Fed g ST RFNFRT 1AL
AL
Graduate Institute of Communication Engineering

College of Electrical Engineering and Computer Science

National Taiwan University

Master Thesis

EH3 A R R S R AR PR T
A Hybrid Broadband-Access Network Architecture
Designed for Power Saving

Ja-Hong Syu

MR FERT #4
Advisor: Zsehong Tsal, Ph.D.

a3 E 101 £ 6
June, 2012



Rz K% (F8) BE2MH
DREBGELE

¥ A TR ES BSR4 IR 2R b
A Hybrid Broadband Access Network Architecture
Designed for Power Saving

WX AR E (%38 R99942047) AR EERETE LA
ﬁiﬂﬁmﬁmﬁkzéﬁfﬁlm x #E\l 101 &6 B 13 BATFF £
ZBHEETEBRORRME  4LE

o 3 /
oRE R _,,%
e o ﬁ\ (%4)
(45 % 24%)
%f@ﬁg

wo Ok ??%55?@\ (%4)




A SR E R T ¥ A A - & KR T o
Ko BT AP IR L 2 IR RIS a2 R - F BAR L E
WEARY B P HITR T o AR E G A F R R RG a FREE
A o qrs vy o REBGAFR O - B A
oY PRl ) FAnEL T X BRE G5 PRI ¥ o 2 A
Rz Rira Lo X% > AHIFTT A E A G PRI opt > £ AL 00R
JRE FTPR o4 RBEC £ k2 AA DU S ER (= Hoep § AL IPTVE )
R (REza5 3 &EpoemaE (d ﬁ;i*’i— A F e B AR ) 0 AR R L R
ﬂm‘ig%é?;m; MEFE R AR P AN ERR-FF PO E - Fand P
FMREE AR T A RE BT REIIE T - URAN kA
PR FRAR TS F T B ARA A
BEERHAIPNABEMZ FRIAAB T2 7O BA LB R IE > EHF
57 - B DAER B Y RERF LB e (TS vl o B
e ARGUPTS DAL fhig V3 5 VBT RE G B E



PR ERL BT R LR FP &

X FIEARL o ™ 2 B ) 5 IR RRAE

P B & B

FR s Bpg 0 LT AR

Y pEEL iR A 24 ) PR G

2B SGEP PR A L0 ) SR P R TR T ARB B o et A R

_{il'%;‘é:7 f—r:r’:" ’ '\7:}';;’31’ ﬁ'{%?jﬁ?}g%ul Lf;—': ADSL ;:;?:"

e R R A R L R b

BTN IRRE RS E RS AU R TRAT I e KR

F AR R

BB B TR AR i B engR g 2 ¢ T

LT 1% o ELER AR Gk Rt R

2

F

T

E

= epF ot > ¥ O

,—

T °



Abstract

In recent years, environmental concerns have caught general public’s attentions
globally. The Carbon emission of the ICT industry also becomes a well-known issue
gradually, not only because of its environmental impact but also due to the growth of
operation cost coming from electricity consumptions.

There are two kinds of common strategies for power saving in telecommunication
networks, one is reducing energy consumption of individual devices; the other is
switching off idle network elements. Itis well known that broadband access networks
fall into the former category rather than the latter because of its tree topol ogy.

However, by introducing a new deviee, such as personal switch router, into the
architecture in user-end, one can re-direct the traffic flows from the wired access
network to the wirel ess access network, when the latter is amore power effective
solution. In our study, we discover that we can even switch off wired access network
during low-traffic periods, if the wireless access network is required to be always active.

In order to prove the feasibility of the initiative, in this thesis we adopt models
from various academic papers and the log filesof NTU ADSL to create a reasonable
user profile, and then we propose several heuristic algorithms to support its power
saving operations. Finally, we examine the effectiveness of this power-saving approach

from the new hybrid architecture via computer simulation. Based on user’s activity of
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NTU ADSL access networks, the simulation results reveal that the wired access network
can be turned off up to 40% of time in normal circumstances and 20% in some extreme
conditions, and the total power-saving can be up to 13%. In sum, the brand new
architecture we proposed in this thesis should be a promising solution for future hybrid

access networks.
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PR EW B TR P R E R K F L DL R BRI R
B IRR T R OB E R RB PR YRR F L 0 T M TR
A0 EEPE s b A PERER Y T4 ADSL [19]400 * i d g kB

i):t o
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T4 ADSL R SHA 9 BRGS0 R EIRG L& D

g

APt efrdd g REIPRT R BFREART & 52 2300 &P

Bgrpo i o Fd 2 ET GRS EFRE LA R (Tawan Academic

Network - TANet) » 4@ 2-5 #7177 -

T'lﬂETw7
Z OB S

------,F-,

3G

.
A @ .
-y L
-
-
.-
| N

A

B 2-5 5+ ADSL #f % % i

§ OB g R W e 3] (Blhe PIP) - FI GRS o

PRAOIFRGKT BRI VI A A2

\\?{r

Fenl 54 ADSL | i S ze b 4
T ol enk okl o L TR sesrp 2011 110 13p 1 2012 & 10 89 0 4+

S AL MmEse 2L T 2 ADSL | i e sk T QF#“@}J% v & TR P IT

PR*FELO2REPZ F T
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221 #*

LB H- ADSL * # 2 jnd 7 5

# 2 -

» R Y BRI BT

N

CFEZ A R SR A 2 9

‘L‘_E“ le‘ /I}IJ o

B D EHE BT O HNEE Y (Session) e fhk Ll
AEAT T FPFATE o
FFz o BRI R T 5 ADSL ) AU B R Ko

FAOSTEHNADSL ¥ FAF RARY AL 2B B AR
FEEEY LR AR B endicdy o Bl4c[20][21]22[22] - A & R FIELE R ek g

G%- SR iR AR PRA - @

<l
i

FEp e B e
ooz ¥z ¢ 2 u[20)h 8 Ay 6 4 e LU P (Cisco Systems,
Inc.) 3458 A 38 23k £ 3 hAS 412010 S o kdn i & kT £ 2 3%
BB > m d

R B ¢ F i TR B ol e

=
f!
VT ARAL B R R 2 3R e BT 4 244 o

£ 224 LA P 2k R R R [20]

2012 758 2012t 6 | 201358 | 2013+t b
(PB per Month) (PB per Month)

File Sharing 7,277 29.73 % 8,867 26.89 %
Internet Video 12,146 49.62 % 17,583 53.33 %
Web, Email and Data 4,146 16.94 % 5,325 16.15 %
Video Calling 659 2,69 % 905 2.74 %
Online Gaming 95 0.39 % 133 0.40 %
VolP 153 0.63 % 157 0.48 %
Other 1 ~0.00 % 3 0.01%
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dighe L7 g a2 oz eamgdl & A LT File Sharing " Internet
Video , & "Web, Email and Data | > i 7 8 596% ¢ &7 BF2 R4 o &
ATy 2 o ER AT R F AL R AR KA > 5T 5 K
iz A A2 B2 % 058 adme 2 ¢ TFileShaing ~ " Internet
Video |, ¥ "Web, Email and Data, £ & fj i* 5 TFTP,~" YouTube, & THTTP,
SR BARPS AR IPR > LEAAFT Edpina ERBAPILRT L xS o

3> FTPsessionfilesizeeng # = 5% » o 04 R Bopwe SR 2§83 378 32
FARR RF AT AT LV 5 0 B et LRSI RROEEA § & 2 LD
WE LB > 4 7 A2 FTPsessionfilesize éhi Al » i]40[23][24] » &ty iE 4%
€ % [28]i k2 2 B L B02.16M i & it DSLF s nilfie & o 7 b b

AP S ¢ BB H i mlicho 2 26 77 o % PDF F]7) 0] 4o @] 2-5 -

% 2-5802.16m i3 Slck wiE &k (FTP) [23]

Distribution Parameters PDF
- Inx —
Truncated Mean = 2MBytes -~ expl ( .U) x>0
\/_
Lognormal SD = 0.722 MBytes

o = 0.35u = 14.45

Max = 5 MBytes .
If x>max or x<min, discard and generate a

new value for x.
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Distribution of FTP File Size

y ~

[\

§ / \

/ \

. _

PDF

0 1 T T T T T T T T 1
0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
File Size (MB)
<
B] 2-6 802:_16r’h
~

4e[25][26] £ [27] % £

Moo AP ﬁxzfy*’rm[ZS]"*LrL»rﬁ\ ém} You Tubesesslonfllesze H
)

T

FHin S lcdo £ 2-6 27 0 @ PDlF E]'zl.uf'g:] ' ‘7@ %_7 P
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% 2-6 ¥t 28k w22 3% (YouTube) [25]

Mean Median Ccov Model
Gamma(a,b) with
9,809.52 KB 8,480.33 KB 0.93 a=1.80
b = 5,441.93

#4302009 & 10 i

Distribution of Youtube File Size

0.08

0.07 /\

0.06

0.05

0.04

PDF

0.03
0.02 \
w K

O T T T T 1 I 1
0 10 20 30 40 50 60 70 80 90 100

File Size (MB)

B 2-7 ##e 58k w22 % (YouTube #¢ %) 2. PDF ®75)

HTTPsessionfilesize chg 4 = ;% > e FTP pF i@ d 4p e » fyt 32:E * [23] 2

#3 o Him S ko 2-7 #7572 PDF B75 0] 4-B) 2-8 -
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4. 2-7802.16m $ictx 48k w223k (HTTP) [23]

Component | Distribution Parameters PDF
Main object | Truncated Mean = 10710 Bytes | f, =
. _ _ 2
size Lognormal SD = 25032 Bytes 1 expl (Inx — ) l
\2mox 202
Min = 100 Bytes
x=0
Max = 2 Mbytes
o=137,u=28.37
(Before truncation) .
If x>max or x<min, discard
and generate a new value
for x.
Embedded | Truncated Mean = 7758 Bytes | f, =
. : _ — )2
object size | Lognormal SD = 126168 Bytes 1 - l (Inx — p) l
V2mox 202
Min =50 Bytes
x>0
Max =2 Mbytes
o=236,u=6.17
Befare truncation
( ) If x>max or x<min, discard
and generate a new value
for x.
Number of | Truncated Min = 5.64 a-k®
n fx = a1’ k<x<m
embedded | Pareto Max = 53 k
, , =) x=m
objects per (Before truncation) m
a=11k=2m=>55
page

If x>max or x<min, discard
and generate a new value

for x.
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Distribution of HTTP Session Size

0 T T T T T T T 1
0 10 20 30 40 50 60 70 80 90 100

Session Size (KB)

] 2-8 802.16m 1k it 2t 3 [23] (HTTP 4 52 PDF B75)

| ==
222 #* ¥ {75 P44 5' | qﬁ 1

| | 1
POAEORG ARk K Ak Ry TE 4 ADSL ) [19]4 2011 &
117 13p 32 2012# 1% 8p £ 56=% %= +7 3 2000 4 2 3@ 3 8 M fh %
koo & FRl e senF L & £ start time-s source-destination~port-file size -

UDPor TCP £ duration > 4] 2-9

Dec 15 05:00:52 nat-JJli} adsl. ntu. edu. tw nsisgl000: NetScreen device_id=013312200
6000l [Root]system-notification-00257(traffic): start_time="2011-12-15 04:44:
44" duration=920 policy_i1d=91 service=tcp/port:4244 proto=6 src zone=Trust dst z
one=Untrust action=Permit sent=525 rcvd=3408 src=10.112.90. [l dst=50. 16. 39. Il
src_port=52665 dst_port=4244 src-xlated ip=140.112. 5. ] port=49509 dst-xlated ip
=50.16. 39. @ port=4244 session_id=240324 reason=Close - TCP FIN

P IP i B E N B FIEE

F129 -+ ADSL 2 log &l
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)

A 5 TR B

i 7

¢

TR SRS ST T TR RS

Foona - pg Y AREGREAL o T REFTRLEITHENAG Y F 2§
WP TR Y 2B A4 B2 32 FTPYouTube 22 HTTP chgf % % ] $8 %

AT F R logdh A AT R R B> 2 £ F) 5 B EGEE FL LG RS2
475 ¥ session #T 2 B B] 0 skt O B E iR g [23] 42 [25]B & o

35 BAT S B F R A o 2 YouTube T it 5 5 b o d 3
FAP R IR - R LR Y F BT YouTube B R BF 0 § R o
WGBTS FIRE o R pF > H A IP-¥ ¥ 5 202.169.175.1~254 5
e BRI RS & ADSL tedh2 ¢ 2T YouTube = sessions i g ) ok 0 £
Peard @ gg L] %38 10MB asession AR R RS B E AL o @k T g

2 e 44,768 £ o B G E R b S R Bl 4o 2:10 4 o

YouTube session T#HiEZE 5 [E
0.0025
0.002
—_— 2K ADSLIREE 1
0.0015
[N,
a
o
0.001
0.0005
0 - .
0 1000 2000 3000
T#EIEE (kbps)

B 2-10 - = ADSL YouTube Sessions * {7 i@ﬁ;igg}iﬁg\g: N~
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SO0 A e 2 F 0 &t -2 2 Lognormal Distribution % i1 iz o
H %% R S #i(PDF)40(2-1) 5% #7577 » @ MLE 2 3% (Maximum Likelihood Estimation

of Parameters) '] 4-(2-2)(2-3) #777 :

1 _(nx-w?
fxuo)=—=e 22, x>0 (2-1)
=R (22)
n
62 — Zk(lnxk_ﬁ)z , (2_3)

n

He g2 6 A& Aa@DN2? p & o mEiriE x &% k BiRAE

mon PR AR AGEE. 2 F LGRS N7 1T YouTube Sessions @@?]_%i B2
i = 6.46562, ¢ = 0.576755" @ L-PDF §l2;0)4cF 2-11

i
o

YouTube session TEiERE S [E

0.0025

0.002 - — & KADSLEBS

— PIMLE 5T 2 82 21

0.0015
|V
(]
o

0.001 -

0.0005 -

O T | |
0 1000 2000 3000
T#EE (kbps)

2-11 >~ ADSL YouTube Sessions = = @ #ijit & 4 % & ¥ (3 MLE)
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I > FTPSessions~ v i * & fdpff kiGip - # - £ sspd e F £ TCP

m %

(dm
-

DP> # - Z3% <] %/ %> 50MB > 1#“? ¢ Jr % YouTube sessions =1
ko B A HNRIEE SRR 11,019 5 - ¥ @ * Lognormal Distribution i7

m B2 i =625212, 6 = 0945979 - # PDF @24 @] 2-12 #7757 -

FTP session FTEiEEX 3% [E

0.002
0.0015 — & AKADSLEM S 1
— DIMLE 145t 2 8 2 51
Qo  0.001

0 1000 2000 3000
T#EZE (kbps)

M 2-12 + + ADSLFTPSessions ™+ i & 8 5 &  (; MLE)

I3 HTTP Sessions & i e 3% » At i@ # i 4% 4 (port num.) ¥ 5 2| 748 >
2 Z HTTPSessions & 2% ¢ & * @454 80 IF L g v oo v 5 7 " Ml pe
BRI frn kg b8 b e AR R AL E B3 IMB 2 P340 iE o 3
Eenke skt § 67,490 £ 5 i@ * Lognormal Distribution i1 iz @ ¥ [ = 4.55822,

6 = 1.02965 > @ H PDF B A4 @ 2-13 #7577 o
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PDF

0.014
0.012

0.01
0.008
0.006
0.004
0.002

HTTP session T&EEEXES%HE

— & AADSLE S

—BIMLE &5t 282 0
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= B=
8AADSL—HIEE
18
16
14
i
g 12
g 10
g
= 87
©
=)
Qe
4 I
2 I
0 . .
00:00 03:00 06:00 09:00 12:00 15:00 18:00 21:00
Time of day

Bl 2-14 2= ADSL - p AR LETI2E

223 #F FaF IR

& (Quality of Service » Q0S) {riki7 ZE HApt 7 §
R RN 1%'*—%’" e St e I Lbﬁ;‘ﬁ—%‘j\ﬂk’ o

A EHEF (28] k2t Slic o 1B e FIE_T ¥-E B Session A &)

34

FEHsH Eom T R e AU 2 s S VOIPSIPTVTCP & HTTP-
HP VOIP terih= 2. ¢ T & 4F%34% ’IPTVﬁMk%’T F @ = 22 YouTube £.4p F & »
TCP 2 FTP A K 2 B2 > @ bl - 5T HTTP R A3~ Tk - fi @ 3
2o [8]FrE Em et i Ay 2R F TSRS AR S

[28] 7 € & 2. fAsx* S ficho B 2-15 #7or o
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Utility <

Utility <

- ma

0  Bandwidth

(d)

my

Utility <

Utillity <

max

0 Bandwidth

(c)

min

0 Bandwidth 0

Banélwidth

(a) (b)
Utility function of: (a) VolP traffic. (b) IPTV traffic. (¢) TCP elastic traffic. (d) HTTP traffic

Bl 2-15 7 F JRIAEA] 2 5c* S g ) [28]

ser Sl B A u] L (24)(2:5)(2:6) -

A g 29 oz BRI 2

(=) IPTV traffic (YouTube) z_»c* &k :
(2-4)

IPTV 1
u,({ )(bl) = VIW 0<bh; < Bl,max ,

+ \PTV traffic #r F 3] ém & & > Vs 8 * IPTV

IPTV e an
Ao u,(( )(by) % % k' session &
traffic #7it 19 F|2 & & B S~ (€ > by 5 3% SeSSioN #7 4 (B2 #F B % /| > By max » #0iE

I IPTV traffic /s R B s B2 245 % o

(=) TCPtraffic (FTP) 2 »&* Sk
log(bz+1)
(TCP)(bz) v, log(ziz ;ax 1) 0 < b3 < By max » 2:5)

TCPtraffIC HTIF' t'] m/% X fg VZ - 1% * TCP

18 u TP (p,) % % % K i session &

7~

traffic #7ic 7 31278 & R B~ &> by 5 3% Session #74 (B2 4 7= /] » Byax » £1iE

I TCPtraffic /s 2 B *x EATE 245 °

(=) HTTPtraffic z- »x % & dc :

b3
8(
u]((HTTP)(b3) — V3l g(g:nn;;r;; Sgn(b3 23 mm)"‘l 0 S b3 S B3'max (2_6)
BS,min

u™™) (by) 5 4 % K i session t HTTPtraffic “7 @ Bl e L & V3 5 i@ * HTTP
@2 AEH * ) Byin & & *

traffic #74ac 2. 3% & R B~ & > by 5 3% SESSioN #74
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HTTPtraffic 2 & 47 % % & * By max & £8& 3| HTTPtraffic i 2, B 5 % 475 24
B oo
(2-4)(2-5)(2-6)3% 2. ¥ th%dc 0 Aihv R H [28]2 iRk 0 AL 280

LS ey 8 IS wxEE | Ei

IPTV PRI%2_ 8 & B &~ & Vi 1 &
TCPIRF*2_ B A B B V, 1 #
HTTPPRA%2. % & B 3+ (& Vs 1 2

G IPTV JRAF B < R A RYTE 2 4 B B1 max 10 Mbps
E D TCPIRIAE A R RMTE 2T By max 10 Mbps
E D HTTP IR A5 < B R AT T 24 & B3 max 10 Mbps
it % HTTPPR7:2. & [ 453 % & B3imin 24 kbps

b2 b e L S g @ b S dkdE 4 (Blocking) e & PRI ¥
“7(Dropping) i » 32 € 41 % SR T A R o @ [28]F AR TR~ ¥ E 0 F A
W~ 44 [29]507 2 0 & Blocking#2 Dropping # 4 P57 B R OR 0 ARG f gk

LR HEET L B R R 20% F4e(27)(2:8)(2-9)

(IPTV) (IPTV) -
Uy ,Blocking = —20%- Uy (Bl,max) =-02-V; , (2-7)
TCP TCP
ul(c Blo)cklng —20% I(c )(Bz,max) =-02-V; , (2-8)
HTTP HTTP
ul(c Blocl)ang —20% I(c )(B3,max) =-02-V;, (2-9)
AR ahimz 2 ? ek Bapty a2y LFfe harmEitail @

B AR ANFLBZEEAIT %ﬁ el o #f#fﬁ;’% ﬁgl’i’ I NRE S RN St

,dm

]
N

H2BE o F 0 Aot s iR o Mg E e R o
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$2% RENTHRERPPREEFE 2

AR RN PR N IATR S S AR R TR N2 A2
HEE D EARHPION o"FT',’t s A 3.1 é;,‘a;\‘.frag 'ﬁ;j"é{r}n"’ﬂtﬂii’—fﬁﬁ_’ -

K325 34 &R AL fp R wh % A h358 AP ARELA KLY

%

31 iR PRERL B Td E

BE R o 2 A LRI - R L A BRI

s

RS ET ) BRIy - R S E IR AP G Fp A

AL L A o AR D2 BT ARM T L FE- h g
3Ll A R2REBFPRAER
RIS A R R RIAEE R TR L L S T A

RS A DM TEAUE TR 2 T RRAY TR P SR

E

"&\
:E%“

AP PN

,ﬂm

PRI L KRB BT T e h A B
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Other cell %,,; WiMax BS
phone Users l :‘ A

Network
Management
System

PSR with all
interfaces

USER

Aggregation
Node (BRAS)

DSLAM in CO

WL EA 4L K L

AR I TP e R 2 @3%{ﬂ@wiﬁﬁy$&1@$
AT - 5B ARG —F(Netvs./g_klnterfaceCard NIC)e PSR (2 &
Power Saving Router » B imh i /f ?ﬁ-,-a' 312 | &) > B R i e
I e I -@%aﬁ% AP RE PR Y K

ol %PﬁBm°wﬁﬁé\¥%é*w$gﬁﬁiﬂﬁﬁﬁﬂﬁa%’%

SESIYEIT X
2 AC R 3-2 S o
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Other cell
phone Users

Network
Management
System

=

USER with all
interfaces

ATU-R VDSL 2 ; Aggregation
With WiFi Remote Node (BRAS)
(ADSL CPE) DSLAM i@ in CO

W32 a4 T % Em i W

HER - EFFEUSPIE T T Gne@f 2 o8 RAEF ISPELHF LT
FTADSL i * % 72 2 ATU-R 4 %Wi.lfi{# ARG EE S g C R g
B GRS, Seig O AEPRER E AT uj?}n{i@ﬁ fe2_ 847 o Bdr o A RenfEPi
B RS 2AMURE A BARBEERMENE T TR L 0 HAAe
B2 S R AL A 5 (NIO S AT AT Y TRFERTT L2
A v T heR] 3-20 ppEE A FH AR e d BRER > A BRI T EHL

PSR&ApM G > s b cnfEE TR FHRE > < A BT A e o
312 4 & +%Ed B(Power Saving Router)

% % - e d B (Power Saving Router » 12 i £ PSR) » €& % 3%~ & g
AT Y FEE 0 AP nRL 0 R MRS RR TR D R AR R
ik 5o PSR £ ?%ﬁ$&ﬁa4mm%%‘?”%“?ﬁﬁﬁﬁﬁﬁﬁ*%

KE(CPE) b ergprs » Ba f% H P 0eht S5 P RAURP SRR SRS & oo
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AR HIETFRAE LR LRGP DGR R Y LRELY DF
BFRRAETT R EERE 0 Lo B R F e A KE o g
4@ 2 2002 # #  +h Personal Router[30]- & 3 2009 # » £ B Novatel Wireless

SPREF RIS MIF[31]) IS AR ENME P AT EE 2 S AF

w3

pu)

T 323 MiFi e97 % o2k m PSR £2 3 {7 Personal Router e73#4 &c I % = 2 4p f= > Personal
Router & & e £ A f1@ * % » @ PSR cp cOp| & J]* 2 BELE 4o b 3 6 5]
fiedte R N3 FH ) REFRRDETE -

T2 PSR LT B A BB eRERE2Z P PSR e
EPR PR MAIIFFRY B NICLE L BiET Fadte o 4 ij.};{PSR .
T

2 P #(Multihoming )£ 8 » SR EFH KR 7 E3F4L R o

i

A2 AR R KR AT i 2 R F] LR L IR E ¢ 129
% K R SR @A Pt T A G P B o S AR
LA TR RE R R T SRR 0 R LR F R R
Rl B AP R RIREY BT ALY  fAERBEBRRE Y SR

H o drk H H{ A ATEE o BEEFH 51N

l“b

2]l ek i e 00 S SR e Al gk L 28

LR AR T ARG A R

3.13 sﬁég LA

¢ ¢ < (Network Management and Operation Center) # <4 ¢ & st(Network
Management System> .yt f§ f£ = NMS)» E & F* # & b 3 LU A7 jh e e chalin >
ISP¥4 57 i B pRIRBNT RALRLA R g7 w37 Adkho Ra

Apwme gy cHBRPREE Y S5 AR 50T AR

-

>

1. PSRZ 7 & @B eiidte cndsl 50 0 & (F ] - 5P e it R

&’%‘

r—ﬁ}‘%fg/w\‘;’fj? -,i/i-' Eﬁ_l%ﬁ'ﬁ%&ﬁg"w’luzﬁilﬁiﬁ }b?‘:ﬂ:umiufﬁ'ﬁ%%
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Flph e 0w R R B G HOr ) PSR B i 4 o

2. B ERMAVERPFERESG REPRERIREMPLARH 2 RN DTS
POt g R BAMPAMEE S 4 X D0 A pRGEY AP
fepdous ik BP R RGRA R BT T80 35 H473 -

3 wE Y PR EELE AN} A S8t DSLAM ik E R B
Foavd AR F M P T DSLAM 2 & o4k PSR i T 8 IR B- g cndt @

A vaT A SenB o H gt 2 N2 34 & -

k'l
R
N
&%
q >

IZI
3‘/
—_t
o~
"
é\
oy
=
W
-
NS
e

q
O
&
=
2}

(\x
T
! -—
e
By
-
i
-
E

1 - dkm 5 o BB iepeni * f < 55 40 P PR & (Servers) & 4 o it x

EREEEDGAMSEF A AT FHT o F EIN S AHR R TRE
R om i m b SRR E A g T FEREETR o

2. BRAFOETRLEE W ¥ €57 7 2% (Rayleigh Fading) % i7 i 3 31 % -

* Fdng TR ol FE RO R L ST

FHEo BRI TEREG AL 2ZFRRER

CHETE S ER B X I SN IREN N

®

3. hEBl - BEEOETEE I B DA R4 o KA B EE PRI

)

34
|

SET o BTREBR G T @j%§¥’ﬂi&ﬁ§%ﬁ#?§4?“Wﬁ%
el < %) 2%([32] - Fpt A 8k S PSR IINIC» #7F # 3 ejs

THETRBERARE B R 2 PR RN R AERNET AR

P 2F[3Pewr gy o At A 31
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£ 031 &N BRI R L EY 2T F[33

KN HE T F

3G CPE 2W

WiIMAX CPE SW

ADSL CPE 10w

Remote DSLAM (16-port) 47 W
Monolithic DSLAM (1008-port) 1,700 W

o R 3Ly Y 0 £ L b i S3RP i CPE - 4 M O NIC
e FLEPSRZ Y PSR LR B3t T4+ 4L £ CDMA, WIMAX ™ 2 WiFi

802.11 b/g/n = ﬁ Fiv 2 B3 & & Novatel MiFi 4082 > H #=2 ¢ # 5 7 5 1L.28W (4

it 450 pF~ T % £ 1500mAh- 37 2 % R 3.7V) [34] o £ 4 + ADSL CPE s
F % 10W> £ 12 5 555% PSR e 1 o e 12Wi 7 @ fj 8 53k £ 7 3GNIC ¢ 1W -

WIMAX NIC ¢ 3W ~ ADSL NIC ¢ 3W ; @ F|4 PSR & * 2R 5W -
R SES RIEIRE ) RN REAE S0 o I R R ) S

P s PSR A R T R OW B E T -

32PSR B R NIC AR iw %2

Bk &2 ¢ g 3R PSR A fud- L PF i B0 # * Fleng it & 32
RGBT 5 W o MF R E LS F R Tpsg_check nic FTFFRE LT - =0 o

AR PSRZFR,BHEFT A IPFF c FEZHEF §RAHFTZ A H
o A wl G DB ENIC# & % 1 (Turn-on-NIC Algorithm) ~ " B B* NIC i & i .
(Turn-off-NIC Algorithm) 1z 2 T2 % _NIC g ¢ g i+ ;% & ;2 5 (Set-NIC-priority

Algorithm) » 4[] 3-3 #71 -
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ofF

Turn-on-NIC
Algorithm

¢

Turn-off-NIC
Algorithm

¢

Set-NIC-priority
Algorithm

@

t += Tpsr_check_NIC

Bl 3-3PSR BB NIC A RKigb iz i 5 i H

# B-2PSR B B NIC i i i ¥ i Sl

A Bl

K el ta ki
k 44 B nfily o k € {1,2,..,K} 2 k=14 ADSL
M, 150 e kit ks B (DSLAM # 5 &5 5)
m ¥ S5 P k2 F me{l, 2, .., M}
N PS Router %,
n PS Router %%. > * n€{1,2,..,N}
Ciem ARBEEKAT SmB A 5 B
Figom (®) BPEEE, BERBKAT Smip AR LS g
Ce'% PSR n i i 455 8k NIC B~ 41 %
Fo's () & PERFEPE, PSR nidl /LB ik NIC 75 8
Tpsr check NIC PSR # & NIC ik £ & i - ik gy
p'¢ Wbk NIC & Active P enge 3 o4 &

Gn, Priority_List

PSR n * % iz4% Routing Priority % #

Ok

P k¥:% PSR 2. Routing Priority

aMax_blocking_prob

PSR n ¥ # % 2_ & + Blocking Probability

lk,NIC_OFF

Gl APk NIC & B M IE 2 = B

LNIC_tolerance

NICH ERMiEZ2 Tk &
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(-) THENIC &% % 1 (Turn-on-NIC Algorithm) :
AFEiEg A AL - AFHEEFREATNIC P - B - pIEEI R
Foil f1vt— B 4EP R NIC o % 2 g 3% @ * Blocking Probability & 2|
b Tpsg cnock nic FE RN PSR 2 Blocking Probability 4z 46 7 425 thd & &
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