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# # 4070561321 : MAJOR ELECTRICAL ENGINEERING
KEY WORD: ATM /UPC /FUZZY LOGIC / LEAKY BUCKET / CREDIT TOKEN

SUNYA PINAIKUL : THESIS TITLE (IMPROVEMENT OF CONVENTIONAL
LEAKY BUCKET IN ATM USAGE PARAMETER CONTROL USING CREDIT
TOKEN AND FUZZY LOGIC). THESIS ADVISOR : ASSOC. PROF. DR. WATIT
BENJAPOLAKUL, 82 pp. ISBN 974-03-0350-1.

This thesis proposes a method to improve the conventional Leaky Bucket (LB)
in ATM Usage Parameter Control (UPC) that lacks selectivity and sensitivity
performance. The proposed method has a small bufferless leaky bucket as a part of
UPC system. These concepts yield a hew system with more sensitive decision and
less delay when applying to realtime traffic. Special tokens called "credit tokens" are
used, the number of which is predicted out from fuzzy credit token predictor. This
fuzzy predictor monitors trailing data passing through the UPC into network. The
information from these monitored data makes the system dynamically adaptable to
traffic condition. Credit tokens give special rights to the data cells for entering the
network. The number of credit tokens which is equal to the number of cells that can
enter network although the internal leaky bucket is fully filled. Credit token lifetime is
valid only in a specific burst and a new group of credit tokens will be generated for the
next burst. This new model, named Credit Token Leaky Bucket (CTLB), has good
selectivity, good sensitivity and more tolerance to the statistical variation of the burst
length.

The simulation results show that CTLB has higher selectivity than Conventional
LB. CTLB returns fewer excessive cells entering ATM networks than LB does (90%,
8% and 77% reduction of excessive cell) while CTLB maintains the negotiated QOS
for non-violating sources. The CTLB can prevent the violation caused by MMDP
(Markov Modulated Deterministic Process) sources (39%, 88% and 55% reduction of

excessive cell) while sensitivity is not much different from that of LB. CTLB sensitivity
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azazdalaedislafiavingUsamad iiimsdsfiashians (Deterministic Pattern) §14fayaansngs
foyahldlulessheldnnniiildanasiulinaunshiti@uwBana Cr [E. P. Rathgeb, 1991]

:9; v A (% t oIJ a :i:s t% Aa 1 5:&‘ [N % (%
wanNNH HGS\Iﬂ’ﬁT‘WW%ﬂﬁﬂdi?ﬁ%@%&lﬂ?‘ﬂ%@i@@]LLﬂLsﬁaai’l@’]g\mﬂﬂLU‘SﬁGﬂWﬁWNﬁDWﬂaEJ

Y
|

Tudtiinas e e ludsSgaiueimudon Walafienluishanas stuuishfiasaadd
aglutmlaiidhglosehese i udtwnieadddsnudmuhenludesigetormndauasiiine$A
[~ [~3 A :: A o 1R LY 6 . [ A A 2 &
gy fazlinmsfamadiinagingnlwiivas adunsiingmwdanidulfuisuumeni
feefiniiGunh fesiiefiies (Buffered Leaky Bucket) feguii 2.5 Seflqmusanialunis
A o 1Y ! a N 2{ i’ 6 @ [ (% 1 a v Ga
WannsyhundayadiwiisananmsigaadumsiniasingUnemmwin unensneaiuna

9 v o PEGRY, o ¥ ¢ ¢ a | v & A 3
masiautlasamnadnlalwmsvhenie WinsngsaiunsssensownsGunth  Sesafialdlndu

(Token Leaky Bucket) [T.D. Ndousse, 1994] [Z. Jiang and Z. Liu, 1996] éﬁﬂgﬂﬁ 2.6

ATM Cell Stream with
Negotiated Rate : r

R FlEs

Queue Buffer Size M

Threshold D

1
(IRl

>

(

Constant Explicit Rate : R=Cr
17 2.5 Sehuuusadneiafiinmas
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Token
H H «| Generator
Rate : R

Token Pool : B T
CAC

Queue Buffer :M

— = llll-— == =
Data Rate :r

__To
Network

Ui 2.6 fishadialdlndu

57 2.6 usamdnmeouasieia fnidn Toaldasioymifnidu Token Pool
saufhisrmuaiesanswsaadssnsudn U ileseels  ehaes Token Pool auifiaiu
Susamindudsdiennhiy R=cr sarasinadanazshliinls Queue Buffer Eillmuig
wianeflu Token Pool adfssndueiulndumasisdilulossmnels Smndlnduly

3 (9 | J A 1
Token Pool s wasazdasgninllu Queue Buffer fiau dsaudiummiisslanandniiay usidh

|
=

wnh Queue Buffer Raalludeimas awilidimsfeadiodAntiqaludiivlasitasmn
Muaasdoya ilanagnéiay
2.2.2 auisnuzmaaﬁa%QLLﬂﬂ%aLﬁu

5@%’1LLUU%@L@Nﬁummimﬂmﬁmmzﬂﬁﬁwmwﬁﬁa (Queueing Theory) [N. Yin
and M. G. Hluchyj, 1991] Tnusasisdiussan@auun M/D/A/K (Arrival Process/Departure
Process/Numbers of Servers/Queue Buffer) doshliAereinaiuwmasriiouudade a
¢drwowmadsnuuuuued . (Batch  Arrival)  2asngausiningdoyafimauanuasuuniidess
(Poisson Distribution :M)ﬂ"gmzmnmmﬂﬁu‘%miém%uLwiazl,éﬁaﬂml,ﬁﬂmmzﬁ@hmﬁ
(Deterministic Service Time :D)-MudaT 1/R snamuim@sniies 1 &swsnas (Server :1) uagh
ST lausanrneTasies e imadain flasasunIstam IS B+ M 17ad (Buffersize :K)

mimaﬁzwﬁﬁwﬁ@ﬁﬁwLWa%ﬁiugﬁmmmwﬁﬁ’aﬁu avaled ugLuoIsTI M/D/A /K e
lugit 2.5, Gatiwe i ussuuasadinng M Zsfmauhiufimmesiliintaya usims
’imwzﬁaﬁwLﬂuﬁazéﬁaqa%aﬁaﬁLﬁuﬁaawa (Fictitious Queue : Q) GefimnafuramnTasmn e
Suiunedatilies (Q=B+M) uarazsaadunsaily I@mé’mwmﬂﬁu%mﬁaa”aﬁaaﬂuﬁfs
waSasawien Q Tumnwiude daglil 2.7 Selu q, fddeanh B Seataslianmlu
faniSgegaraaunasiidia (S) (aneelirhullldies Tusreasadads) uithenly Q, den

3NN B uiteant B+M  Seafagiismsmesensi R envastnvdasazsnasniarson ke

NNFMYas Q=Q-B Arannmi Q>B 1ialih
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Pr[Q,<q] = Pr[Q; <B+q] ; 0<q<M (2.1)
haE Pr[Q, = 0] = Pr[Q; <B] (2.2)

. ° I A . i 1 Y Aa €
loefi g Aeshumbdnlen fagflu Q, uaz PriX] faemahazduiiasfiamemant X

Real Queue:Q
M Leaky Bucket

; Output
Arrivals
S ifQs<B
R ifQ~B
Qs
Fictitious Queue Q;
"
_> |
M B R

:Queue Buffer Size
:Leaky Bucket Size
:Leaky Rate

:Peak Source Bit Rate

naoo

51 2.7 msfimandehuiiedinimas (Buffered Leaky Bucket) lusaaasasmnui

Ay

RofifayadnanbuFinannng  ashlifniwmedifin (Q>M)  wwdefuiufasmusd
[ zll ¥ ny 6 Gni A i’ 2 [~ Ga{ 1 ¥ A v 6 d{ [ Y
(Q>B+M) fisiasdasiema aanagionfisraaiusaariagsauassfinmasiiainma oy
1% 1% : v If o I c{ A Y v v.ll A c‘ o 6 [ (<3 6 %
gyasdayalsigniislva lusimiiimanzan et ufenfasuinizes Asansnuinimadaond
Tlmes PBonaunatmmasile uslsireaavmanzauyilonn) uasisasiraanaausuiinnas i
il lulassawihtiu anaansiesizi. [N, Yin and M. G. Hluchyj, 1991] wuhanuihazidy
ﬁLﬁﬁaéasqa;wwa (Loss Probability) wasaahasiiiuiasuinigad (Tagging Probabilty) &y
o QIJ z a 1 1 > z 1w 1 1 o QI/ a o 5 |§ 1
Sesilavfienvhin uazdveyfusmasmarastiameisoussdatilmas-B+M) - loslsivay)
[y % 6 I (Y (% o.lz A o 6 al o
AurnaLenainasieace | NATINYRRINATIT R MES (B+M) iRt
Burstiness 1asunasrifievdavasdoyaiiadhangssuuuazshn UPC dhliflulasshesny Qos
Ay % 5% a % | v v @ v o % A ¢
Afiaamaldl uatuenfiasonudagnuh aweieh (B) Wiudhimermaenaendasyaludsed
S AT | A AV G o A @ A ¢ o
wianidsadiiadnglasshe  @Reamanenumeddlemdfinehi) - viafunnfineduasmsda
U5 (Shaping) samamiAnlseau  mademeide WisnansmhldldlsvisdsSuunidomas

wazneantimes laalden M=0)
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2.2.2.1 sadnwieraaundteg

A o Y e A @ A A A v My A a &4 v o
LNBﬂW'ﬂ%@]ﬁLﬂLmadﬂWL%@Lﬂ%“ﬁ%@ﬂ@Lﬂ(ﬂ@dﬁ]g\l@ﬂﬂﬂi%ﬂwﬂ 3 WIINGDIFNT] UBIENTT

Zj a A A v g
PNLANNINENFDINION

bR

A !

R Hudanmaanasasdoyalutiehlenasiiimiendsy bps

B Wunavasdesdvsiety O

WRwessrasmtisnansom idnnmmieesseamasifinmudae

S Pusandoyagegnilauasiiiaatlusnmeda fmhodu bps
G o A o SN ANV S S AP
L WU IUIaIayARaLGLITEG  Ariieiin U
@ o v A A A | P A g
r Husandoyamienflafiaranidsaiiwmmedans Smhadu bps

é’mwﬁmmiagﬂuﬂmuslﬂ@ (On Probabilty) %38 Source Utilization (y) imsriviunsiai

r
=" (2.3)
P
dulnaneasies) (Leaky Bucket Load) (P) =1/C fimuana
r
p=— (2.4)

R
FEFULLLMELANKADITIRa ST eRa LA NATULUN S ILANLALUY

Sndssaaday tusaesdaeduislaiseanaassmuy (Two States Markov Chain)

aeldSammaniasuanue (Transition Rate) ynammedaligamusadieuvhiy I_(;/—fy) e
mﬂﬁmuslﬂ@iﬂ'gjﬁmmﬂ@ﬁmwhﬁ'u % [N. Yin and M. G. Hluchyj, 1991]
fudsanuhantu F, uay F, fadol

F.(q) = Pr[On State ; Q;<q] (2.5)

F,(q) = Pr[Off State; Q;<q] (2.6)
§ofiGoulamouaann

F,(0)=0 (2.7)
ey FB+M)=1-y (2.8)
Hedumsianuasenaiaziiu (pdf) ma@mmmﬂuﬁaﬁmﬁ (Q,) Heniil

P (q) = Pr[Qs<q] = Fy(a) + F,(a) (2.9)

goansnanvneeflugeialuit
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1-pe™
P (a) = P (2.10)
1— p—Y eE(B+M)
1-vy
low & iuenlainu (Eigenvalue) sy 0 uardentiaan 0 dwsy p<1
£=— pl-p) (2.11)
LA-7)(p-7)

dawilardumsuanuasenanhasuasenuema ludaiimes Q) asmidanilerdumsuanuas

asshagfuaasemnuenmlufuamd Gl

1_ peg(B+q)
F.(@) = Pr[Q,<a] = PrlQ;<B+q] =P (B +0) = (2.12)
1P TV geEem
1-vy
amanhaundufiosttonyaetifiude
PriQ; = B+M]=1-Pr[Q; < B+ M]
E(B+M)
Y(l—p)e (2_13)

I-v

Aa o ¢ A~ B AT e e Ay e a X v o
Tuanififimiaiviefaseldfiaudiraddmividnanasgnufiniarisshudnm
S-R luaniwiiu wsithuadlusvesnaienie daniasaavdeda (S-R)PI[Q; =B+M] suin
(9 ! é’ 6 A [~ 6 n‘ A
ONFUNNTRRVITOUINAAIRGE D

g _G-R) PriQ; =B+ M]
Y

loss

_ (p-1)A-p)e™ (2.14)
pL-7)A- 7 L&)
1-y

! [ }% ) 1% A A 1 G A
a’)%a@ﬁ’]“ﬂaﬁﬂﬁaaﬂﬁqﬁ’ﬁﬂ lﬂiaaﬁlﬂq@yﬁ’] HWia\lQ\ID’Jﬂ NN

R =r—(S—R)PIr[Q; =B+M] (2.15)

A A A o G o o , ¢ ¢
NAWATNNN FNMIN (2.11) wag (2.15) WEasinmatmuedandumasusa lad

a o ¢ v o A A o o A v A A A 64 o
mawm@mammaamuwLWaSLLazﬂum@mmuamamummuumaagamaﬂwuumammamwm

Sandeadnazgayme (P, i fide

loss

B+M _ (-1(p-1) {(p—y)(l—p(l—P.oss»} 2.16)
L p(L-p) P(L=7)Pioss
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A 4 I Y G
NIUBENN 1 §7N9) Lﬁm&lﬁﬂﬂ@zﬂﬂ&lmﬂﬁ Hﬂﬁﬁi%ﬂﬂi‘lﬂ@ 1)

B+M _ (1—7)(p—v)|n{(p—v)(1—9)} (2.17)
L p(L-p) PA=7)Pigss

LAYy P

loss

4 Y@ v v v a v § A X Ay A ¢ A L
"NLLﬂ@ﬂGL‘WLﬁ%’l?ﬂ%ﬁ@iﬁﬂm@ﬁﬂ@i’)ﬂ‘l_lﬂ']ﬂ_lwLV\I@ﬁG\]SLWN?J%LL‘UULSNLﬂ%@]']Nﬂ’J']@JEJ']')LU?ﬂ@]L%ﬁEJ LRZHA
A X @ Al A o y ¢ Aw a y o 1 A e‘i’\l P
FANIUD EINL‘]_]%aaﬂ'ﬁ‘VINLNE]'P]@]T]ET’JHLGEG'&@DJW']EW]@]aﬁﬂ'ﬁS\lﬂ']a@aﬁ FIUMIUWIIMIIAINEHAY ‘]_ﬂfﬁ

futsriie lirmmasanusasauasianalag e M=0

2.2.2.2 @anugfagasa1lsIaIansngse

euemauadeluditilues (Q, ) midaniudldnnnanmhazdusai

Q = [ad(P(@) + MPIQ, =M]

_ pe’® {1_ew(1_ p—7y &MJ} (2.18)
g:j(l_ﬂei(mlvl)) p(L-v)

1=y
widmiudeS e Wfiinasuda e Q, axdlenid 0

msAanaade (D) éim%ufﬁaaﬂaﬁaﬁuﬁaﬁw wasim [dlae

_ eis{l—ew(l—pl_ygmj}
D= R _ pl—7) (2.19)

(1_ I:)Ioss)r R&(l_mei(Ba-M))
. p(l=7v)
W30 lunamRTmies Huatiug
= g8
D= “TRe T M — oo (2.20)

| o v W QIJ a I [Y} 6
wazieniflin 0 dmTdssaieliftines
A 0o Y o ! ¢ ¢ o | Y A v A A A ¢ A
smzmglmmamwmuuail,mavLasmawm@mmmmmuﬂmaaﬁmaﬂmmtmﬂmma

Amaendassanmmadiniad

B_(-ne-1,, {(1—7)(p—v) L } 221)
L p(l-p) p(l-p) DR

Wty Do Wuesddsnanimhaduswnyhassdsemsenaidsadingeay e
B_(-0e-1,, {(1—v)(p:v)} 2.2
L p(l-p) p(L-p)Do

(< Y v o A 6 [ A Y A 1A € v A A é’ 1 ) AR
"ﬂ3L'V1%\1@']'1“ﬂ%'1@ﬂﬂi"éﬂ%@ﬂma\lﬁsﬁﬂﬂ'ﬁﬂ%’)%ﬂ@]“ﬂaMﬂﬁL%ﬁ&l@]ﬂLUiﬁ@]LLa’J NsanaeNauaaNINa

WamilsAsnaduimstuanuemidsadieanas
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2.2.2.3 MIMKAMTIATEAN TN
A v z o @ wlu va.// A a =% 6 = a LY Aav [ 3.//
Ty Tefashderuuuaafneie Watmassisaufieurunuise MITIUAZID
A A A Y o , X fAA o A A A , A
WmimﬁizﬂwﬁmwimmamwmumLsﬁaawmﬂﬂammqﬁmm way Gasann heiamsaudle

ANFMsT (2.16) Wandaanamsznhs (B+M)L  Fudandwiasas Laald Y=0.1

uway P fenudu 0.6, 0.7, 0.8 sz 0.9 Fuuanslugil 2.8 asmUNFsFamaRsEuaE oy
Horduaan3iniamsananiomadndasmatisanamenadudady  wazmadon daasniaem
dy o« vl d o dats
p Maefssnnanuneasiciazdadlfla
o [y n‘ = &/ M. N6 | (9 | i’ 6 o (Y o.I/ v A v €n{
AWTUIUN 2.9 uaAINIANERALETEN I NAETE M AT LT ATINTITITLURTNa S
6 6 o A 6 Y v o | A I |
vl ldiueNENIRAUTARTaAALAT Laerunm P=0.8 WazgWaanmawiumen Y s
0 19 0.75 MNAFUALAUNM (B+M)/L AN TRLUaaM 73 Haanemianamuiaasaad uas
flaanlédnh (B+M)L ssnananasleidiorh Wl uusasiifieifen v hlnd 1 viauvasrifiad
A . %
QN Burstiness #agiay

'
[ (%

A A ¥ X iy W 1 ! \ Al
LwangJmmL?Jﬂammmm%WU’nm Overdimensioning Factor (C) deWNNLATITI

v d e :AAvL» ng,y,nd R 1 .
PINNFDDANULINANLN LOANAN NUDIVHANNANMTD C = — = — UMD
rp

v n:i ° Yo Q.I/ A vAa [% a A A :\/ 6 ¥ 14
ﬂ'ﬁélsﬂ'ﬂ'] C ‘V]L‘m\l'l8613\17\]3“/1']1‘1/151\‘13’)3\]QMﬂNU@MN@'Mﬂiiﬁﬁ‘ﬂﬁﬂ?%ﬂ%ﬂ'ﬁm'P]TW]GL‘ﬁaﬂL"ﬂﬂﬂﬁ

1 Aa a ! Aavu | v g i’ a n{ 1 A
W%’JU@’JUQNWWW&JL@@%BL%Q@N@W Lﬁ%ﬂ?%’l'ﬂHﬂ@%ﬂ%ﬂ%ﬁﬁ?ﬂﬁﬁ%%mﬂ’lﬁ]ﬂ‘ﬁﬂ] C=1.42 %3p p:O.7

) v ° I o A = (2 n‘ v { n‘
FAULLULAADILNAINILUG LﬂEJQ@G‘V]"USVL@ﬂﬂ']'ﬂ%UVm 4



Normalized B+M Sizes as a Function of Loss/Mark Probability for Gamma=0.1
0 T T T T
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(B+M)L
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—
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A
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— Rho=0.6

—+— Rho=0.8

— Rho=0.7 ||
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;:il (% OIJ dl v A o 6:!‘ ;:!l c\l (Y FE: 5:;
3U¥ 2.8 2110302 IENTIIRINN AL T NAARINBINNEANIMTNIERRY Y =0.1
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Normalized B+M Sizes as a Function of Loss/Mark Probability for Rho=0.8

100}
8ol N

60

(B+M)IL
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& N
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-2 Gamma=0.5
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. o o A v A v 6 Y Y a o g 6a
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2.3 Wadaadn (Fuzzy Logic) [J.-S. R. Jang, et. al., 1997]

2.3.1 Fuzzy Set and Classical Set

0
10

17

Classical Set PO AYAUILNNLNTAIRY LNFDENITW e A TaYaawIUAIIN

A ! A v
HOHNINNN 6 '1/1‘5%]35‘]_4\1,@3']

A={X| X>6}
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[

Aj a (3 n‘ | Y | 1 14 .
GNSJWNS\I"D’@L"G%SL%WNS\MN]H INNATINBELLA" LL@’]L%WUN@HNQSELGIT Classical Set 1‘1/lsﬂﬁ

| ! v
a A o

;\/L MYy (< A A ) a o 4§
seuuuitllldign 1wa B urmvaseuildmgenn vie e C Wwrnraseuifihniinann senn
| v | | KR A 1 (% | KR A ! % o 1 | dldl
unnsdhlangevhledeBanngenn  uaswinwhledeSundminann  andhoehoguauisiangs
annfanufigend) 6 Wa usagnahauitamgs 5.999 walawmdeiiasan o lwaed ld 39
7N a Yo Ail/
enailadian 136l
Hadam (Fuzzy Set) Aaweisvauaebifaan  Moudevasemnsduasndnuosiafigs
uazea liifussngnazlendafiasuaziAemaslulumadentu laadunsmiusasenemeastd
vasenandusandniiBonh  Hefuasn@n  (Membership  Function)  uazaglfenanadan
. _ A o 6d A A v A ¢ v ) ~
(Linguistic Value) vRaswinugnsisfammanaianfusdazidnlau gunn gomnaw va

We Wuariue s NN é’qLLamELu'gﬂﬁ 2.10

12

o
©
T

Membership Grades of HIGH
o o
S (o2}

o
o N

0 2 4 6 8 10 12
X = Height (Feet)

31 2.10 MerdusanTnaaseunfanagan

di ° 1 YR 1 ;:i ° v G dl 1 | ;:i
Ravhinehaadinmanes) ehiissseshamisvneuiwmihueaiisnsnsnnsauaguen lugd
FasmsldazBunanivh fiafian (Fuzzy Set) wiadhinlsanaian (Linguistic Variable) wiwiles

0 A P filsvneulddasasdfnmasnfia Young, Middie: way Old neehanadinus

1 [ %% A o v W Y
ageneHlEun AN BB oy Hugge 988 Hog MNAALATILT 2.11
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14

12+

Young Middle Aged Old

Membership Grades

04

0.21

U7 2.11 WerdusanTnansen Linguistic Value vissnaido Young, Middle Aged ua Old

PaTUFINTUAUDE 30 tuddududaslésumesiesdrasenuiduaninly
Linguistic Value wsiageniduaghiimanailusangnaasansidiu Young agih 0.5, mamsuin

sanEnvasaanin Middle Aged a&f 0.5 uay meidusaEnzaseain Old agfl 0

6 a . o
2.3.2 Wengwas1@n (Membership Function)
[ %% A v o € i (AT [ A 3 1
ﬁﬂﬂsﬁ%ﬁﬂ\l']"ﬁﬂaa@'ﬂﬂ\lﬂﬁdwuﬁﬁgﬁmﬂ@?'ﬂiﬂﬂ9\‘1(5]’3LL‘]J??J%W@M%@LQWW\JWLLagﬂ']@YNS\ILﬂ%
A | | gj = ) (% 1 [ %% A Y v 1
ﬁNW“ﬁﬂ‘ﬂaﬂﬂW@’NNiﬁﬂ@W%ﬂ"] ﬁ%ﬂ'\@déﬁﬂﬂﬁdﬂ'ﬁﬂﬁ%@]ﬂ?ﬁ@]g @'1’3?]HNWGﬂ‘sﬁ%ﬁg\Wﬁﬂﬁ'ﬂgﬂﬂ@]’]@ﬂN

1 X 6o a (Y 3 Aan
saluidusrituasngnunsinulmihda

2.3.2.1 WenduadsnBnuuusamiaes (Triangle Membership Function)
tsznauldesmniinadamendo {ab,c) 1oy a<b<c Fafiueniildimuadumiiaa

sgmaqgﬂﬂmm§&Jﬂw,é’uﬂmv\lﬂ@ﬁ%uﬂm%ﬂGﬁ’agﬂ‘ﬁ‘ 2.12(a) nmnenansiuasnznmialos

0 X <a
x-a ,a<x<b
triangle(x;a, b,c) = b-a (2.23)
e=x b<x<c
c-b
0 ,C<X

A
%30

triangle(x;a,b,c) = max(min(ﬂ,ﬂ),O) (2.24)
b—a c-b
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2.3.2.2 ﬁdﬁﬁuﬁm%nLtﬂﬂﬁmﬁﬂumwu" (Trapezoidal Membership Function)
Herdusandnuuniiimnfinesashde fab,c,d) laefl a<b<c<d Fafluenilirmunga

o 1 ! a LY 6o a A [ A 1 [ a °
@]’]LLW%GNNL%‘%L@H’Jﬂ%ﬂﬂﬂﬂﬂ‘sﬁ%ﬂNVﬁﬂLL‘]_l‘LIﬂ']S\ILWaHN (ﬂ@?ﬂ“ﬂ 2.12(b) MIMAANNLIUFNNTNY

1alon

0 ,X<a
x-a ,a<x<b
b—a

trapezoidal(x;a,b,c,d) =<1 ,b<x<c (2.25)
d;x c<x< d
d-c
0 peley

ED)
trapezoidal(x;a,b,c,d) = max(min(ﬁ 1, g;)é),O) (2.26)

2.3.2.3 WenguasnBnuuusma (Gaussian Membership Function)

6o A & 4 ¢ o Y ¢ 6o
ﬁﬂﬂéﬁ%ﬁﬂ\l']"ﬁﬂLL']J‘]_JLﬁ?éﬁNW?iWNLWBﬁﬂQJW’]aS {c,O} I@Uﬂ G L‘ﬂ%ﬂ@ﬂ%ﬂﬂa’mmaﬁﬂ@ﬂsﬁ%

i G fo ananheasilandu fgun 2.12(c)

1( x—c )
guassian(x;c,c) =e 2[ 4 J (2.27)

2.3.2.4 Hsndussn@nuuuseals (Generalized Bell Membership Function)
Aeftusninuursl et daemmiine Sanasia {a,b,c} é’qgﬂﬁ 2.12(d) Towi

a Wuenmnheasiteiiu, b dnavfienfunan Eiiiauasldsusaiomneunm) fmualfiduana

Fodurasszaly, ¢ Wugaeudnasresiandu %ﬁ@iﬁmﬂgﬂﬁ 2 43 nemadluasnEnaasilonduasnn

X vy
LL‘]_I‘]_I%WIVL@GJ'ITW

bell(x;a,b,€) = ———— (2.28)

U 2.12 uansliiduiogUshamasilaridusannvisduuniinamdnedu uazg 2.13 uanslk

WA A LTS3 Y IR U N B N8l



(a) Triangle MF (b) Trapezoidal MF
%] %]
g 1 g 1
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[4 [4
2oa 2oa
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= =
0 0
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(c) Gaussian MF (d) Generalized Bell MF
& 1 g 1
e] o
g o
508 &5 0.8
£06 =06
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[ 6y 1% 1 A Aa A
FNIDIOON Lsﬁaamasjavlma e NHLSEENDNN

3.3.5 winsnas lumbaevimneSanasasto i

mharwalsinaesnanduivin g lumsanaiadayafidiazshui i ulasehouay
e Sanaunsnalndus it toyalndssdie Wimdmuiadaeisianin nfiwe e
FneBsnosashalnduiasdun e udmseilsdioala Fuseunuaninalwide
ol

1 o a a (73 a
3.4 wikeynwglsanaasannifueeadasin
whaneBaniasaalniuseiaEanan (gﬂ‘ﬁ 3.3) ST Bnauesaalnud

ashlufuliluefuestabndusmsutoyalwdssditalloawsfine st

Input Output
Membership Fuzzy Rule Membership
Function Function

O dQd U

Fuzzy Fuzzy Fuzzy
Fuzzifier Inference Engine Defuzzifier

Crisp Input ——» — Crisp Output

Crisp Input Input Fuzzy Output Fuzzy Crisp Output
Variable Value Value Variable

n{ (% o 1 o a a [ I a
E‘ﬂ‘ﬂ 3.3 IANMIMNNULINUILNIN HU?MWNL@?@@I‘WLﬂ%LLﬂJUﬂ?\]‘ﬁ‘ﬁﬁaQﬂ
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@ [ [ .

3.4.1 eaussawkan (Crisp Input)
-1 Yo Yy v v A o ¢ A Ao Vy A € v
\‘1'1%’3’%H’HQNLLW%GLm‘ﬁG]’JLLﬂi@ﬂ%LEMﬁBW]’J @aammaamaameﬂmm | L'llﬁﬁ(ﬂ?‘jl(ﬂ?ﬂﬂ (rMi)
o ¢ o ¢ A . A € v A A v ¢ A Ao .

151 @@lﬁL“ﬁﬂﬂN?@iﬁ?%ﬂ@d@@ﬁ?L‘H’daL@oﬂEJ i710 L‘U‘iﬂ(ﬂq@‘mﬂ LDMHUNUASIUTRRRANLNIAAN i/2
A 6 v
\aseigame

o 6§ A Ao My L a_ € B o A
Somradiadafiialdan | wssageme (r,,) wldannaumsi (3.7)

>X,
n=1

rvi =— (3.7)
i> (A-X, +S,)
n=1
loei X, fo dwnwsediedludssda n ageiidisnhsudnly
A | A v A 6A
S A AYRITN Idle NNaMANTSEFN n

y | 4 3
A fe naflflunsdsdoyaniiamad
1 A ° [ 188 ¥ a A { ;:2:41 v Yo ° 6 6 1
winaufiagsh U fudrdudhaasszuuiizdaadnitazdos |dsumeviuefuna ladrian
A:!l t% 1 a a o Y G oA |§ v v ¥ A:S' I o A | [
dia lhmheiadaainansnsavemldidvdsssldiwioiandoyamiesasunasiiio  uasinn
17 A 6 Ao 24 6 € A [ ¥ A Ay [ ¥ A
foynndurasmadtoyaiiinldmasusaladfiisuiudordoyawaeildanasiuld (o,) fen

YNNUY

(AP - (3.8)

o A A A o & Y v A vt @ o o A ¢ ¢
wasnnthmilaRasonmagid 3.3 um shutseuwdhildgadiudemdoyanteuesusalad
yastoyafiinldargmininsiagnelvesnsidududsiealasiisdiadvhaeas g
advheneaiazudstrsrassuiiifineaasdandoyanaene Suss ladvastoyaiitald (o))
| o A 6 v A Y . .
ganidudiun  uwdwhmeisgnhelas lEieidusndnuuumamas  (Triangle  Membership
. ~ Y A o o o PR T, 6o A X AAf Yo
Function) (e lfieRasinsiaasensisninuldifwesdaduilerifussngningmadldmlu
6 6 y A QIJ | { A 6 (Y { (Y]

asasifonuiatandninly) ildeenmaniisdfiagvhaipaiandndiuiadie Sandoya

WG Pin et (r,) Bousznau lddhusmeanisdan 12 alaeldiletfugangnyiomuaiugion

M., = 1rapezoidal(c,;0,0.01,0.90,0.95)
Y., = 1riangle(sy,;0.90,0.95,1.00)
M., = Triangle(c,;0.951.00,1.05)
Y, . = Triangle(s,;1.00,1.051.10)
Y., = Triangle(s,,;1.051.10,1.15)
Y, . = rriangle(s,;1.10,1.151.20)
Y, . = 1riangle(c);1.151.20,1.25)
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W, . = Triangle(s,;1.20,1.251.30)
Y., = Triangle(s,,;1.251.30,1.40)
Y, . = Triangle(s,,;1.30,1.40,1.60)
Y, . = Triangle(s,;1.40,1.60,1.80)

K., = Trapezoidal(s,,;1.60,1.80,100.0,120.0) (3.9)
vdarmuaiunTmanadsiuteesisriusandnfeuiudoyasmdhldeoui 3.4

12

Omo.95 Om1.05 Om1.15 Omi.25 Om1.40 Owmi.80

Omoos w100 OM1.10 w120 Omi.30

17 "\AA

Membership Grades
o o
(o2} e}
<

o
>
T SN

N

0.2

0.8 1 1.2 14 1.6 1.8 2
Normalized Measurement load

51 3.4 erduaaninasnuLsdendeyaistniolé ()

[ g.// LY a [ & dl ¥ 6 6o o dl 3 o Y oy

FeshuLsBunednrdanailive fusa ladrusandldmnasuliid (o,) awgn
wasniudandoyaiad(c,) %q%agjhgﬂmaqmiﬁmuéffgLLﬂiﬁbﬁ%hﬁNmsﬁ (3.10)

Or =W, (on)/oy (3.10)
oSnefienud (3.10) I dhulsiia® o, midandnutkndh o, fangaiteifuanin e,
::!I (% ¥ A % 6 6w o A 14 (% Y v Adld 1 Y A ¥
mawfenilassandayanlduasuss ladiudanildanasiuliudaifienlndides 1 daq
1 6o A Af va a A A A A o YR A I o A

wsiardusantnvassriied [Fflmasduniiofiay [dfamusiansustomsandesnsunasridie
Igrheiiaian svdvmwanmideniiuuazana dsudinldlusui 3.4 Feiimsld

Linguistic Variable 3143410
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foushudssudéhiisesiio sandayasmsguaacdoyanie 1110 Wsadgerhelaefio
[V . A 6 % C!l 1 1% 1 :ﬂl A 4 [ 14 :il v A 6
fudoya 112 Wssdgarnefikudsnlulasaneie [ounlinvesdandoyamasresdoyaiisadd
faldfidiadnan

FMi/lO —FMi/Z (3 11)
SDri/2

a'faw,ﬁmmummgmﬁi@vlﬁmﬂ i12 {isafgevhemumldananmsi (3.12)

Zri/lO =

i/2

Z:(I’,\,In —FMiIZ)z

SD,, = | = (3.12)
iz i/2-1
e r, Aedenirasndavaadsadi i v5e
X.
—— (3.13)
(A-X +S))

Aapsderdayanenyaesayande 10 Wasagameazgmniedrhaudeiuiy

o [ Y o A [ 1 A A (%% A&
LTI UDBNIIUENNTNAD L oee Miiozero HOE MMOPOSI@auﬂmﬁuﬂm%mﬂmmu

MNIRLNTUTIU FIFNTT (3.14)

l'lzri/loNEG =TrapeZOidal(Zrlo;—4,—3,—1,0)
Mz zero = Triangle(Z,,,;-1,0,1) (3.14)
uzimopos = TrapeZOidal(Zrlo;0’1!3’4)

A o o o € 6o A A o v A B A
Wiaﬂjw%@Lﬁ%ﬂi']w@’JWNﬁNW%ﬁTaQﬁQﬂdﬁ%ﬂNvﬁﬂW]Hﬂﬂﬂmagﬂ”aﬁqum{l’@@ﬁgﬂm 3.5

12

NEGATIVE ZERO POSITIVE

| j

0.8+

0.6

Membership Grades

0.4}

0.2r

2 3

0 Il
Standard Normalized Load of last i/10 Bursts (Z ;)

U7 3.5 ﬂdﬁ%%ﬂmﬁ%ﬂ%adﬁﬁLLﬂﬁﬁ@i’l%@SﬂﬁM@ﬁg?%ﬂ‘ﬁ% (Z,)
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oriudhulsedh 7, ssgnudemdudandayamasguiad z, Jeazeglugivossams
71(3.15)
Z = Kz (Zio) ! Zsing (3.15)

ofnwaNmat (3.15) léh shunaiied Z. nldandudsidh 2, Senguiletiduaanan L,

0
3.4.2 ¢udsawaan (Crisp Output)
Suadmeandmitssuuitasdsnuaiesfeimnunstalndu (Q) Jagniidinaansn
TnesvuLiaanin Ingaziienssnang 0 uag WneuasUaLiUeTAe ek (K) , 0<Q<K
HoFussninae s Sanasasanlnias mualad 12 foiuaninlog ilridusio
AL
Hqoo = Triangle(Q;0.0,0.0,0.01)
Hooor = Triangle(Q;0,0.01,0.02)
Hooce = Triangle(Q;0.01,0.02,0.04)
Hooos = T1iangle(Q;0.02,0.04,0.06)
Haogs = Triangle(Q;0.04,0.06,0.08)
Hooge = Triangle(Q;0.06,0.08,0.1)
Koo = Triangle(Q;0.08,0.1,0.2)
Koo, = Triangle(Q;0.1,0.2,0.4)
Hoos = Triangle(Q;0.2,0.4,0.6)
Haos = Triangle(Q;0.4,0.6,0.8)
Hoog = Triangle(Q;0.6,0.8,1.0)
Moo = Triangle(Q;0.8,1.0,1.0) (3.16)

Amadunmmanadaiusldssgli 3.6
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Hqo.08
Hooos
HBqo04
Foo02
Hqo.01

1.0 | Meooo

Hooa Hqo2 Haos Hqos
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0.6

Membership Grades

0.4
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Maos

Moo

0 0.2 0.4 0.6
Normalized Credit Token

0.8

SUfi 3.6 erdussndnansinulsiedsnamasinlnduiivesusa ladud Q)

T EnGAPRPAlE] mslugﬂamﬁﬁ (3.17)

Qr :“Q(Q)/Q

(3.17)

oF1neENMI (3.17) I dhualsnean Q wldanngasilaifuanin 1L, uassnulsiied Q.

Praflsifuainuasiueiet Q. tssheazgmib W lfnulugsiimsasiedaiiasn

1 o A o [~% 1% (v n‘ a Aa [~3 c‘ J 12K 1 a 6 (v a‘ [ v 1
unasrnifiasfiudastSumyasn Banonasaalmaunae musasdsaduazUsuna sm,va@ag

| A v o y = 8 & e = ¢ | A ¢ v
N L‘W@‘ﬂaﬂﬂ%@@]ﬁﬂ'ﬂ%ﬂ’ﬁ‘ﬂﬁLﬁaﬂﬂﬂ%q@lﬂﬂ’ﬂa@ijﬂ'ﬁﬂﬂL"D’ﬂﬂ"ﬂ@ﬁ%%’lH@’JUQNWW?’]S\IL@'I@?TT]{L"D'

A A v o oSl o v o A G A @ A A
1‘%@@8@@1 L%aﬁﬂ’]ﬂﬂﬁi'gsﬂuqﬂLaﬂwagiuiﬂﬁﬁﬂijﬁéﬂaﬁﬂﬁﬁqLLUUL@?@@]IWL@%N’U%’]@LGTT LLRZHNAOINDL

davdeduadaaannm daziiuldlusuii 3.6 9iimsld Linguistic Variable Swwmannlugag

150041 Q, < 0.1

3.4.3 ngWa% (Fuzzy Rules)

AA v ;:il (3 ! ¥ 1 v ) 1 YR @ & A [
ﬂ{]ﬁﬁ%ﬁdﬁ%’]ﬂiﬂﬂﬁaﬂﬂ’ﬂa\lLM%’NQ%GLW@']WI%QBTWLﬂ%@?ﬂ'ﬂﬂ;&'ﬁﬂ@]'ﬁ%%ﬂﬁLLagNﬂWYﬂS\ILlh)e

asn3nuhlsluudazsn  nieEalFlumddetaslfuuansieduassiumit (Mamdani Fuzzy

Models) 790 MIN-MAX [J.-S. R. Jang, et. al., 1997] lpadhutsiademuinaslesumeag

enaiulanniagas laana udneigsethauuaaIng
If X=A, and Y=B, then Z=C,
If X=A,and Y=B, then Z=C,

Fsoreglmwilsznandesineldseluguii 3.7

(3.18)
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MIN
A B c
u L By (At u !
RULE 1 .
N, -
X Y zZ
C
n 2
RULE 2 .
Z

z

ZCOA

U1 3.7 npwaseafiuluinusiaasiiaue slumiuun MIN-MAX

| [« A 6o A v ! | 1 [~ A v & nlld
manNTugan NN IuaN TN BEaNIS AL MR NNANHTUNNTNIDINILINH
R4 Q‘ 1% A LY 6 o a 5 4 [« | Q‘ dl | [~
artaefignlungdaifentu uasilsriduasnin (C7) vassupanagiduenfisnniigaaaseansids
SN usaznDanTINT NN d Ul uieEeizarheoaSivamasuaanda L
g 4 3 deil fazatflugd If X=A and Y=B then Z=C 14ufu ndsarnunuendn
wsisgasluudy ngiednlade
fO.=AandZ=B then Q=C
[ XY A A v v fou o dl o A A (%
oy Werifuasnan A, B wag C Aemadaiustiudaenn 3.1 msmvuangiadasiiandn
| | Y [ v dn{u v A 6o A Y [~1
vl 11 wnendhudsdendeyaiadiiald () Sdwsznavvasilaidusandnaion favas
G § vo A o a G A6 6 v A co A Aa
eudinliTuLst s wmesanlniduriuSuss ladudy (Q) fdulsenavasiladidusangnid
| di [ A Kn; o W v A (% I | (% 12 a A
ssnniesessudisanmasazidmn lugmidorin madeshissandagamasyuia (z,) &
| 6o A AaA & Y G o A Av o A X
dusznaueasierdussndnifienann dunsigasliidiui walibme smsmindldnndayauisin
@ & § ve Ao a G A € ¢ v A gy a A
Aavasemudinlishulsisgannsdalmfuiveduaalatudy (Q,) Samdsenetilsitusangni

A G v
NI NUDEY
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3197 3.1 NN If G.=A and Z.=B then Q.=C

B Uz . ,NEG Uz ..zERO Uz ..pos
A

Howom C: Uai, C: Uay, C: Uai,
Moo C: Haio C: Moy C: Hags
Moo C: Haio C: Haio C: Mo
Moo C: Hags C: Hags C: Moo
L C: Hags C: Mg C: Hag
Mo Ci oo C: Moo C: Haooe
Moz Ct e 4 C: Hagoe C: Hagoo
L Ct Moo C: Hagoe C: Hagor
Hovia C:iHaoo C: Hagoo C: Hao
Mo C: Moo C: Hagor C: Moo
Hove C Hagor C: Heo C: Hao
Hove C: Moo C: Moo C: Hao

ad 6 g

3.4.4 WadaWadwheaweas (Fuzzy Defuzzifier)

Y n‘u [ o YR % (% | [~ a | | °

ﬂ?@ﬂ%@@ﬂ‘ﬂHGL‘]J%@]’]LLU?@?WNEﬁﬂWi@NﬂU@W@’NNL‘]J%ﬁ&l'mﬂsﬂ?NLLG]’:RE@H AHPNUIN
A A A Y A Y av oad I3 A A . <
ANTTN NI N AT UD D NTILNATINILITNITUNEUNTD LA YDINUT (Centroid of Area) 2anaLlh
o Aa [ A 6 6 ¥ 1 a @ :ﬂl ) ¥ 1% ° 1Y t:i Dtil/ tﬂl
T\]'I‘H)’J%L@i@@ﬂ‘ﬂ Lﬂ%ﬂ%@iLLNﬁiﬂ"ﬁ@'ﬁEJ?J%'I@‘]JE]L@?@G]IV]L@% LS\IE]G\]3%’]\1‘]ﬂ°ﬁﬂ']%(§]@ﬁ%']ﬂ']@']%aaﬂ‘ﬂvl,@% EiN
A | XK o 1 Aa [ a | dJ [ v o 6 1 v Y o
AMILNIN 0 29 1 vL‘].]@ﬂWJT]J‘U%’]@‘]JBLﬂ?@@]IWL@% (K) Ll@anas "NQSVLGWﬂ’ﬂNﬂNW%ﬁ‘iBWlN@W%L‘IﬂﬂU

AUDNDDNF TN INANUA IR 3.8
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UNN 4

LUUAADILAZITNITANAD LY

[ 1 o a [
4.1 LL?JSJQ']GQGLLW&@W\L%@‘IIQN“&
v v g | = 3 I o A n‘ 3 | (%} 1 a 6
mmamanmLmumaamqLmaammesl,%ﬂumimammeqmmmmmuauwmmmai
9/&; Y o A (% tll Aa [~3 12 = Aa [l a 6 Dg v
M3l leiauaie mifaLL'mJL@ﬁ@@ﬂ'ﬂmumuamwﬂeﬁeﬁaaaﬂ wmmaugmwwsmmasmﬂsmﬁlﬁﬁ
L DA . ] oA A ve e a
NuINtUMssad@lew (Virtual Connection, VC) mewmmi@awaﬁnanmmmmm@mﬁ‘mq@
FarhalsrAvBmmmavhauashe UM Mva s MR diuiunuanyacasumas e
Foutnann  Winsnnunastief Frmasslnnulesmnenaafiuees  Senuvanvaeaasaie
Usaan  RsnnsazdnunssawasTiiledeyafiuanehet - deiudslifunsaedlaficnansnag
vAa I o A A v 0 6 [K~¥=} o A dl A v ¥ A
LmuﬂmammaqLmaomm@mwww%@amamym WAL Aa9N ST TLITEnn e | IndiAes
SunrssrfienmWingss wtsaesiawhen Fdusanlumeinisehduuuusiaadiing anmwn
Trsdsunauwmtnt  SoiwUaesmast ez lwnuadTefiasden iUy aasumasr oy
Flatla (ON-OFF source) [E. P. Rathgeb, 19911 dafluifinnldmslummesaummlszansnm
?Jamul’aamuwwmaﬁmaémﬂ% Laihagfiumssaasuuinastiiadesuuuwinng, mwimie

4 Y o I o A g 3 v A
LNLGUBAR [E. P. Rathgeb, 1991] I@‘IF_ILL‘]_I‘U"’G']ﬁE]GLLWﬂGﬂ']L%@%‘VIN'M@ﬂ%E‘U‘V] 4.1

Geometrical Negative-

Distribution Exponential Distribution
Mean= E[X]A Mean= E[S]

w

Data Rate
3

BURST - SILENCE

alns 'Time
A

UM 4.1 wuaasumasmiionuuidelosassmus
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wuaesmnasmiien Wikuuiasaletlaaasamus (2 State Markov Modulated
i e A XA a % | A | v %
Poisson Process (MMPP) ) unasriiatssnmikilaimasetoys faaiaasdetoyanansieois
(9 1% 1 A A [l dl [~ | = Ay nl |
Sangean uazazmasneetsaviors Idie Fwazfurelouliddoyafideanin
nfiwasvasuuudaasidienda EIX], E[S], A, N, loef
A ¢ o 61 A ¢ A o | A 3
1. wimiiwes ENX] fudnnwradsaidsadings lnafihmwnmess mwisaudsadimaianuadis
WULLSNAIRAEAT® (Discrete Geometric Distribution) fileadawnmy E[X]
2. wimiwes  E[S] WhembsmanamesSoy laefissasnmaase@auiineuaniasiuud nglnmm
FeUaeauKULsaLas (Continuous Negative Exponential Distribution) ameeiadeiyhiiu E[S]
A 6 @) | X | 6 A n{
3. Awes A usresnasEmi NSNS ILAaITas e e
4. wiises N, Leastsimmadanfge udsadfefuiunasridaasridfiaaann
1 (9 QIJ a{ | I 7= 6 (Y] [~ % LYY o.lz
LLazmmﬁmwmaammmﬂa%ﬂ@ﬂmL«fﬁaaqagmaaumum@;mmﬂiﬂmaﬁwwaqmmmLaEJ
A @) o Sn: a: n{ 1Fo A | dJ a 6 [ |
avdenifuiraddannvigenuvasridaazdeeansn dlumiadssd sansniafensds
A 6 [ q.lz { | I
Foyaidsademndldlgehanaa loe

B

NE e (8 4.1
WXT1-RIS “

Aﬂl % o (=3 o 3 °o & ¥ ° A 6
LWE]EL%ﬂﬁmaEN Lmummimmuwaiﬁmwmmamu MUIDIMAUANITINADT Nyax

{ A 3 I o A | 6 Y | 4 [
el lfuuuassmasmifiagusaddoyaifionuensnni N, 0ona  (Tsdanadasfiv

U

I o A v a nii/ I I v 1 s’ 4 a‘ I 1'% 1A
LmaqmmmaaﬂmsammuaﬂLLﬂTm@mammmzmmasﬂaaaﬂmm’mq@mﬂi) DTMWﬂVLS\INﬂﬁ

. A X o A ¢w & o 8 ¥ A ¢ v Iy o .
mwu@hmamumLmamaaﬂaHnumzwﬂwmwﬁaagzymﬂ\lmmuau LLSSQSWBGT%ﬂWiQWaBQLLUU

|
A %

[ ° ;::ll g A ;:‘.1 4
Lﬂ%ﬁﬂ%’]%ﬁaﬂwm’mﬂ%ﬂ’ﬂL@NNWT}LWBGLWWBVIQTW]BG

i o= E[XIA 4.2)
wag B = €S (4.3)
ni -1 A n{ a{ I o A I A
I@H‘VI o @3¢ mmmaﬂmmmmemm@agﬂuﬂmumﬂ@
v v -1 A ::ll n:{ | S—m——_——— I A
LLaﬂum@ﬂamu B A iwmmmaﬂmmmLmaammmaﬁmmmsﬂ@w

Yo 3 A 1 o A [~ A
Qﬁi@@@]ﬁ? TR LYDILARINL AL 'Y I@ gn

Y= A+aAP)’ (4.4)

[V Y 6 ;:il o I o A A ::lj ° v Aad A
MIUSUD O RRRRLUDILLLN NIRRT AT AT ﬁ']ﬁﬂiﬂﬂ']\l@ﬁaﬂﬁ‘ﬁ@a
) a 6o €1 A & A A A S & v A €1 A
1. I@]HELWW']‘J']S\ILWB?QW%?%L%ﬁﬁW@LU?ﬁ@L%@EJ E[X] @ NNUUNLTUNRGDIN AR LANN

emrRuy E[S] R ldmsamnizadinaumudasms vae
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v A €1 A L P A ¢ @ v A 6o ¢
2. lnglimfiwasamisanuentaldey E[S] Amad antufusummieasimmead
A i a ¢ ya X a9 Yo ! ¢ A o
waesiaudsad EX] IvdeannanvEetinuaanldianmisadmamaeaims
1 ai a 3 A YA (v | v 6 n{ gj ad di o (%
ANALFNEIRATRINMI AN ITMIUS U danaadnaenssadds Wath lunesauiy
F9FWUUGAAN [E. P. Rathgeb, 1991] Sanuuansnamurioasnn uimsisaans azlvendas
¢ | aad A . au XA Yo v o ¢ A v w o
waAFRMEENIIBTni  duiuluniddetazden| i malSusanmadindsfemaySusmmn
¢ A oA & aad d dod AT o« v em Adve  Aa
wadwhusadsad (359 2) Wahishuuesfalnfumueuieiiataadnidmnauifniung
[E.P. Rathgeb, 1991] uavaasnilSauiieuiunuidedn [V. Mannem and R. Sankar, 1995],

[V. Catania, et. al., 1995] 7IFuUUS1aUAaSTIAGULULL AL [ Aae

mmndwaivasmasiiflashen [Z. Jiang and Z. Liu, 1996], [E. P. Rathgeb, 1991]

sanang ldanmsed 4.1

il 4.1 enAinestasunasinidiasiaehe loelFudazrasussadoys 48 lud

WAaIN1Lia E(X) E(S) (s) A (ms) Mean Bit Peak Bit Burstines | Py
(cell) Rate (kbps) Rate (kbps) S
Packetized Voice | 5.0 0.1108 12 11.24 32 2.847 1X10°
(ADPCM) !
Still Picture 4.2 001774 | 0.192 86.96 2000 22.999 1X10
6
Video Phone | 4.0 0.000248 | 0.036312 | 3900 10575 2.712 1X10°
6 6
A 6 Wleo A ;:ll ° I o A g ° YA
W']T]NL@]Eﬁ‘ﬂa\‘iLIMENTT]L‘LL@EIM‘IJELLS‘Y]LL‘]_J‘]_IG\]']E!@GLLMENTHL%@]%Dﬂﬂ%’l&lﬂ‘ﬁﬂa
[ 6 n:{ A (Y
-r 9QNTIIRNY N@YINNY
_ 48-8-E(X) .5)
A=E(X) +E(S) '
s DO ITaRgeEe Newihiy
48-8
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Report Routine
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Silent Arrival =1E30

Geometrical
Random
Cell Generator (X)
with Mean=E(X)

Case

Arrival Event Silent Event
of Event
?
\ Y
i i ime= Adll i Leaky Event ; ; oy i
| Simulation Time= Arrival Time ] Yy lS|muIat|on Time=Silent T|me| Negative Exponential
* Random Silent Period
X - - - - s Generator (S)
_>| Silent Time=Sim time +AsX | Leaky Arrival T|n_1e = Simulation |<_ with Mean=E(S)
Edent Time+S
4’* Subroutine
X=X-1
Cell Arrival=Cell Arrival+1 Case of YES Leaky
Bucketcounter=Bucketcounter+1 Event= Event
Next Cell Time=Simulation time+A Leaky Event? Subroutine
|l
Lt B
Bucket Counter Cell loss=Cell loss+1
> Bucket counter =
Threshold Threshold
?
4
CLR=Cell Loss/Cell Arrival
YES Iteration=Iteration-1
Bucket counter Ce)llll(.)gss
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ANO
L Iteration=
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Opsd (if YES Leaky Event
G Subroutine
Leaky Event?
Data Analysis
Next Cell in the For CLR
Same Burst Event and
| 1 ) ! \ . Report Preparation
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Ut 4.5 admdalusunssmdnaasmssaesuuudeuuaaismio afines



45

Start
Leaky Event
Subroutine

| Simulation Time = Leak Time |

Bucket Counter>0 Bucket counter =0

?

| Bucket Counter=Bucket counter -1 ]

v

I Leak Time=Leak Time + 1/R |

RETURN
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Parameter Packetized Still Video
Voice Picture Phone
Source Peak Bit Rate (S) 32 kbps 2,000 kbps | 10,575 kbps
Model Mean Bit Rate (r) 11.24 kbps | 86.96 kbps | 3,900 kbps
Parameters | Burstiness (S/r) 2.847 22.999 2.712
Mean Burst Length (E(X)) 5.0 cells 4.2 cells 4.0 cells
Mean Silent Period (E(S)) 110.8 ms 17.74 ms 0.2486 ms
Intercell Arrival Time (A) 12 ms 0.192 ms 0.036312
ms
Lost Probability Requirement | 10” 10° 10"
(Ploss)
Maximum Cells in a Burst 85 Cells 884 Cells 104 Cells
( Nyax)
Convention | Overdimensioning factor (C) 1.42 11.50 1.356
al Leaky Leaky Bucket Sizes (B) 48 cells 461 Cells 50 Cells
Bucket
Parameters
Credit Overdimensioning factor (C.,) 1.05 1.05 1.05
Token 202801953 (B) 5 cells 4 cells 4 cells
Leaky awpieuLGaGs (B) felien | 264 cells | | 867 cells | 349 cells
Bucket P.ose WNLGRIMS 7 C=C,
Parameters | au1a Credit Token Pool (K) 526 cells 13,958 cells | 662 cells
WINMTIA () 151 1,218 144
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Short Term Dynamic Response of Conventional LB for Packetized Voice
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Abstract

This paper proposes a nhew model of Leaky Bucket (LB) called
Credit Token Leaky Bucket (CTLB). Since the leaky rate of conventional
LB is more than the negotiated mean cell rate, the performance of
Usage Parameter Control (UPC) depends on the burstiness of source
and the statistical characteristics of cell stream passing through UPC.
Therefore, the lower performance, easily caused by malicious user, may
happen. In practical application, fuzzy logic is chosen to be an artificial
intelligent part which makes this mechanism work dynamically.
Simulation results obviously show that the sensitivity of this proposed
algorithm is better than that of conventional LB and is also close to that
of ideal UPC. Furthermore, in the simulation results, CTLB returns fewer
excessive cells going into ATM networks than the conventional LB does,
while CTLB maintains the negotiated Quality of Service(QOS) for
conformable sources, it passes cells without delay and still works with

acceptable sensitivity.

1. Introduction

ATM is a flexible network for broadband communication. Due to
using statistical multiplexing technology, it can serve more kinds of
traffic with different characteristics such as data rates, QOS, etc.

UPC recommended by CCITT in 1.371 recommendation [1] is a major
key technology for controlling the contracted connection agreed by Call
Admission Control (CAC) in call set up phase. Function of UPC will be
activated when the accounted connection violates the aggregate data
rate in order to prevent the other connection’'s QOS from decreasing
down below the guaranteed QOS.

Conventional Leaky Bucket (LB) is one of the most frequently used
preventive UPC because of
its simplicity in hardware implementation, low complexity and good
performance on selectivity and sensitivity. Conventional LB is

continuously researched and developed in many ways [2]. By the way,

watit@ee.eng.chula.ac.th

each of conventional LB’s parameters is uniquely defined from source
characteristics  for the specific connection. Conventional LB'’s
performance depends on source characteristics such as mean burst
length, burstiness value, Peak Cell Rate (PCR), Mean Cell Rate (MCR)
and especially on the statistical distribution of data stream. The
disadvantage of conventional LB is found when cell stream is shaped in

order to form the deterministic pattern by malicious user [2][3].

2. Traffic source model

The widely used source model for simulation in UPC topics is the
two-phase Markov-Modulated Poison Process (MMPP) or on-off source
model [3]. This model is most similar to the realistic ATM packetized
source. Cell stream that comes out from the on-off source contains two
phases of data rate. Figure 1 shows the cycle of 2 phases in the on-off
source model. The first phase is the burst phase and followed by the
silent phase which-is the secound phase. After the silent phase, Source
will regenerate data in burst phase alternatively again . In burst phase,
source generates data stream at Peak Cell Rate (S). The number of cells
in each burst are geometrically distributed with mean E(X) and each cell
consumes a constant time period A. In the silent phase, source does
not generate anything: This silent-period is exponentially distributed with
mean E(S). O and [3 are the transition rates between the two phases.
Three on-off sources , Packetized voice, Still picture and videophone
[3][4] , is selected for testing the new leaky bucket called Credit Token

Leaky Bucket (CTLB). Table 1 shows their on-off parameters.

3. Credit Token Leaky Bucket (CTLB)

The advantage of conventional unbuffered LB is the easily forme
parameters. Only 2 parameters, leaky rate (R) and bucket sizes (B), are

solved from source characteristics. Leaky rate (R) of conventional LB



must be more than source mean bit rate (r) with overdimensioning factor

(C>1) in the relation R=Cr.

i
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Exponential Distribution
Mean= E[S]

Geometrical
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\\\\\‘i////,
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- e

1]

\
e
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Figure 1:  On-off source model

Usually, overdimensioning factor (C) which is equal to the half of
burstiness value is sufficient for acceptable selectivity. By Using
probability theory [5] the bucket sizes (B) can be estimated from mean
burst length (L), source utilization (y=r/S) and leaky bucket load

(p=r/R=1/C) as shown in (1).
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(p=7)A-p(-P o))
P(L—7)PLoss

g E=NkP-7),
p(l-p)

(1)

Where P . is an acceptable QOS of each source.

The main concept that makes CTLB (in Figure 2) more tolerant to
random distribution of burst and silent period is the credit token. Credit
tokens, generated from credit token predictor, are the special rights for
data cells that cannot enter into network when the counter of leaky
bucket is more than threshold. It means that even though leaky bucket is
filled, the excessive cell can enter network with one cell per one credit
token. The maximum number of credit tokens is limitted by credit token
pool’s sizes (K). Credit token's lifetime is valid only during specific burst
duration. The credit token predictor which is controlled by fuzzy logic
must regenerate the new group of credit token for the next burst duration.
Mini leaky bucket, whose size is equal to mean burst length, has a
constant leaky rate (R.) approaching source mean cell rate (r) with the

overdimensioning factor (C.—>1) according to R.=C.r. This idea can

prevent preshaped cell stream coming from malicious source.

Table 1: On-off source parameters

Source Peak Bit Mean Bit Mean Burst Burstiness Ploss
Rate (S) Rate (r) Length (L)
(kbps) (kbps) (ms)
Voice 32 11.24 60 2.847 10"
-6
Still Picture 2000 86.96 500 22.999 10
Videophone 10575 3900 0.1452 2.712 10°
Credit Tokens
For each new Burst
Fuzzy Inference Engine
. Credit Token Predictor
Credit
Token
Pool / \
Size KCells NN o ks, g 5y s mons ok gog 2y 2w ) i | oty 2l o g P T
! f
N 000000 : |
| !
Leaky Bucket
. = Cell Arrival =Discarded Cell = =Sij i
Size B, Cells X=Numbers of Cell SzSilent Time
in Last nth in Last nth
Burst Burst

Leak Rate= R, = C_r i

Figure 2: Credit Token Leaky Bucket (CTLB) with fuzzy logic control.



The fuzzy credit token predictor monitors the last i bursts and
silent periods passing through UPC. These measured data are very
important for prediction. Credit token pool's sizes (K) can be
considered as the maximum expanded bucket. Expanded bucket
for each cell burst is the amount of credit tokens filled in the credit
token pool. Token pool size can be found by observation on the
relation between burstiness (S/r) and LB's size (B) with leaky rate of

CTLB (R,) at the same P as shown in (2) and (3).

K o B§ ©)
r

kB§ @)
r

LOSS

or K =

Where kis a constant

4. Fuzzy Credit Token Predictor

The Mamdany fuzzy model [6] with two inputs and one output
monitors the last i bursts and predicts appropriate credit tokens for
the new coming burst. The range of monitoring (i) depends on
source’s burstiness, i=1]S/r (1 is a constant value of monitoring).

The first crisp input is mean cell rate of the last i bursts
normalized by the negotiated source mean cell rate (G,,), as shown
in (4) and (5), where X is the numbers of cells in the n-th burst and

S, is the silent period of the n-th silence.

X
n=1

mi = — @)

iZI:(A-Xn+Sn)

- _I’Mi -
M= 5
r

The normalized monitered mean cell rate will be fuzzified by a
set of membership function in Table 2. The output of fuzzifier is a
fuzzy variable named fuzzy normalized MCR (G)

The another crisp input is the standard mean cell rate (Z,,,,). of
i/10 samples with respect to i/2 samples’s MCR ‘and standard

diviation, as shown in (6),(7) and (8).

Fwiro — Fwir2
7. == (6)
ri/10 SDr”2
i/2 |
Z:(I’Mn —ruirz)’
SD,, =|2—— )
" i/l2-1
rM_ — L (8)
I (A ' Xi + Si)

Table 2. Fuzzy normalized MCR (O,)

membership functions

78

O, MF Membership Function
Koyos | Mown = TTapezoid(s,,;0,0.01,0.90,0.95)
Koyoe | Moues = TTiangle(s,,;0.90,0.95,1.00)
Koo | Mo = TT1aNgle(sy,;0.95,1.00,1.05)
Hoyio | Moy = THiangle(sy,;1.001.051.10)
oo | Moy, = TTiangle(sy,;1.051.10,1.15)
Moyt | Moy, = THiangle(sy,;1.101.151.20)
Moy | Moy, = Triangle(s,,;1.151.20,1.25)
Mo | M, =Triangle(s,,1.201.251.30)
Hoiw | Moy = TTiaNGIE(G),:1.251.30,1.40)
Hoyiw | Moy, = Triangle(s,,;1.30,1.40,1.60)
Koo | MHaye = Triangle(s,;1.40,1.60.1.80)
Moy | Mows = Trapezoid(c,,;1.60,1.80,100.0120.0)

This i/10 samples standard MCR (Z,,,,) can imply the trend of
traffic fluctuation to predictor, as same as the first fuzzy input. The
i/10 samples standard MCR will be fuzzified by three membership
functions in Table 3. The output of fuzzifier is a fuzzy variable

named fuzzy standard MCR (Z,).

Table 3. Fuzzy standard MCR (Z,)

membership functions

Z. MF Membership Function
Hazinones Kz nec = Trapezoid(Z,,,;-10,-9,-1,0)
Hanosso | Wy ep = Triangle(Z,,;-1,0,1)

Wainoros Mz pos = 11apezoid(Z,,,;0,1,9,10)

With 36 fuzzy rules , in form of “If G .=A and Z.=B then Q.=C",
in Table 4 and Mamani max-min inferrence engine, the output fuzzy
variable (Q;) is a set of weighted value on triangular output
membership functions in Table 5. Centroid of area defuzzification
[6] of these output membership functions yields amount of credit
token normalized by token pool's size (0<Q<1). The number of

credit tokens of next burst is QK tokens.

Table 4. Fuzzy rules table

“If O0.=A and Z.=B then Q.=C”




A ® Uz onee | Mz,.zero| Mz, pos
o | O Heo CHao | G Hao
MGMOBS C: Hoyo C: oo C: Haos
MGMLOO C: Haio C: Haro C: Koo,
“’GMLOS C: Haos C: Koo C: Kooz
Ho | G Hes CHos | C M
Mo . | O Mo CMay | C Hose
Mo | O Ha CMoss | C Hona
Mo | C Moo C Masse | @ Mo
Mo | C Moo C: Hoose | bl
Mo | € Moo TR T
Mo, . | G Mo C: Py G hay
uGMl.BO C: Hao C: Moo Ct Koo

5. Simulation results and analysis

Our discrete event simulation [7] is based on C++ programing
language. MCRs of three source types, normalized with negotiated
load, are adjusted by decreasing or increasing E(X) in source
models. Conventional LB and CTLB are formed by source
characteristics as follows. Conventional LB’s overdimensioning
factor is equaled to the half of burstiness value but CTLB'’s
overdimension factor is 1.05. Bucket size of conventional LB can be
known from (1)

and is equaled to mean-burstlength-in-case-of

CTLB. In addition to CTLB's parameter, =50 and k=0.7 .

For objective in  selectivity
performance. Let both systems are
flooded with negotiated cell rate for

enough long period without cell loss

counting. After that, we start to count the

number of emitting cells and loss cells.

The simulation ending is at 100 lost cells. Simulation will be
continued for the next realization until the average result can be
acceptable. Figure 3, 4 and 5 show that CTLB shows better
selectivity than conventional LB (Fund. LB) and can maintain false
alarm probability at required QOS. Figure 6,7 and 8 show how many
nonconformable cells can violate into the network in percentage of
excessive cells. CTLB lets 14%, more than 45% and 17% of all
excessive cells enter

network in case of packetized voice, still

picture and videophone respectively. It is less when compared with
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the case of using conventional LB . The percentage of improvement,
caused by migrating from using conventional LB to CTLB, is

increased as the fuction of traffic load.

Table 5: Fuzzy normalized credit token (Q,)

membership functions

Q, MF Membership Function
Moo Hqoo = Triangle(Q;0.0,0.0,0.01)
Hooor Hqoor = Triangle(Q;0,0.01,0.02)
Moo Hooee = Triangle(Q;0.01,0.02,0.04)
Hooos Hqoos = Triangle(Q;0.02,0.04,0.06)
Hooos Koo0s = Triangle(Q;0.04,0.06,0.08)
U Kaoes = Triangle(Q;0.06,0.08,0.1)
T Kqoy = Triangle(Q;0.08,0.1,0.2)
oo Mqo2 = Triangle(Q;0.1,0.2,0.4)

Moos Koos = Triangle(Q;0.2,0.4,0.6)

Hoos Hqos = Triangle(Q;0.4,0.6,0.8)

Hoos Hqos = Triangle(Q;0.6,0.8,1.0)

Haro Moo = Triangle(Q;0.8,1.0,1.0)

For sensitivity characteristics. After the cell stream is emitted at
negotiated cell rate for long enough period, traffic load will increase
to 1.5 times of negotiated cell rate. Emitting cells and loss cells are
counted. Simulation will end when the both systems count the
emiting cell up to 3000 cells and repeat simulation for a new
realization. Figure 9, 10 and 11 show cell discard ratio as a function
of the number of cells emitted to network. For packetized voice and
videophone sources, Sensitivity of CTLB is better than that of
conventional LB. CTLB starts to drop cells after 80 cells of
packetized voice source’s violation and 130 cells in case of
conventional LB.-For videophone source,it starts to drop cell at 50
cells in case of CTLB and 120 cells in case of conventional LB. High
bursty still picture source does not clearly show what type of leaky
bucket gives more sensitivity. This unidentified rising point
happening from the selectivities at traffic load 1.5 times of normal
MCR are different more than 10° . It is consistent from high bursty

source and long burst period yield the big sized leaky bucket (B)

and long period of monitoring (i) in CTLB .

6. Conclusion and future works

The simulation results show that this prototype CTLB can

improve conventionnal LB’s selectivity and sensitivity. CTLB'’s



selectivity is close to that of ideal UPC [8] than that of conventional

LB while it can maintain connection’s QOS. However, a lot of

parameters give many opportunity for another researcher to find out
the optimun rules for various source’s characteristics. With the
monitoring section, it is another point for the future work to prove
that is it is a good method to use with preshaped cell stream and to
protect two-phase Markov-Modulated Deterministic Process
(MMDP) for violation [9] . Fuzzy logic can be replaced by another
artificial intelligence such as neural-network aiming high speed
prediction. for the sensitivity performance improvement. CTLB is
better than conventional LB. However High bursty source should be
treated with the differrent way of parameters forming. This prototype
formula may be appropriate for only medium bursty source . Future

research may specify how to optimize these parameters.
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Figure 3. Selectivity performance
in case of packetized voice source
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Figure 4. Selectivity performance
in case of still picture source
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Figure 5. Selectivity performance

in case of videophone source
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Figure 9. Sensitivity performance
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Figure 7. Percentage of excessive cells entering

network in case of still picture source
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Figure 8. Percentage of excessive cells entering

network in case of videophone source

in case of packetized voice source
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Figure 10. Sensitivity performance

in case of still picture source
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Figure 11. Sensitivity performance

in case of videophone source
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