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using Multi-Objective Genetic Algorithms
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Department of Communication Engineering

National Chiao Tung University

ABSTRACT

In this thesis, we propose a optimal, fast dynamic bandwidth allocation (DBA)
for Next-Generation OFDMA-PON, which has high bandwidth, low-cost, energy-
saving advantages and compatible with wireless signals. Our purpose is to monitor
network traffic on-line and adjust bandwidth. allocation to achieve high throughput
and fairness to ensure quality of service (QoS). Multi-objective genetic algorithm
(MOGA) is used to achieve optimization and transform complex bandwidth allocation
mechanism into a more easily understanding and handled problem. Message Passing
Interface (MPI) is now frequently used and we use it to expedite the processing of
parallel computing speed. we expect a perfect combination of several methods to
provide users the next generation optical network architecture with optimal bandwidth

allocation and quality of service.
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BE B ONU A fd|aug it B3 o Sthends B4 T4 feid 82 > @ g
QoS HR LY Jg e > * i DBAME*H e @ ¥ CoS M > ¥ it § 7

FEA ML gL ottt FE R et A AR ek R B

-~



ONU- 23 * 2 CoSLenfil& + il i cycle v xR ¢ ApIMER » H30
Ho e ONU ki » — B SR @ g o3t ONU #rE @i 5 0 ¥ % i
# & fairness & & o
e  Decentralized Control

2 G Ry BBk %t OLT $+#73 ONU z B ey £ #24] - @ decentralized
=4 DBA ﬂjﬁf 7 OLT erodg 54 e ¢t > £ 4+ ONU p $R 3 scheduling 1 3 &
HFC Mg B4 fie 0 A A F & 5 inter ONU scheduling % intra ONU scheduling -
2 [15]7 1T 44t & intra-ONU fE47 374 fe > X 5 N 8 ONU > “ B ONU %
7 M i queue » 12 F] & # e e service level agreement » &1 4e throughput ~ delay %
* o T &N M-SFQ W R A e PEARIE B 2 SFQ st AN ig 3t PON b g
ARFEE 0 @ M B queue Tt B3 E BRI T M as fe s (2 03 E - 9 ONU
MR o & OLT &2 ONU z ¥ chvd fi 4 B A e (v AR fxgd 71 £+ QoS » 4 7
Err e f e ONU @i £ - Bt @iy > 45 B ONU ¥ 5 58 AL dte
B 2GR RS TGE M A RTT > i 28T delay & fpte it e
7 % [16]¢ i%—g#& 21 & & inter ONU scheduling £z intra ONU scheduling = & j+ -
i inter-ONU scheduling 84 » 4] * EPON _F 53 REPORT-GATE #+#] » &2 11 jeh
REPORT 7 F 2_ efe*t » REPORT p ¢ 7 7 &% % & -] window size & 4 o OLT

ffcE)#r ¢ REPORT 4+ % 7 i Kb | § 40t gFh et 6 1B R B E A

fie & ONU 2 2_queue # iz iz i@ ONU & queue JE{F i 5 % 72 ¥ 4215~ 3
FooiT ik uF B E A 498 5 B ONU( & queue )i B[ 48 B e & 1* throughput

Z delay @ 3 > » i WERF BALEIqUeue F IR T 0 0 @ APk IR R
queue it & B2 T o

FEirdlis 41 DBA P cnd & A K EPFH(ONU)EE & 7§ A8 PRIR
(triple-play) » # PEO R R FF L ONURh T BER2BLLHEDFR
* J248 > 4o internet phone ~ IPTV ~ on-line gaming -~ peer-to-peer j& * % » ¥4 % -
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e RA X N TIopE il s LA BREREOERE R o EBRIEET
PRk R RE R AREM TR TR A fe 0 TR B 2 AR e
B R K o iz DBA ¥ Z 4>t TDM-PON # & WDM-PON 2% 1‘]‘& R
OFDMA-PON % #g 5 H i~ (sub-carrier £« ¥_symbol)em s & (granularity) 2 2 #f 5
i * ch> 3% (frequency domain + time domain) % &2 % & ¥ £ %272 ko @ » &4 E

¥ 414 i (control channel)#g %5 *3>symbol 4 fie & F 47 i@ S8 > dr 4l A
FUGL e Tt ARRFRATIEDBRFF IR o F3 HDBARRZE
BRF A GOSN P AT SRR AR R e fe b R R

*H LG Tz F throughput PR 7% 5 T i3 -

22 B ARAL

e

A RRP AN FERET O A PELREFBONUFT L ED G H = 5
# & cycle p ¥ &7 h OFDMA & § ik fich > @ cycle &7 7 @,ﬁiﬂd ONU-1 3
ONU-32 - Blic# = T ilenps @ 285 % cycle OLT & & 512 i+ 44 %
ONUs ¢ * > i3k ONU-1 § 100 fdte 5 84205 5 ONU-2 3™ 412 Bif i 8
Boorrpt e e Bt 0 G ERMEA RO § T T B E T R R
ONUs B~ {7 7k » 5s4n ONU ¢ § 18 S 3 F1 5 FIHE 53 &> @ $54
% #FpF R (delay)is & o
Tt AR E AR B A pes ¢ 4 peE B ONU — B & %t e buffer(is
%) H F & 5 PQS(Permit Queue Size): T4 E x E 33 E‘ﬁ@@%ﬁ#'a » ¥ 3-& {3 cycle
2 :# & PR(Permit Rate)*x » t3¥ ONU @ﬁi%]z’v’vﬁé B o U F A b2 B
oo Bl 21~8 25 - B+ ¥ kP - B cycle poerE B4 feid A 0 BK
OFDMA & i cycle # # 10 # 3 § ;& » PON * } = f ONU » # (PR, PQS)ix /i &_

(2,2)~(4,8)~(3,10)> % 5t @2 3¢ BBl A ] 5 454> sk (F3P 4o
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OFDM frame Permit PQS packets

onvt 212100 00
subcarriers

PR=4

OLT oo sl D DODBDD

PR=3

SUERECEl B R R

B 2.1 An example of DBA: stepl

Stepl » OLT #%& #— & 10 i+ §“ ¢ <57 OFDM frame » # - B+ L - B &t
¢ i@ ppro & ONU i %1z cycle ¥ ¥ 1 fE {8 ¢ Permit » PQS R &_-
2 %i’u?’i FF AT g opermit &8 0 F A AZEE B E 0§ 4 permit ffag
WP > ONU 162 Rl A 7§ S iEdts S0 -

OFDM frame

Permit PQS packets

_________

onut 42 | 210 030 O

Permit.. PQS packets
OoLT oop s ls D BDBDD
Permit PQS packets

ARl B R B

B 2.2 An example of DBA: step2

Step2 » % £7L & & ONU ¢ permit cm#cp » ONUL & ~3 2 & permit > PR
=2 & F]PQS=2 > F]p );"J“,ﬁ% 5 402 B permit - B 5 25 ONU2 2 ONU3
E"J‘F’S W AiEF PQS s Fl PR % e permit ¥ w2 Bt~ o ¥ > ONUL
% %1 > OFDM #{44f % 5 10> ONUL permit 35 % 2 F|* 4 B ONUL 4t

Rt B2B o
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Permit PQS packets

ont g 02 DD OFDM frame

Permit PQS packets
oLT obD —%21g |38 | :

Permit PQS packets

AEEEdl R R B
Bl 2.3 An example of DBA: step3

Step3 > 7 £ F L& ONUL chpermit #]+ &5 B ite & a‘rﬂ,ﬁ; 2> pa s 003%
F 2% ONU2 + & > ot p* OFDM #F % #/4% 8 » ONU2 #&73 8 1 permit » 5 i

Wate o F At e R T o

Permit PQS packets

onul | 0} 2 DD

Permit PQS packets

oLT opp 221 51 g

OFDM frame

Permit - PQS packets

B 2.4 An example of DBA: step4

Step4 » ONU2 #permit #]+ & 5 @ 4t¢ > d 8'% 3 3o p pfr OFDM #E & &
F13 @ 4k > Fet > ONU3 8228 5 8 i permit &t @77 4 Bate » i is

Fagt B3 Bde o

12



OFDM frame Permit PQS packets

] onut f 0|2 |C] ()

l Permit PQS packets

oLT opD 221313

Permit PQS packets

onuz] 5 |10 |@B

B 2.5 Anexample of DBA: step5

Step5>ONU3 F] F & 3 B 4+# >permit 7 5> 4 p¥F OFDM @ =% #73 ONU

z.big o Fpt g OLT > @ & ONU #lérz 3o |~ %5 2010

d gt 2 g ONUs ¢ i FAbed s i A e A& 4 © 5| 2|87+ B3t & Bz inde

4@ 2.6 -

4741 OFDMA 48 % »
%= ONU permit » <
> % - i ONU

\ 4
| g7 4] 4% permit £2
BEEETT Bite

v

) &
E o2& 13}
ﬁ»x@ I ONU'«I—\ j'g)\"f— fﬁi ONU
Fe Al
)2
\ 4
¥ F 2 2 ?’
A FFIER 2D
cycle *+ 2
A
\ 4
R 8

B 2.6 47 54 e 4l in AR R
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e Step 1 :cycle # 4> * ONU-1 3 » 3f T 2. Permit Rate » %&£ 7|+ *T PQS >
ARl “,f % A e permit o

e Step 2 : ONU-1 12 buffer #]4x2 permit v+ * 2. OFDMA subcarriers 2| &7+
Fhz e #F o F A0t B2 4@ #c<permit ® subcarrier &3 - B @1
FoEE o X PIEAp st e B D permit s F kb @2 4@ f>permit
subcarrier & %3 > P|} @#HcE 5 permit 2 #te > TP “f T3 permit e

e Step 3: # OFDMA subcarrier 2. #ic# ;}r% # 2% Step 2 2. permit # & > Fl4R2
+ A F A ONU-2 & * e PF R b di X ONU-2 Ttz 1+ g 2% o

o Step4:ONU-2 €454 3¢ Step 1 T Step 3~ 1 #-¥% Z Step 3 # ¥t % x5 ONU-3>

EAF TR BT 0 B FIBcfs - B ONU » g 42t cycle Ttz i@ o

m 0 BT AT R RO B A AE ] TT 0 % B ONU #1ic 17 3] 2 PRAx & (Quality
of Service, QoS) » 2 i T_& 4t #:2 delay 4=+ -
3 oycle Ty Flid 2. ONU £ & 1 » 5] Tk 2|80 £ 1 @
Rlte 2 mean delay ¢ %+ (T ~T1) 5 § BB 15 ONUI = > 2]5% ONU 4
¢ 2_-T 5 mean delay

“t e+ @4te 2 delay e
o

MDi =
S e B 2 ik

;¢ 2.1)

mte N E BONUAR¥ B2 MD 2#7 2 H 8 F 5 3] T 2 3 5 4 fe o
PRI ABRREREIE DR TR B ikl e PQS &2 PR & #4575 ONU

e BB h MY 4pE 2 MD o £ 7] fairness &2 QoS 2. & F o Fd ipfkankit o F i

Wi ONU 3« £44¢ & @i b % < AT > PQS #7244 =4 ONU -
:%?ﬁﬂuﬁﬁkiféﬁu—A&pamh?%’Tb%ﬁﬁwfPRi%Hﬁﬁ’t%%Q%

ONU 3§ ¥ @32 = & & » 5417 12 & {557 ONU 3% %4 7 PQS e PR »
i H a0 RS chpermit & E_{ Bk A permit > § B3] {5x ONU @i pre -
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FENR G g E @ F DG AR gl o

22 pril® I KA o2 AR

BT o R LEE - B ONU A eI S5 - B ONU» » 2

F_k

- 1B cycle » w42 ONU 2 (F4ris= ONUE 52 2 f o Fpb v BB Hehiag
Ed ONU-2 @ %> 2 ONU-1 2 MD %7+ % MD, < MDy> |5 (34 4)ONU-2
2 PQS & PR» 2 ¥ MD2=MD1; ¥ 2. » & MD; > MD; - P2 % (3 % JONU-2
2. PQS & PR> ¢ MD2=MD1; r2* = ;¢ d ONU-1 3 ONU-N- i & {524 ONU
2. MD ¥ %3 MDy» & 3B 2 2T Rp| > ~ T 3am = 475 ONU 3¢ % e
A Ap % sz delay -

©FFL LR T UL R4 HONU 2 MD 4k R TR

4,_9

3

AP GBS S K AR T H QoS A K
& throughput » }* fE 2 #-€ R B2 ¥ 75 F) 5 ¢ £ PRPQS~MD % 5 it § ¢
oo 1A SURED ARG A 2R o Bl 0 A PQS S PR MD ARG -
B T2 HEFSE B ONUHPQSE PR @ (7475 ONU 22 MD + 12
B AR E T BB R F LR APRL AL RIARAE ATIFE 2
(Non-dominated Sorting Genetic Algorithm-11, NSGA-I1) sd 4 > 7 12 F] 84 24 9 Poig

DR R R R RN T BRE 4R

ESY S FY-S CE S|

31 AFRE 2
PP ERVES PR RS EES SN § A E ER R E E

R HRB] s A B R N R B b AR X R AL 5 30
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E ] Kf} Wy fREA BFREE OEONURARES L RENRFES D RGo
fBodole 4 P aiF o ATURE F MR A0 A4 R AL AT
(gene) » & — B B AR (individual)¥eF p @ HEFHATF > T L5 BEF UTE AT
W B A2 & g & B (fitness) » 5 d P iE (selection) ~ 3 78 (reproduction) ~ <
(crossover) ~ % & (mutation) % i 42 > T — X o @ Ar3 F ff‘u{#ﬁi BN
(generation) f&¥ £ F]EE 48 s i > %@% 4 A RT - NAATFIRB RN - A
WEA G N RALGTIIRERNNALZ{ IR ES TG AT gL 2 oige
Wt S BLIEE o L R RIS T i (local)Be i 3 o — A TR B hi AR e )

3.1:

;{{».&;f!_ N ?l‘ﬁié_
4% 0 N2Epy

A 4
Al S P TE
<« x . Th F
fitness -
\ 4 't’t,

PeiE I E R
8 RCL A

Bl 3.1 A FIF % n A2 )
o Stepl:4~4-it A& 4 % 0 “F 48 (population) » i ¥ d ¥ AL cfEZ P 2 * 15
3 & # 5g% A 4 (uniform distribution in feasible region) » &% 2_4 % 4-44 77 48 ¢
* e Srensrik(pre-known knowledge) 4 7 A= 41 0 8 H g L Pdeacc s

o R REfERS N R4 R B A 4 i 4 fE(solution bias)m & 2 E I35 B AR A

tiE
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o Step2::Tix FAIAFIR L E T - A d AR AR A K2 fitness k) gt o

Ho - Bk LSS A (rank) 0 G0 PE 0 T RN T H A A (5

Fo B s FEEE A RGBT AITE S S PR ERR
(elitism) o B 1§ - #FH e E_ > &4 B2 fitness ¥ = ends 17 > & §F A0 &
BAFFE 2 E B R

o Step3: ¥ A TFETLIHMEFTHE ¢ HRIMBERL - L HLpMA BB
e F Witk s Ba g4 3 & (offspring) - %ﬁ“t“% X A4 fitness { %
R B VR AL RADBH R gD EROPFIRFIS R
RPEH R A MR RR R R A RPEBMA A D JF e

FEHB PR f2anm s @ANEN "R GfF % GRITE L PEN F
4 Step 2 ¢ fitness 7 L e iﬁ{fﬁi % (replace) sh#s i

o Stepd: H¥FEFc EREAIERETE S BT A A 3 N F RS d
PRI A e R E g d R R R R A e
AP B Rg 2 fitness £ F 8 S iE oL o
F A e A FE S ARG AH PR A A P B A f AR R g

15 31 H - fitness 2 & i fZ > l4e : SViFF 5 F & 275 ONU 2 MD 4pfe > 2 MD

SRR S lﬁfm‘ﬁ*ﬂ\ A BERECRAESHF P RPETEEG MR

ZEAANLTE 5SS P RE & B 3E(Multi-Objective Optimal Problems) -

5PHREERE

B 3.2 5 /&K 7 @ (decision space)p &+ 3 P & 7 ¥ (objective space)z. 7+ & B »
G EP P 5P R R AE[18][19] ¢ P HRE i R AT W R
3¢ (fitness function)p: &+ 3 P -2 B> P R B¢ g BE A S {22 7 -
PHF2EY APHIE-PR2BETRF ARG ey o F U2 5060 P

7 B phz fitness i 4 b > Gidhz fitness & 1 2 igdic - AL £ o
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BURCL fe A B0 A F B R R 0 B K By L

R Ry S RIS W STY R A

X2 4 f2 A
- o mapping
7 X2 \
' O Y
! \
I\ Xa ]
' O /
\\\ Xb ’,// 2
\\\\\_O_-——”z
decision space 1 objective space {1

PR i it AR
mingexn{y = f(x):h(x) = 0,g(x) < 0,x" < x < xY} (; 3.1)
y:PETEFYHREARREZ P & £ (objective vectors)
X B iE v R a2 4w £ (decision vectors)
f(x) © if & & S 3¢ (fitness function)
h(x) : & ;% *T41(equality constraint)
g(x) : # & ;% 24 (inequality constraint)

xt xY o A w457 K 22 1 T s (variable bounds)

B132¢ > Pz ARV IBE27:8 R ES B s BEEL PR S
T F E - B = >R fe(dominate) ¥ - 2k (§ ﬁaﬁ;iﬁiﬁ LS T RY - BEE
Fo2o7R) Bt kar F & B3 (trade-off) ey i o3t H s B S P B IE VR R

BE17 % BEV2V i AU % % L Pareto-optimal front: 27 AP 2 B¢ > 57 3
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His B o a B top Ry iRN3% front Foenk B SRR A R ARfERAZER
fe & & (non-dominated set) » @ A- Kz B P WAL FE L2 AR SR
Pareto # it i* & & (Pareto optimal set) -

L ped) B A A FF B 2 -1l (Non-dominated Sorting Genetic Algorithm-Il,
NSGA-I)E & A FIFH 22 5 pARd E 1V IR &% kA2 el 54 e i

Fl o BTG o

AR ER A FFE -

LR A PR AR R 2 -N0][21] A - 5 P R A TR B 2
(Multi-Objective Genetic Algorithm, MOGA) » H #3 # & - Kk > 112 A
Widz S Hpentdd] > X0 T RAID S PiRde i AT FR A PERE Y X
e SAE E A pets 4] o B 3.3 & NSGA-IN i A2 » X ip 4o
o Stepl:XRALNBEAPtBHMI-NEF NGO 5 Rty ¥ 7 $ Rt(3 B 1

i 2N)# 7 22 4 pe 2 & (non-dominated sorting) @ I P*i& A& 5 =+ — 1B Pareto

front v & 5 Fi e

o Step2: T T- FRAPmeZEE BER F,F R0 ERFEHRF
er s g ® Pug WBAZE N B o B F % r Fio ¥igi7 Step3e
o Step3: ¥ Step2 ¥ 2 Fiif {7 FHFE4EE A (crowding distance sorting) » i #%

AR BB 2 (N = |Pua|) B » Py 2048 % Puy® 2 N BB -
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o Step 4 ¥ Puq £ P44 {7 A S 1E 3% (crowded tournament selection) ~ %

B REMUALFTF A Qupe

Non-dominated C;jr.owding
sorting Istance Pt
sorting
Fl ------------------------ P1
P, 1l 1
—. —>

Qu

rejected

Bl 3.3 NSGA-II /= 4%

Stepl ¥ 2 b3 et P chE B R RB2EX el & chdF A SEE R 0 0 #
35 > Pareto front Fy b a7 5002 % € > Paretofront F; - $1% Fi %5 £ 5 (rank)
ri=i- %‘%‘&'\?’ OLE A AR ome BE BT LA T k> NSGA-I i&{.ﬂ JAES
s i B re f (elitism) e 254 et B enfiE o DA R P A A b i B 48 e fitness o
P Fie s RHEF PPE TR L3R E & (R-F)® &35 T - 1B Pareto front

Fo i JItk Fp o 143 8L > Jeil #-RUY 995 BARA B4 A 3 & front
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f,
0 o
° o
Cuboid
il ©
e |
e ® |
°
i+1
fy

B 3.4 FIFpEY Y 2
Step 3 ¥ z #EFRIEREE S E_5 7 %334 K f240 5 $k (4 (diversity preservation):
J—\. IFB’LQ I,Z»‘ K’!ﬁﬁ:ﬂ rr]li-atﬁd;7 b 4&12\ T r«l-'-F - ﬂb mﬁxl }‘5*,31&};3 lf:ﬁ s

o
PR EREHEAR S 0 AXT R E e BRF SR P Y BRR - T R R A T

3
%?i
fs'?

R R i 4 o 4o 3.4, B B D WAL 6> o R
Bofe - front b oo 452 | L ARARIESE 0 A UARERET 2 f2 -1 i+l S 2 )5
A ORA) > ApHE | 2 iR difr%'?;% 537 N2 B R T I0E o HITAZIE
W PR s PR A NSGA-IL ™ 53-8 fedgrdp - 2 ¢ M 5 P fRaiicE >

A3 DRI BREEdE dio S APARZ S R i+1 S 0-1 30 4 p R 4250 1+ fitness

f:nb

2 AR SR At o

fipy—Fmie
di =djy, + mir)” md-1)  form =1,2,...,M (* 3.2)

max(fy,)—min(fy,)

Stepd ¥ 2 Fefr R FEHR > pABAMEP A A E L - HEFRF  £FV
BAPR o ROLFRS D FApFRI AT A B 8 o>t I — Pareto-optima front »
PUPFR v R RS d 0 difie J FlR A B R SR B

BAETRRRFERY B BN R EF BB RPIRTAL F o
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3.4 32+ § fitness ¥+ & 2 R 48

b &A% NSGA-l B 3 B2 Ba 2 ais s oy ¥
f%é@ﬁiﬂﬁﬁﬁﬂﬁﬁﬁmJ’%&’ﬁW?u%ﬁ@ﬁﬁﬁﬁ%Mﬁﬁ

PAEB i R AR o ede 3L ) Sk Pl AFFE2Y TR K SER
BFEE A 308 B anfitness ) S{F MR AR RS O HAr g en
WH PRS- IGH L F R TR 2P g F(series)ih™ EH L EF BB
FE 0 TR B b fitness BB M R EHEM 2 o FlR AP R RS
{738 & (parallel computing) » #-3%8 « fitness 2+ 5 11 T (77 N 4 B e prig (7 o
i &4 A BB O APRY O ZTITREEALTNL PR

(Message Passing Interface) -

4.1 MPI

MPI1 (Message Passing Interface)[22][23]5. % — & 1% & i- e» Message Passing
TEFZ T UAEIAAENES 0 ¢ 4 Fortran~ C~ C++% > MPI chp 28 4%
R FT A ForFanldnds o 2V AL S
(distributed-memory) 7 & &£ & * 3= {@ ¥ (shared-memory) 3 & (cluster)i& & %
2 o MPI & - iR (standard) » 3 * ** £ /83 @R R G 0 BT RS - B
a #(host) > host + & 5 & ¥ & 4 ehfh o ‘I‘H’K#ﬂ.é - B A2 H = process » ® * #hin

& process &_F =3t — i host + > FRat & HF BTN TRt T o

4.2 MPICH?2

MPICH2[24] 0] £_i* & MPI 5230 U8 %4 2 ch- 2 gkl BB e » ¥

P

FEPASNELZ DL Ed BE SNl R FT LT T
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(platform) * i 423% § s T f7 it > H 4 &8 BB S A LhoT o

e  MPI_Init(): 4~ 4~ MPI3k3> & 7 #7F process * #% ik @ifin & 77 e 4L >
BT E AR E PR

e MPI_Finalize() : T i7itfg58 % L2 mrefred o

e MPI_COMM_WORLD : MPI p z_&7 communicator » #3375 4 » L {7 FE
£ process’ 4t e — 1B communicator 0 process: 4 ¢ i {7 L @i A

e MPI_Comm_ size() : B~{¥ 42 T {73& & 1process # p o

e MPI_Comm_rank() : B~ %22 & {738 & chprocess 2 - H-(id) > 4 B & &L {7
A2 A el (R 7 e chprocess P o ¥ 0L AR id el 4 T e process #4 {7 e

e MPI_Send() : MPI 2:4}2L:E 31 (point-to-point communication)édp £ 2. — > ¥
MA@ R L d ip L process iE A ¥ - process °

e MPI_Recv() : MPI 2:¥f 8Ei€ 21 (point-to-point communication) édp £ 2. — >
Y Fefod dp Tehprocess i ke Al o

e MPI_Bcast() : MPI # %23 1 (collective communication)dp 4 2. — » Beast A_
R #% (broadcast) g R ¥R ALY 4p T process i I communicator 1
£59 Process °
BN A R eadg £ 0 4o NSGA-IL figeefest ? - Bk P 10 &

process » ¥ MR FFE Y > 2 I0BBHE- 2 Ak - KERR T FE

WA petsdlio® & NSGA-I &2 MPI > deicié * & % FapRirs = % o
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5 THEMIPHRAFIFEZFLEHTAFRRE

GEARAPRN- L S PEATIRE AT 703 F b G A e
#] > * 3T 4 X OFDMA-PON F » 1T #-ix B A ZAF 5 4 et 412 NSGA-II 2.

£ &~ NSGA-1l 22 MPI 2 £ & 11 & doin ie 7 5 fL 45 A fie

5.1 % £ DBA £& NSGA-II

Permit PQS

onul ) 2 | 2

PR=4

PR1 PQS1 PR2 PQS2 PR3 PQS3

oLT opD 221418

Genel Gene2 Gene3 Gene4 Gene5 Gene6
PR=3 Lo
one individual

oNu3 |51 10

Bl 5.1 mapping between (PR, PQS) and NSGA-II

B & NSGA-Il ehy & 9 38 8-(PR,PQS)#7 t « decision space & 3% 3
NSGA-II #7 & = objective space » 4= #* » objective space * 7&;; E 417 objective
¢ constraint £ fitness function 5d % P 3 Flif & 2 18 7 adT 0 BB kU
% B %5 B ONU en PR &2 PQS *c » A Fig & 72 @ BRI 75 5 4@ 5.1 o
BLie 0 izt gk T8 (7 3.3 & 4 K e NSGA-Il » 5 d non-dominated sorting &2
crowding distance sorting £ # 73 /% ¥ 7 - £ & grparent> £ 4 crowded tournament
selection iZ % & 4 + X chfe il > (5 d &S crossover ~ mutation & 4 73 X 4o
MEFEF B Ildp ey et A fitness © @z g e IR o

PR B R R — LA Fiw B2 % b crossover ¥ mutation E_i¢ *
binary-coded > 5 *Uix#c binary string k & o7 F B Hlderd 7 B AR LT

(3, 130)z. @ endgc i@ > 7R ﬁﬁg@}gi}b{
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(130-3) 127
11111115-00000005 127

(4 6.1)

HAA PG PR &2 PQS R v otk e B R A & FP AP * Simulated

Binary Crossover(SBX)[25]  # = real-coded = crossover e

B i j SBX zoww o & L 7 f# binary-coded ¥ one-point crossover 4
1 0 0 1 |9
Average =11.5
1 1 1 0 |14
1 0 1 0 |10
Average =11.5
1 1 0 1 |43

Bl 5.2 one-point crossover

one-point crossover i3 § A Bed BB jpfeniz A T4 > d gt B AE B
- R BAFI 0 AeR 5200 8 BAFIEME T WA S
AL F g IR one-point crossover k= BaFlE 1 8 BALA T SE £ 8 S B

RenTEipR 0 E R EFLER DA g o
FLE one-point crossover % = M 4Firz o o & JE L A % - B 4% Spread

factor(5) :

_ |
B B P1—P2
4@ 53> BE* ki 7-HAMAAL 2 F R FRERAREDY R B

(¢ 6.2)

o F RS BARAZE AL RS RN B=1REkFES

ﬁ'ml‘\‘#ﬁp\?’ ’
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cl c2

B<1

pl p2
cl | c2 B>1

pl p2

cl c2
I I P=1

pl p2

Bl 5.3 spread factor
o scs: 16 enfA Fle & kI o B spread factor en4 F 4oB] 5.4 A

one-point crossover 1% = B #£4+ > ¥ 12 3R spread factor & -0 "F’fi B¢ A lriro

2.0 i

s | I‘

||

05 | }:l
SN

0.0 1 2 3 4 P

] 5.4 distribution of spread factor of 15bits binary code

F]pt SBX $ * — polynomial #% & &~ # * % it :% spread ~ #

c(B)=05(n+1)B",B<1 (7% 6.3)
c(B) = 0.5(n + 1)#,3 > 1 (% 6.4)

Fn=2p A% 4E 55> SBX itz » WH LB Mz - B gene > &R
P 5 e F Mg P~ — spread factors £ 12 54 (6.5-6.6) % » > T F KB {7 crossover
A4 IR P A SR Tt T s BEY - B

c1 = 0.5(py + pz) — 0.58(p1 — p2) (¥ 6.5)
c; = 0.5(p1 + p2) + 0.5B(p1 — p2) 7 6.6)
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distribution

0 1 2 3 4 5 6 7
spread factor

Bl 5.5 probability distribution of polynomial model
gLk mutation eER A o RIER* T o0 B3R op A SR E 55
2 H Al o vER B 1 AEEST 0
¢ = p +8(Xmax = Xmin) (4 6.6)
dopt o fEd 2k 7 ki VR 482 constraint o 2V s %};'a IVEELAT B - R

(PR, PQS)# = % P 152k FIif & 2 L

5.2 ¥ & NSGA-II & MPI

SREATIFEEY o KPR E s A fitness o Fpt i L B 5.6
w7 Vs L2k 7 MPI P process sh#icE 0 &5 & 1 process & A enid o T #- process
02k %_% master » H 40| % slave > d master i& {7 NSGA-1l 2 §8455% » & 4 & ig

73+ 5 fitness pFo Bl #-275 BRI A Tl & 5 d B (% ¢+ 5F)2 o process

{71

I et oslave it B @t o d g process & FEE I w @ (k2 d HER)L

master -
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process O | 2 FIi# & 2 2 842 3¢
process 1 process 2 process 3
population population population
1~50 50~100 100~150

B 5.7 MPI T {7 i 3+ & fitness -+ X, B

5.3 & & NSGA-1l &2 MPI 2_ % 48 3 4 e i 41

B & NSGA-Il & MPI 2. & jidlg 5o et o Az o™ 11 2 B 5.7 ¢

s PRPOS

P47 Ffitness

l

4 3E ST T A PR ~ PQS

B 5.8 £ & 5 p A Fiw B i 22 MPI 2§ fi 48 A e 48 4100 /2. 1)
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e Stepl:i=4aft o ¥ 2 OFDMA-PON # % ONU #t¢ 2 jn & (traffic) i » =%
Z_OFDMA-PON + ;‘ B p ;K T_NSGA-I 2. #HHHcE £ R R T_MPI
® process sh#cE 0 4 & B process & eid o i #-process 0 3% T_i A ¢
(master) » H &P % &g (slave) o

e Step 2: #-ONU *? zr#d 2 PQS & PR 3c » NSGA-Il ez F1A 7@ » I

4 i

T % e 2] UHE A Fe 4143 0 PQS ~ PR AT il i LR * K K IR

B

\

[P

F_F R K T NSGA-I i i 8 2 4758 10 2 FL4] > gt 2 g

)

Boo F]et > NSGA-II ¢ BRI A FI7 5 PQS & PR 2 2 & > B BB~
% 3% Bl & K TAPQS & PREPMEH 4 fe il cnip 7 o

o Step3: B 4pie 7 NSGA-Il - d process 0 i& 7 NSGA-IIl i #4254 » & § & &
738 fitness pF > R #9773 BAOA R & & 5d B 4§42 f process o o
igUd process i {7iF B I W i@ Y master

o Step4: ¥ i F|: o lich {4 0 NSGA-IE R > MPIL & & o 35 41 8 s -
Brary g RESRREM AT e S s Stepl ¢ PQS & PR a3k 2

FHFEE ONU i E

v — & 43 throughput *% 2 2 fair sk /e
A PlE o~ Step 1 B4t BT R A it o
Sd b B R ARSI ER S PP EA G A R RES
A2 2 ] P A TR Y E RJZ 2 0 NSGA- ﬁ*»wf ¥ ek i (PQS,
PR)& & » MPI R]* % 4uit 38 5 NSGA-Il erif i » TpF 5 @& * H 4§ A fie e
WE o2 HF ONUS 7 e B f RpF > AL 7 g3 prongeisin g 11 2
3t Y&

BE R RES AN o ] —‘ﬁ F I PRI E R o
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6 FREFAEH

6.1 R=KE
% & #5 OFDMA-PON 4 *§ 12 T ek B
Bandwidth (number of subcarriers) 512
Number of ONU 32
Traffic load 0.9~0.95
Burstiness 8.0~16.0
Simulation time (number of cycle) 10°
Number of process in MPI 32
Generation 30
Population 60
Probability of mutation 0.08
Probability of crossover 0.9

Z &3 % & _Burstiness i S8 #>0EF B ONU» 2 7 i iR g B 3e 1
% % ONU sk g6 - 2% % 12 two-state bursty traffic with Poisson distribution # 3 i

¥ #5-3] (traffic modal) > 4-B) 6.1 -

a=0.25
High |. | Low
£ =0.01

A =AxB =/l><(1—(%)><(B—l))

B 6.1 bursty traffic 7+ %, B
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\\ﬁr

BK TACT L
k

)
p(X=1) = A k=012, 1 ¢ i&» ONU éiffs % % Poisson & % ;

A i~ ONU en-T 3234 # #)c P (average arrival rate) ;

AHLAL bl & 5T B o ;‘E“ﬂf cEGEE AT a4 HE
a B AN TR IR MR MR IR RS
S PR TR
1 1
).HXE‘FALXE
A=——F7— i 6.1)
atp
A
= 1 (4 6.2)

B] 6.1 . bursty traffic 4r e Bt i ¥ 3o F i 8K 0 30 i R e
B g A uF B MRS R TRARSI M E KRG LR 2T
L HEpE] §EHEIF AL G 6T R B ek RT 2~ ONU 2
Tiotte fep o 2P g B DL EA B L F R T ERERT ORT
(3¢ 6.2) P4 6.2 #7577 > Burstiness(B) * k5% 3te ¥l ONU avk /R f F % & »
case?2 - Burstiness = *+ casel > ¥ ‘G iEig i —‘F*{;%Eéf »Case2 it & ek n B ik

e

Casel H L H L _
mrrrm T

Case?2 H L _
> time

B 6.2 Burstiness 2. 3, &

pLeb s g3t E - B ONU» ?E H A w5 - B 2 traffic modal » #) ¢ traffic
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load=0.9 > p] i~ £ %>+ 5% B ONU > &= B cycle » ;i » & 5 ONU L 354f 7 #
% 374(6.3) :

512(bandwidth)x0.9(traffic load)
32(number of ONU)

SR E AL APT UL R ONU B b o IR 0 50 7

A =

—\~

{9953% ONU & H£1Q0S » 43 53 e A fefisfl = § 7 A e » A ju

VLB L R AT o

6.2 £ &3 K PQS~ PR

B 6.3~6.4 % A& * NSGA-Il » ¥ %12 % # 5 % _PQS » %% PR » % % il 5|
% ONUz2 MDAp&enie & o ¥ gz @R AL (1)% B2 PR 3 & PQS
pFo L6 - sl LMD 5 £ 20 2 10 B > 158 ONU 2 PQS #7% #
Mo s i A H BV A s Az B (2MDPQS PR ¥ % it ¥ #c
EFAP R ® Tt ONU2Z MD %540 % ¥ S ienit » £ 5572 7 75 (3)
PP EPQS 2 PR L & FlifoFpto AN B A gudde 5 5 P RS E i AP 4L
4 NSGA-Il e 4 1 478 4 £ 6 % g -

Load=09, PR=16.0,B=80
6000

—°—MD 5
——MD=10
5000-_._MD=20 -
——MD=30
4000 ——MD=40 i
& 3000} ”/ 1
o
_-v—*'*

2000

1000 |

00 5 10 1 5 20 25 30 35

Index of ONU

B 6.3 & & PQS > PR
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Load=0%, B=8.0,MD=100
26

——P@s=100
251 ——pQs=500 1
24|| —— PQS = 1000 |
—— PQS = 1500

231 —— pQs = 2000 7
221 1

PR

21+ .
20t .
19+ .

181 .

17} .__.—»J/ |
16 L

0 5 10 15 20 25 30 35
Index of ONU

B 6.4 £ #A & PR HZ_PQS

6.3 12 PQS # 3 Gene

Bt FEE 0 AP B 42 MOGA & * e ji# i DBA s 38 F 0 R S

o
e
=
7

A

(i) Load=0.9; B=8.0
(ii) Generation = 30 ; Individual =

(ii1) Input variable : & {¢ 10 # ONU e PQS

32 .
(iv) Fitness 1 = L1 = #t4 ONU 2 MD ¢ 35

\/ (22%(wi-m10) +333G-22) (i~ 710))

22+55

Fitness 2 = = #73% ONU 2z MD $;, &% % »

f1o
510 1 ONU %+ weight=1~10 » & {5 ot 2
(v) PR = 16.0 for all ONU; PQS;-, = 500; PQSy3-32 = Output of MOGA
TR IFHOI A AEE (V)P 0 A A MOGA ¢ multi-objective s p & &
B o] v fitnesss #1228 i 2k g fitness F & ar 2 E D H BAR) e K AR E oAU

fitness 1 £ %75 ONU 2z MD L 32> H {@4%-| B|# 48 throughput 4% % ; Fitness 2

F#-#75 ONU 22 MD &= 10 % ONU MD 2 T3opfE® 1 ant s > ¥ i w10
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® ONU o MD %t i entraffic 3k €7 A&+ €495 > & 7 ${5 55 10 B ONU 2
MD #weight » AX353T e sB4k4c & > P a4 4:id = MD 7 T ehid Fliguee » ©
fitness2 4% » & MD W 4 5 T F el ¢ A%+ > &7 2 > fairness § &% o

Mm Ak ¥ (v)? PRz % 7 ¥ _#-512 B subcarriers T 354 % 32 i ONU » B =

i ONU &- B cycle p ¥ 1218 3] 16 i subcarriers; # =% 22 i ONU 2. PQS & Z_
5500 24 Ea628Y 5 L0 PQS 4 # %% » % 22 5 ONU 2z PQS
AR e
simulation time = 10°
42 . .
——MOGA
L —— manually
40+
39+
] A —
2 TUNEUASR
38t
37
36+
350 5 10 15 20 25 30 35

Index of ONU
Bl 6.5 MOGA 2 PQS #is Gene
2% 4c@ 6.5 > MOGAL~3 i $+iE MOGA 5 {5 — B generation ¥ A B 47 e
B BAmAEE2 MD W Rk B % T AL 5 15545 10 B ONU 2 MD £
W iE & o BLZMR 6.6 0 7 11 I MOGA output & + &34 BE# 2. PQS X jERE
PEHEA O RESELBAL T FHQ0S 2 & K Arer¥ o BIF L L H 4 input
FiicP 0 ¥ MOGA @ 2 23 o Fpt » &7 — o] & etk 0 2 P-4 input

variable &3 & o
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700

—— MOGA
680

—— manually

660

640

620

600

PQs

580

560 -

540

520

23 24 25 26 27 28 29 30 3 32
Index of ONU

Bl 6.6 '* # MOGA output & + # 24 % 2. PQS

6.4 12 exponential $# & PQS #.5 Gene
(i) Load = 0.9 ; B=8.0
(i) Generation = 30 ; Individual = 60
(iii) Input variable :
PR =16.0 for all ONU
PQS; =exp(a*i + b) + exp(c*i+d) +e

a=0~20;b=-20~0;c=0~5;d=-1~1; e=500~2000

H H - Zizui — g2 N s 12
(iv) Fitness 1 = =5 = U7 ONU z. MD T 32

\/(Z%Z(Mi—H_m)2+23§(i—22)(ui—u_10)2)
H 22455
Fitness 2 =

1)
W 6.4 &gk o AP ELEF 6.3 6.4 L4 F 2548 function £ 7 &
ONU 2 i » mi& % function %8k 5 MOGA ggene > 7 & B 4F ket — it i
> MOGA z input # > = &3% function st ** 2 &% » PQS % gene k chZ jf o 1

Rl 6.6 k5 > PQS 2 A 38F AL — T jfd & » Fpt A g L5 g 14 exponential
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function % fit PQS # %t > 4] * Matlab =7curve fit tool” > i ® 22 jp & £ #523 F 2
WAL R 0 ho ] 6.7~6.9 ¢ B 6.7 @ * = function ¥_exp(a*i + b) + ¢ > B 6.8 pE_
exp(a*i + b) + exp(c*i +d) + e BL&S B > curve fit 2 W3R £ 93 < > F| H
6.9 #-5 ¥ fit 2 & 2 02 simulation v+ $id {5 2 MD & &> ¥ r21 4 L 5 B $-dcih

exponential & # > H fairness P &g g > F]PU AN PE 2 5 B AEHcTVR A o

2200 - + PQS3
it 3
20001 *+ PQs2
fit 2
1800+ + PQS1
fit 1

1600}

& 1400}
o

1200}

1000} 1
30— 1
600 _Ld_,-f’/z

15 ) 05 0 0.5 1 15
Index of ONU (centralized)
Bl 6.7 rexp(@*x+b)+cfit = & 2. PQS

2400 F— '

. PQS3
2200+ fit3
- PQSs2
2000} it 2
+ PQs1
1800
— fit1
1600}
&
9 1400}

1200}

1000}

s ——————————————
600
15 ) 0.5 0 0.5 1 15

Index of ONU (centralized)

Bl 6.8 1 exp(a*x+h)+ exp(c*x+d)+e fit £ # 23 ££2 PQS
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35

simulation time = 10°

30 S
—— 3 parameter-1
a o5l —=— 3 parameter-2
= —— 5 parameter-1
—=— 5 parameter-2
20 -_"_h‘-(
15 1 1 1 1 1 1
5 10 15 20 25
Index of ONU

30
B 6.9 ' #affit> 42242 MD

% exponential function 7 # %#c(a~e)HiE & + > £7 matlab %= # 3 £
B d BUE R M3 E P R A kg i B
lk}‘ ’ fg_ X 7}

z, A
PSR
2

z b'“r’ﬁ & AT AL
S 4 o B AT
0.25—

T

Pareto front of the last generation
3 : . T

L

'l
0.2+

0.15}

fitness 2
Lt s

opee®

2
0.05}

o 1 = 1 1 1 1
22 24 26 28 30 32 34
fitness 1

36 38

Bl 6.10 Pareto front of exp. PQS

37



simulation time = 10%

45 T
—— 37.1977; 0.0091446
—— 37.1078; 0.0093301
40| —— 25.6038: 0.0152992 1
25.3290; 0.0225956
—— AR e
—— T o e S
35 .
[m] i
= 30
20+ E
15 5 10 156 20 25 30
Index of ONU

Bl 6.11 exp. PQS $+:& 2 2 %
B 6.10 5= MOGA £ 14 $+:¥ 2 % 2 Pareto front» B+ = = individual ~ % #
7 #B 7 MD e deviation f 4y 3 & A i RHE chid % PR 6.11 & [
6.5 fi o FF AT exp. PQS it 7 3| 4 cn MD ¥ f pF 0 R fairness o
FiE BBk Y o pE 6.10 0% 2% R individual < & ¢ A MD ¢

% B 0 B fairness endicp & A5 TR A BN il o

6.5 % fitness 2 4x » constraint

¥ 6.4 & A 2 R > A A MOGA 7 » g% — B #7404 50 0 % Fitness
Hi 4c— B constraint - MOGA ¢ i&J53% constraint > & ¥ & g # & constraint
individual » 2% i % %”gv} T a4 B P 1 MD 3 fairness « individual -
TP ABIFEOAPRY Z M7 FaPQSE PR 2E :‘E‘Jéﬁiaﬁ:@%%ﬁa@ -EN

it e DBA o

38



® Method 1 : exponential PQS » 7 % PR =16.0
() Load=0.9; B=8.0
(ii) Generation = 30 ; Individual = 60
(iii) Input variable :
PR =16.0 for all ONU
PQS; = exp(a*i + b) + exp(c*i+d) +e

a=0~20;b=-20~0;c=0~5;d=-1~1; e=500~2000

32,
(iv) Fitness 1= LB = ¢4 ONU 2 MD s 35

(2%2(ni-itr0)” +233G-22)(wi-710) )
22455

Fitness 2 =

H1o

(v) Constraint : Fitness 2<0.1

Pareto front of the last generation
0.1 r . . .

0.09}
0.08}
0.07}
0.06
0.05}

fitness 2

0.04}

0.03 @ 1
0.02}
%,

001} q

LEO0 QDO OO 00 G
1

fithess 1

B] 6.12 Pareto front of method 1 with constraint on fitness 2
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PQS; = 500

Fitness 2 =

simudation time = 10°

35— + — DAL I e s

D - i B A Y O

—— M1,729%; 0.00207025
«— 79.7138; 00087155
- 25.B276; 000721753

17.8718; 00124697
= 13.2138; 0024678
11,0456; 0.040M553

25

15+

10+

s A A A 1 i
0 5 10 15 20 25 30
Index of ONU

® Method 2 : # =_PQS = 500> exponential PR
(i) Load=0.9; B=8.0
(i) Generation = 30 ; Individual = 60

(iii) Input variable:

PR =exp(a*i + b) + exp(c*i +d) + e

H H _Z%Zui_ s 2 N T 12
(iv) Fitness 1 = =— = #t5 ONU 2. MD T =

32

(222(;-710)” +233(G-22)(1-770) )
22455

Hio

(v) Constraint : Fitness 2<0.1

40

35

B 6.13 Some individuals of method 1 with constraint on fitness 2
Bl 6.12 &2 @] 6.10 +“ # > %57 e »_constraint 3%k > MOGA B {8 $4:iE en

individual z_ fitness2 % -] ** 0.1 > ® MD » ¥ & 4c » constraint = § 1 » 4]

a=0~50;b=-50~0;c=0~10;d=-10~0; e=16~25



Pareto front of the last generation

0.1

]
o
009+ 0
008- .
007+ .
006+ .

005+ .

fithess 2

0.04¢ -
003r .
0.02r

<10 0SY
o]
1

0011 .

fithess 1

B 6.14 Pareto front of method 2 with constraint on fitness 2

simulation time = 10°

30 . . . . . .
g
——28.7049, 0.00133698
25 19,3906, 0.00495315 1
——8.99124, 0.0147107
20} o
m]
=
15| 1
10} 1
P
5 1 1 1 1 1 1
0 5 10 15 20 25 30 35

Index of ONU
B] 6.15 Some individuals of method 2 with constraint on fitness 2
Case 2 # * exponential 3] i 7 PR > H 2 22 6.4 & 4pfr > B2 R

ix PR & & - 4]* Matlab 7 curve fitting tool & fit » I #-H 3@&# HE; R

-

MOGA  input = % *+ % PQS B %% 500 > Bl 2% A H 6.4 ¢ » 8222 PQS 7 o -

e 7 PRY R5AFT A2 4p s MD=10> F]pt #- PQS

‘!ﬂ

TR R
- B MOGA 2z input variable -

4[] 6.14 22 B 6.12 +- focase 2 ¥ E M e MD 5 #% .30 i e 2 % fairness
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srindividual B % 0 & 0t 2o ¢h 5 B 6.15 & o7 method 2 & MD 4p ¢ e > 4

B AEDEE

® Method 3 : = i# ONU 2. PQS =500~2000 * #p % - exponential PR
(i) Load = 0.9 ; B=8.0
(i) Generation = 30 ; Individual = 60
(iii) Input variable:
PQS; = 500~2000
PR =16.0 for all ONU

a=0~50;b=-50~0;¢c=0~10;d=-10~0; e=16~25

32 ..
(iv) Fitness 1 = L1 = «t4 ONU, 2 MD &1 35

(222(w;-770) " +233(-22) (i ~150) )
22+55

Fitness 2 =

Hio

(v) Constraint : Fitness 2<0.1

Pareto front of the last generation
0.1 T . .

o

0.09+

0.08+

0.07r

0.06

o
ocooooO%

0.05+

fithess 2

0.04

o T2

0.03r o]

0.02}

0.01r

o8

&
5 10 15 20 25 30 35
fithess 1

B] 6.16 Pareto front of method 3 with constraint on fitness 2
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simulation time = 10°

30
-—21,132183; 0.003447
14.70182; 0007277
——13.03521; 0,015023
25+ 7.70795; 0.03225
= 7.074586, 0.056167
6.423664; 0.093011
20
Q
=
] AT LBt S TR S A U Gt FER ML Dy S T .
10+ 4
5 4 ' A A A '
0 L 10 15 20 25 30 35

Index of ONU
B] 6.17 Some individuals of method 3 with constraint on fitness 2
Method 3 ¥ » #v i g™ v i > & PR 5 exponential & i~ » @& &

ONU 2. PQS # r g » A sp i B > 2 ¥ M3y 3] { % 4% ehindividual » e

Wi
=t

# % MOGA & input i& % > 4 “t5 ONU 2 PQS Z4p % - d [ 6.16~B&) 6.17 %
T 245 3 MD i > ¥ fairness e & 4 I3 H s 22 5 Fpt o AR

7

kemtime o AP ¢ M 5% method 3
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6.6 #& B Burstiness

simulation time = 10°

300
| T O O U £ TR CTeunpreY
200 - +— Burstiness = 8.0; f1=739.0042; f2=0.0707091 V
—+— Burstiness = 12.0; f1 = 121.355; 2 = 0.0322163
—+— Burstiness = 16.0; f1 = 245.751, f2 = 0.0218002
(=] L 4
= 150
100+ 4
50+ <o 1
o ' ' A ' 1
0 5 10 15 20 25 30 35
Index of ONU

Bl 6.18 & it * MOGA : Burstiness ¥f MD z 5%
©65& 7 > AP PQSE PRI =7 e & WPl R EH DY

3B case » AAF e EV IR - SRR E s TR Fantdh o A PR

%

Burstiness ¢ % 1.5 2 1 2 & » B 6.18 ¥ 7 H* MOGA T #-burstiness # B

<

ko varkeRload 7 % e BHRF > #3te han{ &7 > £ 4 ONU 2 queue
JEA s ApEH L 0 Flet MD 3 B FE A ) &ehp T R R

FEI N BHEREN

® Casel:B=120

(i) Load=0.9; B=12.0

(i1) Generation = 30 ; Individual = 60

(iii) Input variable:
PQS; = 500~2000
PR = exp(a*i + b) + exp(c*i + d) + e
a=0~50;b=-50~0;c=0~10; d=-10~0; e=16~25
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32 .
(iv) Fitness 1= LM = 4 ONU 2 MD % 35

j(z%z(ui—u—m)2+22§(i—zz)(ui—u—m)2)
. 22+55
Fitness 2 =

H1o

(v) Constraint : Fitness 2<0.1

simulation time = 10°

140 .
et
120 - *
e
100 - A
80r .
[m]
=
60 SN 4
40t :
20 B g S e SV -
0 1 1 1 1 1 1
0 5 10 15 20 25 30 35

Index of ONU
] 6.19 Burstiness=12.0 using method 3
® Case?2:B=16.0
(i) Load=0.9 ; B=16.0
(ii) Generation = 30 ; Individual = 60
(iii) Input variable:
PQS; = 500~2000
PR = exp(a*i + b) + exp(c*i + d) +e

a=0~50;b=-50~0;c=0~10;d=-10~0; e=16~25

32,
(iv) Fitness 1= L8 = 4 ONU 2 MD ¢ 35

(222(wi-m10)+333G-22) (1 ~110) )
22+55

Fitness 2 =

H1o

(v) Constraint : Fitness 2<0.1
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simulation time = 10°

240
. ————
220} e -
200+ .
—— g
180+ .
160 .
[m] L 4
Q 140
120+ .
100+ — At ]
80 A" ]
EO B —0—.—\-0—*'-4_’ A
40 1 1 1 1 1 1
0 5 10 15 20 25 30 35
Index of ONU

Bl 6.20 Burstiness=16.0 using method 3
] 6.19 {- %] 6.20 % burstiness #% & > MOGA % {s - 1 generation #*:% % &
* & M erindividual > & %) 22 B] 6,18 vt i 0 AR T U D R g ey

<’

LMD & & > % % A burstiness #& % cofiiR T o AR D 27 € X TS 4

¥

S B ER MD & w9 R 44 3 fairness 7 45 g % o

6.7 % 2 Load=0.95

- H AR E burstiness, F P AP EV RSB BT K
A i F L _burstiness 5 16.0 * E 4%H#-load % 3 1 0.95 FFd MR g4 o M
FRFEA PP ZEET TR BEP A G AP AR Y 6.5 & Hmethod 2 -
» ﬁ.ﬁmﬁ;PR % exponential n#ic > PQS # % 5 500> i vt 2 L S FriRae B

/24‘ ﬁ7FFB ?}E °
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® Method 1 : ¥ 7 PQS=500 > exponential PR
(i) Load =0.95; B=16.0
(ii) Generation = 30 ; Individual = 60
(iii) Input variable:
PQS; =500
PR =exp(a*i + b) + exp(c*i +d) +e

a=0~50;b=-50~0;¢c=0~10;d=-10~0; e=16~25

32,
(iv) Fitness 1= LB = ¢4 ONU 2 MD s 35

(2%2(ni-itr0)” +233G-22)(wi-710) )
22455

Fitness 2 =

H1o

(v) Constraint : Fitness 2<0.1

simulation time = 10°
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B] 6.21 Some individuals of method 1 with load=0.95
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simulation time = 10°

200 T .
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® Method 2 : # 7_PQS=500 - exponential PR » *z & constraint
(i) Load = 0.95 ; B=16.0
(i) Generation = 30 ; Individual = 60
(iii) Input variable:
PQS; = 500
PR =exp(a*i + b) + exp(c*i +d) +e

a=0~50;b=-50~0;c=0~10;d=-10~0; e=16~25

H H _Zsl‘zui_ P! N s 12
(iv) Fitness 1 = =5 = U7 ONU z. MD - 32
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. 22+55
Fitness 2 =

H1o

(v) Constraint : Fitness 2<0.2

Pareto front of the last generation
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B] 6.23 Pareto front of method 2 with load =0.95
simulation time = 10°
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Bl 6.24 Some individuals of method 2 with load=0.95
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® Method 3 : & & ONU 2. PQS =300~1500 * #p % - exponential PR
(i) Load =0.95 ; B=16.0

(ii) Generation = 30 ; Individual = 60
(iii) Input variable:

PQS; = 300~1500

PR =exp(a*i + b) + exp(c*i +d) +e

a=0~50;b=-50~0;¢c=0~10;d=-10~0; e=16~25

32,
(iv) Fitness 1= LB = ¢4 ONU 2 MD s 35

(2%2(ni-itr0)” +233G-22)(wi-710) )
22455

Fitness 2 =

H1o

(v) Constraint : Fitness 2<0.2

Pareto front of the last generation
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B] 6.25 Pareto front of method 3 with load=0.95
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simulation time = 10°
200
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B] 6.26 Some individuals of method 3 with load=0.95
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® Method 4 : exponential PQS »“exponential PR

(i) Load =0.95 ; B=16.0

(ii) Generation = 30 ; Individual =

(iii) Input variable:
PQS; =exp(a*i + b) + exp(c*i+d) +e

=0~20;b=-20~0;c=0~5;d=-1~1; e =300~1500

PR =exp(a*i + b) + exp(c*i +d) +e
a=0~50; b=-50~0;c=0~10; d=-10~0; e=16~25

(iv) Fitness 1 = 21 “‘ = #73 ONU 2 MD T 32
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. 22+55
Fitness 2 =

H1o

(v) Constraint : Fitness 2<0.2

Pareto front of the last generation
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® Method 1 : exponential PQS - exponential PR
(i) Load =0.98 ; B=16.0
(ii) Generation = 30 ; Individual = 60
(iii) Input variable:

PQS; = exp(a*i + b) + exp(c*1 +d) + e

a=0~20; b=-20~0:¢c=0~5; d=-1~1; e =300~1500

PR =exp(a*i + b) + exp(c*i + d) +&

a=0~50;b=-50~0;c=0~10.,d=-10~0; e=16~25

32 .
(v) Fitness 1 = L1 = #t4 ONU 2 MD ¢ 35

(222(w;-770) " +233G-22) (w;-T15)”)
22455

Fitness 2 =

Hio

(v) Constraint : Fitness 2<0.2
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Pareto front of the last generation
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simulation time = 10°
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] 6.32 Exponential variables of PR versus fitness
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Bl 6.33 Exponential variables of PQS versus fitness
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® Method 2 : exponential PQS - exponential PR

(i) Load =0.98 ; B=16.0

(i1) Generation = 30 ; Individual = 60

(iii) Input variable:
PQS; =exp(a*i + b) + exp(c*i+d) +e
a=0~20;b=-20~0;c=0~5;d=-1~1; e =300~1500
PR =exp(a*i + b) + exp(c*i +d) +e

a=0~50;b=-50~0;¢c=0~10;d=-10~0; e=16~18
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32 .
(iv) Fitness 1= LM = 4 ONU 2 MD % 35
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Fitness 2 =

H1o

(v) Constraint : Fitness 2<0.2
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6.9 Future Work
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