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Dynamic Bandwidth Allocations for Passive Optical Network

Supporting RoF System

student: Yi-Da Huang advisor: DR. Po-Lung Tien

Department of Communication Engineering

National Chiao Tung University

ABSTRACT

Optical and wireless hybrid access network is an integrated access network.
Compared with optical access network, it can solve the “last mile” problem in
optical access network. Compared with wireless access network, it can solve the
problem of shortage of communication range and bandwidth in wireless access
network. This study is to discuss bandwidth allocation problem in optical
network of hybrid access network. Because optical network in the bandwidth
allocation will be the impact of wireless network, propose two different dynamic
bandwidth allocation algorithms to reduce the impact. The first algorithm aims
to improve the system utilization. The second algorithm aims to improve quality
of low priority traffic on the premise that high priority traffic quality-of-service

can be maintained.
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2 Background

2.1 Transmission in TDM PON
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2.2 EPON dynamic bandwidth allocation research
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2.3 Introduction of WIMAX
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2.4 Integration of EPON and WiIMAX architectures
w[10]7 #& 41 B &5 & EPON g fr WIMAX e gt chgfg » 117 -4 5 4

? 7 independent architecture f= hybrid architecture -

A. independent architecture

e s fﬁv‘ 'EPON 4 WIMAX H_2 B b= cniepe iRBLY B & ) 8 >
F &3 & k4w (e.9.,Ethernet)2 .%&ﬁ{;i&é‘; WAz ko A FlL 2 B

PPt 2R ML o AT EERER RIS o
B. hybrid architecture
i BT > ONU fr WIMAX BS £ £ = - i system box » fL &

ONU-BS > #] 5 ONU-BS i 73 4rig 2 i 4§ <5 bandwidth request ~ packet
scheduling % 1 & » #7142+t 4= independent architecture - iz i 7 5 bandwidth

allocation € { 7 »x5 o
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3 Proposed DBAs
3.1 Radio-over-fiber access network architecture

3 ~ # 7 «rrdynamic bandwidth allocation algorithm &_t: radio-over-
fiber architecture ™ 3& 1% » & B ¥ {4 Bl 3-1 9771 o A& BEHEY - LK
WIMAX BS # £ 3] OLT # » m ONU ¢ “#c } antenna unit > antenna 4 3|
RFUELIS » 7 € $H5LIFf28 > » 7 € i buffer> @ 8% 3 A ¥ x5
B g gl kgl R AL ARG B o B E PR
BheT D (DRF AT R A LR B> Wi 7 b s 35 4
LB P RRER (&ML P > central office A2 > Bl & BT

PUR A R A o Q)R R u W KRR A GE &

o
b

antenna

OLT&BS

ONU oo

B 3-1. Radio-over-fiber access network architecture
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TR g fr WIMAX @ i@ eniRtgf 2 zidi - & downlink subframe & & p -
15 ONU 4z 3| BS 3d g™ Bk %ﬁiwﬁ}‘% % T IELL SSo @

P iz 2 B onetwork = * T @ & > a7 WIMAX B T i@ F > EPON £ s

Flo 2 R FeEppry ot THEFE L F > m ¥ TDD WIMAX
H_r4 uplink subframe = downlink subframe % 4 &] + @ fc™ @ hps F > #71u
- 2_t downlink subframe iz & P ¢ > WIMAX ¥ &t & @& T 4L > EPON ¥ i
1 @3 fouplink subframe i pF R ¢ > WIMAX 5 5 F i@ 352 » EPON
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Downlink Subframe

Uplink Subframe

¥
L

WIMAX downlink WiMAX uplink

EPON uplink EPON downlink

mam |Framej-2|Framej-1| Framej (Frame j+1|Frame j+2| aun

B 3-2. Radio-over-fiber access network architecture © m@ii%l = 50

3.2 Pursuing utilization algorithm

0 REE 2 BRROTRE S AR > TR 2 PR BT @
EFERAR > S %% EPON 2 2 7 — & constraint »

% — i constraint & B round » OLT #fsc & fle g B 2_F 2> i@a i
B round ® & } Bt o 4 R ERAFEHF 2o 4 fjh—ft'\;sﬁ B cycle e
pE R R R R R g T o

-4t % — 1 constraint» 32 % ¥ ezl system 0 utilization o » #—EUE P
waiting time( send REPORT 3| ™ i round i¥ data sHfF FEpefF) € % % °
packet » X 1S 3= § AR erulf B4 Feibindt packet - 3 11 DBA 5 pursuing
utilization DBA - Pursuing utilization DBA #_d 2 R8> ‘& = » & %] §_weighted

DBA[11]4= remaining bandwidth allocation » 12 ™ H#-4 & /i & o
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i._ cycle n —sl—  cycle(n+1) _,  OLT

v

REPORT GATE

| L]

o A Y J ONU

Waiting time Transmission time

¥

B 3-3. % 7 waiting time 835

3.2.1 Weighted dynamic bandwidth allocation

PON access network 3 N & ONU-PON < transmission speed £_R bit/s>
Tcycle &_23% ONU # w2} @ ehpF fF > Tg &_guard time -

Stepl: % ONU 4z 3| 38 ONU @& & «H REPROT > £ & 1% i ONU
7 minimum guaranteed bandwidth -
B™ :(Tcycle—2*N*Tg )*R/N (3.1)
F] % Ethernet traffic - bursty 25 - #7re ¢ % 2 — 38> ONU <3 request #
s @ 2 ONU shrequest = % B™ i3 o F]pt ¢ & 2 total excessive
bandwidth > (8™ -B/) (M £ (B™>B/)ONU e & ) 5 7 7 i} total
excess bandwidth » >+ & #% 41 - i > ;= X & fe bandwidth » i = 2 i}u{

request -J- ** minimum guaranteed bandwidth :Z > granted bandwidth r‘I*uz‘%L
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request » & 2z_ » granted bandwidth iﬁ%’—\minimum guaranteed bandwidth 4e
excess bandwidth » excess bandwidth £_i%_total excess bandwidth 4 fe 11 % »

request 4% < P ¥ 12 {F Fl4% 7 excess bandwidth » i& B > i* 40(3.2-1) ~ (3.2-2)

S o
B/ Jf B < B;“m
BF:_ B Bmin 1+ Bm‘ lf Br > Bmm
i i > i i (32-1)
B, -
ex Ik - ( Bmm . B;)
= X . .
B;‘ Z B _ ; A J (3.2-2)
kBB, K BT 2B,

B/ : ONUiI 71 request bandwidth

B : OLT % ONUi 1 bandwidth

Biex : & fe s ONUI e excess bandwidth

Step2 : (53 % - KA feis 0 ¥ A § 3 ONU % 2 grant length < »*
request s » & 432G i@ % Blerg (Y0 (BY-Bj) - K £ (B >B])ONU
gk s ) 7“{/7} % PR request ~ o] 2 jE kA fleipit AR aHEE > B 2 4o
T

B it B < B

zgnmng — %Z {
i B® + B" it Bl > Bf
I I 2 1 1 (3.3_1)

o Br |
Bf" o : ]I_ - v . Bg, B BI.
| Z,ﬂ-:gfﬁ; B b Z ( Y J )

k JBE>B;

(3.3-2)
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Step3 : 4ok Ag TR FIA T F

ONU —f‘—L( BY > Bir) , jI}U_-@"_‘ {%{é{;\stepz » B

PR * =& 230 ONU 3R E (B < BY) -

total bandwidth = 300bit

ONU 1D BII’ Wi Bimin lst Biex 2nd Biex B ig
1 40 1 100 40

2 105 1 100 21 105
3 195 1 100 39 16 155

% 3-1. Weighted DBA example

% 3-1 &_weighted DBA % ] - 3% PON ¢ § 3 i ONU > = @& cycle
¥ 4 fea g 54300 bit - # % ONU 7 minimum guaranteed bandwidth %_
100 bit > =+ & ONU = request 4 %] €_40 bit ~ 105 bit 4= 195 bit- % stepl ¢
%] = ONUL1 =request -] >+ minimum guaranteed bandwidth > #712 {8 3] e79ig &
¢ frrequest — & E_40bit > @ % 41 k > 60bit 47 7 € 1995 request « -] A K&
request = ** minimum guaranteed bandwidth -7 ONU2 §= ONU3 » ]+ ONU2
7 3] 121 bit> ONU3 ¥ 3] 139bit- ¥] = ONU2 =53 request £_105bit> ¢ 7 16bit
SHE R S AR AU dd i step2 o F] 5 B #] ONUS3 7 request + »+ granted
bandwidth » #7r24s 16bit F835 ¢ - # 18 3 B ONU & 3| erif 574 %] 4_40 bit ~

105 bit = 155 bit -

3.2.2 Remaining bandwidth allocation
% radio-over-fiber 2 f]»&t’ » OLT &= B round ¥ 12 i * e 5 H_F T
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h 712 weighted DBA 12 > F it € 3 FIT SRR 0 57 F ool L
FAR4E B F] et 4% 2 remaining bandwidth allocation algorithm: iz i algorithm
I B Ao o

7B ONU 7= waiting time ¢ & % -> packet » 333 | % & fiz remaining
bandwidth - REPORT *% 7 5 buffer 3t & :#5 traffic state 3.8 - 7 £ OLT
3% REPORT i# %  traffic state information - #- ONU 4 % 2 # - traffic state
#_idle e 5 idle ONU - traffic state &_bursty <4 5 bursty ONU -

78] > 2% bursty ONU 7 waiting time ¢ % evpacket £ » 2 X £ 7 ° 3
B 2 3% idle ONU - waiting time ® % packet £ > M Y £ 7 » 1345 X fr Y
gt )k 4 fie remaining bandwidth > # waiting time ¢ kvt diz § packet 7

ONU ¥ 12 {8 3] #2 % 1 remaining bandwidth - B32% =+ 1 ONU = waiting time

- ¥ o
X = AH*bursty onu number * waiting time (3.4-1)
Y = AL*idleonunumber * waiting time (3.4-2)

A H : bursty state arrival rate

A L ¢ idle state arrival rate

bursty onu number : state £_bursty 7 ONU i #c
idle onu number : state ¥_idle 7 ONU i #&c

OLT - E4+{s » A-%* B ONU ¥ 2 1 7] % - remaining bandwidth -
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“ 1 bursty ONU it £ |1 remaining bandwidth :

X . .
( —— |xtotal remain bandwidth
X +]

bursty onut mimber (3.5-1)

= i idle ONU st £ 3| <5 remaining bandwidth :

r ‘ :
( —— | xtotal remain bandwidih
X +1

idle omut number (3.5-2)
ONU £ 14 it £ 7| &0if %fjf‘u{weighted dynamic bandwidth algorithm 4

fe e B 4+ remaining bandwidth allocation #7 4 fie e7#ig 3 o

3.3 Enhanced DBA

R 2 BRBROTHEFL AR > TURE2 PR {7 @
OPF A8 B 2 % % EPON # #4 7 — ¥ constrainte % = % constraint £ ONU
i# 40 REPORT 7 ™ B round ¥ 12 3% 1) data sopF P % & > %] 5 ONU i
4 REPORT 4 & & WIMAX ent B 2g 4 v 2 8oy ,T}ﬁ’q.\;wfr@ S
71 EPON #p +* » ONU i# 4} REPORT {4 3| © i round i¥ 2! data chfF FR PR 5
7 — i uplink subframe =pF ¥ o

¥] % ONU % 1) REPORT & ™ B round ¥ 12 % ) data «rpF B % 1% & »
5 fjﬁi‘:‘fwr% bandwidth allocation algorithm &_strict priority =73 0 low

priority traffic - delay f jitter ¢ +* % EPON F % % % - @ enhanced DBA &7
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g B AT 00 = 3R> e low priority packet ¥ ru b g 5 ¥ A1 4 o T 5 cycle & o
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Enhanced DBA #73f $:7 QoS #_delay 4z #& bound 7 high priority packet

it > 3% high priority packet s7+¢ 5| & % threshold ™ > [12]4-[13] &_delay 4z &

\

bound = high priority packet )I* € ¥ 3 0 i K QoS E_high priority packet
#3 nfe p ik > %% 3 o high priority packet et 5] & % threshold = » 3§
i2 %+ enhanced DBA #13f $:1Q0S ° [8]4-[9]en P -~ H_%i& &_high priority
traffic QoS =ix 2 = » & & % low priority traffic #g & - e iz 2 i algorithm
A R A high priority traffic 7 QoS » ~ ,T* cE 3 € % 2 high priority traffic
77 Q0S {r threshold :B 7 - £ £ §E > B ¥ 12 % low priority traffic — #% (>4 %
PF o e Frds > 3RE B4 high priority traffic - ¥ #b iz 2 i algorithm = 23 12
high priority packet — _¥ 14t ¢ pF 3| i c0 low priority packet £ i d1 3 o 12

T &_enhanced DBA szt o

3.3.1 Enhanced DBA stepl
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bound time i 4 % > low priority packet i P& arrive time i 4 #f o

stepl-1 : 3K P w pF AP £_% cycle n > delay bound _F *-E_cycle k > 345
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f‘i_%‘aﬁi’é high request[1] - % cycle (n + 1)12 s = i cycle T &~ = M % i» >
bound time % cycle (n +2) % — % i» 5 > 3% packet £ ﬁ} . -Z_high request[2],1 -
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& 3 0 4% packet e arrive time -] 3t & & 3% high request[1] » P iz packet
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request[2],1 4p F= - R iz & packet 3L & L 5 low request[2],1 - 4o % packet
s arrive time {r high request[2],2 4p I¢ > Piz 4 packet shs4 & fi 5 low
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high request[1]

high priority queue
(IO ————— B vound timezzcyclen+2)aiag

high request[2].1

present time is in cycle n
. Bl vound timezecycle(n+2)g < g:
delay bound is 3 cycle high request[2].2

- bound timefEcycle(n+3)FiFE
high request[3].1

- bound time fEcycle(n+3)i84E
high request[3].2

i8] 3-4.High priority pakcet ~ %

arrive time 1 high request[1]
FHE R

low request[1]

. . - arrive time I high request[2].1+H[=]
low priority queue low request[2].1

IIIIIIIIIIIIIIIIIIIII ﬁ‘“—‘_““"- arrive time 1 high request[2].24f[A]

low request[2].2
present time is in cycle n

delay bound is 3 cycle arrive time 1 high request[3].14H[=
low request[3].1

arrive time #{J high request[3].2+H[=]
low request[3].2

B8] 3-5. Low priority pakcet 4 %

3.3.2 Enhanced DBA step2
Step2 _OLT 3+ ¥ 7 % -> high priority packet € & % 1% o 3K P pF

&_t cycle n » delay bound %_U cycle » bound time #_ cycle(n+1): packet 2_

- ¥ & 13 gpacket - # #X delay ¢ 42iF bound > bound time % cycle(n+2)
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s ehpacket & 3 % 3% 0 ¥F A 2 uwf 8§ > 304E %% high priority * o B £}
high priority packet =~ delay + ** bound -

1. 4o% Yihighrequest [1i (1=1 %I N> N & 2% ONU #cp )3n+ 12 i%
% oom 2R R fj.%%;%\ﬁ’ﬁ % - high priority packet & % % 1% o

2. 4% YiXkhighrequest [2],i,k > total bw(i=1F N> k=1 3| M~
N Z 238 ONU #p M £ - B cycle » 2| chF FE#c) » P](Xi X khigh request
[2],i,k - total bw ) =7 packet & & # # i% - 4% X i X k( high request [2],i,k + high
request [3],i,k ) >2* total bw (i=1 3] N k=1 3] M) B](Xi X k( high request
[2],i,k + high request[3],i,k ) — 2 * total bw )7 packet & & 3% s i% - £ 4535 >
® 78 F](XiX«k high request[2],i,k +........+ X i X k high request[U],i,k ) — (U-1)
* total bw ) (delay bound &_U cycle) - & < ¢4 fﬁ%ﬁ{ﬁ; 3% w iF ehiE o

T §_step2 B G ELp o 4o ] 3-6 FoT 0 K B ow BF R E_cycle no delay
bound ¥_4 i cycle: = & cycle #t4% & a9 5 v 12 + @ 100 B packet-bound
time = cycle(n+2)< packet 3 120 i > bound time % cycle(n+3):% packet 3
90 & - bound time % cycle(n+4)< packet 3 130 & -

1./& bound time % cycle(n+2)< packet B 45 - %15 (120-100) =20

#7103 20 % packet & #%& % iX o

21



2.7 bound time 7 cycle(n+2)f= cycle( n+3): packet » ¥] 5 120 + 90 -
200=10- #rrz 5 10 i packet & # % i » v 10<20 > #r B 742 10 B
packet & ¥ % ix o

3.7 bound time 7 cycle(n+2) ~ cycle( n+3){- cycle(n+4) packet - 7] 5
120+ 90 + 130 - 300 =40 > #7143 40 i packet & #& % i¥ > F| 5 40>20> #1
-2 _40 B packet & 3% 5 % o F] 5 delay bound &_4cycle > #1171 fa 3] iz &
ko {847 40 1 packet & 3% & i¥ o

delay bound = 4 cycle
total bandwidth = 100{@Epacket

I [ I I [
OLT je— cyclen  —pe—cycle n+1 —p— cycle n+2 —pe—cycle n+3 —pe—cycle n+4 —»:
I [ I I [

REPORT
ONU >
bound time FEcycle(n+2) bound time FEcycle(n+4)
Hpacket’5120{E Fpacket5130{&
bound time Frcycle(n+3)
Hypacket590{F

] 3-6. Enhanced DBA step2 % 7|

3.3.3 Enhanced DBA step3
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X
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step3 H_4c ¥ A S8 k3 & X high priority traffic eni%E4E 5 o 4o @] 3-7 7
s+ »bound ®_kcycle: p = FF R &_# cycle n» 3% bound time % cycle( n+k)
1 high priority packet £ # & 4 + Xbit> 27 € ~»FAFF LT o P i
delay 4z i bound = packet +* & & threshold = » 4c } ¥ 24 %8 X %23 &%
i B o
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A 573 28 A b+ B 5 10245 A thdoo] & 5 (1/1024)0 4 + X bit 14
1945 step2 » & 214 % > high priority packet & # % i¥ o

F X f%% o € k-2 I0F 54 % high priority traffic * - high priority
packet < bound time A& |- ¥ 114& % i 13 - high priority traffic £ = t f1 7

HE 51 € X low priority traffic * » low priority packet 7 arrive time A4%-]: i]*u
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d1 3 packet -t ] o #X {5 4295 packet out-bound rate f+ temp threshold 23 &
Ao B E A e 2 TOLT A& B round 3+ & ) 3740 packet out-bound rate & >
4% packet out-bound rate ~ »* & & »t temp threshold» #casel:> & P # case2-
Casel : 4% #» — B round &_packet out-bound rate j& > » B4 A 5 1>
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3.3.4 Enhanced DBA step4
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total DWhigh priority © total DWhigh prioriy = — T_& i% e packet € + & 5 ¥ eh
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m e R R = fj.*l;é;”i 7 3.2.2 # ¥ 9 remaining bandwidth allocation
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4 Simulation Results and Analysis
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5

2 B2 BLEie 3 B > 2 ahperformance £ 9 o
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% # two-state bursty traffic 7> mean arrival rate A :

S a AP
a+p (4.1)

% i two-state bursty traffic <71 bursty #2& * burstiness % 7t :

burstiness = /17'* (4.2)

a

SORE
PN

p

Bl 4-1. two state bursty traffic model

¢ traffic model &_two-state bursty traffic > packet ;X 5 priority

L
g W) o § = 3R> entraffic model § 2 4 0 A %] E_high priority traffic = low
3 priority e % & o

priority traffic - i #_two-state bursty traffic » e 3

4.1 Pursuing utilization DBA results and analysis
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4.2 Enhanced DBA results and analysis
4.2.1 Results of enhanced DBA with different thresholds and analysis

B compare packet out-bound rate , burstiness = 30

10 Foo-cocbooooofcoooodccooodozozozozdzzz-24
””” L5 e |
(_____r_____1T_____1_____1_____1_____J°__-____
| | | | | |
T 1 |
L - |—e+—enhanced thresho|d=0.001+‘ 77777 Amm - .
- -{—*—enhanced threshold = 0.01 b----- Ao -
—— | | |
© ., enhanced + high priority first ! !
210 e e |
= [CCCCCrTCCCCCTCCCCCICCCCCaCCCIIOZIIIIOCCCICMICCCoTC
o L L ____ L 4 4
[« L ___ Lo 1 4 -
o L - - ____r_____1_____1_____________ L _____
= | | | | |
QL - -
T T T T il
o | | | | |
- [ - - T - - - - T - - - - T - - - - - T - - - = 9T - - - =
e | | | | |
= 3 | | | | |
o - L ___1_____‘_____4_____ N ___ &y
-Q]'O C___ -ttt/ & & 7" ____“”-”-”--7]
_.L 777777 L __ - _ 41— _ 4 - A
s F----- - o= t- - t- - 4= ===
o [T~ == - - == - - T - - - - + - - - - - =4 - - - - =
—————— i it e e et I ol
© Ll _\_ 0 oo
~ | | | | | |
L S I S A B S D N SRR
© | | | | | | /
o | | | | | |
4 | | | | | |
10 ----- o= o= == === 4-—=== 4-g-—-—-
T O /A B R
****** e e A | —— -
r-———~~@® "~ ~"~"~""™™"™"W-""—"!"—"1-"—“"">"">"?=®™="1“"—"”®==“"™"a9J-—"—""="=>"7a~ -
i ettt iy i Bty Attt Bttty
777777 L5 |
777777 - - - - - - — = —d
1 1 1 1 1 1
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

total system load

B 4-4. Enhanced DBA % 7 F threshold £ packet out-bound rate

32



> : : : -
W = , , ,
| p— | | |
\\\\\\\\\\ oy m I e o
o ! S ©
W | — o
\\\\\\\\\\\\\\\\\\\\\\\\\\\ @
+— o rr---—---+r-—— -+ ______#1_ __2____ 4
%] ! (=}
2 , B8 __
2 T — %)
S i +~ wiL e . A
b [7p] m * o
\
5 ? L Z 1
o\ ________ . ©
o We— S . T e e |©
- - = = 5 = i o
g 3 ° § = S
O - - - 1] 5 o o E Lo s
o I 9 = o ! o , * o
) - S n * = i} ° |
> S o — z 8 ] < |
Sr--- <5 5 8 > SF--|=G06 Q8F------- R R 13
7] 59 Qo o 4] > o o = |
> Q o = — =S s c
© S =85S [<5) o - oc NS !
of---|o s = S gl __|»* O 4o
B c < aQ 2255 | o
o Mw.mv.mv [<B) £ ooz = !
gL |==<c<c (@)] S IT T T Lo 4 __ KN
P < 11t9 , °
|
\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ e | | —
! = e e e 1o
=, I [+ <
o | | |
— | =
- , £ Z | ” ”
< NG b < ™ ~ — o°
T S T T T 1
” — [ | |
| | |
\\\\\\\\\\ O o | | | (<)
I m \\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ IS
|
o
™ ! [¢B)
[T S e i b ol _-______i________4i_____ 4. = @«
(%] ! = ™ o
2 I =] I
=3 = A . AV
= o] ) ® o
7] — o \
2 o IS - = »
3 = T < 5 \
o -- s Cl-------- IS) el T T e e __@
N N 1l ° :f..\.w " 5 | ,, s
W, =] = £ ..Hl < !
5 = (=} bt ) — 0
Q- o = e 7] A ) S -~ S IR = | Bt Tl Sy 1o
ol lsg8%8 > MO 2 2 8 2
S 58t 2 N ks 3 ©
SL__|SscoH|-_______ . S o % i L Lo ____ Qo 4
> = o m " o | I 4
[ el - -_—
il |zzEE BE s =S | |
L e R i (& (e MT\\t%m% \\\\\\\\ B 4------ \%
] c = IS Qo= ! !
o C = ) S cos ! !
e -0 ' c O o [ZRE= ! ! N
or ! T | — c oo To oo T T T L 1o
o ! c 2 2zoo , !
, W "o o o= = | |
\\\\\\\\\\ ) . X | o __d______# |«
| | o
- , 5 o T | |
=1 | ! S
- T | |
x L N x | | ! o
< o™ <t o™ N — o
@ (10|s)Ae|ap abeiane

total system load

] 4-6. Enhanced DBA % ¢ threshold = variation » 2 % {r strict priority

total system load

algorithm et #%2

7 B 4-4 ¢ > enhanced DBA #_threshold 0.001 - packet out-bound rate

7 4= packet out-bound rate *¥ = % > @ % ¥ high
33

v
=

$]0.00L % » 7 &

B

3



priority traffic #g % -

% threshold #_0.001 #» packet out-bound rate 4z & 0.001 £ packet
out-bound rate % < pF > )I* ¢ 3 4 X high priority traffic <4 37 & » ] packet
out-bound rate # ¢ 4z:F 0.001 - ¥ packet out-bound rate % -] pF > € >
high priority traffic =547 %€ - 1 packet out-bound rate ¥ r/ 372 % 47 48
threshold - 3% low priority traffic ¥ 12 #_ high priority traffic QoS /& &_si% it
T o B 5 - ghaE B e 4o 4-4 #1757  threshold _0.001 =7 enhanced DBA
# load 0.8 = » %% 1 4374] mean packet out-bound rate -

4o @] 4-4 #7151 > threshold £_0.001 7 enhanced DBA % load 3|- i 42 &
2_ts » v hpacket out-bound rate ¢ 42 i threshold » i& & 7] )’I*u% EdL
L & fie % high priority traffic - packet out-bound rate i &_¢ 42 i& threshold » 7
g ;% 1 packet out-bound rate *% ¥] threshold = - B] 4-4 «~(enhanced + high
priority first) algorithm &4 DBAZ2 :stepl {v stepd #7ie = > » ﬁﬁé’;
enhanced DBA 14 fiz = = §_2 ¥R B 1% P& high priority packet = bound time
L & e 4 high priority traffic » <9 5 # & P& low priority packet = arrive
time 4 fiz % low priority traffic - 4] 4-4 #7-1 » threshold £_0.001 - DBA2
i load 0.8 2 ¢ & mean packet out-bound rate ¢ {-(enhanced + high priority
first) algorithm =7 packet out-bound rate & & » ¥ » g 43 & load 0.8 2_ s »

3 B > 3R4E § L 4 fe s high priority traffic » & ;2 # packet out-bound rate "

34



3] threshold = -

%[/ 4-4 @ > DBAZ2 _threshold 0.01 v mean packet out-bound rate 3% 3

& threshold 0.01 ™ > &= &_%] 5 4% 204 5 2L 4~ fie & high priority traffic >

mean packet out-bound rate il # g 2001 > #rreag ¥ 34 mean packet
out-bound rate o

LB 4-5 - 4-6 ¢ threshold £_0.001 :5»DBA2 » % load 0.6 2 % » 7]
% packet out-bound rate pilR & 0.001 ™ > Fp - T EEfoFEF & X Ghigh
priority packet(enhanced DBA stepl fr step2 /&%) i% d178 » it foik &_high
priority packet - z_t* F pF 3| :Z 57 low priority packet & % 1 enik 2 7T 5 2 Jow
priority traffic # % #g 5 o

% load =+ 0.6 % 7 & & mean out-bound rate % threshold = » #7142 ¢
H +v % high priority traffic <7 % & > @ low priority traffic £ | 3#f % & ¢
# 5 Tt low priority traffic average delay ~ variation §e strict priority
algorithm «3 low priority traffic average delay ~variation 7 %] ¢ % - - % load
4o 57 & ¢ mean out-bound rate 7 threshold ™ » %12 % high priority traffic
SWE 58 & 38 4 { % > low priority traffic & average delay - jitter 4 strict
priority algorithm low priority traffic average delay - jitter <z %] ¢ 1% /s > >
» ,T.%{Iow priority traffic 5 performance < ¥ € & 1 | > I B¥ high priority

traffic = average delay - jitter 4= strict algorithm high priority traffic average

35



delay ~ jitter e W € B > o F 2 FRHEF R > A A Fe S high priority

traffic > enhanced DBA * &7 low priority traffic performance )*Ié% >7 €7

<4

=7
L 3L o

k.

LB 4-5 {c] 4-6 7 threshold £_0.01 :/»DBA2 » %] % threshold +* #ix
= > #7141 load vt $& + pF packet out-bound rate 4 ¢ 42 & threshold > 4 % ZF
$= packet out-bound rate *# = % > F]pt 4r threshold £_0.001 -7 DBA2 4p+t »
threshold &_0.01 =7 enhanced DBA ;% &_high priority packet out-bound rate

’ 2

/] %+ threshold ik 2 = > low priority traffic performance st 53 3 { +~ =2 o

4.2.2 Results of enhanced DBA with different delay bounds and analysis
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4.2.3 Results of enhanced DBA with different burstinesses and analysis
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5 Conclusions
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