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ABSTRACT

In this paper, we examine Interleaved Polling with Adaptive Cycle Time (IPACT) algorithm which was
proposed to control upstream traffic for Gigabit Ethernet-PONs, and we analyze the performance of the gated
service and the limited service of the IPACT mathematically. For the mathematical performance analysis, we
model IPACT algorithm as a polling system and use mean-value analysis. We divide arrival rate A value into
three regions and analyze each region accordingly. We obtain average packet delay, average queue size and
average cycle time of both the gated and the limited service. We compare analytical results with simulation to
verify the accuracy of the mathematical analysis. Upon now, simulation analysis have been used to evaluate the
performance of EPONs, which require much time and effort. Mathematical analysis can be widely used in the

design of EPON systems since system designers can obtain various performance results rapidly.
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A E3PElel] QleE2 ONU AH|& Al7kgst
Aejshz dlole] k& Ad F Apl= @, 7t =
3, FAFe] =257 e #F ONUl =23t
AR Aole] FHA L0 1 bitF Aulx Az
< 1/R .01tk WA ONU S Aulx A2k} 3
T Al A7t 2=z dokd wrx] ZHle A7
o BF Fo] YT 3 Z2A HE= o] ¥
G L= ol AR L R AN e AR
=2 & F3lel] gt defe] o]FiA d7}
A Azt y, .2 R R d oNUY A
w27} A2k wizix]e] Az ¢, 2=z {9
Hrep wiA =23 A Zele) Fl L. A
vl A7k el wEix fAWZY] FF 2|4
AZR A (21)3 Z

EW, BlY pypea] + EIC"1+ —- BIL tagge

R, @1

agged ]

ONU 3 AM|2 Ak} i Ao]SA|17ke o
23 Rk Q0 88 Fe AL Q7 byte
F0]7] wjel, bit 2 vlE] $13F Zelch

1

E[Y;agged] .o E[C,] == E[ngyed]

EW,
R, 22)

agged]=

ONU AH]x A|Zbe] UAZ A ke ZH] 5
B2, residual AW A|7ke] HHFZHE ONU AfH]
2 A)Zke] Anut gle] "ol wElA ¢gde] & w7}
A AYe Az #=E g4 = F ok
ELY e 32 A (23)3 ek

L ingeed BT 3 ONUS| B3 Aul~ A7Hg
St A== deleke] Aule] HEZ 8Q,../2
7} "t

&1 . 1
E[Y;agged] ZFE[Knggzd | ]] = E[Rl] + E_]E[Sz]
l SQ MAX (N 1) SQMAX
- 3[Be  p| A0 B
— _IY_[SQMAX + B]
2| R 23)

U
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gebd o] gt A 22, @39 & A @)e
dalshd, ONUSe] 4 Eshielel sl A9
BT AR QAL 7 5 Sk

1
E[Wtagged] = E[},tagyed] + E [Cl] + F E[Ltagyed]

_ 3N -2 SQMAX lsQMAX
R [R Stk R, @

u

3.1.4 Gated service2 HT 7 Alo|= £4

& AollX= gated service®] HT F APIZE
AR 7 Ale|=9] 7 g FE AR XA
ZHE k3 glohd, Little’s laws ARE3ie] 73 4
AUk B AR ADAZEE Al 7R A2 o]
3.1.1 A3 312 A 2|3 3.1.3 Al A=
ot H AR o} ARG T AolE FIHA =
W FF F ARIZE T F ook 93 g7 2
ol RS 1/p (AR B Aulx AIZHE F3)
o T 5 At Q= TE A E"‘L’iﬂ*"—
o F AolE yehdck by i 7 A=
718X eg A 259 2tk E[Q,. € -‘&%ﬁ’ﬂﬂ’“]
EAPE 7 o]d ol dgd=eiR Heolg]
oFolct.

ElQued) = 5 35 FW gl
m

+ E[Q,..] (byteS)

B T ARIZE B HAF A DAz =Rt
2| Zarrival rate 2] & Al FEOE el F
& 4 glck A HA a3te] #is 2R 4%, ONU
=9 dHelg] Aol A glemz 4] (2594
E[Q,.18 #e] itk F44 ONUES| 444l
dlole] Afo] dol= 13 A% A (25)¢A
E[Q,.]18 #2 ¥ Ho]Z A7E<t ONUe| =2
g A7 Zolejtolck x|z AA 19 Frel #l
+ A ONUEe| 34 3l e A%, ar
rival rate A/NFOl WL FEo] SAFDg
Little’s lawel] 2J3] 73}7] ¥r}= arrival rateZ} ©f
F =& TP] AEed FE FARIZE Q=
218 & 4= itk

3.2 Limited serviceg| MsEAM

£ A4 limited serviceE o2 BAIJH

t}. Gated serviceellX] OLT+ ONUZ} 873+ dlo]
BE 25 TR, limited service[5][6]9114]
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£ OLT7} 3T A=y =74 Aljle] Uk
old] Az Hi HNIES 7S Wy ctL
Aot gty F Aol7t w2kt 2 W AF
H2] Xsla 7ol Al He HAES o RelF
dAl Af=Ee], ONUSY FF Al]= Z7]el| weh
oJ§o] Ho|F Azle] FvRRIch i old] wE
FF A AAA7ke] F7RRIE £ HollA= gated
service®} "RZIAIZ 7lgH o2 ;4 & A9E A
FZroZ el AR, Tl ks 7 A
o]z wie} tiA] F FFEOZ o] F ol 73
o2 pe] A3} 718 A e AR
gated service®} Zth

3.2.1 A9l #o| o X2 ZPe| WA BT XA
zt
A8 el g Zol dlelE Afe] A9 §ie
735e] AR FF A DAL gated service2] £H
Aste} 2t o] Pl A =% 27|E 4
= dlole] Age] @17 wiEolct

3.2.2 &=l ool F&0| otk a#tel BR
of T TR X|HARZE

E Aolde d&AQl dolg] AFe] dojve
A% el gt 3 A ADARRE EAM3ck
o] T2k oiA] F ke R o] EAI’)
o] =L w FF F Ale]=9] =77} OLT
7} S £ & Qe Hd 9=y | & A
o} 2292 o] BRI W 7 Al
7} Hd =9 F7|8c} 2 ASele 2 A
o]Zo] A7|A] ¢7] ufFol 3.1.27H9] gated service
o] B4 wpia) 2ok aehy g AR A DA
3.1239] 4] o) 2ok ST FF F ARl
Ho =S 7] w00 2 Atele 989 &
o] F2 <l RdAzke] FIRE Aolx, wehd #
A wpgell 2jo]7t A7]A L.

JIW2A &2 cH
(ONU1) H& AR

<

ko] extra cycle . i . Mizgged ol tHE
g.gig?. ot o # -, service ime

Si= X1+ Xo+...+ Xx+B

2AUNA £

T8 8. d%AQl wlole] Afo] dohvke 2 #E BF
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I3 82 ONUZ} 34 o, dd<4A4ql dlolg] A
Fo] dofule A3 AN BFE F A=A}
Wyax2oh 2 7359 A ADAZRE el 23
o|t}. Extra cycles FHu 9=9$ =719 A7t w&
o A7le H&] HolF AZE e, 4.
£ #AFe] A$EHE HolFeld FAAA nc}
WA A2 whe Fgle] Solth

N7H2] ONUZ} S1& o, #3szle]; WA ONU
Au)2 AZFgE ONU(I4+ ) mod Noll =338HATHE,
B3 AR AQAZ W, T 2k Gated
service®] 73-$¢} BRI Z Sfzle] ofjefe] & o
7R A Yt ARk AF dF ONU
9] AMul2r} Az d7A] Al A ¢, 28
3 3F ONUS| AMu|2rt ARtz #& sj3lo]
Aua 7|5 7|dele A7k jelt)h wEiA
T AR A AR A (26)7 2T

; Miagged
Wtagged = Ybnyged + C + ; Xk

1
E[WMyged] = E[Ytayged] + E[C,] * ; E[nl{agged] (26)

Y gged = TATZ0] =ARE FRE ARo] o
okg wj7ix|e] Azlelo). oi7|x FA|Zle] A3
< o MAA ONUE Au|x Folv o] #AARLS
(I+/)mod N A ONUdl Zaiglckz 71sHA
HH Y, e TEHRC] [ HA ONU AH]= A
7k} 9lej) zbell =AYS o,/ WA ONU AfH]
2 A7) residual Au]2 A]Z% j7He] ONU AfH]
2 AZh gz HY Q=S =279 AljE i
A7) o8 HolF AZke] Folck

Q €
Ytayged =R, + S(l+l)modN o et S(l+j)modN + bl | ¢
MAX
&1 .
ElY ges) = ) 37 EWouggea | 1+ Eleatra cycle] = E[R,]
=0
N-1 1
+ 5 JE[S;]+ Eleztra cycle]

-

= e+ pis)

+ Elextra cycle] 27

|4 2] e A9] 3 WA W= Ho AFgolch.
A A5k Qe T = A|AElo] stable
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& AHE 7ok weby g Rl AzkEst =%
T ARAEL HFA 2R dF ONUY Aulx A7k
3t AEek 25 o Ao]E9 ONU Au)x
AlZke g Jo7iet sjrjele HEHo2E ¥ Ko
2 Well =23 AL dF RolFolx =¥ 2™
ot w2 ONU Aulx A|Zke) s 3t sjo]&
AIZke] W Frlgated service?] HAZAF}elzic)
m2hA residual AH]A A7k HF 3ks ONU A
HIA AZR] HE L, AelE Azt HFE e o
Al Aelshd ohga 2t

B[R, = E[S"’]

B8 = i
—-p

E[C] = NB 28)
1-p

BISIE T3] el 58 A @o)sh Ze] W)
Yok ONU Al A1t s 3He) 9=$ =7
o Al Az 2 4 8] AR, 53
8Wiax/ R, A3kl BE 6@ ol 3= @
HolF AZFEE BARE AT Apls Aol

S,.=min{X1+X2+---+XK,8W }+B
w2 E[sHe e Il fsixe

min {S;, 8 Wyax/R,}3 AFS HIgks Atsjor
et olF HF AR A o) Zo] & S 3l
% ST min{S,8Wux/R}E ez we
8Wiyax/R, & “FERMITE w0l 8& F3F AL
Wiax b byte 5= ©17] w2, bit 2 vpE7| $
g Zolch

S, = min{X1 + X, +--~+XK,8V;;MAX}+B

u

e B

u

A 30)M (519 #E AXs] $18) cen-
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tral limit theorem®& ©14% 4 31k ONU Apu]
A AZREF AplAEE JRE] HF Afu)x
AZ %, Xy Ko X7V 2T BE o B
()% 7HIE iid %8 W5 A% o, 4§
YEFF AE BT m=rtmHF 2 2=
Ko)& 7HE Bz 7Sl 5 4
Ak

E[S?]
. " _(s=m)®

—_ 20 d 207

f 271_Ue s+W f 27me ds
m = BIX, +-+ X, = EIKJE(X]
= L B2
N " p (1-p)
o® = var[X, +---+ X, ]

2pB
m(1—p)

A BDY e AVRET FRARL ALgsiel
ARG 4 gleel 22 Acl AAs) Auakc o

A B B TheT o] AUk 4 gleh

= E[K]var[X]+ (E[X])*var[K] = @31)

ES7]

=E[

= +m J_0(W+m) { (W‘;")/"F} (32)

o]

S

A7A | g, pE ¥ AdlAS} Ro] Helsle] ¥
FYTLERE o143l 78 4 gtk Al (32)9)
ATE (28)o) NSH residual Aplz AzEe]
Z e ke 2

E[R,| = (a +m*)a
— 7;_;0(W + m)exp [_(W—Tm/a)]
1 (-m /o)
TR P {‘—2—}
+W6 + —é" = 2) + BZ] ©3)
—-P
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& RelF AZkE Akl flsixe F A}
o129 7| Qpreds BOlOF Tk o]d 7 Al0]
25 HY 9=% 2 ir 3E dA 9= F
o A5 gol e Aol 4} Tt 7 A=
o i e I AR} AR F FFH|E
F3ld 7 ¢ ok BF FHH £ Little’s law
2 Agal] T 4 Qo w AE F Al=
= 4] 349} Zo] & 4 9ok

ElQuy =12 1[1

8 N [ tagged ,LL ] (bytes)

(34)

1o Ro|F F9 BFF IS 4] (359 Zo)
T& F Ut . Qs Wiuxs HhE 3l 0,1)
Ale] Zt& 7 A= uniform AFHS 15 wijx] JF
#He 7 4 ik

E Qtayged = E
WMAX

Quagei _ | _ PREWisggud] 1
W 8NWy,y 23

1 B RolF
Az A 36

et ool Aolg AR
s} HolZ A7 Fo 2 &
2}

pR E[Wta ed] _l

Elext le] = L =L
lextra cycle] [ SN W,y 2] [C] _—-

g, BE S TFew) 2 B
o] )z wHe $)AlE s ONUS) Al Azh

N WEHes F70] Y Holmz A (N 2
o

1) NB _ 2B
2N1-p 21-p) (37)

1A
E[nt{ayyed] = EYV—'E[C] =

w2h A (26), (27), (28), (33), (36), BNE °]
$3o] BT AR AQAE A (83 o] TR
% slek

EW,gggea] =

99
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= E[R,]4+—

-1 . 1) E[S,)+ Eletra cycle]
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= l_—p 0'2 mza

=lgzp|e tm)

3 I axp]—[F=m)/oF
\/2_”[ (W + m) xp{ > }

+omexp {— ik }] +WB+—"— 208 +B ]
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(@N-3)B
- T2 p)]/ [

3.2.3 ONU=S0| &t msfuleloll d= 4 atel &
o| YR T3l X|dAIZH
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3 #Mch ONUESe] i Esied gloemz
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7] wEell, ONU AJH]2 Azbg<lells Ho Qx$
7] Wy Avlzgch 23 9+ ONUZ} 370
4 =, ONUS°] 4 Espieel e ¢
A AAAZkE i a]le|th

SWMAX 1- P]
(38)

VU2 2 S
(oNU1) . Ha AF

c c

P
S = WOl ti# service time+8 Lisecea Ol thE service time

O 9. ONUSe] 3 Z3Mdelell sl 4 &S 4%

o] A% HF A AAAZRe slEHe=
32276014 ¥A3 ubgd} v}t wpos BN
T ek 22z #ARle] =35E 9 ONUSe]
B4 EsPdelel] gleEZ ONU Au|a A)z7Hgst
AHE oy &k Ad A= =7] w0t =
I 37 Ao]ZellA FAAZ B} WA Aulx
€ AR Aole] FHA L. 1 bit F Aulx
AIZEE 1/RC1TE WERA F ONU Au)& A|7)
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Ar|27t A1z dq7ix)e] Azt ¢, aElz #E)
7l ®r} WA Aula vk SR Zole] F3hal
L pggedS) AR A7 Flolot. fAARS] 4
A AAZR A (39)9} 2}

1
= E [Ytayged] + B [C,] e [Lt,ayged ]

E[W,
R, (39

agged ]

defd w7k Zele At v, BT
322749 A 273 7] & 4 3tk ONUZL A
ke dlole] o] UAF Fe]=E ONU A=
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i WA J3E& ONU AMu]x AzHg<t 9doe] 3t
o] TR} EZ residual AH|A A|ZFe] HTF ke
ONU AfH|2 A|z7ke] Aube] =, dA A 3}
o] ¥k ofEe] so|F A7k =3k ONUZL E3M}
glo]7] diell YA A5 gz Ak 4 gtk
wel ONU Au|2 AZh #eo]F A7k residual
Aulz AIZE o 3e] ReF A7He] H s AE
s o5} 2t

8W,
E[S.]|=—MAX . B
5] = S
E[C]= NE[S,]= SNRM +NB
1 1| 8W,
E[R,| == E[S,| = =|22uax 4 B
r1=315) = [ He 1 g
Elextra cycle] = Gunx E[C] L)

MAX

L uged= TATZC] AEEE Ao 2elx] BF
A7 B} A Muls e 7 Zolo] Fjtelch
&5 ONU ]2 A|ZHgst Izl e HaA o2
FlA vz WA HB2 8w, /27t Dok o
2hA Al HF QA A @13 2

EW )= BR) + 2 B18) + Fetracyt

1 8Wy
HN_I)EIS‘HET
:M[W_W+B]
2 | R
Qusax || 8N Wipax 1 8Wux (41)
+|WW[ R, +NB]+& 2
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3.2.4 Limited service2 T 7 AlO|= £4

£ AolAE limited service®] HF F A|=E
AR ol =2’ AR o i e 9T
AAAZRE g glohd, Little's laws AR5}
T8 5 Sick g7 QAR Al A A2 4
o] 321 A3} 322 A |3 323 Hollr B4
siick z2E|lx F7 7 o) ARG HFE Lol s
Filo] HF 7 ARIZE T 5 ok H3G 3
T Zole pot HAHD HT AMulx A /&
Fatol 7 4 Qlch @A FFE F ARlRE 7]
EHo2 31449 4] 259} 2k

BE AR AQAAZRE TR o] AR A
3} ulF7R 2 g F AR|EX arrival rate 4 3t
o et PR o] EME - itk A
T2 73 oA F e o] BAsigle
B2 F v ] AF F API=E 2 5+ 9
ok AHA 1gke] wis- 2R 7$, ONUES] dlol
gl A9 gem2 g Q,.]9 #el 9ok 7
A, AA ONUE2S| A&A3l dlofg] Ho] o]
e a3e A EQ,,. ]9 e & el AR
F4F ONU©l| =33t 59 oo} T2z vpd
A 29 Ftol W A ONUEe] 34} Eshitef ol
3= 739, arrival rate A/N Foll B2 FEo] &
A=|lm 2 Little’s lawell &]8] 73}7] Exh= arrival
rate’} "¢ £ FAIBE JF F ARIZRE
Quax® AL 4= 9t}

V. dsEN 21}

2 Aolx= gated service®} limited service2]
T8 EAZAIR} AJEHeAd ARE wladich
ONUS®| 7i5 N& WHIAAZPEA Hi A7 A
A7 HF F A= g2ln FF Ao FA7RE
vl AlEHelAd R 26l A9t
IPACT =Ed< 2R8Itk Aol <ddole
sim++'98 183193, offered load®] 7S 0%€]
1742 F7MIAZPEA A3t gk Teislch A1 EE
old Ft AHER FblY 3 ot 2tk R,
£ 1Gbps, RTTE 20045 BE Sps Quuy &
10Mbyte, W= 15000 byte ©]ch

I3 10 (a)= gated service®] 3 HF 2|dA]
7k vepdl a3jolt
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—-—analysis
* simulation(N=16)
v simulation(N=24)
<« simulation(N=32)

T T T T T T
00 02 04 06 08 10

offered load

00 02 04 06 08 10
offered load

(b) Gated service®] Bt F Ato]=

—-—analysis
« simulation(N=16)
v simulation(N=24)
<+ simulation(N=32)

00 02 04 06 08 10
offered load

(c) Gated service®] Hit #o]& A7t
221 10. Gated serviced] ATEA Ay}

Ne] Zto] 16, 24, 32 ), offered load®] Z& 0
I b e I N b e P I AR e P =i i
Aok 2zol A & 4 Sl%eo] ONUS| 7H7} 16,
24, 324 W, offered load®] Ftol 27+ 0.62, 0.42.
03104 AAA|T] FAT] s & & A
o] £=7tol| p (utilization factor)®] Zko] 1o <H3}
7] wWEoltk ts I3 10 (b)E gated service
it 7 A)ZE UERE ™ot Bt A AAZE
3 PR E N9 ghol 16, 24, 329 W), 42
o} Al B el ZAYE vwstath Hid 7 Alel
2% PGg AJNH e E N9 gol 16,
24, 324 W, offered load®] %ol 22t 0.62, 0.42,
031004 F43] S7kete] Hdl 7 AIZ Q,ux

o 7I7HIRtk th2 2™ 10 (c)= gated service2)
it HolF Az vEhd glolth i MeolE
A ZFe Z719 RTT <l 200 us®) 32 A8t
Az} =713l Nol 16, 24, 329 o), offered load
9] gkl 42 0.62, 0.42, 0319014 F43] Z7}35k
A #hell FES) o|ur} AlxHo] EslEo] 7}
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o] E¢] ONUTIE .2l ElelE 7 ArlaE=
Alzre] "k

T2 limited service?] H21Aze} AlEd|o]A
A= wlwdltk 2% 11 (a)= limited serviced]
o 9z AR e 2"elth Gated
service?} PIEIAE, ONUY 7N57F 16, 24, 324
] offered load®] Zre]l Z+z; 0.62, 0.42. 0.319]A
AN o] FA38] F7HEHe & ATk o] &1kl
p (utilization factor)@] Fko] 1o ZH3}r] wjio]
k. 2% 11 (b)= limited service®] Hi F Alo]
Z=5 Yepd 23o)t} Gated service®} PIRIAIZ
offered load®] Zte] Z+zt 0.62, 0.42, 0.31°]4 3
T 7F Ael=7E 543 7Kt Q01 RS
I3 11 (c)= limited service®] H Mo]F A7t
S yepd Igo]t} Limited service= offered
load®] Fko] ¥R o]4te] =¥ ONU AH|Z A7F
o] dAS e 27| wWEe H MolF A=
gy ol -tk

10° 4 7 nalysis
> imulation(N=16)

0.0 0.2 0.4 0.6 0.8 1.0
offered load

(a) Limited service®] i 37 A AAI7F

— - —analysis
- simulation(N=16)
~  simulation(N=24)
<+ simulation(N=32)

T T T T T T
0.0 0.2 0.4 0.6 0.8 1.0
offered load

_ (b) Limited service®] %3 F Alo]=

— - —analysis
«  simulation(N=16)
~  simulation(N=24)
< simulation(N=32)

0‘0 O‘Z 0‘4 0‘6 D.‘S 1‘0
offered load
(c) Limited service®] Hi #o]& A7t
2! 11. Limited serviced] Al%#4
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22 gated service$} limited serviceE H| w3t
ot 29 12 (@)= N9 zto] 169 wl, gated service
9} limited serviced] ¥ #Z AAAI TS Bl g
aHo|tk Offered load?} AR whe} H A
R A Zro] Z7)sh=d] 0.550]4 0] HH ofFeo]
o]F AjZte 2 <13) limited service®] Hi FH A
Ar)7bo] gated service BT} Z7}3It) ©]3F- offered
load?] Zke] 0.63°]/Fo] =M gated servicedl A=
ZF Aol gnitt @, F ARIZE 7] wZel] Pt
7 A AA]7to] limited service® T} =713tk 1
& 12 (b)= No] 16¥ u, gated service<} limited
service®] B F Al|ZE vlng I¥o|t; Ht
A A A} vEFIAR offered load 7} 0.550)
o] EWA] zto]7} A7t} Limited service?] 73-%
g ol Sl A Az W] Zstar ol dAE
£ o] A7)7] W&ol HF F Alo] =7} gated
service Bt} Atk o] % A|2Elo] X3lE o] Fol=

—+—analysis
+ simulation(gated)
+_simulation(iimited)

0.0 02 0.4 0.6 0.8 10

offered load

T T T T T T
00 02 04 06 08 10
offered load

(b) Gated service?} limited service®] Hi F Alo]=

—-—analysis
« simulation(gated)

0.0 02 0.4 06 08 10
offered load

(c) Gated service®} limited service®] B #o]F A7+
2! 12. Gated service®} limited service?] A3&HIal
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BF 5 Al Q.00 FEETE 2™ 12 (o)
= NoJ 169 ul, gated service2} limited service2]
Pt A2 ke Wad Tgeltt

Offered load®] 3Fte] 0.6 ©]do] =W gated
service®] At g RolF AZEt E3EE 37
E0] T Aeo]FeolA BT AMH|AET] wio) &
o|F AlFto] FA3] F713t} WA, limited service
o] A= A 9= A7 AHA A7) W]
MolF AlFte] 47 gholl FHITH wpebx] IGA|
7b gt AuHlZ Rlolel 3= ONUOAIE gated
service7} -3t mdo|t)

£ FoMe AEdolds T8 3 AeiA
o] AFe Atk vwAdn #37 FeiA
Ao} Al B o] AT} 4dE] dAES FRIEA
ot mE ] RS o8-8k Noju
Wiax, Quax o 2 g =dsd EdY

O
=
5740 st= Al=Hl AAE S T

—

2 =FqAME Y 23 JEUl A= o
o2 dzg] &84 Gigabit Ethernet-PON 2] #x||3
A AMast 4F EHfY Aojg 9 MAC ZEE
=& AuEgity 18] EPONS| Al2=gl A9
a3 YeARES A7) A8l 7€ AtE EPON
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