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AIMASCHANA NIRUNTASUKRAT : AN APPLICATION OF FUZZY NEURAL NETWORKS
FOR USAGE PARAMETER CONTROL FUNCTIONS IN ATM NETWORKS. THESIS

ADVISOR : ASSOC. PROF. WATIT BENJAPOLAKUL. 104 pp. ISBN 974-13-0138-3.

This thesis proposes a novel traffic policer for UPC function in ATM Networks. The architecture
of this policer is based on the Token Leaky Bucket mechanism using a fuzzy neural network, which
dynamically updates the token generation rate. With the inherit of formalized approximate reasoning
offered by fuzzy logic, the control process would be smooth and flexible, and would make selectivity
improvement possible. With the inherits of mapping capability and fast parallel calculation offered by a
neural network, the complexity in inference process of fuzzy logic is eliminated by replacing it with the
neural network. The performance evaluation of the proposed policer is done with a packet voice
source model and is compared to a conventional method (unbuffered ieaky bucket) and the fuzzy
logic window. In selectivity aspect, we compare cell loss ratio caused by policers with ideal violation
probability in terms of Root of Sum Square Error (RSSE). With the proposed mechanism, unbuffered
leaky bucket and fuzzy logic window, the RSSEs obtained are 0.011550, 1.023511 and 0.161944,
respectively. The comparison of the responsive behavior in terms of the average number of cells from
the violating source allowed by the policer to pass into the nelwork before detecting the first cell is
made. The proposed scheme takes action after 359 cells, while the unbuffered LB and fuzzy logic
window do so after 309 and /31 cells, respectively. From the rusults obtained, the fuzzy neural
network approach performs well in both aspects. Despite the slower rejection time compared to the
unbuffered LB, the percenlage of cells detected by the proposed policer grows at the hightest rate in
long term comparison. Moreover, the fuzzy neural network approach yields the highest performance in

selectivity among other mechanisms.
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Fanaeaautinedelnsia (Synchronous Transfer Mode Network) WULSRAIBUARE e
dyoruaziiauiuay Taadasnateestasdynniusiasdeargninasailuinans Frasthy
nemRuSINssiellansofinnson Fedrefamuuarazaan ululasetnae il
nsdnassuLifmavdadtyyniatievlunsissdasinodaunds wsvdesdtygrouaiiauay
pndasnandyneada  (Statistical Multiplexing) nssnAusLM st luiAs ufunTAA
nsnlansninsinaesdesdygoualieulud warfianstisansnLfenMNINTes
1Bmsveanissiafsiiiuey luaniu

esannlasstneindunissemimelfaundigndn fdeaslfiFnusesne

niAnaauvaidinatamieain  Aeaiumnn iduduinasyinWilasdnainauAL-

b
[

X. J o/ o 1
AlS dnnwmmiiassiasiing inillasiumanisnifenaiaha UPC

2.3 nsAu F;NWI?’]_QLWQ%M?’I,‘E {Usage Parameter Control: UPC)

UPC sise damsnansaiiin (Traffic Policer) AanalnlunsHNATIATLITAATIAY
Lﬂﬁﬁzj‘[mmha ru qasesldglaneng (User-to-Network Interface: UNI) e lshifiiladn
Teedtyrrnuaiewvreitiaiaula  avliaziliedannsesy MQNS’ﬂ‘HﬂUTﬂN’H’m UWAZAY
TuvswAnfiazifadennasdanannaniesine I

-nsaziiagas UPC azasimsvifindouiuanndedyanusiiewieitiatien
a7 feuidnglasedne

-nsunmaas UPC fa:ﬁqLﬂ%‘@wmamazﬁ'mmwﬂﬂﬂndqmﬁu@ﬂn’ﬂfaqﬁzycy’]m
wdlawiedtiadoulan unisseAndndadumudrfymsgmetented (Cell Loss
Priority: CLP) a0 0 1 MnfRATNALAY o qnlalulasedne adiittn CLP i 1
favnnavmnﬂuwuﬂ LLﬁdﬂ‘fi%ummvnuTﬂmhaﬁ‘lu‘ﬁmmsmsmmuﬁﬁmqmmnﬂ’n uay
unnsgelRgl Wdnun14usnag LLﬁiﬂ’]i‘ﬂ:’,‘ﬁx}L“ﬁﬂﬁﬁgﬂ‘ﬁﬁLﬂ‘é‘ﬂx'mu’mluﬂﬁﬂ’ﬂﬁ\i 8191 v
Annaalifhusssuedasdyynnuailouudasdas  desannnnsasialildifudngauty
nsazilingamaminainusardes

AATIENIZIBY UPC Tiffasnisie
1. AowaIns0lunsidangs (High Selectivity) luganAR UPC Arsmsaadnuavadln

lawznaminisudiadennaayiiy wazltsela (transparent) fens AN liaziin

IaANA



2. NITARUAUBNTIMTIFANIINISYNNG (High Responsiveness) WatlasmiBhiianas
Aurastiminasaunaidnlulasene
3. st ldeulade (Simple Implementation) WaT ANANNTALYY
4. mlinmsldninensiasetrennays=@nsua (Efficient Network Resource Usage)
nalnaadsTigniave iiuihiinmaindmiu UPC widliifly 2 Uszimmdn e

nalnta3a (Leaky Bucket: LB Mechanisms) uasna inuinsng (Window Mechanisms)

231 nalndssa (Leaky Bucket Mechanisms)

2.31.1 nalndasauuvlaifiivinad (Unbuffered Leaky Bucket Mechanism)

i o a ool ar ! a
nalntlifludanaiinlunsasansmfinhifilaseaieseuandugln 2.1 wiriimes

ueanssouvaainalnlsznaudeaqaEuilauutessiotiy  (counter threshold)  uas

L. 1
T o o e ar ==

ansn5q (leak rate) Y}ﬂﬂ§d‘7\LLﬂdxﬂﬁ’]LﬁﬂN§ﬂL‘ﬁﬂﬂ AnfUATITLIANATRLVIN FtusRsaiul
2 [ A=; 1 ar [ elz rA < - ai.v (% o 2 a' A .:

ATANRIAEERIAIVINILERT T IrasianDausiiiiuTaEuLReuAzgnazie
Butto et. al. [2] Aiasizimgmslszannignadaunisgumietatadaeana indadn

(P,) dialduuuinasdumasinilaunnia-ta Iddeauniss (2.1)

b aA —b'A,

_};' aﬂle-(x.t/b'-,q/a)M —b%z

P, (2.7)

ne 5 AedmsdaAttenTeUMaINn TN
A o pa o o i
a ARARTITIIRNNeFT (UR/Aun)
) Pl [ Y o s =; Al d” a o L= DR b as
b’ Pednsdinvessatiuiissugns srazioanisas HAwiY b - a
<& o [y - A=l‘ ar =
A,  Aedounduresszasnalsasiafauacaiundurersazioa Ry
ell .
LA
M AeruNATaesaTiL
A;l’d = = di 1% s < d‘ ] d‘ 2/
nalniiflsz@nsmwalialdlunimmmadnaeedgagn e We  a~ b usidield
AsAERITAALRALIBINIINAN (Mean Cell Rate: MCR) azinlidnsidaunisgayuitiaes
\1ad (Cell Loss Ratio: CLR) g4 nsufilaifoyyn CLR g # 2 35Re nisiRusmainsssae
overdimension factor (C) vianisisaaGulausasiony FBusniidedude azsinld
are Ui aTnsad RN TTunsAu e ieans  dauldn 2 auinlnnsmau

 AUBNAANNTAZNATIAY
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RdAINUMANAIN aindazia ihglasadng

e e B
I

foyrynndaLAN
ANNNRE
iy

4 a BI/ ) o’ (.8
51 2.1 nalndeiuuulaifidvias

2.3.1.2 nalndssauuuinAunianalndssauuuiitivinas  (Token Leaky Bucket

Mechanism or Buffered Leaky Bucket Mechanism)

nsufleifgmn CLR galunalndefuuybifidvives ieldarusniinalndeiah

Mnradnsasnanetwiidss@ninm  MdlaemaiuAniiwessiudt  Tauiilas-
o A a o a as & i o =3 1 =3

afauanadegln 2.2 wadasgmifvlilufsiviefaundraclasuniAuaintaniAuds

t 3/ o i 2 a L b % ar d’ i 4’ d' =4 1 o
annsodadllfelaseneld nduasgnudasesdnsaAwilegaGundidnnig
nilatniAY (Token Generation Rate) nisgaywizazifaauiamativinaify daiuwim-
Y rdl [ el = o’ Ty 4 1 =3
fmesvinvusanssouzaaenslinde  1nazasfaiidesinud aunvestalndy uay

ansnenIlainAL

uvaaduiia

11, 7

faives

> unasduiia
4

veTnifiu

W e A o
fafudia Ty

WTINTAHATMAY
:il o nlz o
al¥i 2.2 nalndefaunuinify

widrAnTinasazmnld CLR amadliting uinalnaziinnsmavauasdnas wasuin

piaan sl CLR anaannn azsiasldriinasaunaluadvinldiitiynnasdsdaa
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2.3.2  nalnuminang (Window Mechanisms)

nalniifivannisha Wudnuuasanavidnglasadralupiunausiazany (period)
Ll LT . ] v 16 o : 4 o = 1 .- L 7N .
Wiantinane (window) waasntinselilfifiuA i uuaFandt Insianiitane (window
.. < =l = r::} o ar wooa L N . = o e
imit) unaln3eiinnsfimaiNdrAty 2 5 Aa 2UNAT89MTINFNN (window size) Waslindnmin

L7 ]
UUIRAN

2.3.2.1 nalnminsianselan (Jumping Window Mechanism)

1
=}

é’ L7 ] d' ] :J <4 2 ' = 1 d: o :vlld
na'anﬂuna‘lanm\mmsngﬂ AR wisNRIAAuazsailleasie Tnanln
o v 4 = o o

° ' 5 s 1] 1 1 GJO 1
fafiautisneliAintulundisnan i daunnseshdrdyhgaraanalniife i

o N

’
] = = v

AeilqaBusuRaasn wngldneiu azamnsndnasugdutas ifgeaaiia 2 winresdnanin

] s

74 1

v 3 - v v o 2 3
wisng Tnsutiasedayadeluy 2 wiise nsineusasnalnuiistensslnasutsdaun

' [ 1 ) as t=‘
wsmmnmqummmgﬂw 2.3(n)
2322 na‘lﬂmi"wi'maﬁ'auﬁ (Moving Window Mechanism)

nalntiWmunannnalondisinanselang TnaiuunanBusmaeusacutinsna i
1 %4 o =2 L2 v <8 2 ¢ -ﬂl ¥ l:i‘
wianiunisantiaremn o wed seslfwdleunivhaseulumuunuos luausiaun
2 ' < o o 8/ ) ar 14 ° : o ni
2INTNFNUAZTANAAMTEANIIAIAIN Nsieuzeanaintluanssiagilil 2.3 (@)

2/ 1 k4 ] d‘ a} b 4 2/ ] 1 4 ¥
widmisinamaeunazuiilymaestisnmnselanld uiluanziaalan nalnaia

=Y

s ldiag A gegailudnunvinivandaiauinsing IntenivedieBelunisdseifiu

[
aaial

anunuznsinluszazenn Janusuiuetneieiaun antinANeasfaendeuIn Auiuns

< 4: <A [ t o =
Auflun1s@udasaminannsuiag mmmmu”l.ﬂ

2323 na‘lnuﬁﬁﬁhan‘iﬂﬂmu.m'imm'm (Triggered Jumping Window Mechanism)

d"d 1% QR o 2/ ] 2 L] < nl v 2/ ] '
nalnidl AuARIEARINUMNRNNElan daunnsiAa AALTHAUYBINUIAN sa

z > 0] d, 27 1 4

aufinguisedlaniisnendugaaudoniany dunisuniereagadtall nsvinnuaes

b b

- nalniinanslFlugdyl 2.3 (A)
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b 0t nnimn i 000 O

LRUT
<— WsaR n —> % wihsined 3 —9‘@ wWinginadl 2 -9(— wifeined 1 —)
{m
0 0 [ RARRCO0ID Iiiniml
: : v : : — 198
<— wisinadi n '%’ <— m’iﬁmqm %'
: & ufi'whm?ilzg—j
“ whenais
(M
0 0 0 10000000 0 0000
> 181
'€— Wi -9' '(— Wi 3 —%- Wi 2 —) ‘@ e 1 —)'

D a1y

(@) 4
l RaNgNAsiia

] !
o o v ]

= o ll L ! & o L} L 2] P e
gﬂ'Vl 2.3 YRNN1TUNNK AVUIFRULUAN HBENTIRUA NTAITINANUIRINNINY 4

(n) wiisinenszlan (1) wiisnaunaeuil (A) wisanselanuuuaatua

23.24 nalniefaadaufidishwinuuudndimunieaa (Exponentially Weighted
Moving Average Mechanism: EWMA)

[ % 3

EWMA usnsisannalnuinsneatindu  adadaiawisheldvindulumdasiag
]
9

o o t 4 t

< 3 1 A 1 :" o’ : A B o
= wdszuiisng luenesfiausremdisinaiudiaiad Indnfiaeestsnen i (v,) Awans

ANANNIY (2.2)

Ni _ Ni—l —}’Si—l (2_2)
I-y
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- ) A Y +
Tng y Aevwsfiwafaruauantaveuransin We y =0 nalntasiluwisnzion
< ] s LY 3 < o rﬂ: <4 L
way S, AenasaNdominuuuSndwudusges S, fuauamgadnnt e umutieing

au (X)) T S, Anandldainaunish (2.3)

Sia = (1_ Y)XH +15,., (2-3)
2.4 nsiszifiudssansnnrasnalnasiansiiiin

anAndnEiFammasiansmanewiinluided 2.3 unmnlssfiugnenns
Auaruntalunnniden (Selectivity) wnBauifiauainmnainnsnlunimmainivan
\ins (Overload Detection Capability) nanaAednsdounsgoymiaaetss (CLR) Fuita
wansansaansmiinasindiAsaiurhazilursinisesfinganas (Ideal Violation

[ A = & o ns
Probability), P, , faannisi (2.4) uaziduunswliifsgy 2.4

P, =—— (2.9

Tae o An dnsuzeaRdaszazaInuManlinnuefuaaladuda (Normalized Long-

term Mean Cell Rate)

10 .

CLR

10

82

U 2.4 dulfianuhasiiunissuilingauns
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[ <4 [ -~

nptlsvassatramiliaadinerfinudainiififenaimursansaanawilniingos

1 1.4
ar

fnsmadiafe  AuluwinsaiisneaniuusaasaansAn A Nainso unIngma
Falwantudrlnddulfainsasdinganailfunnuinle  danasinlinisldnineinsiag-
dnenlsendmauying wananii famseansmAnliasvinltiia false alarm probability
u“}@ﬁmmmumﬁqmmﬂm'aalfmﬁl.ﬁmmnﬁqmq@wﬂwﬁnqmdw QoS 484N HN
nsUsziliuauant@inismeuaue?  (Responsiveness) MaldlaenisilFauien
ﬁﬂuqumm’ﬁna’lnLLrviaz@thqﬂ@ulﬁmuﬁﬂzﬂﬂwﬁﬁﬂﬁ@m:ﬁmm:ﬁ\wnaﬁmn UAZERI

ny o« o L& dl' 2 2 2 =y -ﬁ!
ﬂ']?ﬂZ'VNL‘II'E‘]@ﬂ”lﬂﬂ@\‘iqqﬂﬂ’]ﬁ‘ﬁ?’ﬂwnmﬁﬂLL‘J‘ﬂLN"ﬁJEﬂ‘ﬁdﬂﬂ?’]ﬂﬂﬂﬂ’)ﬂiﬁﬂﬂmuﬁmﬂﬂ‘MLN



P
unn 3
HUUINARILUAINUNARRENAINASTIaNs NN

3.1 wuusisaunardanlflummagau

mvagaLlduuusiasvaaidinuuilsas (Bursty Source Model) WiauLL
aaaunaanilauuLitla-tln (On-Off Source Model) @miunsAn packet voice

wiaanufinaze i 2 anuvAesnusidasiiazan uz ey (silent) 59 me'l,ugﬂﬁ
3.1 Tugoundisas wnsainfinazdutadingdnsaivinfusnssadarsen Tnafidnu
wadluudazidsas (X) Smsua nuasuunistnadla (Geometric: Distribution) e p Ae
priazifluzasmslifioued azlfdafiuananihaniuiazAiadzaes X (E(Xx))

wansldFaannIai (3.1) uay (3.2) MINATAL

fsp)= Jp( —pf ;x€0L.0) (3.1)

; otherwise
E(x)=1=2 | (3.2)
p

uazseezaRey  (s) umsmnmwmumumnm‘?wmummmau (Negative
Exponentlal Distribution) e g AaszaznarRaineiy ﬁqnmumwm@%ﬂumm‘lmmmu-

are (3.3)

|

f(s:8)= %6_” (3.3)

L 3 o é’ < ‘ ) =4 ] ' 4 . [
wiRealunisidenfuuuanassfimesiannudrguastinveu nashasuismuiu
Aaine e 1y dnsaadAfuen Sneaadiadn uazszaznandfasigagn et

Tudaszsiaii
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NITUANURIULL ANTUANLAUUY
1991Atln end i d aaidaay
Burst Silence
1] nonnnf pnog
>

A (LI
717 3.1 wuuRnseswsiulinuuLdle-Us
d = = e i o .J N
Wiasannfaeiinisesiiiutss@ninmaaanalnlpeFaudieusunalndy  [1, 6]
paanila R v AgenRIsNBIAINIURARAINAN9E ATTIUNNTIR RS UNITANARILUAT

AiansAn packet voice azutalsiiu 2 wuusuanalunisai 3.1

i o Iy ° oo e
ﬂ’]?'ﬁ\?'ﬁ 3.1 W’ii"}NLME?“’H@QLLUU’%'W’Z\]@QLLM@QT’]’]Luﬂﬂiﬂuﬂ’l‘a‘ﬂﬂ@@u

= '8 o i o al

WITNBAT WLLA88R 1 WLLRNABNN 2

STHTIANTIRINM TN TNIBIUAR TR
16 ms 12 ms
(Cell interarrival time : A)
L [ AI [} o o .
PNuanradiansluusiazidsas (E(X) ;; 5 29
srgLInAN LR AT
147.72 ms 650 ms

{Mean silence duration : E(S)) ;
ans1Lngeqn (Peak Bit Rate) 32 kbps 32 kbps
ARTNTARLDAY {Mean Cell Rate : MCR) 21.96 cells/s 29.06 cells/s

e fnraadiadtraanHAnAalFRINANNTT (3.4)

pcr=— E&) (3.4)

T EGn+E(Q)
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32  TassahaaanalonssanswiniifiuSeudiau

o/ o = = o A ° = - o
madngUsrasdaedinandnug  nalnaueargnihlwBuufeulss@nEnmiiu

naln 2 nalnda nalndeuuuliitivaes [1] uaznalautisialadasan [6]
321 nalnfasuuuldiovhivas

o 1 ° v i o e v . o o
MANNNSHUTIMUATNIINNNUTRINA IndeTa LY lTmwasignanteluugalusia
A o hd t L3 - J ] :‘/ o '
a7 2.3.1.1 IntRLNAGALALULLAIABWNAINURALLLR 1 Wk wislmefeasnaln [1]
o ﬂ./ H - a @ =) 1 ar g H A
senaufaadmsnFawiniu 31.24 asseswnvizaily 1.42 whadnsmmasieasnnnald

2 WANUaLAANTARTLWNAL 45
322 nablnuwiiAeaNgdaaan

nalnutsindedaedn [6] ilunalniiilanainiugrudunalnudisnssion

wazWadaaAnALANMsIRNTRAATEsT A TRTaeissell (AN,,) Taseaiaeans-

-
Inuanassglin 3.2

A

< »| Fuzzy Controller

A

M N AN

i 1

Y
cell stream frome source . . to network

Processor Jumping Window

717 3.2 uuudnasanavinenzenalnudisnaledanan

Bunnravsanuaniiasdntsznaudan

" SnuuadTunRaeansie 1 wihdwGudusGudunisse (A,) WiaFidntsenausag
A, ={Low (L), Medium (M), High (H)}

" AT Rl AN | (4) ffadidmlsznaudiag
A, ={Low (L), Medium (M), High (H)}

= Gpanrinaaandised i (V) BT dmlssnasdian
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N, ={Low (L), Medium (M), High (H}}
- a PR = A & « o o L7 § A .
Lm:mevgmﬂa\mqmuquﬂsn'nmmammmmmﬁu@ﬂa BAIMAUN VUGN l+_1
(AN,,.) fanFnioFigniu

AN, ={Positive 'Big {PB), Positive Medijum (PM), Positive Small (PS), Zero Equal
(ZE), Negative Small (NS), Negative Medium (NM) ,Negative Big (NB)}

Warifuann@n (Membership Function) & WFUNTTIERU0@UNRLAZIBFHALRAIN

7117 3.3(n)-3.3(n)

s M H
0 0.5N N 1.5N MAX
(ny
L M H
:
)
H
i
1
\
0 0.5N N 1.5N MAX N
(2)

NB NM NS ZE PS PM PB

|

0 _4NM6-3N/16 -2NM16 -N/16 0 N/16 2N/18 3N/16 4N/16

()

4 . [ .“ g o ) -
77 3.3 Werifuaundnd mivisfiunsaina innihilsisedn
M A, A N, (a)4n,,
- [ ‘L - 1Y -~ o t_ o - = v ]  d
wnimsfranalnildmasauiuuuudisasumasiliouuud 1 1un N = 32 e,

N,=3.5N, N, ., = IN, MAX = 90 1188 Uaz11awninsing = 1,440 ms

i_max
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- a 4 o o t 2 - 4‘ ) 4
wlmesuaanainilineseuiuiuudasunsainfiauuun 2 1fud N = 87 1984,

« 1 X . A
N,=35N,N,,.. = 9N, MAX = 230 lI&& LAZIHAMTIsing = 3,000 ms npuguiaTildlu

i_max

v . 4
Tumew inference wanalilupnain 3.2

| k4 o o ar a )
9197 3.2 NEANgWRTEd WL inference ravsaArLANTTEanAnTunlnuEsng

Wigaean

Rule # A, N, A, AN,.,
1 L H L PB.

2 L H M PS

3 L H X ZE

4 M M L PB

5 M M M PS
6 M M H ZE

7 M H L PB

8 M H M ZE

9 M H H NB
10 H L L PB
11 H L M PM
12 H L H PS
13 H M L PB
14 H M M PM
15 H M H ZE |
16 H H L NS
17 H H M NM
18 H H H NB




3.3 TassdafeaaemnasansiininaldWagniasaaiunasn

o ) A k73 <« - T [ H H .
fammansminildweitesesndinilassaindgli 3.4 wanaiildlasaais

1al o & o f s 4 o = y
Uit e fuaziinsmavauaadananglnuiving e Wedaeanunssgnsidiousos
- Addlarnuduldidfaswrimisansaauulasaaindanannifilss@ninmandinalnuiih-
| . - a v a Y a b, - raly o a o « '
AaisiaednuaznaindaiuuuAuan wanainti windwaiidanAaivinefiaslaiy-
idndeanunsathan Millumunuresdnensnaindudn ld e lifadisndszucana

(Processor) WNWANAN

Aiaes
D = 1 . J— To network
AN
CV c [
Fuzzy Neural N :
Network "
[E25.: ]

4' o a ar a./ ol oy a5
77 3.4 wunsrasamsineaedna indeiaNegiasaaunia

nsieurednalnZuainduynrasisdioseamaifniuiusuusesdnemns
nimAnlurelen nﬂzdmwmmmwnq PILIAIANT ARy aLGandy Aunandn-
Faeting (Sampling Period) @uummm‘lm:gnﬂ@uiﬂﬂummmuﬁﬁﬁqmmumﬁi’nLﬁ@.ﬂ'}
A unnesmarednsmsindaimAuluaunandald

m?ﬂfanLLuuna‘lnéumnﬁwumwwmﬁmﬁm‘m Iurrwnrasfaiviessdudn
(8) 1wnaeLialniA (P) uazAtLnAYEnFnat N (T,) Tmuﬁmum‘lﬁzﬁ’uﬂ’uﬁﬁuwwdﬁLrﬂfaﬁ‘

289 NINANIINUARINURAUAB LY ALAA WA 3.3

- dugndunslndeiuuniniduy  esanidnmdaunisgonareaadtiaandideuun
I
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FN9NT 3.3 WIaefaena InfedaNaT i saamasn

o )] o -9 ‘J o 1] (-] - d‘
Wﬂ?ﬁﬁlﬂﬂ§ LULRIRBILLRAINHALL LN 1 LU VAINALLLY 2
10 | 30
B
= 2E,(X) ~ E,(X)
P 500 3,000
230 ms 1,000 ms
T
° =E,(X)A + E,(S) =E,(X)A + E,(S)

-

wisnanii s WA wie funstinaaeuivuuudaasunsaidiouuuyn - 2 &

o oo )0 e a 3 < o e} o i ' [ 4
WNAFNANETY E(X) aatunasiuiiasindtlunsiiiuyaiaequusi 1 Aradrauiatiwines
duiuslneaseiunalsydmamaniiln - Astiunisdmus aunsivivasingjswiullaa
Tdhdunadiseanssouzeeanaln  lunmaljifnsdmnaseaivimesiuaunardnsaatie
= v 3 ° o ar < 43 <} ar d‘
HnastannsentsiusilituanBnuasngiuguied uinnevdy nmsilasuninetes

- l‘i’/ - -3 k74 o C! k24 d' 1 4 ! a’ o :’1 e ° H
WATIHIADTYNADIWENLRNUBE 11 Winantmmagaui lduansteiuunn AatiuReutluntng

’ L &
P I3

faazfaaiuanifiine fMaedilinadaneunisiaifusundnuasngiug i
Hlfnannisassiinaesgn (tial and error) uaLliu {tune) aulinaiiiwala Tuanieh
] a s o A ) 4 [ . ar =
guarastiainiAudssunsadfunReulimunzanidniands  woznne i Fuanidn
d’ < [ -3 d’ < 2 ﬂl 3 1 A
waznpranile  analuaresiemAunmanzanyvTaanssouzaens Infieg ludaed

siaanslevans Al InananimadauassaiLaniagy

5131/!51‘1!@\1[31"2ﬂQUP}N’N‘ﬁﬁQ?ﬂ@LuﬂFﬁﬂﬁL’&u@ﬂ‘i‘tﬂﬂ‘uKzf’JE}
" uauaad WAsWiesdud Ied i ndsznausas
N, = {Zero (Z), Low (L), Medium (M), High (H), Very High (VH)}
* mosulasulasrasdmnumadudarinesdnadn Saddmlssnanday

ANc = {Positive Big (PB), Positive Small (PS), Zero Equal (ZE), Negative Small
(NS), Negative Big (NB)}

= aquoulnAuluda Ay Sfeddmlsznasdae

N, = {Zero (Z), Low (L), Medium (M), High (H), Very High (VH)}
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" gpsnisnadiainan Adstdndssnaudion
R, = {Positive Big (PB), Positive Medium (PM), Positive Small (PS), Zero Equal
(ZE), Negative Small (NS), Negative Medium (NM) ,Negative Big (NB)}

« as elsn. a g nl = [ © @ & =t =l
LL@SL’E’]’IMW‘WH’N[ﬂQﬂQUQNﬂ‘H“ﬁuQTﬂ@L'L!E]L‘lﬁ‘ﬂjﬂlﬂuﬂﬂﬂ RN NTA ILAUR WD

Wmalsznausae

R.,, = {Positive Big (PB), Positive Medium (PM), Positive Small (PS), Zero Equal

i+1
(ZE), Negative Small (NS), Negative Medium (NM) ,Negative Big (NB)}
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Rule # N, AN, Ny R Risi
1 y4 NB z NS PB
2 y NB y ZE PM
3 z NB g PS PS
4 y NB Z PM PS
5 Z NB z PB PB
6 z NB L NS PM
7 Z NB L ZE PS
8 z NB L PS ZE
9 Z NB L PM ZE

10 Z NB L PB PS
11 z NB M ZE PS
12 y NB M PS ZE
13 Z NB M PM ZE
14 z NB M PB ZE
15 z NB H PS ZE
16 y NB H PM NS
17 Z NB H PB NS
18 Z NB VH PM NM
19 Z NB VH PB NM
20 y NS - NS ZE
21 y NS ya ZE PS
22 y NS y PS PS
23 Z NS z PM ZE
24 z NS Z PB NS
25 z NS L NS PS
26 z NS L ZE PS
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Rule # N, AN, Ny R; Riws
143 VH NS z PS ZE

144 VH NS Z PM PS
145 VH NS z PB ZE
146 VH ZE z NS PS
147 VH ZE z PS ZE
148 VH 7E z PM ZE
149 VH ZE z PB PS
150 VH PS z NB ZE
151 VH PS z NM PS
152 VH PS : NS PS
153 VH PS z ZE NS
154 VH PS z PS ZE
155 VH PS z PM NS
156 VH PS 2 PB NM
157 VH PB Z NB NS
158 VH PB y NM ZE
159 VH PB z ZE PS
160 VH PB z PS NS
161 VH PB z PM NM
162 VH PB z P8 NB
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AR3daUNITGTYUELATAR (CLR)

o ) T | wising fasairdanan

R Waiieedn | p=500 | P=750 | P=1,000 | P=1,250
1.00 0| 2.72x10° | 1.20x10® | 5.68x107 | 2.28 x107 | 1.48x107 | 1.39 x107
1.05 | 0.047619 | 1.23x10™ | 0.006251 | 0.045453 | 0.043901 | 0.042832 | 0.042044
110 | 0.000909 | 4.18 x10°* | 0.042459 | 0.086023 | 0.085289 | 0.084943 | 0.084089
1.15 | 0.130435 | 0.001046 | 0.075721 | 0.126144 | .0,125871 | 0.125900 | ©0.125466
1.20 | 0.166667 | 0.002650 | 0.106194 | 0.164571 | 0.164284 | 0.164422 | 0.164316
1.25 | 0.200000 | 0.006442 | 0.141128 | 0.199337 | 0.199143 | 0.199102 | 0.199187
1.30 | 0.230769 | 0.012370 | 0.180980 | 0.230471 | 0.230456 | 0.230455 | 0.230473
1.35 | 0.259260 | 0.020907 | 0.222902 | 0.259112 | 0.255004 | 0.258977 | 0.258852
1.40 | 0.285714 | 0.033161 | 0.257624 | 0.284840 | 0.284569 | 0.284452 | 0.284309
1.45 | 0.310345 | 0.052291 | 0.278539 | 0.308322 | 0.308321 | 0.308316 | 0.308318
1.50 | 0.333333 | 0.070369 | 0.295815 | 0.330780 | 0.330762 | 0.330773 | 0.330725
1.55 | 0.354839 | 0.092810 | 0.320116 { 0.353285 | 0.353282 | 0.353277 | 0.253266
1.60 | 0.375000 | 0.116038 | 0.346629 | 0.374439 | 0.374422 | 0.374418 | 0.374411
1.65 | 0.393939 | 0.138423 | 0.369145 | 0.393489 | 0.393486 | 0.393486 | 0.393472
1.70 | 0411765 | 0.157175 | 0.388776 | 0.411108 | 0.411107 | 0.411101 | 0.410993
1.75 | 0.428571| 0.171456 | 0.408327 | 0.428220 | 0.428218 | 0.428218 | 0.428216
1.80 | 0.444444 | 0.185022 | 0.426460 | 0.444197 | 0.444193 | 0.444191 | 0.444185
1.85 | 0.459459 | 0.203943 | 0.441917 | 0.458639 | 0.458633 | 0.458629 | 0.458627
1.90 | 0.473684 | 0.227428 | 0.455653 | 0.472099 | 0.472095 | 0.472096 | 0.472063
1.95 | 0.487179 | 0.239408 | 0.469620 | 0.485416 | 0.485416 | 0.485408 | 0.485392
2.00 | 0.500000 | 0.244200 | 0.485390 | 0.499566 | 0.499565 | 0.499563 | 0.499561
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fndUNGIUMNEUBNLTRA (CLR)

- 595 | wihsing Fasaflndanan
NANAR . -

: WaE80d3n | p=500 | P=750 | P=1,000 | P=1,250
1.00 01]272x10° | 1.20x10° | 5.68x107 | 2.28x107 | 1.48x107 | 1.39x10”
1.05 | 0.047619 | 5.20x10° | 0.006120 | 0.045327 | 0.04396 | 0.042911 | 0.041928
1.10 | 0.090909 | 8.40x10° | 0.033800 | 0.085716 | 0.084884 | 0.084937 | 0.084181
1.15 | 0.130435 | 1.50 x10™ | 0.058700 | 0.126247 | 0.126233 | 0.126397 | 0.125945
1.20 | 0.166667 | 0.000345 | 0.086226 | 0.164925 | 0.164942 | 0.164861 | 0.164853
1.25 | 0.200000 | 0.000900 | 0.124920 | 0.199142 | 0.199212 | 0.199130 | 0.199125
1.30 | 0.230769 | 0.001890 | 0.166720 | 0.229893 | 0.229933 | 0.229896 | 0.229926
1.35 | 0.259260 | 0.003600 | 0.202346 | 0.258841 | 0.258850 | 0.258912 | 0.258924
1.40 | 0.285714 | 0.006899 | 0.232240 | 0.285585 | 0.285585 | 0.285585 | 0.285585
1.45 | 0.310345| 0.012900 | 0.259714 | 0.309731 | 0.309744 | 0.309700 | 0.309722
1.50 | 0.333333 | 0.023442 | 0.287270 | 0.332208 | 0.332217 | 0.332189 | 0.332194
1.55 | 0.354839 | 0.039700 | 0.316433 | 0.354130 | 0.354132 | 0.354117 | 0.354022
1.60 | 0.375000 | 0.060940 | 0.343570 | 0.374911 | 0.374915 | 0.374917 | 0.374902
1.65 | 0.393939 | 0.085400 | 0.365627 | 0.393812 | 0.393845 | 0.393954 | 0.393947
1.70 | 0.411765 | 0.110488 | 0.385410 | 0.411419 | 0.411476 | 0.411452 | 0.411403
1.75 | 0.428571 | 0.134200 | 0.405811 | 0.428200 | 0.428300 | 0.428277 | 0.428259
1.80 | 0.444444 | 0.157248 | 0.424480 | 0.444280 | 0.444277 | 0.444289 | 0.444163
1.85 | 0.459453 | 0.180900 | 0.439212 | 0.459416 | 0.459411 | 0.459410 | 0.459228
1.90 | 0.473684 | 0.204011 | 0.452290 | 0.473599 | 0.473591 | 0.473595 | 0.473568
1.95 | 0.487179 | 0.225200 | 0.468919 | 0.487110 | 0.487111 | 0.487104 | 0.487065
2.00 | 0.500000 | 0.242866 | 0.493212 | 0.499866 | 0.499857 | 0.499849 | 0.499842
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s WauLlarn E(X)

SMTHUNTGEYMILTBAUTARA (CLR)
o | wihsna fiiaiaaan
fANAD o
We9a88n | P=3,000 | P=3,600 | P=4,200 | P=4,800

1.00 0 1.14x10° | 7.47x107 | 4.48x107 | 4.52x107 | 3.62x107
1.05 0.047619 |  0.033753 { 0.049302 | 0.047034 | 0.047636 | 0.044460
1.10 0.090909 | 0.087029 | 0087903 | 0.086122 | 0.085176 | 0.083660
1.15 0130435 | 0.127244 | 0.124421 | 0.123470 | 0.123311| 0.121244
1.20 0.166667 | 0.155668 | 0.159536 | 0.158720 | 0.158857 | ©0.157186
125 | 0200000 | 0181736 | 0.192633 | 0192217 | 0.192120 | 0.191118 |
1.30 0230769 | 0211353 | 0223924 | 0.223672| 0.223388 | 0.223132
1.35 0259260 | 0.247115| 0.253810 | 0.253736 | 0.253397 | 0.253372
1.40 0.285714 | 0278009 { 0.281407 | 0.281346 | 0.281128 | 0.281108
1.45 0.310345 | 0297832 | 0.306133 | 0.306040 | 0.306142| 0.305887
1.50 0.333333 |  0.310451| 0.328640 | 0.328589 | 0.328943 | 0.328509
1.55 0.354839 | 0.325479 | 0.350124 | 0.350022 | 0.350314 | 0.349877
1.60 0.375000 |  0.342940 | 0.370700 | 0.370690 | 0.370678 | 0.370697
1.65 0.393939 | 0.360739 | 0.390620 |  0.390601 0.390607 |  0.390807
1.70 0411765 | 0.378184 | 0410291 [ 0.409162 | 0.409291 |  0.409288
1.75 0.428571 0.394947 | 0426322 | 0.426315| 0.426327 |  0.426295
1.80 0.444444 |  0.411373 | 0.442081 | 0.442105 | 0.442086 | 0.442066
1.85 0459459 |  0.427920 | 0457331 | 0457322 | 0457328 |  0.457309
1.90 0.473684 |  0.444393 | 0.471905 | 0.471903 | 0.471903 | 0.471903
1.95 0.487179 |  0.460713 | 0.485622 | 0.485619 | 0.485619 |  0.485617
2.00 0.500000 |  0.476444 | 0498259 | 0.498255 | 0.498255 |  0.498238
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ANTIIN 4.6 ammmum?@mmmﬂq L‘ﬁﬂﬂ“ﬁ\lLﬂﬂ@ﬂﬂﬂﬂiﬂm?’lﬂﬂi"mwﬂy} g

a7 (ilauLlsen E(S)

fRsdanmegryuIe1eaTas (CLR)
- R e faFairiaean
fANAD A
Heaaasan P=3,000 P=3,600 | P=4,200 P=4,800
1.00 0 1.14x10° | 7.47x107 | 4.48x107| 4.52x107 | 3.62x107
1.05 0.047619 | 0.009758 | 0.038269 | 0.036460 | 0.034946 |  0.033321
1.10 0.090909 0.04346 | 0.061624 | 0059876 | 0.058322 |  0.057209
1.15 0.130435 0.0987 | 0.098812 | 0.097724| 0.096546 | 0.095774
1.20 0.166667 | 0.150212 | 0.141856 | 0.141331 0.140714 |  0.140102
1.25 0.200000 01772 | o0.477710| 0177523 | 0177302 | 0.176867
1.30 0230769 | 0.198006 | 0208636 | 0.208503 | 0.208544 |  0.208413
1.35 0.259260 0.2327 | 0.239644 | 0.239547 | 0239635 | 0.239608
1.40 0.285714 | 0.268363 | 0.270224 | 0.269976 | 0.269955 |  0.269621
1.45 0.310345 0.2898 | 0298350 | 0.298333 | 0.298312 |  0.298298
1.50 0333333 | 0.305184 | 0.324316 | 0.324299 |  0.324303 |  0.324278
1.55 0.354839 0.325| 0348237 | 0.348221 | ~ 0348200 | 0.348186
1.60 0375000 | 0.346276 | 0.369713 | 0.369698 | 0.369698 |  0.369678
1.65 0.393939 0.3644 |  0.388921 0.388847 | 0.388815|  0.388795
1.70 0.411765 | 0.380828 | 0.406852 { 0.406840 | 0.406756 |  0.406570
1.75 0.428571 0.3979 | 0.424840 | 0.424826 | 0.424812 |  0.424788
1.80 0.444444 |  0.414765| 0442336 | 0.442329 | 0.442316 | 0.442316
1.85 0.459459 0.4301 0.458736 | 0.458717 | 0.458725 | 0.458668
1.90 0.473684 |  0.444717 |  0.473534 |  0.473524 | = 0.473501 0.472455
1.95 0.487179 0.46 | 0.486455 | 0.486362 | 0.486379 |  0.486223
2.00 0.500000 [  0.477141 0.497097 | 0.496850 | . 0.496722 |  0.495556
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ABSTRACT

This paper presents a feedback fuzzy leaky bucket algorithm for
Usage Parameter Control (UPC) in Asynchronous Transfer Mode
(ATM) networks. By comparison with the conventional methods,
leaky bucket (LB) and fuzzy window, the proposed policer has
better responsiveness behavior, and selectivity performance
approaches closer to the ideal violation curve than the other two
methods. Therefore, the bandwidth can be used more efficiently,
and more precise traffic control can be achieved.

1. INTRODUCTION

Asynchronous Transfer Mode (ATM) has been accepted as the
transfer and switching techniques for the future B-ISDN
networks. The ATM solutions can support various types of
services (data, voice, still pictures, video, etc.). All information is
packetized into fixed length packets, called cell, and transferred
by the use of statistical multiplexing without flow control
between the user and the network. To avoid the network
congestion, ATM network utilizes two major traffic contro!
mechanisms, Call Admission Control (CAC) and Usage
Parameter Control (UPC). CAC, active in the call setup phase,
decides whether to accept a new connection, depending on
whether the required Quality of Service (QoS) can be guaranteed
for both the existing connections and the new one. Depending on
the negotiated parameters, CAC can prevent the network from
congestion only if the user does not violate the traffic contract.
Therefore, UPC or policing function is necessary to be
implemented at User-to-Network Interface (UNI) point to
monitor characteristics of traffics entering into network. The
policing mechanism must operate on all connections during the
entire call process, as well as, fulfill the following basic
requirements: high selectivity, high responsiveness, simple
implementation and resource effectiveness.

Inspite of its simplicity, definitely, the use of the peak rate
policing wastes more network bandwidth, compared to the use of
mean rate policing. Therefore, many literatures turned to find the
way to police traffics with the closest performance to the ideal
mean cell rate policing in order to achieve the most efficient
usage of network resources.

" Several mechanisms were proposed to cope with burstiness
characteristics of ATM sources, and can be categorized into two
conventional groups, Leaky Bucket (LB) mechanisms and
Window mechanisms. In [1], it was proved that leaky bucket had
the most satisfied performance in both responsiveness and
selectivity. Butto, et al. 2], derived the equation to approximate
the Cell Loss Ratio (CLR) of leaky bucket, and came to the
conclusion that LB cannot police mean cell rate and burst
duration of traffic efficiently while keeping the CLR low. It

needs to be pointed out that in conventional way, to achieve both
selectivity and responsiveness simultaneously is not possible.

A novel scheme of fuzzy logic approach is presented in this
paper. Based on token leaky bucket structure, the proposed fuzzy
policer performs high selectivity performance with. satisfied
responsiveness.

2. RELATED WORKS

Of all the policing mechanisms proposed, Leaky Bucket {LB) is
the most popular. Despite the simplicity, it is not suited for
policing burstiness traffic due to high CLR and non-flexible
performance. Since it is nof possible for policer to obtain
complete statistics of the input traffic, in recent years, many
literatures turn to one of the alternative solutions, Artificial
Intelligence (AI), to solve non-flexible control problem [3,4,5,6].
Tarraf, et al. [3] proposed to use two artificial Neural Networks
(NN) for UPC. Ndousse [4] presented a fuzzy policing
mechanism called virtual Leaky Bucket. In this scheme, fuzzy
logic was applied to control the number of tagged cells in
addition te normal cells. However, the study seems to provide
only throughput performance, but no evidences related to
selectivity or responsiveness were given. Catania, et al, [5,6]
proposed the fuzzy expert system based on window scheme. The
policer rejected any cells arriving in each window that is greater
than the allowed window limit, which is dynamically updated by
inference rules based on fuzzy logic. Although the performance
of this mechanism was excellent in terms of selectivity, it took
control action rather slowly compared to the conventional LB.

1.  SOURCE MODEL AND
PROPOSED FEEDBACK FUZZY POLICER

In this paper, the on-off or bursty source model of packetized
voice with a peak bit rate of 32 kbps shown in Fig. 1 is used. The
number of cells in burst period, E(X), and the duration of silence
period, E(S), are geometrically ' distributed and negative
exponentially distributed with mean values of 5 cells and 147.72
ms, respectively.

The proposed feedback fuzzy leaky bucket model is shown in
Fig. 2. Fuzzy controller is employed for controlling the token
generation rate. The fuzzy controller has four input linguistic
parameters consisting of the number of cells in input queue
buffer (N¢), the change in number of cells in input queue buffer
(ANG), the number of tokens in token pool (N,) and the feedback
data which is the token generation rate in the previous sampling
period (R;)
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The membership functions of all variables, derived by adhoc
method, are shown in Fig. 3. All parameters, except token
generation rate, are fuzzified into 5 fuzzy set members
consisting of Negative Big (NB), Negative Small (NS), Zero
Equal (ZE), Positive Small (PS) and Positive Big (PB).
However, two fuzzy set members of Negative Medium (NM)
and Positive Medium (PM) are added for token generation rate
since token generation rate is not only the input of fuzzy
controller, but also the output. The more fuzzy set members are
assigned, the more precise and smooth output can be gained.
The fuzzy rule base is given in Table 1. The MAX-MIN
inference method is used. The defuzzification technique is
fuzzy centroid method, and the piecewise linearities algorithm
{71 is- employed for reducing the runtime and memory
consumed in defuzmﬁcatxon process.

o 0.30 040 - 050 9065 0.70 1.00
Normalized buffer size
a)

101

vl
1 NB NS ZE PS PB
O 020 035 050 0.70 080 100
Normalized token pool size
b)
i3
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0
-1.00 0.50-0.40 -0.20 0 +0.20 +040+0.50 +1.00
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|
q
IO.M)m .60m 0.80m 0.95m1.05m 1.25m (m+p)2 0.85p p

Token Generation Rate
m: mean cell rate

p: peak cell rate

Figure 3. Membership functions of a) no. of cells in
buffer (N¢ ) b) no. of tokens in pool (¥) c) change in
no. of cells in buffer (ON:) d) token generation rate
(Rix Ri+l)

Table 1 Fuzzy Rule Base

No. f Ne fAN. VN, [ R | &, [No. TN TaN.T N | & | &,
I'NB|NB|{NB|NS|PB| 24 NB|NS|[NBLJPB|NS
" 2INB|NBJNB| ZE |PM| 25| NB | NS | NS | NS | PS
3NB|NB|NB|PS|PS 26 NB [ NS | NS | ZE | PS
4fNB [ NB | NB [ PM | BS 27| NB| NS | NS | PS | ZE
5INB | NB[NB | PB | PB | 28| NBI NS | Ns |{PM1l 75|
G NB|NB|NS|NS{PM| 29| NBINS|[NS|PB|PS
7| NB | NB | NS | ZE | PS 30] NB | NS | NS | PS | NS
G NBJNB|NS|PS| ZE| 31 NBJ|NS|ZE | PM | ZE
9 NB[NB | NS [PM | ZE | 32| NB | NS | ZE | PB | PS
0] NB | NB | NS | PB | PS BINB[NS | PS | PM | NS
INB|NB| ZE | ZE | PS 34\ NB | NS | PS | PB | NS |
2INB [NB| ZE§ PS | ZE [ 35| NB | NS | FB | PM | NM
I3INBINB|ZE [ PM | ZE| 36| NB | NS | PE | PB | NM
14| NB [NB | ZE [PB | ZE | 37| NB | ZE | NB | NS | 2E
TI5NB|NB{ PS |PS | ZE| 38 NB| ZE [ NB | ZE | PS
16| NB | NB| PS |[PM | NS | 39| NB| ZE | NB | PS | =
7 NB | NB | PS | PB | NS | 40| NB | ZE | NB | PM | PS
18| NE[NB{ PS | PM|NM| 41| NB | ZE | NS | NS | PM
19| NB | NB{ PS | PB | NM| 42| NB | ZE { NS | ZE | PS
20 NB[ NS |NB| NS | ZE! 43| NB [ ZE [ NS [ PS | ZE
2Il NB [ NS | NB | ZE | PS 44 vs JZE[ NS [PM | PS
22{ NB|{ NS | NB | PS | PS 45| NB [ ZE [ NS | PB | NS |
2Z3fNB NS | NB [PM | ZE| 46] NB | ZE| ZE V ZE [




No. AN, | N, Ri | r, [ No. | N. | an.| M R | &,
47 ZE| ZE| PS I{NS|105] ZE { PS | NB | ZE | PS
48 ZE| ZE|PM| PS|106] ZE| PS I NB | PS | ZE
49 ZE|TZE|PB | ZE|107] ZE| PS | NB |PM | ZE
50 ZE|PS|PS|ZE|108] ZE| PS | NB | PB | NS
51 ZE|PS[PM| ZE|109] ZE] PB | NB [NM| PS
52 ZE| PS | PBINS|J110] ZE{ PB I NB | NS | PS
53 ZE|{PB|PMNSJUITI]ZE|[PBNB| ZE | PS
54 ZEYPB | PBINMJITI2] ZE§ PB [ NB| PS | NS
55 PSI{NB|[NBINM{113| PS|NB|NB|NS|PB
56 PS|NBINM|NS{114] PS{NB|NBZE | PM
57 PSITNBYINS]TZE|1IS|PSI{NB|NB| PS |PM
58 PSINBIZE|[PS{li6] PSI{NB|NB|PM]| PS
59 PSENB|"PS[ZE | 117 PS| NB|NB | PB | ZE
60 NB [ NB{NSTPM{118] PS I NS|NB|NS|PM
61 NB[NB[ZEJPS {19 PS|NS|INB]J| ZE | PS
62 NB[NB | PSP PS|120] PS | NS|NB JPSd| PS
63 NBINB|PM|PS|I121}] PS{NS|NB|PM| ZE
64 NB [NB|PBPMJI12Z] PS | NS|NB | PB | NS
65 NSINBINS|{PSI123]PS| ZE | NB | NB | NM
66 NS{NB|ZEJZEJi124a] PS | ZE | NB | NM | NS
67 NS|NB|[PS|ZE [125| PS | ZE | NB | NS | ZE
68 NSINB|PM|PS|126y PS| ZEINB{ ZE | PS
69 NSINB|PB|PS|127] PS{ ZE | NB § PS | ZE

ZE INBINM| NS }128] PS | ZE | NB | PM | NS

PS INBINS| ZE | i62 | PB | PB

3
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4. SIMULATION RESULTS

To evaluate the efficiency of the proposed feedback fuzzy
policer, the selectivity and responsiveness performances of the
proposed policer are compared with-these of the conventional
LB and fuzzy window-niechanisms [6]." A computer simulation
has been conducted” on C language, and the results were
obtained with a 95% confidence. of interval of the true value.
The sampling interval is set at 230 ms. :

The conventional LB was dimensioned. by assuming the
overdimension factor C=1.42 and countef size = 45, while the
fuzzy window [6] was dimensioned by assuming a window
size of T = 1,440 ms and window limit N is equal to 32 cells.
After several times of simulations“and data collecting, the
feedback fuzzy LB is chosen witha buffer size of 10 and token

71 ZEINB|{NSJTZEJ129] PS | ZE| NB | PB | NM
72 ZEINB{ZETPS|130] PS | PS { NB| NB | NS
NB|IPS|ZE{131 | PS { PS | NB {NM | ZE
74 ZEINB]PM| ZE 132 PS | PS | NB § NS | PS
75 ZEJNB|PBINS|I133| PS ] PS [NBJZE { PS
76 PSINB|[NB|NSJ134) PS|PS | NBIPM|] NS
77 PS {NB|[NM|ZE i35 PS | PS [ NB | PB | NM
78 PSINBINS|PSII36]PS{PB|NBfNBJZE
79 PS INBYZE| PS | 137 | PS | PB | NB § NM | PS
80 PSINB|PS|ZE|138] PS|PB]NB|NS}PS
81 PSINB|{PM|NS|J1390 PS|PB|NBjZE | NS
82 PBINB|NB|ZE|140 PS | PB | NB | PS | NM
83 PEINB|NM|'PS|141 ] PS | PB §NB§PM|NB
84 "PB{NBINS|PS|]142| PS|{PB]NBIPB|NB
85 PEINB|ZE|PS]143.0.PB | NS|NB} PS | ZE
86 PB|NB | PS|ZE {144 |'PB | NS | NB | PM | PS
87 NB[NBfNS|{PBJI45]PB | NS|NB|PB|ZE
88 NB|NB|ZE[PM |- 146 | PB | ZE | NB [ NS | PS
89 NB{NB|PS|ZE J147| PB | ZE [ NB | PS | ZE
90 NB | NB[PM| PS|148] PB | ZE | NB § PM | ZE
91 NS|NBINSTPS]149]PB ] ZEINB|PBjPS
92 NS[NBJZE|PS|150] PB |-PS | NB | NB |'ZE
93 NS|NB|PS'TZE[1si | PB | PS { NB {NM]| PS
94 NS NB|PM|ZEJ152|{PB I PSINB|NS|PS
95 NS NB]|PBfZE|I53]PB| PS | NBjZE { NS
96 ZEINB|NBJNS|I154] PB | PS |NBJPS | ZE
97 ZE [NB[NM] ZE J 1551 PB | PS [ NB | PM | NS
98 ZEINB|NSFZEJ156|PB{PSINB|PBINM{
99 ZETNB| PS|ZE 157 PB | PB ! NB|NBJNS
100 ZE NB|PM|:PS {158 PB | PB | NB [NM | ZE
101 ZE|NB|PBINS|159|PB | PB|NB]ZE | PS
102 PS|NB|NB|NM[]160| PB | PB I NB | PS § NS
103 PS [NB|NM| NS |16l | PB]PB|NB|PM|NM
NB

102

pool size of 500 which performs the best. The statistics
obtained from every test is accumulated from a population of
107 cells. : o

In selectivity aspects, CLRs of the policers, with the ideal
violation probability given by P:(o'_l)/o' where o is the
long-term normalized mean cell rate of the source, are
compared. To compare the CLR in each degree of mean-cell-

rate violation, the test is performed by varying mean burst -

duration, while the mean silence duration is fixed. In Fig. 4, it
is obviously shown that the feedback fuzzy policer has the
performance curve closest to the ideal behavior among those of
other mechanisms when ¢ > 1 with an average error of 4.32%
compared to  39.09% of the conventional LB policer and
19.16% of the fuzzy window.

For responsiveness aspect, the evaluation, in terms of the
number of cells entering the network from the violating source
before the policer discards first cell, is performed. The
performance comparison is conducted at traffic load o = 1.50.
As shown in Fig. 5, the feedback fuzzy LB takes action after
328 cells, faster than the fuzzy window which discards first
cell at 731 cells, and slower than conventional LB, which
discards first cell at 309 cells. But, after a while, the

probability of discarded cells increases with the most rapid rate’

compared to others, while the.curve is still below the upper
limit of 0.333, in case of ideal behavior. The proposed scheme
shows the best behavior especially in taking action after the
traffic load exceeds the negotiated rate. Feedback fuzzy LB
gives the violation curve closest to the ideal one, and performs
the best in dynamic behavioral aspect.

To achieve all of these goals, the proposed feedback fuzzy LB

is traded off with higher fault alarm probability of 107
compared to 10® of fuzzy window. However, it is still

acceptable in packet voice to guarantee the QoS of 107 CLR,
and the fault alarm probability is still lower than 10° of
conventional LB.

In order to evaluate the performance of the feedback fuzzy LB
toward a model of real packet voice source [4-6], the source
which has the traffic parameters, E(X) = 29 cells and E(S) =
650 ms at the peak bit rate of 32 kbps is considered. Here, it is
necessary to increase the token pool and buffer size to 3,600
tokens and 30 cells, respectively, to cope with the longer burst
duration. By comparing with the fuzzy window [6], the
selectivity and responsiveness performances are shown in Fig.
6 and Fig. 7. From the resuits, the feedback fuzzy LB approach
is much closer to the ideal curve with an error of 1.3%
compared to 14.5% of the fuzzy window. In addition, the
proposed policer takes action faster than fuzzy window does,
by discarding the first cell after letting 845 cells enter the
network while fuzzy window starts to discard cells after 1,245
cells. As a result of higher responsiveness performance, the
feedback fuzzy policer yields higher false alarm probability of
4.48x107 compared to 1.14x10°® of fuzzy window
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5. CONCLUSION

In this paper, the feedback fuzzy LB algorithm is proposed to
police mean cell rate of traffic for UPC. The proposed scheme

isevaluated by comparing its performance with popular

conventional LB, and fuzzy window [6]. The results show that
the proposed policer achieves the purpose to enhance the
responsiveness and overload detection performances. It is.

proved that the proposed scheme, designed with more complex

structure based on LB, can greatly improve overload detection
performance. However, to achieve both mentioned purposes,

the feedback fuzzy LB trades them off with higher fault alarm .

probability, therefore it is remarkable that the proposed scheme
is suited for heavy-load networks due to its more strict
behavior.
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