlmF_IQ"]Jm

= = Ao a A o o o ' Iy

ﬂm:r’m\‘i\‘ﬁufmmnmu&mLﬂmﬂu%uun@iﬂmmLL‘LI‘U[E]N’] LL@ﬁﬂqiﬂrJU@NﬂrJﬂ

Weadanan

o

aanLuUAsliulanisinauaesnalndsiuuuasuaudnAny

o

=S o = a g d‘ o
AnEvaNNIaaullsnINARN AN A SN AR WL

af19uULaNae9g89na Nt nutaIaLAMNEI ATy AEUeiuna lndeFauuL

o

ANALANNAIATYLAN

a o

NARBLILLLAIADI L LAZAIIAABLANYNARITLNIUIAENNIWNA

3 o K ¥

AUTuNndanan lpannn12ea ety WaaumaUaNIInusIaaiagadssUL

a

[

LAZANHINATRINITIRNLAD TN NHAFADANTIDULURITELIL
Uszilunaagiluauiiiaue

ReuLa SN AN TN S

1.5 Uszlaginaindnazlasu

6 o o

i landnnianeusaznndmesinasanalndeFuuLaAuANNENATY

1%

IszuumauannisdesununsmAndnfslia s LA NA ATy AR UszANEN N
= ' o = o tﬂl 1
ANINFTULAILANANHUZIALNUTNI LN
b y . o

dunuguuazuianislunisdiudgsanssouznisinaludiuau] 2esssuy
sl

o o oI/ o o o o d‘ ) a e a @ d‘ Y
aunsninalndedanuuansuandrdynunaue i1 luadnd e niduie 14

TunisaaununI i lulpssdnaeiiauase



UNN 2
WUIAA NAUNKIUNT WALIENITNLEUD

2.1 Na19UN

TAs9anee?e3 (ATM : Asynchronous Transfer Mode) [1] tlulasstinaigniinun

I ieseafuiinimmisdunisdeaistsziansae Tudfaqiu ldud nsReansuuuunay

¥

dl v a v aa a o v o a 1 dl [~3
ANNANANY 1En1sdaRdiRg wavdanTensasiulinaslud Tusuianfifesnisaanily
1 £ 1 =l < 1 o £ o 1 o
nsasteyaqs Tasvaretefiaulaa 1 udasi1unt o9&y y1un1an1anIn
(Physical Channel) auanpaaf&3uL3N99895 14 uiazldudnnisaeitiailen (Virtual

Path) wavdasdrynyandladew (Virtual Channel) dmitdedoys nldiausanlasuulas

1 o A

= o aa IS Yo ° 1 a g A A 1
LLUuﬁfJﬂVI‘ﬂ‘ﬂ\‘VmLZQN@‘LLLL@gﬁ@ﬂﬂfyﬁy’]mmﬂdﬂuiﬂﬂ’]ﬂ V]’]el,mﬂﬁ\ﬁﬂilLﬂV]L@NﬁJﬁ'J’WNEIﬁMEIQu

(Flexible) 44 wanaInufednntianszaainisdanmandiaiainnld naldldnimue

wuuAdAviIu AR A WLaE LuAazal wi i livanes) Auanisalidesdayaynnusoniu

¥ 1 = a a o a dl ¥ 1 1Y Y o = a
VLﬂ'ﬂEI’NN‘]Jﬁ‘Z@VIﬁﬂ’]W ’ﬂ’]ﬂ'ﬂ@ﬂﬂ’]ﬂ“ﬂ’]\‘mﬂ[3]'1/1’3’1mﬁLLﬁﬂzﬁu@\WﬂN@iMW?ﬂNﬂu ANBNANA

a a

toymnaulunsaing ddetoyalulFunnmanfiunddng aedeansenusedldauau Al

© KX Y

desdnyrynisoniy Asiululpssinsenenassiasdnisauanliuudeyarsansniinly

Tassdnanasaainatlesiuliymponuduasaesiassiianetafintuld sauisineannIn

a a

10913194 MU IFusiavauuazldninaansaesiasaiaa i ss@nsnm

wannslunsaruaunainlulassdisenidumneidad dsainisdsdayaassiog

U
v 1

AnasiulasaatnauenAUAN I8N INANTADIN1FEIIINTNA N INTBIUINGT
v iy ' ¥ ! . o o 4 v ¥ | !
radns e lilasadaeainanasde (Connection Set-Up) daniudsdaya d1lasednamnudn

1 ¥

laannsndnasminansliaenndeaiungldieanislifiasdfiasnsredmiug il
uanaInilngeuffaIngIagnITralleg Aaen 191989 4040970901958TU  LNE TN
£ 1 o/ dIQJ £ YV ar 1 %
ARINYNF B9TEUTNAUAN Uz Haan NN AL 1d anadldnulaseantuasnnidn w189
nenaseiidnglaseane  drlassdnenudnfinponuligniesan  Aazasinwdldmeiu
nalnaaslnrtranldindnladnasiunissanidannluunialaBandn CAC  (Connection
Admission Control) #qunalnidutinfingmagainugnsesaesdliuazasinezandn UPC

(Usage Parameter Control)



Connection Admission Control (CAC)

cAC  fluihiidnauladnazseniunisredviudldidaunludviels g
ﬁ@’]iﬂm@’mQmﬁﬂ‘lﬂmzm@\mi’mﬂﬂﬁﬂ@ﬂugﬂmmﬁQE%UWEV}?’]WWﬂ (Traffic Descriptor) 6t
wi En3N19daTaagegn (Peak Cell Rate), gnansdatadions (Mean Cell Rate) Way
1UALLIAAg9gA (Maximum Burst Size) u@nmn‘ﬁﬁﬁmﬁm@mq@mmwmmu?miﬁl
Faang lawn fR349UN194EyU818LTAA (Cell Loss Ratio) kaziianlsyada (Delay Time)
mm%@ﬁmamﬂ?mmimmﬁﬁ@gﬂimea‘?wmm‘ﬁlmﬁﬂmﬂimmimwmiumm;’ﬁu Ine CAC
azzanlkiinmsseludiflenudniningnsgeslasainamdefiasneiiazsaeuAnaaes
a3 unnswinlfuazannsalinnnineestnisfidesnisdmiunisdeluidnn  wazll

NITNUABAMNINTANENIANMS LN TN Hag AN

Usage Parameter Control (UPC)
@ A s 1 dl ¥ 1 a o

CAC  avdndulasaniunissienidiun ludlneni1siaIsnnaINAMANHEaY
namnasag luglaessinasuiansWiln  wiluniwdfifudodldliannsnssynudnue

) dl 1 2 7 a A a ] o {
1aenanAiniulueulinanazdsdayaqse vivenaannalsydslugesdnyniusendng
gldfuniadnglaseang sinliguansuzaswmailnazaiidnglassaiaenaialiaini
pnacldniulasetne anaflnavinlidsunaumaninnglddsasennnifiundnfianaqlle iwans
: ; A @ = ° o= e Y 198 Y oA 5
dnlulassdnaemanlddnisn s nuudiavinuiueuliundldusazau  uaazinisld

o 61

uuusaaisaNiuludnEnizaasnslafmwandmsann B liiAalnynianuauaslulasee

A g KX v A

LAZANHANTENUAAMNINTBNLEN 198 ML lEAuaN 1 Asiululasedneefignassad

nalnanatreuilaiatlasiudoyuluaneuzainaindandinaln UPC efintindlunig

m3a (Police) naAnapeldsine Tuataian (VP) vse desdtypyrouaiien (VC) 7
UNI (User-Network Interface) Tneivialiaveginredaaelunadnds (Switching Node) Live
FulszfudnifTunameinassaesyldusiazaunazidnglasstnadAnllinuSunumaniin

Alamnagldludunauaas CAC

¥

81 UPC mganudny lgaawinlignsesnindannasivlasetnauwds UPC ay

i\, asa

asneldndetoyaluiBuaminundiianasld 2 35A8 35usn UPC awiis (Discard) 1as

a

=

dauAu U 49uan3snile UPC azufin (Tag) wasdaumiuil dwiunisamnan

o o

A1RUANNANALY (Priority) Teadtuaslaanisilasuadn CLP (Cell Loss Priority) lu

a

49Ut (Header) 19911848 tagiaalng

Nl CLP winfuAudazgnuinliien CLP wiaiy



'
o o

dJ o‘d‘dﬂ o o/ ng 1 6
UUY  ULAZTIAANNAIALUAINNAIATUAY  (CLP=1) ATHNYNNAULTAA

dldo
A

HA1AUANEIATYEa

(CLP=1) dnimnauAuAstululagatne

UPC Navsaluniegauni [2] Aesianeouzsing sl
1. @an waenl (Selectivity) UN18D99N UPC Aeddnnnsniasiaanan
[ a) all 14 ¥ [l ¥ d‘ 1 Y @ a4 =
nastunsdAnAdnunldetingnsies dwslidu 2 nsalAe nadiusn

dnflddedayaliifuiannas UPC saclifavzauinimasdoyaoadld

k1]

[%
vada |

Tnadasadayalision uPC ldldvisuun 191FenAUaANTREIN

Y v 4'

pwllsela (Transparency) audnnsminil dglddsdayaiiundan

a

anagld UPC ﬁmﬁﬁmiﬁ”qﬁ@Lm“nLfammaﬁmﬂ@muﬁLﬁumﬂﬁ'
pnasliwiniy TnenldesdesaanzBunuiignaediin upc Tuld
i

2. NITMAUAURY (Responsiveness) #UN180991 UPC AednaLduadsa

Y v

ianumasdounulaetnemnie  lasivasannnglddsdagaiiungn
IaANaILan UPC fasmsnatanitagdiuiulsatnamniia tnelidass
i gaddaunueinuw UPC T 1s
o o a 2 1 2 al aal
3. @1NIaanniIiuLEnIanane”] Uszinls i deaya 1@es uazinte
v dl 72 a 7 o 1 o v OI
4. grunsnainaie lianuageladng nsineuldduden uasasmun
dl 1 = o dl Y % o v 1 v 1
ReinunnAnistinauanabnivalddy UPC sananalnsaedu taun nalnudnsng
(Window Mechanism) waznabngaia (Leaky Bucket Mechanism) nalnsis 2 wuusaiinig
o QI a dl = v o | v 1 b 1
sawdaaisfdunalnan anuansuuusoany nalnlunguaenalnudasiagldun
naln Jumping Window (JW), Triggered Jumping Window (TJW), Exponential Weighted
Moving Window (EWMA) &z Moving Window (Mw) 1lusiu uaznalnlunguuesnalndeia
1sun nalndefuuuaatAn (Conventional Leaky Bucket Mechanism) nalndadauuuiniau
(Token Leaky Bucket Mechanism) nalnfiefauuuarsuaanudAsy (Priority Leaky Bucket)
nalndafauuuNgd (Fuzzy Leaky Bucket Mechanism) ufi WANARINNTANEILAY
a Y @ 1 [ aI/ o v o
AALATULNANTANELNANN  [3-4] wasslFEiiudnnalndefanmas IndAeaiunig
a U v 1 % A
gauARNInndnalnuiisanaie duunludiuresaniwdeniuiaznisneuaues
dgl a a rdgl ¥ dl [ o QI/ I3 [ o %3 dl
uanandnuldnednusiiduinislfulganalndeduuuansuarudidnydadunaln
v L X ety eme - " C A .
defuuunils Asiusefideaziauaianizaeazidanreanaindedanuusngeuuwin

v
o

T T lFnannnesazidgauasna lnutieg



2.2 nalN095AULLANNE ] ARIUNT

de

[ aI/ o a K Y o dll IS4 dd‘ o v 1
ﬂ@iﬂﬂ\‘i?r}lﬂu@@ﬂ@ﬁ‘m&l UupC wuﬂmhﬂumﬂLuﬂ\‘imnmﬂmmmmuimmq

@ d a a 1% ° X Yo o o ' v =
TIALTILATHUTTANTN N MZ\]ﬂﬂ'?'3“'1/1’]\‘1’]‘LMJ@\?ﬂ@iﬂuLﬂ?HﬂiﬂﬂUﬂﬂuqﬂi’)'ﬂ% Iﬁ]ﬂ?l’ﬂﬁ;lj@ﬂﬁ"ﬂ

o—dl ¥ = a 90, o 901 dlglx [ = rdl 1 v ]
waaNdINIWINaUN1TANTN a9 TS mwm@@m’mmLﬂ?ﬁﬂummmmwmmmmumnzg

< o !

Tassanels dmsnieiavesinludsiaednsnisdeasny b lannasldiulasane Aeiud

¥
Y 0 o

g il fFununniiullinldinseen iy didsunilefiazdussnainds ey
Iinulunsalnglddedoyannifiundananaldiulaseng UPC azaslnugldiulaavali

siasauRugnNieilvzeuinliiaiiuaNdAyanas

2.2.1 nalnassauuLAdLAN (Conventional Leaky Bucket Mechanism)

Tunalndefuuusudn [3-4] Anisldinmesiian (Pseudo Buffer) wiw fatiy

[
{ o o a

(Counter) LHalmadldN NI NBaEmasazna AN 195 EUIANTUN ATUTI BULIRENTUANT8Y

o o

= 4 o = < o AR i
AUUNNNIANAI1TATT (Leak) Nazuilafamadrvean lliduiusiadnaasidununzan

o o

AudnsnisdeasgidnisadnsnisduaasiadeianadliatnglaatauilaFandndnio

v
o o %

(Leak Rate) AvtiudnilddstagdsaednamyiniuansiiaasinliAaesoiuldiisay us

%4 1
= ¥

fnflddamadaoadnanuanndnensiasialiA19esiiuiNay - SANe9FT IR NTY
FowauieAIqaiEuany (Threshold) wan gadndnunsaseliazgniiszaudinilay

N3A1T89ATILAZaNAIANEENI AN ABNLLAIE N19119I189N A INLAAIAIZLIN 2.1

o) — = NPT

a15u1)@eu (Threshold)

CERLIRTY

UL

=]
PN

3117 2.1 nalndsiuuuRsAn (Conventional Leaky Bucket Mechanism)



= '

TunalniinnndwesdrAynduasanalnieiuuususnes 2 A1 As dRsdauas

| |
a

dl Y o QI/ a dl dl 4 a o Y o !
qaiuilanu  naslddmsniauarqnEnilasuntaniullazinlidnsmdounisganiaaes

1188 (Cell Loss Ratio) HAngs usinalnaziasinlogelunismsmanumaddoniiu d1lddmen

a

oI/ dl dl a o W Y o ! rOI I
'i"?lLL@S’Q@L?llL‘ﬂ@ﬂlﬂ’]lﬂﬂLﬂullﬂ”\wv}qiﬁiﬂ'ﬂ[ﬁl?’]@'ﬂuﬂ’ﬁ@;mﬂqﬂﬁlﬂﬂLsﬂ@@l?ﬂLL[}"lﬂ')’]ﬁJVLQWZ

q

v
=KX v =

o A [ a ¢ o dgj 4 o a) 1 a %
anaY  AUUAIAAINNNTIRaNU U HImaTINaas R liuIzaniunI WA nusAazaiinaae

QY

» o Ao o o o Ha el o o : ¢ o X
dai@andAyaasnalndefuuniine lunsiinldnmaaaudninisdatasiade nalnilana

o

(%
a A 3

azfvzauiniasdouniuldedsligndes mazuaeiidliasdanadiadnsnisdasas

dl dl I a ¥ & Aa U dl 6 ¥ o v U ¥
wanfliiiudeannasfiage wsiasarnnandnresdldidunuudnsdayausanls
(Variable Bit Rate) T4aiaiAnansnizaelisasluszaznadu] vinlidsunnugasnidnu
TugaetiuninliaraessmiuiiuatanEulasw  wazinlinalndanisiuadinailosing
- o2 = £y e e A
HAnans  seduueunenatigue lildgnafnuanndiAgnsnisdaaadianeianias
wiu dmsniailu 1.42 winaesdnsinisdeeiagians [3]

o

222 navl,nm'mgj (Dual Leaky Bucket Mechanism)
na lNFSILIUASLANA AR LN RIINTETARGIAAVTARIINTAITAR
R T A & i vl . o <
anesatnglaeteutleingy Asinstauenalndaiag (5] aswandlugln 2.2 a9

A79940U lANIERNIIN1IAIT AR DAL LAZEAIINIIETARRIA A

u u

uraiuia —» D D D D D D
I

gasulasu 1
(Threshold 1)

yasunlagn 2
(Threshold 2)

Tasee
DDD;’ ATM

'
o

gﬂﬁ 2.2 ﬂ@iﬂﬁ\?m@' (Dual Leaky Bucket Mechanism)



10

' [
o v o o KR o a o

pannauaednalntas ity 2 fq Fadusanilaarldnssanuunsaud

P o

dnsn1saaTangeqn  dousdiiudnsauilvasidnsianunnsaniudnanisdtadian

~ a

FotULAAZAINAABNILALY 1 AT WALANIA9ATLRNNTIANTULA Z AR AT I UA N USRI

q

'
o [ % 1o o

TunalndSIULANAN  TAANENIFRIHUIILINNA ATV AUSRTINFEITAR RIRA

u q

1 ¥ 1 o Y v o o dl dlu/ ul/ I o o ! L3 dl o 1'/ &
nau E]’WN’TLAENLLiﬂiﬂiﬂLLﬂqqziﬂﬂﬂﬂﬂV]@ﬂQV}‘ﬂm?'ﬁ@L‘Vl']ﬂ'i_lﬂﬁ]’ﬂ@\‘iLGT]@@L@@‘EI ANUULTANAL

' 1
' B a

anunsneunalndsig i Ididesaedntiune 2 fliinuaanEulanuy Tasnaiedld

q

favdedayamadnailiiiuiidnsumadaeqauazdnsiaagdiaas

2.2.3 na'lnﬁiﬁ"mmuimﬁu (Token Leaky Bucket Mechanism)

Tunalndaduuuaaanity  WearmasidnunusnAaassatuviniuqa i anu
siasuuargnisll @eialfanilnyuinismisiusesnalnianaialunsiifmasnidung
o a I3 o ijz =K A s A [ o ) A a v A J
anwounifwdsasd AwnAsinisimuina lnianisasesiumadasunduwdsasdliFandd

nalndafauuuividu [6] Aauanelugiin 2.3

a  w

A Yo <
Aa1iWi o5 (Queue Buffer) wadn lasuTnau

undaiiia D D D T’D D D

ﬁaimﬁu (Token Pool)

¥ o A <
@ uta Ty

(Token Generator)

*

5117123 nalnisfauuuniAu (Token Leaky Bucket Mechanism)

nalndafuuuinAnldasivmas (Queue Buffer) au1aRiANeNINTIALEART
Wnn18luAe wanannildalsanilannidu (Token Generator) Wiaa31aTniuAs (Token) Gad
anwoizfuesinliunmadnidnun  InsniAuazgna¥iandnaasndamsnzaniudnsnig
] & = o ] & dl dl v (=3 dl % d? =3 1 [~1
AurtadgegaviTadnsInIsdatadiadaianasld  nAunailiuasgniiuenldludalnidu

(Token Pool) IUIARTAA  UANNIINIUIBINA INABLAAL AR NENN1AZ IA5U Nl



11

auddadiniAumaesd lutelnidu  Inamadn 165U mMABLAIYINTWRIaz AN T0N Y

natneenldls lunsdinniAunuauds wadses ldndiniasgniivldludsinmesiniese
nAnlud drasivefiinuds wadndunlulazgniiavzawinly wisimesdrAryaes

d”dl o ¥ <3 1 <3 a o c ¥ A agl/
nalnilda dmsnisa¥wlnifu auiarestemidy wazawinesdaniWives dasaanalnil

AedAaWasissasfunsAnidudsad ldhaunnlidnadsunisgauisaeatasanas

<

1 a [ % a v al A a a o‘dll Y [-3 | ]
LLlﬁlﬂlmzLﬁﬂ')ﬂuﬂN‘ﬂ@LZQEI@@LT’]@L')@’]‘]J?V)\?‘H@QL"TJ@@Lu'ﬂ\i@'ﬁﬂL"]’JZ\]@W@\??@IWL?]HIMN@%ELN

AT e s

a

2.2.4 nalndesauuusinumaINgnAty (Priority Leaky Bucket Mechanism)

o

dl 1 a @ v a dl 1 & v
wasanianangendnlsenaunalFniatelssinnasusaslsslnnisasnig

ATUAINTBILTNIFNFNNAY NAINANIILLLANANTINaaNUUUNLNATaIFUUTNITINES
dszinmipanenaarliaannsalinmninaesuinislamadasnisdmiunsmdnynalszion
o 3’/ =KX A o nI/ o [ o o d? dJ o ql/ @
AaduAsiinisauanalndedanuuaidumndAnaunaaadunalndedauuuiAulssnm
d‘ e o A v a dlv ] o ]

wile qnszasAnanpAeaInITn AN TN BILETNINFARINT 111 ERI149UNITGEYMIELeY
wad  1alsede duiunadnnndszionld ndnnasinauazudmeilinesnidu

T (Class) wazliasunINaAny (Priority) Tun1gaan1snIWAnusazlszinnuansneiu
16 Annsduauanalndszinmiinana) guluuuleun

2241 nalndsfauuusinuanudIAugIusunsinitiadian  (Priority Leaky

Bucket Mechanism for Virtual Path Traffic)

1
) =

WunalndsFuuuansuaudiayunauaiananawinluasiaiaw [7]

A o o

meﬁ\‘lgﬂﬁ 2.4 nalnnanisutanswlinesndly 2 44 As AIAUANNAATYGY (High

'
o

Priority) WaZ ANPLANNATATUAT (Low Priority) nalndseneudamninies 2 Aqldiiu

1
aday

iag lunsingesselniAaulud Ae AdtiWinesanAUANNAIATYgS (High Priority Buffer)

o

ANNTUNLLTARANALAITNE

o

JuazATWaTaALAINAATYEN. (Low Priority Buffer)

o

AnsuiuasaIAuANNAAAT wananidelitialniAu 1 daldsaniuduiunaniin

LHAZT1S



12

wadamauanudnyas  Anillesdduaiud g

Ve A e w wadian Tnfu
sl IAy

AnudAnga
R

wHasn gAY

o

ANuAIAYM

iAoy Tndy

waamdunnudnyd - Aahinledaduanudiyd

T Vo Tnifu

919 2.4 nalndeFuuuarfuaudAydauiunsmilnasialau (Priority Leaky Bucket

a

Mechanism for Virtual Path Traffic)

nalnitlddmiumsaa (Police). waziliugisns (Shape) nainludtiaiion

o A o

(Virtual Path) Juann1InIeIuAeadanfuANaIAtgeas dFuniAuiundninAuly

u

1 |
° 3 & 1 A o

dalmAy  uwiladanfuANdIAngAtazlasulnAuisamaAstivimaiaisumNd Aty g

2

{
a

AanazaruniniAuluta mduiAtnInnden Buasumey (Token Threshold) Haann

e oD

nsliarsuAudIAiunsddngs 2 duldvinduinilnalndsfuuuiianuisonay
waLte (Tradeoff) AMAINABILENI9Ta9NINANUs Az lszinnldlnanisdfuauinaas

AWy 2 AniiWwasliviNisan i lunamnnaminandumud Ay gediasnis

'
o

nalsydesn  AfesldAsiniesatdumnndiAgeauinan aedana i dnandounng

] o o

qruvneaaggaa NIy wanisldaduneindAyazialia1dnsiaaunns

o

4UNN299988 309NN WANAALANNAATYgIanasDsARsiansles  Taanissameiy

[ % o | %

NN9INFAIIEIUN TG NIBIDIEARUAININANRFUAIINETATYAIAZIANNTUUNY LAY

£ 1
o =

ANNNI0AABAINEIUNIIGYMILTBITARA A UANNAATYALANTBUE LA TaE N9 N TWN A
[ % X 1@ al

aa9A W IWeFanAUANNAR AN LTI NI ULAR AT 0l deNR e T UIna1 239N

a Xy
PANTUAE

2242 na”lnﬁq%"'umuﬁﬂﬁum'mﬁﬁﬁmﬁlﬁ’a‘m‘éuLﬂﬁ‘ﬂumwmqﬁq (Priority Leaky
Bucket Mechanism with Queue Length Threshold)

nalndedatlszinnil [8] wamsssgn 2.5 unistnalndeiuuuansuaaiy

Ardrydmdumaidinitiadien (71 lddszgnsfldiunsdnuunidunaiase (Realtime



13

Traffic) uaznsAnuuldiiunanasa (Non-Realtime Traffic) T9F@IN19AUNINIBILIENS
fisafu Ae nemiinuunidunaisiefeinisnalsiein daunemiinuoylidunanads
nusanalseddduinndt wifsasinenidnmdaunisgrmerevaad ligeaninullfon
ﬂ@iﬂf’:ﬁqﬁf]Lzm'a?;%ﬂﬁﬂﬁ@mmwmmﬁm@eLﬁmmmmﬁumw\IWﬂﬁ”\i 2 dsziningldqn

FuasuaNe9@a (Queue Length Threshold) ARatimasuuy ldfluinanasa

J a a o J < a
wammmﬂunmma Aivesnuuilunaina

GRS TGT edyge + @
s - —» D D D —» waan a5y Tnnu
1Wuaese

Ao s vy luslunannsa D D D

I GRGRRTCIISTST

Diunansa

o lnfu

5% ' g a 2 A
L%’dmmﬂhlmﬂunmi]ﬂ ﬂ{mijﬂﬂaﬂu

AN ?

Ty

91l71 2.5 nalndeFnuuansuaaud 1A ldqaEunlasuA LAY (Priority Leaky

al o

Bucket Mechanism with Queue Length Threshold)

o o d”d & a a VYo [~3 o a
PANANIMMILIaINa intAe  asuasna AN uLTwnanasaas e s n AL
Flnauludalniay  wemasaaans WA nuuulyidunaiaseazlasulnidudisalia
Antiafueesnsandnuuuidunaiasednaazaumasaaans nAnuuu ldidunanasai
1 a QI dl a 1% tal dl a dl o %
AAUALETHLLREUAIINETIAY mmmmﬂmmL@uLﬂ@ﬂummmamwmmmm:mﬂmm
- 4 = o = a o - =
ATUAINABILTNIFDININANATUREN WHaaINNIsL T uaINIATI AT B FLN e

] =
BENLAL

2243 na"lnﬁ’a%l"aLmuﬁﬁﬁum’m@iﬂﬁ’zy'lﬁmﬂiﬁ'nﬂiﬁ“mﬂss‘imﬁutmuwafm (Priority
Leaky Bucket Mechanism using Dynamic Token Allocation Method)

nalndeflszinnil [9] sredunalniefuuuaiAuANdNAy 2 wuuwsnAnals

11msan luna InBldaaTiwinesiaaasauiudmiuns ings 2 4u dsuanslugiln 2.6



14

adud S Slod '
HraIn I A AIVIVI wadn lasu Tnfu
nswlnduii \

e UL
UnaIn1ila /‘
nslilnduiio

o Tnfu

TniAu

9171 2.6 nalndeFanvuansunanuaAnylaaldinsanassmiAuwuunadm (Priority Leaky

a

Bucket Mechanism using Dynamic Token Allocation Method)

v
o A o

Tunalntutiamsninesnidy 2 dupe G4 1 (Class 1) Fela1AUAINEIATYE

i
= o % o

WAzdUN 2 (Class 2) TANANAUANNAIATLAN Buwsniadaeadnunlufrivine fiawly

o

ANHTUZA8Y FCFS (First Come First Serve) IngliAnilsdnmad laliandumanudAtynnn

{ rd‘ |dlv ¥ ' Yo @ K ! 1 ¥ [ % o
nan L%@@V]@EI‘V]‘VIQLLﬂfJWzﬁlﬂ\??ﬂ@uﬂ’J’]’ﬂgiﬁﬁ‘UIWLﬂu@ﬂ@ﬁ@ﬂ&ﬂuiﬂiﬁ nannITneu i

a

nnsanarsInAulsiunmadluna intazdeiunalndeiuuuiniiudng Aa lunalndafauwm

mAwdnfmas e ntAupaafdsn unalaldls walunalnfmagssaslasuiniAuunn

¥
=

| dJ @ KR ! [ 2 <3 allb d%l [ 1 o [
mmmiwmu@w:mmuﬂ@iﬂim Imﬂﬂ?mmimLﬂwnmmmiu%wmﬂummmumm

- '
o el A

Zﬁﬁﬂo_,l AR 0'1 Uﬂ’}ﬂﬂ@’]ﬁm’&\‘i@”%ﬁwLﬂuu@ﬁlﬂfﬂm@ Ny ZS’] Uﬂ“)’]ﬂ@ﬁﬂmﬁ]%ﬁ/‘l@‘ﬂ@“’

tnunalnls

o

Toguanwulunalniiie ‘nisldAaTinesAcnacasifayunresdsadnianng

' '
el o ° «

(HOL: Head-Of Line) dnaaanvqunaiiuuuuaisunrnudasysiiagsiassalniduanuou

3

=

3 ] ] 2 dJ o ¥ o‘nﬂl dl a a dgld QJQI
unnwaisazdantwly e "]]\'11’]’11‘1/11,"31@@@1&”] Amnanfanandsaan  nalniladdidunig

o

aufiEandannnazlaeliinedi (Jump Ahead Algorithm) A8 TARANALAITNED

e ¢
o

<

sl anunsam AN uigeen s lunanfitiun  fazidenaadanfuAngn 3,

dl P4 v o % = o Y
LNUILDINU mammmamﬁmmiﬂmwumu%mﬂuﬂainummeﬁueﬁﬂu

geliinszinnlilag
31 sannlginsmunnalnilfanunsolfu B ninigui feanisdmsunsminusazae

Wunuunadnainaninzaeansmin [10] 9 linmunIwaesUznisnTu



15

o o o 9 NO) & 1 [ ' L. .
2244 ﬂavl,ﬂnxﬁfsl,l,‘l.l‘l.m’m‘l.lﬂfs’mﬂ'lﬂmwmmuﬂmﬂu@ (Priority Leaky Bucket with
Two Token Pools)
1'% QI/ o [ o [ % dl 1 Y v % Y o @ = 1 = dl =
ﬂ@iﬂﬂ\‘i‘i“)LLUU@’]ﬁUWJ’]M@’] Q_/IVlﬂ@’YJSJ’WLL@Q‘IJ’NGluslﬁUﬂiVILﬂuLWEl\‘m‘ﬂLﬁﬂfJ EINEN

FR91N198519IMLAL (Token Generation Rate) WNAUNAZINUBIOATINIEILTARLDALINTD

gnsnnsaasgegaeanawins 2 du yuininatuainnislduendudaniuiae

1% 1o a a ?/ il/ dl ] a a I e ] s dl A o !
gunasnuilana i nduladuniledains i ninuningnanisdatasiaagisas nsIN1I4

&

dl Y v ! 1 a a a dl o a
iIasgIgANANAL AudD azdinansznumAeninNInaasLInsreanNAnantseinnuilaiun

u Q Q

wazarann liinanuAuAslulasdnesien AsiinnsinauanalnfefuuuaALANNEATY

PldtianiAu 2 te [11] uanasgili 2.7 inaudilgmisenans

)

FATTUN 0 Atiles - 0

uvasi e e <
= D D D —» 7y wadgn asuIndu
nsnFuN 0

=4l

uraan e
Pl i e
ns i nFuN 1

2
a o '
gLk F: iy -1

velniAu -1 delmfu -0

o dl U

2117 2.7 nalndeFuuuansumnNg1Af e A (Priority Leaky Bucket Mechanism

q o al

with Two Token Pools)

1 v
o o I o

nalndeiauuunldamAugd wilmesmnasnidy 2 duduiupe duil 0

b

' !
o ° a o o o =

(Class-0) HAAUANNANATYES Uaz GU7A 1 (Class-1) HarduaudAnyan Hualniauly

o

v
o A 1

neANUAaTTUAaLaNIAL-0 AusunsnAndun 0 uaztalniAu-1 ausunswindun 1

o '

FR31N178519 AN LAATLaNATIURs A UFRTINIFE TR ARINIINAND 1 Lia Tn LAY

u

(% Z’/ dl a 1 o a ! a) a dl V& o ¥ o o
muuﬂfymwLﬂmmmemLummmWWWﬂLﬂummnm%ﬂ%@mm ﬂ@iﬂﬂ\?ﬁ\ﬂﬂ@’?ﬂﬂﬁqqiﬂ



16

v
o % o

AAULINTNAN TAaRUANNIINIUAE BNTARTUR 0 WNHILAZNLIN AT S0 1Hin

o

v 1

warlddmAulutaniAu-0 fandn wagdun 0 N

o

aunr A Wines-0 arlitinduinudy
(Token Grab) A1NLaNLAL-1 UBIUTARTUN 1 anlunuiie e addud 0 il

WBuAatWivaso 16 usdiaddun 0 Menlndusesiun 1 Tlddazgnuinliiadumanu

v
o |

amyanaspanaeuaaddud 1 ldunuiazdnunalneanly

uenanitdefinisdnauenalndeiuuugfuaand Ay ildue induguuy

<

Antiimasdansny Aeuwanalugd 2.8 nasldAarimasdanuuy FCFS fazyinlmntlom

'
o o

gagmasnaunaduniu  doywudlalaanisldnnsnszianlddtamin  (Jump Ahead) Aa

v
@ v o A

daadne diaunafasseIniAunan  witiadnaunngduauasduiul nduiaiuisn

o v - e
nszlanldagiounqunuls  deiantiumaesaaniszises  usiuaudutenaasnaln
d
HINUU
7ol A
. IB@aGFUR 0 LAY '
unaef e Lk AN TR iaadn 1930 Tnifu

HazTUN 1
nmdngun o \

= ——1 UL
uradn e /

Y '
nsWnun1

1 I~ 1 <3
10 TnAu-1 10 1NAU-0

N 2.8 n@lﬂmmLmummummmrﬂmmhmiwLmummumuWLW@ﬁqu (Priority Leaky

Bucket Mechansim with Two Token Pools and Shared Queue Buffer)

dll = o o olz o o o o Y o a a
Lummnumw’m@iﬂmmLL‘uumm‘ummmmmiﬂmnuwmﬂﬂmmuLﬂummqm

uarnsAnuuuldilunaiase  wantsldaninasaznildinamandssaediniunswin

wuudunanasesog asdnisudauenalndeadanuuaiaumug1Any A ldUaniAue usd

a

AntiasAanendmiunarilnuuuldidunaiass [12] wansssgidn 2.9 nalndsnanasin



17

lﬁl,qaf]ﬂ'izﬁqmmmmnmuww\lmmmm’]WWﬂLLumﬂqu@’mqmmLﬂumua wAazdana liAn

”mﬁzdfaumizgmmwmmm‘mmmwﬂﬁmmuLﬂumm@?ammz};wu nalnasliansumnu

o

o o

arnylaanislddnsnisafeiniAauildwinduduiudeniAwie 2 de delniAuses
naANLLUlUnaNaTeards e InAusaansInEa NI Ua nALaaan T WA nwu syl
1081439 wananifasnn1sUsuruinraf i masdniuns Wi nuuuldifunaiasaing

1715 AN TILTNN TN ZANAY

so 4
[FAABUN O

uraen e eduve < @
y . DDD» waan 1asy Inau

nslngui o
= UL
Wiles T

nymlngun 1

YRR

Jo A
FaayUNn 1

)
e

gl

valmau -1 volmfu -0

91l71 2.9 n@inmmLLuummumm@mmﬂwﬂwmummumuwmmmm (Priority Leaky

Bucket Mechanism with Two Token Pools and Single Queue Buffer)

225 nalnﬁ'@%@ﬁmuquﬁwﬁm%aaan (Leaky Bucket Mechanism with Fuzzy Logic

Control)
o ql/ ] all { 2’/ a Y 1 o ! & dl A
na ndsFauuusingey Anadraniu asansninlaaldrdnainisdeaadianase
dnansaatasgeqaiufainnnugnsiessesFinomaninaedld wiillasaannaniin
103l fulnsstnaendndaulnniduwnudna il vinliliarunmmssydnsnisdeaag
udueu  uananiduasesnalszdlulassiraenaniliansuzaaamaninl el
P lFnsn1ureenalngaiianainls  AeinnminenWadasan (Fuzzy Logic) @iy

a o dl Y o o r.:/ ¥ dl = a dd‘ dl
AmRAanfana e ldiunalndeiasog Lumﬂfmﬁmmmmﬂumqwgwmmnuﬂcym

d‘ 1 ' = o o a aa 2y ' A @ d‘ o
Limmmiuuuuﬂu FapAUAN U EatAranWAnlulasdnaendunnaunaLay



18

pouAnlaeIn  nistiaEasanun g linalndsfaddss@nsnmindiassiulugauas

o Y

d? 19 ¥ o a a rdld
mnmuimﬂimhmimmmmﬂmmmzﬁmmumﬁmu BUG

o o a [ [ [ (% = a
2.2.5.1 nalnoesaNnAIuANERsINISAs I IntAUAIaWadaaan (Leaky Bucket
Mechanism with Token Rate Controlled by Fuzzy Logic)
TaslnfnalndesuuuiniAuazai e inifuidnsas  ansnisaieiniAuilazi
AraanAdeIRUaRIINIAmasny ldanaldiulasedneg  usidasannsmndaneuziy
o . Y o v [~ dldl =) [ o
wuunadn  (Dynamic) nnslidnsnigafaeinidunanaaniounisdnasminginsves
Tagae AU lduuumsniuasmn ldninganslassanseeneliddssansan  dadldds
nomingnadnsiangananaslifazinliaudasmingins doulunsdiflddansmiln
1 o dl v 1 o o 1 = [~ dl 1 o L% 1
nnnandnsianasld  usandsinineinseslassdngnniiesne  fiasiavkauduliun
Aldtunainenannnaedsnisenld eudioyuidenandasinisiniadaaanuiaauau
o ¥ =3 o QI/ v o a o 1
dmnsn1saireanidAnaena lndeialiunizanlauendaniimessnge Tuszuundy
aunmaesiaianan (Fuzzy Input) s1e7 fu lawn nastianuzaesmatinmaesuniduduns

[13] waneaagili 2.10

a o 4
Ailes
uvasiuia —» D D D —> 2 >
‘ I3
[ Y ]
a1 lnny Vo Tnfiu
CAC 9 A a
AUl TaaTn

2172.10 nalndefuuuiataeanndanuzAc i esidudunm (Fuzzy Leaky Bucket

U 9

Mechanism with Queue Buffer Input)

A3l 2.10 annuzresmtiwasitunldidudunpresiadiaedan Aa AU

1
cal A

saand luAniwmas armantieAraauzaesinimesunldilusunaiiesanaatinines

HANAFDAMNINIBILTNNI0NIWAN A FRINdaunIsgauMeTBTadLazaanlszds



19

NAaaINNNTUTLANE AT INN3a 519 AR lT NN za N ngn I uzaasAT e Faen ldna Inil
ATHIIORMUIAININTBILTNNIHATY  TaafiA1aRId9uN19qUUITaL AR LAY

A9z RININANana

€

Wivlos

)
=2

g

A Tngav1e
uvasn e —» |:| |:||:| —> —>

a g
DN

Yo lnfu

@ <
Fraalnfu

A T

h 4

fnauilsdanin

9171 2.11 nalnasanuuiatiaeani ldnineansaesiasaainendudunn (Fuzzy Leaky

U

Bucket Mechanism with Network Resource Input)

nnstinanuzaasAtinie Sl dud unnrasladaaananu W AN N
Pe3U3n9lAase  weidaliliaruanvatnerdnIn1sai e TnAugegaenlifianaay
miFiRaTymauaufaasdasieldduni wezdinauinAuiadeiraninainaes
TAseang  AetduningnsaaslasdiaaaiulaqadnAnyadanilsiasasiansanaag
X o 1 I o 1 ¥ a o o a a [
aainistAdFuiuninensaeslaseanaun I iduaunnduiuiasdaean Avnanslu

19 2.11 nalnflazas1e@Anaeelaseang (Network Queue) NANuaanaInalndada [14] wia

©ap

Wuaawnulunnsdarminainsaeatasetdng  laaldanuaulgas buA1a9tAT U881

o

a = a vl Y o ' = a a d?
fauwmmﬁmmmn MRNT I nSwenge el UIE@NENANNINT L

4 1
o

a o a o o = a dl ar % < k%

uenanudainsdanalntefanuuNedaadnnaruanansInisaieniaull 14

soniudamwaneias (Multiplexer) [15] meﬁqgﬂﬁ 212 3andn damwanmefiuy

FAMLB (Fuzzy Associated Memory Leaky Bucket) @uilsznausiag UPC fidunalndeda
o o | o a 1 1 va = a A

wane nabndmFuwnasinfiaudazunas Ineldaunniesisgiaeanpeaniuzaes

Artivaslusiamnanigas uazaniuzassdatiinesluwsaznaindeiunldiduaunaaes

Wagaaanin i ldnmunnaestFnisiatusanisldninansaeslassinaetnadlszdnsnn



20

urasi il

UPC
—» nuaudieilsFaoin

q UPC
> AnrunuAeilaFacin

Tuavealasavie

UPC
< y s Tammanisos
—» Naruauaeilssaodn

CAC

o

9117 2.12 dafmanimasiiuy FAMLB (FAMLB Multiplexer)

o o -nll o v (=3 v = a dl 1 1 ¥ dl
ﬂ@iﬂﬂ\ﬂ‘i'ﬂ‘ﬂﬁ']ll@ll‘ﬂﬁl‘j"?ﬂ’]ﬁ‘@ﬁ"\\‘li‘lﬂLﬁu@@ﬂﬁsﬁsﬁ@ﬂ'ﬂﬂﬂﬂﬂqflﬂd’]u@q PUUNNIT

WUIAININTeIUTNNTUAzIN T IdnIneInstasstneeeellss@ngnan  uwsintifiase e

nalndeiaeginisasinedlindmariniiudennas nalninanauudaenaazilaas 194

Kl

a ¥ o 1 v A 1 Y U dl =KX o k24
aziiindannasdenanlinsaliaiuisnnaanulisainfiiaeg Asdinnsiuauenisldnns
anwouzaesani Wil nuesldundusunaaesiadasandmiuaiainidu [16] wanss

217 2.13 uananazldaniuzaasptinmasundudunnaasiaiaaanuan faldAamsn

U -

[

nnsdarangegadsiieniiludnsdounesdninisdmasgaqanin linauiudnsnisas

q U
' v
= aX
gl

LIaagIgANANadld NafAUANAINANANNIBILZN9A

u 9

dl [ (% ¥
UUAIAINN17UFUERNIIN1194519

v o ©

Auuds gamlFantwdaniu (Selectivity) 1ednabnieiiniu tngantTunousasdau

Auang i lnlndiaedulunisgaupRnangsa

D



21

Aoy

'

@ = a ' I <
ﬂ?ﬂ?ﬂﬂuﬂ%%ﬁ@ﬂﬂ JIRRSTINNH

v

o <3
fradaTmau

uvaanuila —» |:| |:||:| —>

—>
v

317 2.13 nalndeFuuniadaaani linnansuzaesmnswilnidudune (Fuzzy Leaky

a

Bucket Mechanism with Traffic Characteristics Input)

2252 nalndasainavsadaasciuidaslnafinaulaanWaianan (Leaky Bucket
Mechanism with Drop-Pass Fuzzy Logic Decision)

uananaginistifadaaandildlun1liusnsinisad1atniauldunsauugn

o

fFainssintadaaanuldlunissndulanasiairetdastumadansas [17] Adnanaly

719 2.14

o =]
f faasialmau

D nalngssh
wrasnuile P D D D —p .o D D D D D—>
BUUAFanIn

4 P
yaa HABNAU

llesnuninuesnimg

aallllE

v
a

s
LFAANYNN

U

717 2.14 nalndeduuuiadaeanuuunisvzalaasliy (Drop-Pass Fuzzy Leaky Bucket)



22

ﬂMﬂMgﬂﬁ 2.14 dsrneudssvealniAunasivinadAmininaeauinig
(QoS Buffer) Taatidinasanininaasuinisdansuzaaaiufsaaslaseane
(Network Queue) Ainana31uén nemAnusiaznsminfasliinesaun neesLsn1s28s
AU waNNIIeIuenalnae  MdiBunusesmduludeniAuiuiBunusesmad lu
tiefaunnaesisniadudunnd miuiadaean ffaeanazindulafiavieildenrin
Lma’mu%uwmﬁ”ﬁ 2 f1 Taannstleundy (Feedback) anntiwimasamuninaedsnig il

o

21813190 (Throughput) €421

k1l

A
d”v = o = a o a o o Qy = 1 1
yananidalnsualgdaaanuifadulag1usunaizataasnumas lLnaln
defauuuavanen [18] asandlugin 2,15 Guilunisldsiiaruauiadasaniaadies
dandnnavirataaslmaaaiuliivig A lildaasldsaiy  nalda1dmnsgousznang
FRINTAUTARNANAS IIAUARTINITRIUTARNAIATT WAZARINEIUIZUINNAINNENTFE N
Y o = rd‘ ] a . o o o = a % o
pnasldiuaanenadsasndsasntduaunadiniuaoriuauiadaaan nisldaniansy

203N WAnAnanluaunai linalndeduuussindnnsiumasdauAulfaTw

It
FAaNNIY

2
g

a 4

Ay

uviassuta F»D DD —» R
N4/ aeeru

[ —

yj —

" Y

I a
LFAANNN

— P dmunuilsdaein

717 2.15 nalndeiuuudaiasanuuunsvzalaes i lald6a1iu (Drop-Pass Fuzzy

Leaky Bucket Mechanism without Counter)



23

]
o

2.3 NALNAIFALLLRIAUAMNRIAUNUNLEUD

2.3.1 nalndessauuusiauaudagynldialniAufiae  (Priority Leaky Bucket

Mechanism with Extra Token Pool)

Y v a o P
HARTUN 0 Aniives -0

Al e
> D D D > A A waan lasu Inifu

s 0
=<l

wrasnuia
> [

S 4 A
n51HAYUN 1 y
do A
LEARFUN 1

il - 1

1 14 a
10 TNAUNLAY

1 I~ 1 <
o lmAu-1 1o InAu-o

o

217 2.16 nalndefuuuatfumNdA lote niAunAs (Priority Leaky Bucket

au o

Mechanism with Extra Token Pool)

=

nalniidfudganalndsdauuusaiauasindayildelndug (g 2.7) Taanis

=

WNgunEandnUaniAunAY (Extra Token Pool) nalnilnanasasdn 2.16 TasiaTnisu

u

a dl = o o o [~ dlsz 1 < ad 1 [~ 1
NARTINIUInaTAasiu@ InAuiauaanuiIantandudnffatalndu-0 wazia
MAu-1 FeRruipandauazaddlomeningun 0 wazdun 1 14 lunsdiigadaas

neANTY 2 dudonauernudndaniAuesdumuiesng Aazi@naming ezt nu

o o o

1 3 = -lf M Y o A v o dl o v o o
anuelnAuiAlldlflavun  nraldansupudrAyaesnalniuiaualdandumaiy

o o {

arfgunnaindun 0 Ae lunsdidmaduemaddindun 0 dunluduazwuan

a o

AntTas-0 hukazmAulutianiAu-0 MuiateniAunAENALan  maanionnalu

-
a

Antiimas-0 azl@ananazluduini@u (Token Grab) aa9tialniAu-1 w1 ldlnaldaas s

v

dnldegluAninimes wsmadnlasulnidutazgnuinlidarduadudiAtyanasnaieilu

IARUDINTINANTUN 1 UNU



24

232 nalndesauuusisuanudAnilfialniAuRiAsiazaiuauaeWadaaan
(Priority Leaky Bucket with Extra Token Pool and Fuzzy Logic Control)
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TRR —1={VL (Very Low), L (Low), Me (Medium), H (High),VH (Very High)}
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;13199 2.1 NOUBIFIAILANTE — O

ng (Rule) MCRR-0 PCRR-0 TRR-0
1 VL VL VH
2 VL L VH
3 VL M H
4 VL H H
5 VL VH M
6 L VL VH
7 i3 L H
8 L M H
9 L H M
10 L VH M
11 M VL VH
12 M L H
13 M M H
14 M H M
15 M VH M
16 H VL M
17 H L L
18 H L
19 H H VL
20 H VH VL
21 VH VL L
22 VH L VL
23 VH VL
24 VH H VL
25 VH VH VL

2.3.2.10 NHUBIAIAIL ANNLT—1

TugioanaInsgunaennuun fopuaNiEd—1 azdnA1Buns MCRR-1 uas
PCRR-1 uazfnuuap Weiduauninaaqusazduns aniuaznia fnaifeanisne

TRR-1 Tneldnguesiamauaniad-1 deuanslunianed 2.2 Tnangildmdieudiunianed 2.1
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HAIAINWITIHIADFIRIUNAINUUANIINANTUN 0 azinasniila newndun 1 Lﬂl&‘gﬁ

e
N34T 2.2 ngaesiaAIL AN — 1
ny (Rule) MCRR-1 PCRR-1 TRR-1

1 VL VL VH
2 VL L VH
3 VL

4 VL H

5 VL VH

6 L VL VH
7 L s

8 L

9 % H

10 L VH M
11 M VL VH
12 M L H
13 M H
14 M H M
15 M VH M
16 H VL M
17 H L L
18 H M L
19 H H VL
20 H VH VL
21 VH VL L
22 VH L VL
23 VH M VL
24 VH H VL
25 VH VH VL
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2.3.2.11 aan1sudasnaunad (Defuzzication)

Asndasnduiadidunszuunisudasannafad ldidus1 A e ULl ue

(Crisp) ludneniwusninauadddnldas Centroid of Area (COA) TnaiAuanimn Centroid
dgll all v 6 o a o 1 s = a ai [ dl
23U liinswaeiieiduann aunsaAuINAeANATesHETaaanIluAma LN

wueuldfaaNn9n (2.7)

n

Za, M.

TRR=—— (2.7)
Z a/ A/
=
Tnein TRR A9 LFNArasadaaanueAindue

q

X

[

Af mmuﬂgmmﬁsﬁ%@aﬂ

o]

b

M, A wwiesiaiduanninaeang i
A A Wunlanansesiaifuandnaeng i
a, A8 A1sALNITTluaNITN (fire strength) 289N |
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LULRNReHAmaiY A uasnlianuuidetla (On-Off Source) Auanalugi 3.1 @9

Wunuuanaasndnisldlianuasaasinaunsians [2-18] luaniuziila (On State) WUaa

NHAAZAUEARAUERIINITAITAa494n (Peak Cell Rate) lTuanwouzaeadsan dqulu

a 9

Anustaunaaninay g masaansd

anuziila

«— e »
aouzila  aouzia

317 3.1 wwasnadlauuuiilaila (On-Off Source)

wrAmasranuasnuianuuEetlanldlunianaawuy tewn
1. ANRALIAITEEZNANYBIED LA (E[ON]) Frezinangeddnnusidaninig
wanuaskuueng Inuudaaisan (Negative Exponential) AagiALadgvingiy

E[ON]
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2. AaAnvesszaziiataesdnuzlla (E[OFF]) seazinanaasaniusilaiinng
= a . . 2 | dl 1 o
WANUASULLLA NG IWlulTaal@san (Negative Exponential) Angiaaasiyinnu
E[OFF]
3. amsnNdaEangadn (A)

a9 p

4. ANTEUINNIINIDNURILAAZITAR (Cell Interarrival Time = A\) FAARWINAL
-1
Ap

5. dmsnisdsitadiafg (A ) @a1mu1snuldainannisd (3.1)

_ A Elow]
" (E[ON]+ E[OFF))

(3.1)

d‘ s 1 s 1 6 dl v U
AMNANNTTN 3.1 118190 5UANSRIINITdT AR eAt lAmNFAeInis Taennsg
Ufue1aae E[ON] Imelfan E[OFF] pe7 3ail5umAn E[OFF] Imaailsien E[ON] P47
Tudneninusiazldnnssusn E[ON] Tealiidn E[OFF] psniNaliflaAndmsnisdaaas
4 Y
LRALAINARINNT
6. ANLTIW946 (Burstiness : [3) yannaaHiudsafuaauuaaniila 418190

w1 lFanaNnen (3.2)

B- E[ON]
- (E[oN] + E[OFF))

3.2 AEn199naaLuLTaInNa lni9sauuUAIAUANNRIA Y AYLEUa

s

vlaaraaauunalnnunauasgpannomas taeldldsunsunis ¢ lunng

)]

o |3 [ % c A a c o erdl [~3 o aglel ) d‘
ANABILLLLAZLALHNAANSINELATIZE nadnsniiulunisanaasuuuRaslgua luunn 4
b 1
s
1. ATUNINTBIUTNNG (QoS) Aa ARIIAIUNITGAUNIEUBAUTAR (Cell Loss Ratio)
waz 1RaNUsEAedy (Mean Delay Time) wHeafnisilaguudasnislmes
1 v 1 a o |8 1 < [ %3 v <
s ldwn auinvasActiines auinvesteiAn uardnanisa¥ieinidu
v s
d .o
2. antiaeniiu (Selectivity)

3. N19RaUAURY (Responsiveness)
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Abstract considered by using two token pools and two token
generators [6]. With this mechanism, the preceding problem

One of the most important tasks in Asynchronous Transf@r e because_ each traf_fic class has its own tok_en pool
Mode (ATM) networks is to meet Quality of Service (QOS?nd t_oken REreration rate is based on ea(_:h traffic class
requirements for different classes of service. The priori gotiated _rfate._ The new scheme has d|sadyantage n
leaky bucket has been proposed to cope with this probl goource utilization becaus_e the _token generation rate is
by providing priority level for each service class accordin o_ns_tant, rslo morf\ t()tI;]en é\."” ge dlscarQecihthta_? t?’l? rf]ormter
to its requirement. However, this scheme has a disadvant R SuCNEanother disadvantage Is that It still has to

of having to trade off QoS between high and low priorit

trade off QoS between high and low priority classes.
classes, where the low one obtains degraded QoS. In isIn this Paper, new priority leaky bucket scheme, priority
paper, new priority leaky bucket mechanism with extr aky bucket with extra token ppol, that has two token poo_ls
token pool in order to improve quality for low priority classand twod ‘OT"E” generatorls.wnr:jdar& extrﬁ tok.en' p0|0| k's
is introduced. Fuzzy logic system is also applied with th (OPOSROUN 'S extra pool is a ae 'to the priority leaky
new scheme, thus token generation rate of the scheme ﬁket [6] to.improve resource utilization and QoS of both
’ Qnority classes. The feature of this mechanism is described

be dynamically adjusted. The simulation result tion 2. H h il ins th bl f
demonstrate that fuzzy mechanism leads the traditior]d) S€CHON . HMOWEVer, there Still remains the problem o

leaky bucket in terms of cell loss ratio and cell mean del Ing jixed value of token generation rate, which utilizes

time, when performing as the traffic shaper and policer. resource inefficiently. There are many researches that
P g P . applied fuzzy logic with traditional leaky bucket [7-8] and

. proved that it can defeat this problem. Thus, fuzzy control is
1. Introduction employed with the first proposed scheme so that it can vary
token generation rate corresponding to the characteristics of
Leaky bucket algorithm is well -recognized as a simplgaffic source. The principles of the proposed fuzzy system
and efficient UPC scheme and many leaky bucket schemgg traffic source model are described in sections 3 and 4,
have been proposed and studied [1-2]. However, most@kpectively. The performance of the proposed schemes in
them are designed for policing single traffic type, so ¥erms of QoS: cell loss ratio and mean delay time are
cannot perform well in dealing with different traffic_typesinvestigated. Selectivity of the mechanism when traffic is
and guaranteeing their QoS. As-a. result, the concept @ferloaded is also investigated. This important property of
employing priority management with the buffered leakyne policer has never been realized in the past priority
bucket is proposed and known as priority leaky bucketheme literature. The simulation results are demonstrated

mechanism [3], which classifies traffic into two priorityand analyzed in section 5 and final conclusion is drawn in
classes: high and-low priority. The scheme consists of tw@ction 6.

separated buffers and a common token pool and token

generator. Priority management is implemented in a form S0 C ot
token usage and high priority cells will be served first. Thi?' PI‘IOFIty Ieaky bucket deSCI‘IptIOI’l

can improve QoS of high priority class while degrading the
improve Q gh priofty i grading Consider a priority leaky bucket with extra token pool

low priority class as a trade off. o i e
Several priority mechanisms have been presented M_%LB—EX) shown in Figure 1. Traffic cells are classified

Most of them use one shared token pool. This makes ifo two priority classes: class-0, cells with high priority and
advantage of resource utilization. However, they can polig ss-1, CZ"S |W|th 1|°W priority, Wh'(t:_h lareTfrr]om C'aﬁs"?
only total traffic rate because token generation rate is ba rqet ar}t class- StOL(’jr%e'ﬁ respscf;ve g di r]l;ec 1an|s;n
on the total amount of both traffic classes. Thus, when hi@nSIS S OI'two seéparated buflers. bufler-tand butter-1, an

priority source sends traffic exceeding its negotiated ra Vo token pools: token pool-0 and token pool-1,

the excessive cells can easily pass the bucket WithOLH . .
. . o ._allocated for each traffic class, respectively. Extra token
detection and increase probability of network congesnoﬁ. ol is added in order to collect overfFI)ow tokgns from token

C tly, th iority | bucket has bedl?
onsequently, another priority leaky bucket has epooI-O and token pool-1.
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Class-0  Buffer-o cell rate that indicates long-term behavior of the source.

traffic :I]]]E ‘ MCRR-0 is the input from class-0 source whereas MCRR-1
I t Ly is from class-1 source. Another fuzzy input: PCRR, is the

m [ Network ratio of the number of arriving cells in the current SP, and

Class-1 i the negotiated peak cell rate that indicates short-term
raffic  Buffer-1 behavior. PCRR-0 is the input from class-0 source while
Token % Token % oken 300l PCRR-1 is the input from class-1 source. The output is TRR

(Token Rate Ratio) which is the ratio between new TR and
TR, where in this case, is equal to negotiated mean cell rate
Figure 1. PLB-EX Model because the policer is designed for mean cell rate policing.
TRR-0 is the output from fuzzy-0 and TRR-1 is the output
When cells arrive at PLB-EX, they are served with theifrom fuzzy-1.
own class tokens and forwarded to network. When token After fuzzy controllers have measured source
pool-0 and token pool-1 are empty, extra token pool haracteristics as their crisp inputs, these inputs are then
exploited by allowing equally access from each cell class tozzified into linguistic value related to their membership
use extra tokens. If there are not any tokens left in all poofsnctions. The membership functions of inputs and output
cells are buffered. Priority is assigned when new arrivingre of triangular shape as shown in Figures 3-5. They are
class-0 cell finds that the buffer-0 is full and no token is lefuzzified into five subsets: Very Low (VL), Low (L),
in token pool-0 and extra pool while tokens in token pool-WMedium (M), High (H) and Very High (VH). The identical
still remains. Then class-0 cells at the head of buffer-0 camembership shapes are used for input and output of fuzzy-0
steal token from token pool-1 and new cell is received in tl@nd fuzzy-1 controllers, because the simulation tests use the
buffer, but the cell which steals the token will be marked &&me source parameters for class-0 and class-1 traffic to be
class-1 instead. able to compare how different the QoS is when priority is
considered.

3. Fuzzy logic based priority leaky
bucket principle

Membership Grade
VL L M H VH

1.0

Fuzzy logic system is implemented in PLB-EX as FPLB-
EX to control the constant Token Rate (TR) in PLB-EX,
thus generation rate can be adjusted suitably according to MCRR
traffic source characteristics. If the source behaves well, it ° 0.450.5 0.9 09510511 1.45 1.5 2.0
will be rewarded, that is, TR will be high to improve QoS Figure 3. Membership function of MCRR input variable
and resource utilization. In contrast, if the source begins ttvembership Grade
violate network contract, TR will be low to detect the
violation and punish it immediately. The proposed FPLB- 1
EX is shown in Figure 2.

VL L M H VH

Cm?:'O Buffer-0
traffic PCRR
:I:[[[[D [ 1 0 0.8 0.9 1.0 1.1 1.2

To
Network i i i i i
— j:[[[m Figure-4. Membership function of PCRR input variable

Membership Grade

Extra VL L M H VH
A i token pool 1.0

0 0.450.5 0.9 0.951.051.1 1.45 15 2.0

| traffic Buffer-1

TRR

[———

Figure 5. Membership function of TRR output variable
Figure 2. FPLB-EX Model
Table 1 gives the fuzzy controller rules of the proposed

Two fuzzy controllers, fuzzy-0 and fuzzy-1, are addeffPLB-EX. The same fuzzy rule is shared for both fuzzy
to produce reasonable rate for token pool-0 and token poepntrollers. The target of the rules is to enforce the source
1, respectively. In every sampling period (SP), ead® respect the negotiated mean cell rate of the network. The
controller measures its source characteristics, as the inpupteposed mechanism allows the source to have some short-
calculate desired TR. There are two inputs for each fuz#m fluctuations as long as the long-term situation is
controller, which describes source behavior, MCRR (Meagspected
Cell Rate Ratio), and PCRR (Peak Cell Rate Ratio).

MCRR is defined as the ratio of the total number of Table 1. Fuzzy controller rule base
arriving cells until the current SP, and the negotiated mean



151

Rule MCRR FCRR TRR
1 VI VL VH
2 VL L VH
3 VL M H
4 VL H H
5 VL VH M
6 L VL VH
7 L L H
8 L M H |‘|‘|‘|‘|‘|‘|‘|
9 L H M
10 L VH M ——>
11 M VL VH E[ON] E[OFF|
12 M L H .
13 M M H Figure 6. ON/OFF source model
14 M H M
15 M v M Table 2. Packet voice source parameters
17 H L L Peak Cell Rate 32000 bps
18 H M L
19 H H VI E[ON] 352 ms
20 H VH VL E[OFF] 650 ms
21 VH VL L
52 VH L VL Mean C.eII Rate 11200 bps
23 VH M VL Burstiness 2.85
24 VH H VL
25 VH VH VL

F le. th that th ok 5. Performance evaluation and
or example, the case that the source sends actual traffi mparison

near the negotiated mean cell rate that can be indicated
MCRR is in M set, is considered. That source will be ) \
rewarded by increasing the token generation rate beyond the!n this section, the performance of the proposed PLB-
normal rate. PCRR is then necessary to be considered if fié @nd FPLB-EX are investigated in comparison with two

short-term behavior of the source is very well, as PCRR §her leaky bucket mechanisms. The first one is the
in VL set, token generation can be more increasefechanism that consists of two ordinary token leaky

However, when PCRR is in H or VH set that indirectl;PUCketS that police each traffic class independently referred

reflects that the source begins to violate the contract, & T1LB- The second one is priority leaky bucket without
more reward is allowed for that source. extra token pool, which is proposed in [6] and referred as

When MCRR is in VL or L set, the source will gainPLB- \B _
credit. On the other hand, if MCRR is in H or VH set, the The selectivity of the proposed policer when the source

source will be punished. PCRR s also considered toget{gpPECtS (underloaded) and violates (overloaded) negotiated
with the MCRR to detect the instant trend of the sourc8€an cell rate contract is determined. The performance is
thus the control will not be so rigid. Following these ideadn€@sured in terms of Cell Loss Ratio (CLR) and mean
the 25 fuzzy rules that can flexibly cope with the dynamiéelay time, which are important QoS's.

characteristics of the source during the connection, are '"€ test system is simulated in C++ language. The
established. According to fuzzy control rules, thdollowing parameters of the mechanism are set for
membership grade of the output is calculated by fuzAfrformance comparison. _ _
inference method. In this paper, the MAX-MIN method is - Buffer-O size = Buffer-1 size = 50 cells in all
selected. Fuzzy output is then defuzzified into crisp value. mechanisms _

The centroid of area technique is -adopted in the 2- Token pool-0 size = Token pool-1 size = 15 tokens

defuzzication to yield desired token generation rate. in TLB and PLB, but Token pool-0 size = Token
pool-1 size = extra pool size = 10 tokens in PLB-

EX and FPLB-EX, thus the sum of pool size = 30
tokens

) : i i ) i 3. _Sampling. period.in FPLB-EX= time that 10 cells
The traffic source which will be policed is described by are transmitted at peak rate [8]

an ON/OFF model in Figure 6. Assume that ON'and OFF © 4 gimulation time = time that £@ells are generated

state durations have negative exponential distributions with Figure 7 shows the comparison of the cell loss ratio for
mean time durations; E[ON] and E[OFF], respectively.  ¢|ass-0 when class-0 traffic transmits cell under their
~ The source parameters are shown in Table 2. The SOUf&otiated mean cell rate. The result indicates that priority
is packet voice service [7], Whlgh is encoded at the ?peedd%fsignment can enhance quality of class-0. The PLB is
32 kbps. Both class-0 traffic and class-1 traffic argsgjized as the better method than the TLB. The proposed
PLB-EX is proved to be of greater ability. The exploit of
extra token pool, which utilizes resource more efficiently,

modeled with the same source parameters to compare hoyy improve the CLR-0. Another proposed scheme, FPLB-
priority assignment affects the QoS of each traffic class.

4. Traffic source model

EX performs the best, because it rewards class-0 traffic with
a higher reasonable token generation rate, thus the CLR-0
reaches the lowest value among other mechanisms.
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can compensate this problem and the CLR-1 is much better,
especially when class-0 has a few loads. FPLB-EX is still
the best because the exploit of extra token pool, which can
receive more tokens from higher token generation of class-0
traffic.

Figures 9 and 10 display the mean delay time that
class-0 and class-1 cells have to wait in the buffer. It is
observed that the PLB scheme cannot improve the delay
time of class-0 cells, furthermore, the delay time of class-1
cells increases. In the different way, the PLB-EX and
FPLB-EX perform better in delay performance than the
traditional mechanisms. It can be concluded that the
situation when class-0 traffic respects the negotiated
contract that the new proposed mechanisms play the role as
shaper and policer, is better than the conventional
algorithms. The effect of underloaded class-1 traffic is in
the similar way, but the cell loss ratio and mean delay time
insignificantly degrade when compared to class-0 traffic due
to priority assignment.

Next, how the proposed policing can detect violation
when class-0 source exceeds negotiated rate, is discussed.
The ideal curve [1-2], which is corresponding to the
percentage of excessive cells beyond the proper limit, is
considered. Figure 11 displays the class-O cell loss ratio
when class-0 traffic is overloaded. It is found that the TLB
technigue has false detection by discarding more cells than
the ideal limit. The PLB and PLB-EX behave in the same
way that they discard more cells than ideal case when mean
cell rate is near the negotiated value. But when the rate goes
higher, the cell loss ratio of both mechanisms is below the
ideal line. This is reasonable because the ideal curve is
derived for conventional leaky bucket while the priority
mechanism assigns high priority for class-0 cells. Thus, the
cell loss ratio of class-0 traffic should be lower than that of
the ideal case. The application of fuzzy logic in the
FPLB-EX makes the mechanism reach near ideal case when
normalized mean cell rate is equal to 1. When class-0 mean
cell rate increases, fuzzy controller will punish the source
by decreasing token generation rate to discard overloaded
cells and it can police traffic better than the PLB and PLB-

Figure 9. Class-0 mean delay time when class-0 is underloadeBt X when normalized class-0 mean cell rate is beyond 1.5.
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The effect of underloaded class-0 traffic to the class-1 Figure 11. Class-0 cell loss ratio when class-0 is overloaded
traffic is as shown in Figure 8. It is found that priority
given to the PLB cannot improve class-1 quality, but its
value is slightly (cannot be seen within the picture scale)
more than the TLB as the trade off. Extra pool in PLB-EX
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of TLB. However, with the implementation of fuzzy logic,

0012 ] this problem is eliminated as long as class-1 source respects
0.164 s g g g—o—o—o—0 the network contract. The result of overloaded class-1 traffic
014} ] is not shown in the paper but it resembles the overloaded
} 0_12//::: | class-0 traffic case.
& 017 —&- PLB J
S .08/ = Fereex || 6. Conclusion
0.06 1
0-04M In this paper, two new priority leaky bucket mechanisms
0.02; 1 are proposed with the implementation of extra token pool

011 17 13 14 15 15 17 18 19 2 and fuzzy logic system on the conventional scheme to meet
Normalized Class-0 Mean Cell Rate several service requirements, such as cell loss ratio and
mean delay time. The main target of new proposed methods
is to improve the quality of low priority traffic, which is
traded off with better service for the high priority class.
085 ] Moreover, the selectivity of priority schemes as the policing
mechanism, which has not been investigated before, is
explored. The simulation results show that the proposed
mechanisms perform better than former techniques when
they are utilized as a traffic shaper. Cell loss ratio and mean

Figure 12. Class-1 cell loss ratio when class-0 is overloaded
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04y o TLB ] delay time are determined and the FPLB-EX is shown to be
03} = gtg_Ex ] the best mechanism. This proposed scheme also acts well as
02} —+— FPLB-EX | | policing mechanism. It can detect the violation cells and
o1 punish them by discarding more excessive cells than the
1 1112 13 14 15 16 17 18 19 2 other priority algorithms. Furthermore, the scheme can
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control the effect of overloaded class, thus the QoS of

Figure 13. Class-0 mean delay time when class-0 is overloadegnother class still remains good. However, the fuzzy logic

o gives disadvantage of the slightly increased delay time of
0k | exceeding traffic cells. How to cope with this disadvantage
. ,//v/,_wa———a—a—a—gj 3 is left for the future study.
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