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Abstract

ATM network must be designed to accommodate all types of traffic
with their various characteristics and QoS demands. The degree of service
quality is determined by the cell loss rate and the delay by the whole
bunches. Many studies have been concentrated on the only one of these
two elements. They have controlled PBS(partial buffer sharing) or
Push-out scheme for cell loss and priority control or buffer size variation
for cell delay. But these traffic control do not guarantee the desired level
for the other element of QoS(quality of service). The control algorithm
should not interfere with delay-sensitive traffic to assure given QoS and
minimal cell loss.

In this thesis, we have been proposed two fuzzy control algorithms that
are Fuzzy logic which is composed of linguistic rules and Fuzzy inference
engine for effective traffic control in ATM networks. The parameters of
the Fuzzy rules are adapted to minimize the given performance index in
both cases. First, the proposed Fuzzy control algorithm has two priorities
and uses Fuzzy sets to search for dynamic thresholds. In other words, the
difuzzification value controls the threshold in the buffer to include the
traffic priority (low or high) using Fuzzy set theory for traffic connection
after reasoning. Second, The proposed Fuzzy control algorithm has total
traffic arrival rate, buffer occupancy rate and Fuzzy set to search for

dynamic service rates in server. That is, according to the arrival rate of

-1 -



total traffic and buffer occupancy rate, Fuzzy logic is implicated and is
reasoned. As the result, service rates in server about traffic that is
connected with defuzzification value are controlled.

As result by threshold value control, when the traffic rate is 1:9, Fuzzy
reasoning result, threshold value showed by 12.7. When compared the cell
loss rate with existent PBS scheme accordingly, the high priority loss rate
appeared is the same the proposed scheme as PBS scheme. It has shown
that low priority and the total cell loss rate are decreased. The traffic rate
that happen becomes the same and approach by the loss rate such as
existent PBS scheme. This can know adaptive controlling threshold value
according to Fuzzy reasoning result that efficient buffer administration is
consisted. As result by service rate control fixed the total traffic arrival
rate by 0.2. When the occupancy rate of buffer was each -5, 5 -10, 10,
the result was appeared by each 027, 055, 0.203, 0.605 after Fuzzy
reasoning. When compared the cell loss rate with existent PBS scheme
about each by this, the cell loss rate decreased.

Form the result, it was confirmed that with the proposed scheme,
performance improves at cell loss rate, when compared with the existing

PBS scheme.
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ATM %2 AF&RSE o] g 73t AeS WA 77 St & ¢ A
oJ(CAC : call admission control), AF&xF stEbn|g Ao (UPC : usage
parameter control), 41 <9 #A|o}(PC : priority control), ZF AoJ(CC :
congestion control) 52 E#I A& A|F3tal 9t} olE2 A 7wt W
QF} & 7]Rke] WRQFO R o] Z=d] A Nk Ao WAL FE W ¢
HEZSH Ao g7z Qg Ad, A4S Fote FH7ME v (Walter &,
1995). wkHo] & 7]uk Aol wWAle] Ao kA AY(VC : virtual channel)
A4 AA A FEo| oste] A bET S VCe dF Ao diste] 3}
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MATLAB 6.19] “Fuzzy tool”E o]&3slo] A3 =2 AFo] #zd urt
A AL el E Y] kS WsA7IHA SAHS Aot v Bg S Foto] ¢
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II. ATM E&dY A o]

1, ATHM & #=

ATM2 =74, 974, deld 3 2o A% &%

=
ofx
N
re
ol
[ied
1o,
T
T,
ox
ofl

B o] Ar Folgk BERES Aceloldt E2le &5 ¥olx &Wgth

A2l &= 48 bytesZ o] 9] “payload” &< “information field"#tE Ao 2 YFo]
A, 2 Fe= 29 19 2o 22l ATM £+ 252 °o 4 &g
27 4 HER Agestar Qe - AR AREAS e dEds 9%
UNI(user network interface)®t W3 W3] A4S 98 NNI(network-to

—network interface)©] t}.

1

Header 2
(5 bytes) :
5

6

7

Payload
(48 bytes)

53

Fig. 1. ATM cell format



UNIE= ATM9 “Workstation” 2-& “Router’¢l Fwt2golAx A4 ATM
el ATM 29 xzke] S48 Astm, UNI A9 dd deiv+ 18 2a)%
2o}, UNIof| 4 AWk &2 Ao (GFC : general flow control) =+ 3 7] 9

B2 o] B ane 453S o A% AR ¥ & A wEe] e 2
=

-
rr
O
o9

8 7 6 5 4 3 2 1 8 7 6 5 4 3 2 1
GFC(4) VPI(4) 1 VPI(12) 1
VPI(4) 2 2

VCI(16) 3 VCI(16) 3
PT(3) 4 PTG |, |4
HEC(8) 5 HEC(8) o
CLP(1)
(a) UNI (b) NNI
GFC : Generic Flow Control VPI : Virtual Path Identifier
VCI : Virtual Channel Identifier PT : Payload Type
CLP : Cell Loss Priority HEC : Header Error Check

Fig. 2. ATM cell header format

NNI= ATM 291213k B4 dofstm, NNI9| st del= 17 2(b)ot
2t} NNIlA = 7Hd A2 2 2(VPI : virtual path identifier)ell UNIE.t}
AN E B 120 EVE @950 th(Ray Jain, 1995). o1 % WM& 7}
FREE wol A daAol 9la, GFC7F B8ty wEolth VPIst 7}

A A A" AH(VCI : virtual channel identifier)s A2 AS 913k 298



A &2 4 £9(CLP : cell loss priority)E A2 SHA3A] Ao 94 9
& U] 98 AFEEH, “17E dARetd AR B AE FA

] 25 HAHHEC : header error check)©= #98S 3 23 AR=Z
A e CRC(cyclic redundancy check)E 93 F3kolm, A o 7o 7Hx
2 A A sy e] o] AREH T

85 F3o A¥HA(PT : payload type)= X 10419} Zo] A HEZ FAFH
o] 9l

al
29 B

, ATM Ale] ARFE7E ARGA AR AR gis #e] A 1A,

2 A 248 (0AM : operation, administration and maintenance)’l

Table 1. The bits map of payload type

Payload oY)

coding
000 | ol8x ARA ZF¢S ATMAZS ol&A7F HA] =0
001 o] gz AR ZFS ATMAZS o] &7 A =1
010 | o] &8} ArA Z3F ATMAS o] &A1 A = 0
011 o] 82 ARA EFF ATMAIZS o] &A7F ¥4 =1
100 | 74 AE(VO)E OAM(H 24318
101 | 71 A3 (V)& OAM(End - to - Endd &)
110 A B2 & (RM: Resource Management

ALEdlg el HAA AL])

111 | 4

o, 2% 32 7MAR] 72 ANdS YElle Ae® 7 (VP ¢ virtual
path)= t<=9 734 (VC : virtual channel)S AZA3te] =gd oz 8=
V

g o2t} olel wet 7ol wEE thg wmEe VP g

_9_



AER
|| TP(Transmission
Path)
VC switch
[—— |
VCI VPIE1' yep VPEES yop VP2 yop
=1 -2 -3 -
] | | — port?2
VPI=4 —— VCI-4
VPI=3 —-VCI=3
|
“—+VCI=1
VPIS —+v(I-2

VP switch  port3

Fig. 3. Virtual paths form logical groups of virtual channels

29 39 “portl” A VPIg 4% 7bAI gl AL ATM 29148 &3
“port3” .2 A%3dFE=d "VP Switch’E £33t VPI o] 52 HMHAT 1A

_10_



ok VCIghe v A ¢ka dE 9k VPI gto] 191 AL "VC Switch” & £}
=t ol VCI gtol 191 AEL VPIFS 42, VCI & 42 wb4tal “port
278 A& VCI grol 291 AE9] 499+ VPIE 32=%, VCIE 32=
Il “port3"e.® AFEATt o] VCISH VPIO| Wt Hel uteh Fdd FA=
= 7P Ad AYA(VCC: virtual channel connection)o]ghal dhal, ©x] VPI
gl osiA =9 Hol HE e P A2 AIA(VPC: virtual path

connection)©| 2 &k},

Z M == HH

Aeehe mEsE @70 FHe ATM A sdold A &4 94 &91(CLP)
HEe] we Med A dy) Ageln, the s Wue Aty 3 24

(EFCI : explicit forward congestion indication) 7]¥HoltH(JF3 5, 1998).

1 ATM Zie] Eedd Ae] 7=

B-ISDNel A= oldt 548 2t g dess &8 Agdste Pae
ZA ATM %& Ab&sta vk ATM BolMe 22 59 Efgs 483}
7] <13t o2

£

Hit HMESEA Y

ol



olg]dt EfY Ao W= AZA 2 Ao}(addmission control), AF-& FHA]
A o] (usage monitoring or traffic enforcement), B3 &7 (buffer
management), ™5 Ao (reactive control) S°] Lt}

3, ATM BelAe d8ses Egge 3 @3S Aofsty] 93 34
A7k A=, ol gk 3 Aol doju= dQle Hug ¢ e,
59 EgY AuAE A7NA e A4, B FEHOE op7ld F 9

=
= MEESY HAT eSS & 7 den, 2 9o 54 "= Al ¢

5S4 wEel V1€ AR ARy d4 dev 53] dF AdY SR
At dpdo] TAsHA o]F o] TolA LA WHsA = ST A E

(i
o
&N

A HEz ATM gelAe] Al A e 293 & dAsi=
&L o|Folx ok st EgI Ao] Fx7 Aol di(AAS 5, 1994).
g o4e 13719 A Edg Alo] 9 Hd Alojo] tig VlE T8-S
Yetd o & AR A oA TAHE d-bY AMdES EYY Ao &
Holl A A% Ao H(ITU-T recommunication 1.371, 1995).
A2 & dAAS a7ste Alsde] BA4 5SS Uede EdY BTE

Fol AeomA Ade AFdch o, W uel gt AF FE Al
2

_12_



2d gi7] dd 2] B #ek Ay Zasith du dde] AAH
ojFol= A A el dAFetal W 2FA= 2 dde] ¥ W Ads
T AR 71 Foll kST WS Wl AbgstEA AFE ZHAIE7] & AL
a7 setug A (UPC)E Fastth oA e 7ol A A
S 2A W e HEAYe] TAY FES =Y 7 Utk
Inter-Network
Network A Network B
NNI
Sp T, -CAC
~CAC RM
BTE_._, B—NT2~'—> B-NT1—»| UPC | -rum UpPC pe
-PC —the others
—the others
SB TB
B-TE B-NT2 B-NTI

UPC: Usage Parameter Control
CAC: Connect Admission Control
PC: Priority Control

Fig. 4. Reference configuration

4

NPC: Network Parameter Control

RM: Resource Management

Others: Spacing, Framing, Shaping etc

for traffic control and congestion

control
sl wAstE A EAE0] AXT A% AR AAA 5=, B-ISDN
M 7t Aulzvit gyats Aula 4 FFEel BEER oF WA



7] SSAE A A EAE QTAL R Anzd] £ AES $HY
o AN, A A o7 2ol GA Avlzel A WA A

F "art dvh WA 24 #9 Aozt Basteh
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Fig. 7. Mamdani’'s reasoning method about crisp input
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FEHA b FriEE AW vaEvh 1 9] A Agax ¢
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Hey (%) A
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Mamdani®] HWye] %ol
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7EA7F Atk A A2 A o] ool A

AHEE AL QltH(Jang -5, 1997).
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Fig. 8. Mamdani’'s reasoning method about fuzzy input
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) FEPRE he ol A ANZE A2 AL FE W 5 Ak

AA 1 EvfEs wath ErfEs ol

2 galAE Aoz EAW FHot AAES Aok su 739

N
N o
$
=2
¥o,
rr
o,
2
o
o,
2
ol
oft
e,
ol
By
&2
rlo
o,

A7k AR FojAd et B

Aty 1oy, is A
x, i1s B
B HAOHE
A3 pA N Blyxy) = pA(x) A pBlx) Vi €U

(2) 7FE] A 3 & (cartesian product)

1A
T

Sz I xliSA
x, 1S B
(xl, xz) iIs A xB

7é‘T'/]':I.IAXB(_xz):I-lA(xl)/\IJBb(_xZ),VxlEU, x2E

(3) 22 A 5F 2 (projection rule)
derd 0 (4, x,) is R

x; 1s domR
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A3 # domR(x,) = V uR(x,, x,) NV (x, %) € R
(4) 34 713 (compositional rule)
dntg oy, is A
(x,.x,) 1S R
xy 18 A © R

A} wA o R(xz) =V {IJA(xl) A uR( xl,x2)},V(xl,x2) &

3. HE| Hof SEAH|

7 029 $§ s YRAE WA AolE FHOE & FIHAA o

A8 el Ropol e BakE T Sitk 58] £4 Bokl ATM oAl 74

& AHHE B9, 3 A== Tcha(1988/1989) 5ol A Mt ol&s Fi

AE o] AHE3k Aol A|x7} HASW, T °o]F Miami thst HAbHIT
H 3839 Yao-Ching Liu®t Christos Douligeris(1996)e 2] 3| A-E

NTCD(nested threshold cell discarding)”] A= @AW H A tha £
A =E AEE] 8 7S B Wy el oY dAwRS A
Aat=d HAol2E AHLste] A EAEWHAA 1 S FAAATH
Qingyang Hu (1996)°] ATM wWelA 7bd HIES(ABR : available bit

rate) ARl ZHfzol vig EF AFE AodA s AT AomA, FA



Ao AEE Aolgre 29Awe] Mxaa wu VLR WA FE YA
2

Ageto] Fa ol &ES FHAALL, HTol HAFF S(200000] ATM el A
HA FA ol ol VWS o83 Egd Aojz HESY T AR 1

glel 9 ASe A7 ol e ARF wgel A Al es PR
& olF 4o1W WA Aoz oJa AAe A A& Hghol of
F 401 e o e 58 wolt Aolwge ANat. oA I
L

T™ WelAel A Ao 7IHE &&sh= A77F 223 AP

it
2
>

4. CH?| B o|=o 2k +=x|5 34

7 S w9 A =& % A% AE AR Sdolw 2ze] 3 - A=

W EAEe A% 2, BEE ok ZEAAE AR 4 Edgow

Wt AFREE PR A4 WEle a7 Nelw nee Ed9e 9

g AAAE= TH(<Neolt meha A5 ## 78k PBS Egjd 2d2

o 7 B 3 ol mE 4 A &9 A =FE WA o

_38_



/17‘ :AH+/1L

:AH

a9 99 WA Ak ¥

(0< i< TH)

(TH< i<N)

(7)

o i 71 FYRLE d4es] gst] vl

2AE AlE o] & A Holme= I¥ 1

859

ZH¥ flow conservation laws %8

High_Cell_Loss

Low_Cell_Loss

u

02 2ok 19 10°] 2H

2 @) 22 B

/11.1—»

AT:AHJF/}LL

—

QUEUE(N)

QUEUE(TH)

Fig. 9. The queuing model of Fuzzy BPS scheme

ofoRs SoENgC

v\_/

k/

Fig. 10. State transition diagram
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(}E}EHO) —ATP0+VP1:0

(}E}Eﬂl) _ATP1+/1TPO_UP1+VP2:0

(}E}EHZ) _ATP2+/1TP1_UP2+VP3:0

(B TH) —2¢Pry+ ArPry—1— vPrg+ vPrye = 0

(}E}F/HM 0+/1HPN_1_UPN:O

@) BP ge PN EA 7
3} el & 5 9uh.
) 0< <TH

A .
P=(“5) x P,

WTH < i< N

A \i-N
v ) Py

Pi= (A5

PP zA0 A EAd] Aol 559 PEsw s Ur
Ao o= p:(é)om 0 < o <lolm® <%)<1om.
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E=AE Ay 001, AYEE py0 oM T A pEAS FAGH =3
Ap= g+ A 0128 EE g A j,< v Agdn ageR

0<p<1¥ 9 0<Py <1 0<Py<1° BHI

BE AY gEe 2 ‘170 Huw 27 ZH g8 p= W] dE o2
o] FYAHYE o]&3sto] b ol +F & U}
& Ay, ul Arzu, Ausiomm ]
Py= Zo(u)+i:;{+1(u)x(y) (11)

AAl B gl st AR 5 gl B o] ito] AldH o] glon
2 Ao thdk Edo] s Al A tid A B e AAR

AAE A S0 QAR ol goA el Amel A BT S wAHER

- =

&
E

Azl Aol tiF A EARE Tev} o] T

N
Plow—loss = ,=§] Pi

[ +1 (12)
— 5 AT \NTH AH i— TH
N z=;l+l( 12 ) 8 ( v ) 8 PO
e Aol EA42 ATE Wy off Fto]l fle Aol =Fsh= A

5 arjddel #§ p o YEd & Atk

th’gh— oss = P 13)

= I~ S [e] 4 o o] 2= I~ S >~
AA A £ RS SAG 4 34 #9 A #29 Fo e F 9



omz  2(12), A3l A =FES ol&sto] HA A EH FE5S A

W oohga 2

Ay Ay

Ptot(zl— loss — A X Plow—loss A X Phigh—loss (14)
T T
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Fuzzy Logic 1

WMo 2 et EfY Al 19 11

(Fuzzy Interface System)

Low Priority
Traffic  arrival
rate

!

High Priority
Traffic arrivall

rate

defuzzification

Buffer

TR A |

> G D>

total traffic

ﬁk

defuzzification

Total Traffic
arrival rate

Load rate of
Queue

I

Fuzzy Logic II

(Fuzzy Interface System)

Fig. 11. The Fuzzy basic control structure

4 A WA AL A Ao BuelHe FA IARE Tas A ¥
Aol $4 wes A 4B ASRY F, B4R A, 1egl 299 o
Wl w4 g ol Fokel APmd] WE A%E FEF F o uvAs
gom AEy =g gl WA dARE AHES Wk agn
o ArE WA Aol AnEL BA AWAES Fa] Aa) =
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EERDLE

R
hins
JE
=
=
=
o2
o
filo
oft
e
ofr
ol

X

iz
k1

J
ol

ol

~

A 4=(triangular fuzzy number)

g REu, 47 HAAE AT (a), a5 0) 0% 71ET F A0V, g, F T

»
>

X
Fig. 12. The triangular fuzzy number

a; as as

0 x<a,
(x—ay)
ooy @\ <x<ay
ta(x)= ( 2 1) (15)
as— X
(o S
a3 7 HAS Av SAAe) AgeR g go] wd AHsaid
A:(al,az,ag) (16)



A,=[af?, as?]=[(ay— a)a+ a;,— (a3— ay)a+ as],Va €[0,1]

W A, BcoReld AHTHE o] 8@ we] Hao Ak thew} 2o

AN B = [min{a,, b}, min{a,, by}] 18
18
AN B = [max{a,, b;}, max{a,, by}]

AlRbe dAIgE Ao} dare]Foll A F2 ALHS JHoR ARGE A= W
2= a9 ERIE( )3 A EQFE(])S AHEEH o= HA Eq &M

o] 199t A9 EYFEE low, med (medium), high 59 3714 o]z HEE

>~
i
op

oft
=
1
S

N

| =glol o3 =32 & Wy YAy )22 vs(very small), small,
med(medium), big, vb(very big)] STAIZ ® &3l 19 EI ST AsS E
& wet W o AAGE AT 7 UEE gk A FES AT HA FE
Alzdle] ¥ o Abgele EfE S High(D)3 HAgH0) AtelE A4 £ 4
Aol AAFgeR sk, ¥ 13(a)9t S WHoR ¥4 RIS At 17

B 720 x ), xy, x4 270, 05, 15 WERITL

0<x<0.577 : po(x) = —2=2%) (19)

M (20)

ﬂmed(x) = (xZ_xl)

A+ _ _(xy3—x)
0.5<x<173: 4 ,..(x) (xs — 1) (21)
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M)_ (22)

ﬂhigh(x) = (x3 — xz)

7t Q=9 W HASE A3 &% e I8 139 2

(a) Membership functions of Fuzzy input
variable(T( %), T( ] ))
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vl ki, medl, smiall sed ve ihreshold

L XY | i id big wi
1|
.1-
osl '-\.‘ 4
- \'.\.
N
nel J
._1.
oaf 'y
".
032 !
'l'\.
oL —i i V] i i - i I —b
o o 4 B H 10 12 14 il = =X
thirsahadd

(b) Membership functions of Fuzzy output variable(T( y,))

Fig. 13. The membership functions of Fuzzy input/output
variable

AAGROR AHEH 1A HA F2 Azdle] 29 e A4 A7) 20 AA 2
% ogodo] ARG o ata, 27 13M0)NA T xy xy, xq, %, x5 F 440, 5,

10, 15, 2022 afo] 19 13(a)9t 22 WHom Hx £ad& A3

2) Aeke WA Ao] 4

e Mol odojHel RHOR A Aol FHL WA} WA = A
o719 dold FHL A WHe o A Yo B wRAAE o I

il
o
4>

o
X
o,

Aol nrk: A4 Aol n Aol Al Yo Ao

I
S 71Edt o] AojH Ao S HA =] Aofr]e] qrH e wkE o]

4



Z o] tH(Kitami®t Tokizawa,1990). WElA] I =FidAM = & ¢ HE3I
S AAstr] f18ll Ao R WS ZF e s FAstE HA A4

71Hre. skemo]l ANE 7|22 = MATLAB 6.19 fuzzy toolE ©] 8314

449 +20 Aol HFd AR A% AeuEe ge AT WA S
A% AP ARE TAZ Bk a3 oF WFY] Astel Agte] Bol &

o

Ry g45S x| %e 28 M=9 (on-line bulid-up)@g <l A vy

AR A4 FHE AFH skl WA Fojd  dolgziE
£k, v, BEE ARG 29 B@olA #7 FE Azsde 49 g

om AgaE xS ‘ow’ RRAMe WM @l duE Awg ogn

E
o
£
tlo
iin)
o
e
O
.
v
oo
rlo

R PHOE g, “low” A
2, 0 g, low'E AL & v'R AR @ mpA e
dolHere & Ao 3 Ay

vioQrule) = p s (x1) - np(xy) + 23(y1) (23)
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oldl #4& F3dle] 11, A EHE] = tf “low” A wf HA 3 A A
= F 49 2o

Table 4. Result of threshold by each
membership value

(traffic rate is low, low)

traffic rate
. threshold | threshold
membership
membership value
h_low | 1low
1 1 1 0
0.9 0.9 0.729 1.355
0.8 0.8 0.512 2.44
0.7 0.7 0.343 3.285
0.6 0.6 0.216 3.92
0.5 0.5 0.125 4.375
® 49 AddA 3, A EfEEo] & t “low’?l FF dlste] LAZk
QA a&F5T) vs'e) 0~5 o BRS¢ F A
o, A 2dggel E o high & W, Lo PHoR A FHe 44
Ad= ¥ 59 Bk
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Table 5. Result of threshold by each membership
value(traffic rate is high, high)

traffic rate

membership threshold threshold
hohigh | Lhigh | "o 1ol 10=x<15

1 1 1 10 10

0.9 0.9 0.729 8.645 11.355

0.8 0.8 0.512 7.560 12.440

0.7 0.7 0.343 6.715 13.285

0.6 0.6 0.216 6.080 13.920

0.5 0.5 0.125 5.625 14.375

=
ul
o
ihd

FHe A a3, A EPPFEo] £ tvh “high”Ql el st AAg
Aol 2447t “med’ e 5~15 R SETES & 5 3

ol9} & WS ol&3le] A GAE FAHE F e 948 dFetvEe ¢
A dAR FAE sl 9 detrE e 2w dAG FES AT AA

A dagse vad 2ol AAsla, I wlolaE & 60 YEhAH

ol A gk Aol el TC(threshold control)Tf 3
AlojqF 2 A & 1T9] EI &0l & AT EHIES UERH,
= Wy AAZES I

~

threshold value algorithm :
It  =1low and /= low then y, = vs

(W 259 EgEEo] lowolal A9l EHEEo] lowelH 1



If » =low and /= med then y, = small

o
e,
Il
A
do
(m
)
s
o

o] lJowoli A< EFEo] medol™ HH
oA el AAZ HEE smallZ sFE})

(MY 159 EfEgo] lowoll AwY EFILo| higholw 1

If 5 = med and [ = low then y, = small

(W a9 EFEC] medolal A Ed I &0l lowold B H
Aol AAF WEE small= st})

or

If = med and /= med then y, = med

(W 3159 EYPEo] medol i A9 Eff ¥ Eo] medo]d ¥

o o] A WEE med= 3te})

If 4 = med and [ = high then y, = big

(W 319 Eg&o] medolil A9l Eg ¥ S| higheld HWH
il

3= bigE 3tg}h)

If 5 = high and [ = low then y, = small

e

(Wt

s EfFEo] higholal Axe EdfgE&o] lowolH 1
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oA el AAZ WEE smalle te})

or

If 5 = high and ]/ = med then y, = small

(WY 159 Edfg&o] higholal A Edfd&o] medel™ H
H

32 small® sta})

If 5 = high and [ = high then y, = med
(W 39 E# ¥ go] higholal A9 E#&o] higholw wH

oAl AAF H3E medZ s}

Table 6. The Fuzzy control rule for

threshold value control

it h l yi
1 low low Vs
2 low med small
3 low high vb
4 med low small
5 med med med
6 med high big
7 high low small
8 high med small
9 high high med

3) AFEDoF) At 2 HA A A4
A7) Aol7lw delE PIE e 44% ANAFew WA= Ao

2, deEARe] S0l weh o 7pA o] ARSE = aEdaee] 2

Jm



walA ¥ x gdd #H(Fuzzy singleton method)® ol5W A2d  (Fuzzy
isosceles triangle method)®¥ ™ol F2 AR ETt A &d WY HA &K
Tt B Fegte 2, 1 eS Fast] 7] wWiel hde Al 2~H
Aofel ol o] & om wmo]=T} kg AJ2El Alojel] 22 B A oJA] =

dol WH wol=7h g fFNE AFeA T BA Ak wH o5

wi:ﬂAl(xl)/\/lAz(xg) (24)

oz Zpzhe] AojqtHd o FEAA(E A @24l os T

C,= fUa)l-/\ telx) [ x (25)

4) ¥ 5 ] 3}k(defuzzification)

ZRA 2] S A Fholojof strw ZAF 38 AR HAAZRS HAF
fowm Wad devt vk HAZRS vy Asgtor WMike= S v HA
ste} sk, H A 87 =

vy = def uzzifier(y) (26)

Z 713 F Atk oAy = A A7) E¥e UEY, y = FE
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o eatal Polxe HA QRS U

Feo Anzd 448 AAggerRY /sy BXA Auge A
3]

o
e
o

= AE HAFEA] g AojgteE AustE Aoz ofe] oA Hulgk
< HAe AS, 7P Ae HAdigte]l dee e AdgEoR sk 2(27)
o] Wzt A ¥ (max criterion method)©] ATHB. Kiszka 5, 1985).

vo=Axlp,(x) = Max p . (x)} (27)

AN, = 1w molal, & AolrHe] Folth. a9 14 gk H#A|

[
|

My Zy Z

Fig. 14. Method of max criterion
Aozt Ay stedofd oz Adsty] % FAo] dort ofy A

. . ~
FiEo HATS A T I S AdEHEHoR WAATE HuUF HTH
(MOM : mean of maxima method)®] UATHB. Kiszka &, 1985). gt H

e dolsae] ssael AUz He YEhe ek whgolrt 4wt

of Aeojd A kel A5 A @28)3 o] ALtE
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AZIM, w2 Fekel AU He vEhle, L2 25 gl A
7 H= Aol s dekdeh 29 165 HWgeEgt v A s gy

War glch

»

My

[
-

zZ, Z z

Fig. 15. Method of mean maxima

Vg Bol 2ol H]fﬂﬂ@r%(vﬂecrluzziﬁce%on Methoéc)ii A T
(COG: center of gravity method)e] ATHC. C. Lee, 1990). HA| 4% &5
of FA Aol H= ke Ad@oew FHes WHom y e A [Tl
diste] Az 22l Alojr] & 2(29)¢F o] Allteith 19 162
A T HlHAA S RS Yl it

fﬂc(X) - x dx
f,uc(x) dx

Vo = (29)

_56_



My

| :

X0 X

Fig. 16. Method of center gravity

=AM s COGE A&ste] Bad FHUS 42 F U=

Rt ERE]

k& AAle] Alofg, S WM dAGo R AHEE.

3o o] S A
2. MelAg 3F RS

AL, Ao A o] qHAE S Ao

A
o2 A= Edge] 45 HAskst] ARG AL MulA FE S WS

& AgMoR AT Aol

A9 gHAFE A
A4 EdE =REe Wl rusds Adsts Edn F2 9AG FE
i Aojn WEE A}

A Fol et e low, med(medium), high 5¢ 374

S35k, W HARE&S dAF 102 7]F2 2 39 ne(negative), ze(zero),
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po(positive) &3 o] 37kA] dojz W= F w3k HA =gl ¢
g =82 AHolAe Fd AMHas

mid(middle), fast, vi(very fast)®] S5@AIZ F A3} el A Al 2
PHEFoz ALEEH7] fldtel AA EdY =REC] Y W i A%

e QAR AR FuAFAAS AR 2d9 =R Adgd H
£

o] Ao R vs(very slow), slow,

0, 622 sl 47zt BRIz BTS2 A]g]

—10<x< —67T3: p,(x) = 1 (30)
—G<x< 0 TR () = (%ijxx—l)) (31)
tze(x) % (32)

0<x<6 T3 : p (x) = %33__—93 (33)

py(x) = % (34)

6<x<10 3t : u,(x) = 1 (35)

Hujol Ao Aulz Azre] 2 WMol mg x&gee 9ok vhRslA
We ol8d A7 HAFE Agae] A sdRe] =RE(H)9 WH A

F&Cp)ol meh Ao Mulie(y,)s A 5 Aes v &9 Wb
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of HAsE A &5 T 19 183 o] A

(a) Membership functions of input variable
(traffic arrival rate)(T( ¢))

(b) Membership functions of input variable

(buffer occupancy rate)(T( p))

Fig. 17. The membership functions of Fuzzy input variable
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Fig. 18. The membership functions of Fuzzy output variable

(server service rate)(T( y,))
2) A" A=A Ao TF A
AAZE 24 LduglFoldel HA Ao 3
Yol oste] AA Edg ZZFEo| “low’o],
o HA S FE2F Ay 5 73 2ok
3 7oA el Aol HA

¢

A MAHFEC] “ne”A Tt

Holl Wste] Mulas Ao £&5dF7E “vs7el 0~0.25 Fel dFdHe &

=
ojsh we W olgalol A WA FAR F /o Qe depvEe o
A9 AR sel 29 seivEe] 2o Auag F2S %
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Table 7. When the total traffic rate is low and
buffer occupancy

service rate about each membership value

1S ne,

result of the

total trafﬁp Bgiigancy service
membership membership rate membership
1 1 0 1
0.9 0.9 0.067 0.729
0.8 0.8 0.1220 0.512
0.7 0.7 0.1643 0.343
0.6 0.6 0.1960 0.216
05 0.5 0.2188 0.125

A H] 22§ Ao] 2] SC(service control)Tf 3

Aol oA = AA EgE =FEola

Eh™, y, = Ao Mujag wEtE YERdTh

service rate algorithm :

If + =low and p = ne then y, = vs

s
r_m
22
I
5
1o,

(A EYY =FxE] lowelal AA ¥ Hfr&ol neelH

Mo el Aul g WSS vs® st}

or

It + =low and p = ze then y, = slow

e

(Wt

Ho A o] qHl~E WSS slow®= &fe})
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It + =low and p = po then y, = mid
(U AA Efy =FEo] loweli dA W<
Aujol el A A% WakE midz e

or
If + = med and p = ne then y, = slow

;E
i1ied
2
2l
[
&
s
b
.
Al

°] medolal &A W<
Ao el Mu|~g WMIE slowz st}

If + = med and p = ze then y, = mid

;E
ne,
2
2
[
)
15
b
"

E°] medelal A B2
Moo Aul2g WHSHE midE e
or
If + = med and p = po then y, = fast
(Rt AA Eg g =FFo] medolal @A B H ¢
Bl A o] AqHl g WEtkE fast® dhe})
or
If ¢+ = high and p = ne then y, = mid
(Wt HA Efy] =FEo] higholal @A ¥ H ¢

Mool Aqul2gs WSS mide sfeh)

s

or

If ¢+ = high and p = ze then y, = fast

G

(WY AA Edy =ZEo] higholil dA B H 9

Aulol A o] MulAag W3S fastZ dhe})
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Table 9. The threshold value with Fuzzy reasoning by traffic rate

EYIY & (a:A)

M

;L

H & | 19

\)

B | 37 | 46 | 55 | 64 | 73 | 82 | 91

dAZ | 127 | 11.1 | 105 | 102 | 10 | 879 | 790 | 7.10 | 6.21
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%A= EdRE Wy

il
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high_mf=trimf(y,[0.5 1 11);
medium_mf=trimf(y,[0 0.5 11);
low_mf=trimf(y,[0 O 0.5]);

antecedent2_mf=[high_mf;medium_mf;low_mf];

vb_mf=trimf(z,[15 20 20]);

big_mf=trimf(z,[10 15 201);

medium_mf=trimf(z,[5 10 151);

small_mf=trimf(z,[0 5 10]);

vs_mf=trimf(z,[0 O 5]);
threshold=[vb_mf;big_mf;medium_mf;small_mf;vs_mf];

9ot Ae EdHE QUE DOFEARS] E54%) A4

of

high=input('11=9] EHF & vl &=)
low=input('4 =% EIE v]&=")
tot=high+ low;

%5 W 5o 3 DOF ALt

DOF1=interpl(x',antecedent]1_mf' high')";
DOF2=interpl(y',antecedent2_mf',low")";

%t o2 9] FfF ol Fute HX|FA ALle] A
antecedent_DOF=[min(DOF1(3),DOF2(3))

min(DOF1(3),DOF2(2))
min(DOF1(3),DOF2(1))
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min(DOF1(2),DOF2(3))
min(DOF1(2),DOF2(2))
min(DOF1(2),DOF2(1))
min(DOF1(1),DOF2(3))
min(DOF1(1),DOF2(2))
min(DOF1(1),DOF2(1))]

consequent=[threshold(5,:)
threshold(4,:)
threshold(1,:)
threshold(4,:)
threshold(3,:)
threshold(2,:)
threshold(4,:)
threshold(4,:)
threshold(3,:)1;

Consequent=consequent'*antecedent_DOF;

plot(z,Consequent),...
axis([min(z) max(z) O 1D),...
title("H A 712 & A-&AH), ...
xlabel('JAFLY, ylabel("#H ")

o

%8 gt =2 gk=1] 3] 5}
output=centroid(z,Consequent");
c_plot(z,Consequent',output," Al ZX"),...

axis([min(z) max(z) 0 1]),...
xlabel('d Al Zk)
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%H| B A 3} Az 7} EH(A,a, )] Al

N=20;
th=output;
pth=10;
pl=0;
pll=0;
ppl=0;
ppll=0;
lloss=0;
hloss=0;
ppploss=0;
ii=0;
for a=0.1:0.1:1
=it L
for i= O:th
pl=(a.” 1);
pl=pl+pl;
end
for pi=0:pth
ppl=(a.” pi);
ppl=ppl+ ppl;
end
for ii=th+ 1:N
p2=(a.” th)*((a*high).” (ii-th));
pll=pll+ p2;
end
po=1/(pl+ plD);
for pii=pth+ 1:N;
pp2=(a.” pth)*((a*xhigh).” (pii—pth));
ppll=ppll+ pp2;
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end
ppo=1/(ppl+ ppll);
for iii=th+ 1:N
plloss=((a.” th)*((axhigh).” (ii—th))*po);
lloss=lloss+ plloss;
end
for piii=pth+ 1:N
pploss=(a.” pth)*((a*high).” (piii—pth))*ppo;
ppploss=ppploss+ pploss;

end
phloss=((a.” th)*((axhigh).” (N-th))*po);
pphloss=((a.” pth)*((a*high).” (N-pth))*ppo);
ramdal=low=0.2;
ramdah=high*0.2;
ramdat=ramdal+ ramdah;
ptloss=(ramdal/ramdat*lloss)+ (ramdah/ramdat*phloss);

pptloss=(ramdal/ramdat*ppploss)+ (ramdah/ramdat*pphloss);

aa(jj=a;
llosss(jj=lloss;
phlosss(jj)=phloss;
ptlosss(jj)=ptloss;
ppplosss(jj)=ppploss;
pphlosss(jj)=pphloss;
pptlosss(jj)=pptloss;

end
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2. MulS@(Malg) olSs #E HE Z22E

% FileName : SerFuzzy
% W¥ o AA WstEH Anjag] e A

x=0:0.05:1;
y=-10:1:+10;
z=0:0.051;

% EdF dAE 4

B)

low_mf=trimf(x,[0 0 0.5]);
med_mf=trimf(x,[0 0.5 1]);
high_mf=trimf(x,[0.5 1 1D);
antecedent]l_mf=[low_mf;med_mf;high_mf];
plot(x,antecedentl_mf),...
axis([-inf inf 0 1.2]),...
title("low, med and high of traffic arrival _ rate’),...
text(0.05,1.1,"low’),...
text(0.5,1.1,"med’),...
text(0.95,1.1,"high’),...
xlabel('traffic arrival _ rate’), ylabel("Membership’)

wEa A4 Wahgd] e W4

ne_mf=trapmf(y,[-10 -10 -6 0]);
ze_mf=trimf(y,[-6 0 6]);
po_mf=trapmf(y,[0 6 10 10]);
antecedent2_mf=[ne_mf;ze_mf;po_mf];
plot(y,antecedent2_mf),...

axis([-inf inf O 1.2]),...
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title('ne, ze and po of Queue’),...
text(-25,1.1,'ne’),...

text(-2,1.1,"ze’),...

text(25,1.1,"po’),...

xlabel(’Queue’), ylabel(’Membership’)

vs_mf=trimf(z,[0 0 0.25]);
slow_mf=trimf(z,[0 0.25 0.5]);
mid_mf=trimf(z,[0.25 0.5 0.75]);
fast_mf=trimf(z,[0.5 0.75 1]);
vi_mf=trimf(z,[0.75 1 1D);

service_rate=[vs_mf;slow_mf;mid_mf;fast_mf;vf_mf];
plot(z,service_rate),...
axis([-inf inf 0 1.2]),...
title('vs, slow, mid, fast and vf service
text(0.05,1.1,"vs'),...
text(0.21,1.1,"slow’),...
text(0.48,1.1,'mid’),...
text(0.74,1.1," fast’),...
text(0.95,1.1,"vf’),...

xlabel('service _ rate’), ylabel('Membership’)

rate’),...

trafficvolume=input(' E ¥ ==E=")
Queue=input('t 7] EH n]&=")

%2 W4

et

5] #3 DOF A4t
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DOF1=interpl(x’,antecedent]l_mf’ trafficvolume)’;

DOF2=interpl(y’,antecedent2_mf’ Queue’)’;

%tk o2 15709 qrHol Fate HAAuA A

antecedent_DOF=[min(DOF1(1),DOF2(1))
min(DOF1(1),DOF2(2))
min(DOF1(1),DOF2(3))
min(DOF1(2),DOF2(1))
min(DOF1(2),DOF2(2))
min(DOF1(2),DOF2(3))
min(DOF1(3),DOF2(1))
min(DOF1(3),DOF2(2))
min(DOF1(3),DOF2(3))]

consequent=[service_rate(5;:)
service_rate(4,:)
service_rate(3,:)
service_rate(4,:)
service_rate(3,:)
service_rate(2,:)
service_rate(3,:)
service_rate(2,:)
service_rate(1,:)];

Consequent=consequent’*antecedent_DOF;

plot(z,Consequent),...
axis([min(z) max(z) 0 1]),...
title(" | X 72 o A -&A ).
xlabel(' A H] 2=&"), ylabel(' I ")
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% $§ %2 gk=v] 9 4| 5}

output=centroid(z,Consequent’);

%out=round(output);

c_plot(z,Consequent’,output,’ A 7] 2=&'),...

axis([min(z) max(z) 0 1]),...
xlabel(' A H] =& ") ylabel (" ®1H 4 ')

%A A 8t Atz 7k EE (A, 4) 9]

N=20;

mu=output;
pmu=0.2;

th=10;
ramdat=trafficvolume;
ramdah=ramdat/2;
ramdal=ramdat/2;
pl=0;

ppl=0;

pll=0;

ppll=0;

lloss=0;

ppploss=0;

33=0;
for a=0.1:0.1:1
3§=TL
for 1=0:th

pl=(ramdat/mu)."i;
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ppl=(ramdat/pmu)."i;
pl=pl+pl;
ppl=ppl+ppl;

end

for ii=th+1:N
p2=((ramdat/mu)."th)*((ramdah/mu).”(i-th));
pll=pll+p2;
pp2=((ramdat/pmu). th)*((ramdah/pmu).”(i-th));
ppll=ppll+ppZ;

end

po=1/(pl+plD);

ppo=1/(ppl+ppll);

for iii=th+1:N
ploss=((ramdat/mu). th)*((ramdah/mu).” (i-th))*po;
lloss=lloss+ploss;
pploss=((ramdat/pmu).”th)*((ramdah/pmu).”(i-th))*ppo;
ppploss=ppploss+pploss;

end

phloss=((ramdat/mu)."th)*((ramdah/mu).”(N-th))*po;
pphloss=((ramdat/pmu)."th)*((ramdah/pmu).” (N-th))*ppo;

ptloss=((ramdal/ramdat)#*ploss)+((ramdah/ramdat)*phloss);
pptloss=((ramdal/ramdat)*pploss)+((ramdah/ramdat)*pphloss);

aa(jj)=a;
llosss(jj)=lloss;
phlosss(jj)=phloss;
ptlosss(jj)=ptloss;
ppplosss(jj)=ppploss;
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pphlosss(jj)=pphloss;
pptlosss(jj)=pptloss;

end
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