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Utility-Based Traffic Scheduling For Mobile Applications

Student : Cheng-Hsiao Keh Advisor : Dr. John Kar-kin Zao
Dr. Chih-Wei Yi

Institute of Computer Science and Engineering
National Chiao Tung University

ABSTRACT

In recent years, a variety of services have been available to mobile subscribers. Because
the number of subscribers grows.too fast, the current infrastructure cannot give services to
fulfill everyone’s need, which-causes reduced data rates and poor service performances.

To solve this problem, we propose Application /Proxies into current network design.
Mobile Proxy is set at the cell phone.end, which has-alocal cache and manages all sessions so
that traffic scheduling can be achieved. Cloud Proxy on the other hand is sited at the external
data network namely Internet, which does periodicity crawling to third party application
servers. When the content of an application has updated, an short message would be sent to
the Mobile Proxy.

With the support of Application Proxies, we may attain the following objectives: (1)
eliminate redundant data transmission. (2) reduce network congestion and overloaded cases.
(3) maximize data values for individual subscribers. First objective can be realized by content
caching at Mobile Proxy, while second and third objectives will be achieved by sophisticated
traffic scheduling mechanism. Thus an utility-based scheduling algorithm, which takes
service quality and user preferences into consideration is proposed.

The simulation environment is based on mobile network architecture and corresponding
traffic models. The result shows that with suitable caching and traffic scheduling method, our
goals can be truly achieved.

Keywords: Application Proxy, Utility Function, Mobile Network, Scheduling Algorithm
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f]*'u{l Tk % ¥ i A (P (earliest starting time) e

® AR (delay) - @A A F AR AWR RS 1SR - 37 REL B
3 ERRa E RIS § o § W B PR AR AR T D (TR S IR S T T AT
EFegp b snae A2 g2 A& o

F_k

EAN A W Bl m | LD o i B #Eﬁifﬁgf;?i‘f’iﬁbﬁ”’@ﬁﬁlfﬁﬁ‘*‘fr@ﬁﬁl

Wk o R B A1 e (session control module) f 3L /7 o d 3R PIRE
AE T H R R T L R AL IR Dl f@?ﬁwp.
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3.2  xav o enpfriw 805 (Utility-Based Scheduling Algorithm)
3.2 1 B (Overview)
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Vo FUEMIEE Y g R MR AR R X FIR A o V- 2 e d MR AS
FoU B ¥R AE RN IR g i E-FRER G Stk B o gt
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TR F AR GRS BT AR RIEEF O K

bR P TR IE S 2 B AR AR RGOSR R £G4 ] ML
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RNC ‘
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Bl 8-~ inBadlCa) e RNC 1 () (b)=: < g
PARAFE 2 o P BT W R TS B E B AT ot - kPR 2 R B
Bl et AN IRAE S T AL TP (B D &7 kS TRA RO
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PIE 73t e chptfe » — S k4te @@?Jii Fng P AL EH SO HE 2o Ak
R R ] e 2 H R R E T

A

Burst Duration [— 14 Application Layer

Packet Duration — 10ms Transport Layer

Fast Fading — 1ms Physical Layer
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3 2.2 Kz (Assumptions)
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3.2 8 iy Ek(Utility Functions)

e iR A RS Y - A Rl X HE ERB S LR - 1
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BANPLTRK P T o 47 - B2 (decision) A A N E T i zﬁL
X1, Xz, ey Xy 0 B X A LS E (scalar)z‘ w & (vector) » ¥ "#Lﬁi‘ﬁé“ii%lﬁ BE PR
AR ER 0 xy <Xy < < Xy Xy < Xy & T ¥, ihdF K 3ty o B BT I AP 2L
GH FAPEFLE R E P TATEEY A BEEOAERE > LSRR
B RTHE SR AP HBEE » 7 L - LPAFET > APTED T gl e oo

u(x)=1 and ux°)=0

XORAERE R B DR > A xR AR R EE AR u@) R T LE G
PR W T chR Rk km o T oY

ulx)=m-ulx")+ (1 —mu(x°)

MR FOR RIS EExNEEER NG o I EF e L w0
AR RN o u(X)F A AR 2 AR B R T R R(fitting
curve) ¥ _fdF g & o

ﬁ%@éﬁP;U%ﬁjm’?uﬁﬁﬁ—&wmﬁxa’ﬁﬁ@ﬁmmﬁgmﬁ
o (marginal utility) ¢ # $73EF > L & L5 HE TR o B3 dmii A fdx it o
EECE bt g 3 T pl o E A 25 (monotonic increasing) 0 e pkt b7
(strictly concave) » #7} ig & Fehd BB ) & 7 08 5 i § GhUp > 2P RIHE* 4p I
A5 %k & or

Up(r) =1 — e (e & (1)
Treq LI ™ A2 B fiaE 5 F £ 0 AN B -

%@ﬁ%k%@%i, m%w#iﬂ§%ﬁ@ﬁﬁ?mmﬂﬂ’{k&@ﬁﬁ
PEo o SR XL oA R E T R - R R R TR PR A BT 7
B gd o Fp m@:'ﬁ B % H 3 L (monotonic decreasing) b 2 pcté A (strictly
convex) ° TR LT et oid

ln(Ubound)
Up(d)=e Prea - (2)
reqﬂ‘\)@}q"L i 7 mbi‘}iq? Feo Uboundz'\ 7T ﬁ—&@{drquzﬁtigz E§EIL B o

He ey oni B i 2 - R F 57§ RTFL BT T
BEA R A A3 0 B ::&a@ﬁﬁfm& A FERESRLROE o &

Li:'?fé‘u T e MRS RO P e R B o e ?a'a? e BFIFBRITRY A2
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In2
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UD UR

Freq l@ﬁ%}i x dreq AP Ereq 3¢ BIF
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B 10 - - g gwkan Sl (a) fggjg]g;« (b) wBREEF (c) 4¢ 4mk

BTOAANPY gRARE R Lani Bl a84 a7 (20,29, 303 1 st Al £
g o ST 0 B A A AR A g R A IR R G R0
fod o FR4RI T RE 0 S P E T @ R R E AR - IR R AR e 03 i)
VA fiﬁﬁf‘&}% B P AR AR G T R 4 0 B 2 2R (monotonic
decreasing) » ¥ & x ip Lo S AEEL B S A RN 0 AL 03]

UD(d) =1- 4

@
(B 1D&T 7 R &I E T RS W) > g - Wi g > 28 7 aut
i X e 1 EFREFIEARA 0 A BN R AEN PG E M B ¥ B
AR ORI R R DA I ERITF o v HFUEBRETHF REF B
(soft constraint) o /i & FFsalenfie * A28 40 & R > 7 50 2 B F Tl =
BRI ApE K g F 7 & P grenf R 2 (hard constraint)# v FPREH

Ur Up Us

Freq 3 %‘] j' dreq u R P €req 3t ¢4 ;ﬁ‘—?
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G AR i il - B R LSRR M P LRSI PEY AE T
iRk T E D E R B PRIRE R 0 5 & YouTube #2 & #2 Google Earth @] if
RS ER Y FRBT PR RS o T R ARG S BN 5
Fo e BRI ST DT RE G - A RFIEFREI LG % i
?wkmﬁﬂwﬁ BEFT R PAY RE S RTAEPSET uﬁﬁéﬁ_%ﬁw
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E # ¥E3 (monotonic increasing){r#84 {475 (quasi concave) » 4 17 § B8 50 fic

(multi-logistic function) /¥ % #-3:

§'€£

1 -
UT(T) = ;Zn 1/(1 t+e T+Treqn) » Treq1 < Treq2 << Treqn ° (5)

UT UD UR

Ubound

freq 3¢ BEF
(©)

Meg  Treqz 0538
()
W12 - ®Fa g Eameis e (@ B8e s (b) wBFF (o) #¢ 8485
B B “ﬁ@ﬁ#~ﬁﬁ’%*ﬁﬁwmxunﬁﬁ%@@ﬁﬁﬁyﬁ’ﬂ
P P BT A 0 B SR R R R oni ] §F I F R A
e (B 12)#77F o

Pligf i b A e SR B AR U ~Up ® Ur® CEE A RN R A
— RPN T AR A a0 F L 2 LA € X Flig= 'ﬂ‘w?ﬁg{mﬁ =5
Flt AP SR T P2 B R B T aE 2 - B & i Sl o A5 0 Ak
U(r,d, &) = f(Ur(r), Up(d), Ug(e)) °

fRUE B EH - Slcerrii ST E P a3 2N bldor 42 (additive) & Bk
(multiplicative)s a3V iE 7 » & KA P #4395 % B 32 (Multi-Attribute

Utility Theorem)¥ #% & ek = 4 > wHcE R E DN - B LI avTifpit > 2 o
)2

/i:,l“} pei ¥ILE A 2 oengh A % E i 2 (utility independent) o & R A
FH - B REX D > 3 §RTNT - B EEYEDRE B F L ReT o
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28 pIXea b Y o
T’:'u(xliy) + (1 _T[) 'u(xZ'y) = u(x3,y)
= T’:'u(xliy,) + (1 _T[) -u(xz,y’) = u(x3,y')

FOREY BT BER e BT e BRI ML AR R
DR RO DD A g o T BARR 5 Mot R A i S BT T O E R
&ﬁﬁ%iﬁiﬁﬁﬁﬁﬁiﬁoﬂdi*ﬁiﬁﬁi%ﬁ&ﬁﬂﬂ’%iﬂiﬁﬁﬁ
BRAerim Slic PEP R HEOPCE o 8- BT BY F LV el S 2 > YR oz

gk e o

TH 2. A b HERT 0 ulxy z) = flux (), uy (), uz(2)) 2 § 2 TR
1. u(x%,y°,z°) =02 u(x*,y*,z") =1
11, ux(x) uy(y), uz(z) & ¥ 5 &[0,1]5% &
111. B2 ulx,y,z) = kyuy(x) + kyuy (v) + kyuz(2) + kyyux (0uy (y) +
kxqu(x)uZ(z) + kyuy (Puz(2) + Kyyrux (Ouy (y)uz(2)

A& 2. P 7 g hux,y,z)? duisw i - RG> - FHde
kux (x) 2 77 T # A0  2 ORES  A KRR kg, ux (Ouy (D) BT % 7 ue () ¥
M%%@ﬁ%ﬁiwﬂwmiif TAETH G RS A S F Rl - B o

TH 3 FXEYGbr X A EuEy) HuXy) =ux,y) +ulxy’) > RIS EX e
Y i 4= (preferentially independent) o

W

BB ABXAY L RS FE BRF B8 (x, y) e AEbM oA R
ey i W) i 27§ 58 o

Ilx

8 4 A5 iy B d 755 BOREE R BB RS EANT P R A
(additive) % 77 o F = @ Sy 2L b= > PI¥ * = > f S B(multiplicative) %

TF o

AP AR TR RS g A E B AR KRR Y @ﬁs?]ii F s @ﬁ?]
ERPER s 38 I ehh M E o F BER ﬁ‘}ifﬁ R E- B RmEARE P
TRERZEFTHEDST o AT MEH TR 2, iR E ki S s8 R LI i
£Ur(r")=1,Up(d°) =0,Uzr(e°) =0 B
U(T*,do 0)_

U(re,d° e%) % 7 ~'§ﬁ3~]‘§—r A2 BOR Ak ot Brit e ’fﬁpf——? P& B 7 ImdF ok i
%’3%‘“ PRI R SERRT B BN AZES Y 2T GO nga s
fe s F o PPk, =00 M then? 8T aed A Sl BB o PR TR 4

EREES sLESTE (e B

U(r,d,e) = Ur(r) - Up(d) - Ug(e) (6)
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é%*ﬁi}\m@ﬁs«] RSN o - ek SRR LA (s SR S gﬂ—ﬁc
Pldc* A2 F IDP U @ > 3te 3 B2 328 7 @ﬁs«]_@a T EF ke
7 x@ﬁg,]d‘ < (effective throughput) » R|»zic S8 ¥ B % 1 =

U(r,d,e) = Ur(r) - Up(d) - Ur(e)

fe 8 % TCP +2 L"E‘.fﬂ‘l@ﬁg‘] FAHE T E D] ‘?]Lbﬁ*x@ﬁ%]ﬁ Cg MarH
I e g

U(r,d, &) = Up(#) - Up(d) - Ug(e)

- —e—g2 _..) = _ £
Ff=r(l—e—c¢ =r(1 1_8)

d=(T.—C)+

> =

T, 27 HABE  CiA71 v pF > MPIEFILTHR ] -

324 P/ (Caching Mechanisms)

F o BRY AN PRTFAAT AT LS AL PR E § - Bl | D ke
BBk ®d o fBocnm * PpIRRse ik R e L R M AR BT o (230 A T PR
B4 AW PE T AL PR 2 B A R R )0 R AR
THE S o ZHp R EIRE £ H T B LG R LR R \miﬁg%,gg,?mgg s gt
PIF LBt R 7 % I (R R K R AR ek Bt
L] %S@ﬂ}; R E R LR HA WL RE R LA P o{zr%f@’# =
ERPFREL o REH ¥ &% gl '(deadline) * FRA N2 T nggq;g | 5 E\r‘ "
EeaE sy —-ﬂk c R B E AN RN R LR B B blAon B AR P
e W%llgm@ﬁ}%;#’mmF?r%ﬁ;#£$%déﬁm%1§oﬁw
S N PR T AR HATE A D R B R FHR Y S kR 2id §ET
TN TET U R RETARTER

SHe

32 0. /(?;?*fiﬂ/’* zx ’F’t T # (Application Pre-fetching)

R R A R RIS X SR A G R NDITL TS A
ﬁ%@@%mﬁ TG § 3 ¢ﬁgm%4,&y@%kﬂi&,mﬁwgw
o Pkl SR AR BFEDPMAKRRE A EREEE S hite TR ook

"+3‘;F§“mﬁl$ufi’f§\~wrrﬁ r‘n}@’# “‘”,\—;,_ j\v}}ﬁ%xéq =) ‘J’v" 4 e & 1’ 3 R 4R

Flt iﬁlﬁ’:’ﬁ’ﬂiﬁ“/% TELEFH 2k R b BT A A2 1 TERT o Aot B
FAPAS T R ] IQ%JmB%F’“’ i ERET E RS o i —*‘ Ko PG B v pE
B FRARDIETPAT PTG AR I%E‘fﬂpr» v B S g B engE o
B T APER - B H Rk Liq\@ %3 E.f‘r*};[?t'rikmjﬁlf I WS- o g
PREEEN L B2 AN FIRES R AR G LATR e £ R 3P B A2

g;n

fooaR

oW
! n‘u. e 4;
= &
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Rl I i AT access(t)’ ™ P RN L AT ERERR I A6 G update(t) ’
T s "?; Tl RILRPRE AT R L dkm B o 1;4:,T§\-§§$f: R TE g
o H R KA AR LR Q?TH"ITJM?B"ﬁ NE oo B P F S p Bt e AR 5N ahpE
Wiﬁ’mumﬁw%%@”ﬁﬁiﬁﬁﬁmﬂ’%*ﬁﬁTKQ%mﬁW%pu’W
u'E g P 8

Paccess(u—x <t <u'—x) = f:l_,;x Paccess(D)dt e (M
LRATF T A e’

Phit = fu°° Paccess(u —x<t<u — x) ’ Pupdate(u, - u)du’

= f°° f;l ;x Paccess(t) - Pupdate (u’ - u)dtdu’ ° (8)
Prie 5 T T U enT LA B Bochils % o PIEHBBS R AT O TR B L 5
Mprefetch - Mi(]- - Phit) (9>

fi% refetch/Bmax < (pdatap?’: v Fo ¥ wpf‘flx e F'_ é 517% BV EX R R roo ft»?’ VB E
;l;l:'fﬁ\rﬂ,l 2 r FHF TiFEsd o

3. 1.8 ¢ £ ¥RamiFE 2y 1 (FRRIEF T FH eI %E;l:’f;“év’ﬂ.l Tl %
TS PER TN - iR LR o RARAEIp TR 2
- ? 1 IR RAL R AP+ Ny " i T — R IF g AR T oA T
;N 1 (2 e e i i;’;zm:g,iw'ﬁ}% o §F— g o ?T;Ti'f g‘ﬁﬂl Rk

326  #A4K 2 (Schedul ingStrategies)
F R Y ARG T AR R VB R e S M F T A 7 d

e LAFBREFRERPE B2 R 2T VAR 2 A ER A F5
e R RIREF RS B gpet f o A TEF SRS 2 - TP R o T
A E T, P LR R 2 R SRR R AT, RN RN E 2T Y
JBEPRE SBCE F AR T, WL ERESEY o PRFEE S  AF
FHNEF DT THED S E AR F AR E i S § ¥ FR T 0T
NP> ¥ 457 00T e & i B4R

B4 R W(py) - Ui(r,dg, €)

L 2 5

0<21 17 < Tmax

d; = (T,—C) + M,/r; for Vi -

W) =1/ (1-20)

\\\Xr

Ui(ry, d;, ) 2 % i 1 (F s Sl (A Eoci e g FIUn & 853 0 2 JRIFSH § Rehd
Wdm g ARG o e S EIW () §EFp EAR] > TIRAERART PEA W4 0 TEF
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PR AR R ARSZIT 2 1T enlp P 4 o C?\TEEJL_FE’:F'& C;Ea i F?Fé‘* ’M{?ﬁ“iﬂ
Akl op A SRR e T BB FI AP TR ARE KRG M
e F E oL PR R L RN F)E o dp § X Pl e b Tt AP g v

5 fﬁmﬁ R 3= g g (.., ry) e (o R I Sl > B R FREp
RIU; (1, di, €)frUi() B - PEA 2 B ALV * 2429 p f #ici2 (lagrangianmultiplier)
KA T o LI S AR e KR

évzlri_rmax:() (10>
i ELWE) Uil die) = 5= (Sl 1y~ Tnax) Vi (11)
EX(DF BT AHNF o

W) -Ui(r) =21 ,Vi (12)
STl
1 =U)" =) Vi (13)

W()

*ﬁ N+1R;F BH ¥ i dry,n, .., 1y A 28 d 3 mﬂtd = EIRA s
B E e, R K %-ﬁ/{”r%i';l HRFRERE A B o EE AT EY > FPL AR G REN
(heuristic) & B k AT & P engod it TP BTt b 22 o

Fk

SIL 1. 1 65Yd T G AT, R R e B 10 v 0 T - —

s P N 7

ET(T'l,TZ,...,TN) ’ /gZizl W(pl) : Ui(rl" di'e)ﬁ‘—‘ S

B ARG DB A, RN R SEY AR 0 RN G FIRTR S
By £ ’ A T s < = 4 .

e FN T Pl K S A (U) ¢ i)Li:"B TR B e A e S |

PN E S0

% 7 & :’ziljxi;}%ﬁjﬁpfpmfﬁﬁg ZTRBEFLITE N EE F LR AR E AT OF
derPES S ZREITY R TR 2 R 0 AT Bk 3 N o AP E B 2
T A BIA 0 1 ITE#EFEFE (job selection phase)fr#f & 4 fe s £ (bandwidth
allocation phase) o 1 FERFFE > € Ryp* = KHEFPRT EI o KA1 T
HEFAVERE o AR AR B3 RicP A RELTLLEBLIETEFEAJE kM
REFRGEAIIARET > R R

AR R L TR Fak A B oo B 1T R = B R L (set) o - BETA
Eh|4e » pr g i » 2 F F £ (vaiting set) » &+ it {7 @ﬁ%]éﬁl TS B & (active
set) > ¢ S@EIRG>FA A R AR B (TH T EHE E & (inactive set) o (B 13)
1 {F4ei ﬁ_}kﬁﬁ“ﬁ%ﬁv ;_Jm;P‘uz'r Lo iR A ks BEJR s 24 B

D
=
[
&
E
s
4
%
f‘m
E‘ﬂ'

f‘
333,
i
L

BITERMFEE > APHEZ BEEY h1 Ty E B AT E(potential
#

é\' b F
utility value) o B frcit Edp HE A% T3 Tk A 7



Data rate

changes
Active Data transfer
Data transfer P mpleted
starts -
New job Payse Resume Finish
arrives sesdion session
—>  Waiting —
Staledata |
Discard
\ 4

\ Stale data
Inactive

My == iy A
HBTR 0 Y{Q%W(PJ Ui(Fnax) WEE B 6 5 3 T e asais X B fs > ¥ 7 2 420
Ppot R K FL I B i AR A @ﬁs?] 24ci(transmission affinity) ° @ﬁ%l
%ﬁ“%m{-i@“?Wméﬁ § Mt AE E R R A TR kR
LI _l%gm—?& B ﬁ\‘;bﬁirg GRS T R S L S I 1A < L el -
(threshold) B EfeR EER LN e e VAR B & eh (Taka BB A A
BAFREL (CRE o K0 0B RO RDTAER B i 4o

Let job,, ...,joby be the job list in descending order of potential utility value
For(i = 1~N)
{ If( job; belongs to waiting or inactive set)
For(j=1i+ 1~N)
If( job; belongs to active set)
If(W(pi) ’ Ui(ri; d;, 5) - W(pj) ) Uj(T)'; dj; S) < Uthreshold)
Switch the positions of job; and job;

A (B TR b+ RGP b g s 2 R B TR, 2 BB
BEAE R h1 T%J"ﬁ}%"?@{{)ﬁ@ﬁ% e e FA RS RS N A Bk
H- BRFRE D TFRES 0T 3@5@; 1 EEE \”“}'m;}k,‘%  # - ER
ST AR A Y 273k (switch) 0 i @ﬁs.]r-r?ﬁ% i Rt AR o

S 3 ERETR L RFATERT B L
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Rmax
Z?’=1 W(p) - U; (—)/Z{\Ll W) > Qutitiey
N
(14)
PN B ANE AR BT U R (THcE YN W(p)E R ENBL

A E=1

O3k 0 GRS
HEER

Bl 14 - fssciz @%]ﬁg_‘/:r} A1 (E Y {7 E B

LEE SRS S A TR R CRLE It R SR
XL W(p0) - Uy () % 3595 6 T Ly BE 5 2 xm%ﬁ:r B ik Bjoby, ... joby
HE DB EFE DR FETREL .

31 2. #max D XieiTireq B EHZGE G (v 77 EFRE 71 22847 o

WP F BT B ey g8 W RIFRE - F R E A0 WE)IF - FFNEa
TRE o T o i B R E[0, XN W ()] I Bl K59 K B o p B AR 5 3 TE AT
C AKX

BEECDEEARMEE S Biod 4o &7 % 45 £ A 22 joby, ..., joby » & 754
PR FEF RS E e RSP RET BRI R e B AR ER

PV (7 o TP AP g R B ok 1B 7 R 2B 12 40F (local search) » 33 31 ¥ i eifiE o i
ke A A TR E H g ot B gk 0 TP TR a3 AT

0,(r;) = LU DWROVTD _ yy .y . [0, (ry + 1) — Uy(ry)] (15)

rl+1 T
F] 4 l\ = 'l} i3 ’ ?’K;}?ﬁ:’}; & T\rﬁ—‘i 3 ri,req » I 7:”* ’jfi,m ;J'-Er ﬁi(ri,req) = W(pi) :
[Ui(Tieq + 1) — Ui(ri,eq)] cEEAG AU 1 B B R Tt 1o F
REFE PPN BE A B FhE R E C ERIT AR g o MHEET RK

_Qrv—f o
for each job;
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Vi = Tireq

Do
{ foreach job;
Ui (Fieq) = PELHCEDZBOUED = W () - [Uy(r; + 1) = Ui(r)]
Choose job; with largest U;
n=n+1
/

Until(¥Y 7 = Tynax)

SI3R 3, R FF BT IRBLEF 0 7 g4 B FE A < E(local maximum)t e
#F . BEW D) - Ui(r, dy, e) DI > e @ad 55 > 0505 7 1 =

W(py) - Ui(ri,die) = W(p) - Ur(ry) - Up(dy) - Ur(e) = ¢q - Ur(ry) - Up(dy) (16)
= ¢+ Ur(r) - Up(r) (17
FIW(p)frUr(e)? ¢ #d> > 7 * i Beeye7mo

145 3.2.3 ) ¢ en® &k o Up(r)iis EREH . wUp(d) % 5 ERERT - vl
'M*J‘a‘* foE v anb s Fpt T Uy (d) e Up (1) 0 8t P UL(n) - Up(r) § B 3
PRI L o B (1,7, M) 2 SRS AT B T AR RS E o

AL L PR 2 AT S e (W] 15) 97 - Sidnd
W) Ui(ry) » kT &b F(rpryenty) ) 29 RRIEIZA 7 & B Fhk ®ig
ﬁ*]‘a; £ ]L‘(rlreq'rZreqr - 'rN,req) o AP ATEH (T i M 0FH R ﬁf»"ﬁ‘. i ﬁsq‘lsi i
Ao UGS E A R e b BRI B Pl G a2 LR

e o) N _ v
ik 1= Zi:lri = Tmax = 1t °

SIIR A, PR FF G i FaR B RE o prry 1 iEU(n) i F B iR
(monotonic increasing)frgcfi 7 (strictly concave) 77t FFp » ¥ 45 M H I <
i# (global maximum) °

B 4 RTERR I TR B AR iR 5 () 0 BRI 2B R
LTF ¥R y) R EZL W) - Ui()) > ZL W o)+ () » F 4 - dxfe» 2
Firi=r+k rp=r,—k>a ti>3Fr =r-§

LW U,(r) > XL W) - Ui(ry)

= W(py) - Ui (1) + W(py) - Up(r3) > W(py) - Uy (1) + W(p2) - Up(12)
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Iy I
I3 2
Bl 15 <0 (1, 1y, Ty) o RFCEHTA FEL B
= W(py) - (U1 () — Uy () + U (rp))+ Wi(p,) - U, ()
> W(py) - U1 (1) +W (p2) - (U3 (1) = U, (1) + Uy (73))
= W(py) - (Ui (1) — Uy (1)) > Wip3) - (Uz (1) — Uz(13)) (18)

Pl (1, 1y, e )R B P o o 2T AR B M AEF DR L (1,1, 0, Ty) 0 DTy STy 0 F

Ty + 1,k — 1% B il g Byt R i a0
W(py) - [U2(rz + m) —U(r; +m —1)] > W(py) - (Ur(rn +1) —Us(ry)), 1 <m <k

= Ti=a WD2) - [Ua(r; + m) = Up(ry + m = D] > k- {W(py) - (U1 (ry + 1) — Uy (1))}
(19)

d U () A Bk TR AP T e
W) - U +1) = U;(r)] > W(py) - [Ui(ry + k) —Ui( + k= 1)], Vi,k =1 (20)

R4t 255 7 #(13)% F =

W) s+ m) — Up(r} +m—1)]
m=1
k
> =1W(P1) [Uy(ry +m) = U (rp + m = 1)]

= W(p,) - (Uz(rzl +k) — Uz(rzl)) > W(p,) - (U1(7"1 +k)— U1(7"1))
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= W(py) - (Uz(12) — Uy(r5)) > W(py) - (Uy(r]) — Uy(1y)) (21)
(15)&(12)F 7 > Flt(r,1rp, o, Ty) # DS E o

31 5, ﬁ»jﬂﬁﬁ@ﬁﬁzﬁﬁﬁé’iﬁfﬁrﬁuﬁ&fNﬁ,J#ﬂZé#
,_—r?'f’ﬁ /// ’ ?#://’,i\iﬁeﬁ‘é[éc

BEPLPR16) > 2oy AT RBPOFET B LT A

W) - Ui(ri,di, ) = W(py) - Ur(r) - Up(dy) - Ur(€) = ¢y - Ur(ry) - Up(dy)

b7 % AR BT E ST v £ d =1/,

=c - Ur(ry) - Up(1/1y)
7 R g 8 kRRmUr () feUp (/) 35S &

1 — e (iTireq) for ordinary traffic
Up(r) =4 1— e~¢("i~Tireq) for time — critical traf fic
%Zn 1/(1 4 e "i*"irean) for quality — scalable traffic

n Upound)
e Tidreq for ordinary traf fic
Up(1/r) =< 1— " for time — critical traffic
n (Upound)
e Tidreq for quality — scalable traf fic

- R e L & 2 £ U () frUp (L/r) W 15 5 So8ep > 0 5 B sy o Bkt
WAL S Fe > F & H W (p) Ui, dy, &) 7 gF b o e ’«kr-r'%‘r”i‘— R E
Up(r)#-Bickon 4] - 510t £ 615 5§ B RA PTG 5 - ARSI 40 R e for
FARFAIIRHFAL e FETAFERER AR %a ORBEEF ]I TH N2
Bk g o

% ERARIE B E i Aedcit he (B 16) 97w

B AR B ALPE ) NIRRT R R S W R € Ty A A T Y
MR e RAE BES o N FRARARRD P TR

h\

1 CE R U R BRI S B 2 AR A BB S
Pl (TR ARE o TERET FE»B????L 7 en1 1¥joby, ..., joby 14 FE P B ey o

#joby, ..., job dr EFER LY s e ‘ggt_@ﬁ;%ﬁrsg\ﬁf}:iﬁqg W iEE s A EER LR
FITeh1 TR BER LR
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Enters job selection phase

Enters bandwidth allocation

phase

m NEBAREF > P ANBI T S
N / " !
ur 1' . gfl]&—]‘ g o

v RIRRPREFED S B F- LD (Tfe B g 5 R e @R
Vi R FATIREr BEIL S S LG FEEL TR v IR L £
N

7

o

i

vii,  PREPSAF O EFERAERTI TSR I HFEEL > BFVIHZR
1. °
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P TR E R

4.1 #HE K 2+ (Simulation Model)
4. 1. 1. #R#7HET (Network Status MNodel)

M T RGP F RS EEER S AER Honk o PR RREGRINEF T R o
BT RS FEAPET S AR AR X PR PG PR ST R R
s PR FIM W TR AR TV L MR AL NP2 T g A
o BT R gt dodte EAR S N ST AR K vE 0 F1 G AR Y R RIRE F A
et Rind RELERRR > A BERRRE 2 R R scE o AT RRT
g g ma o e 5w & A (Markov Model ) k & 77 > #2 £ B e S F i A
@5 qedte I FLRER SR TR T e AT R E (R 2) B R EES Bl(state
transition diagram) > R4k (B 17) #7177

AR Bt B SR A R A e s LT A F Rk R
L ROSE 8 SRS RE B DA 7 L il U TR L R - A R
PR BEEFRE R FRSOHS BEIP R LBREFIER - 7T il
S ESE T R EE T Y SRR C SRR TS R S
=R L LR RS S8

Link quality

Network parameter

Maximum data Normal Normal Normal Normal
rate(y, 6%) (Miow: Ghigh) (Migh, Tiow) (Miow: Ohigh) (Mhigh» Oiow)

packet error Lognormal lognormal lognormal lognormal
rate(y, 6%) (Mnigh: Ohigh) (Mhigh: Ohigh) (Miow: Oi) (Miows O)

202 - RBETRES L HEPREE

AR GEESRY o PR n AR EIES I RE]E S F A RBEH R €
R R F W Rk 52 B S A OR Al RS o R B T g 2 St pateh
AL WRRRE TR IFR LS L X

412 iF

) (Traffic Model)

A A SN - B X R BRI E o TR R AR
RAOGEEIREFAT G2 F L RT K it IERFT o 82 ik D) ik 2 0
[31,382] » #vipigis o1 ™ B3k e

® F SR fRNE ROFIERFR L Y X 4 F (poisson distribution) k- 0 4
WAAHATOEAREL - PREFRY AENEII R EIREEFF 5 2R -
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B AT RS A R
® ERY AN T AL LR A B (normal distribution) - H T 35E 2 {8
ZMEF T AR A e g o e R

® LERIEARY F S AT ¥ 2R AN - 41355 (uniform)
SN A 2 0 b A RREAEY B o

® G UHEYENDRET LI INEPAL A REY RN T R BRSOk

sL
B ©°

413 J*ESAE (Application Specifications)
By 7 R 255 A 2 T de(F 39T 0 & B AN ORBET T K
frlftn @ d 5 B FHRADIFEAT > {AFRFFL CAPRAT o

- AR 20 30 1% TCP (250, 100) (3600, 80)
- Jg)rl,k}_
20 30 1% TCP (100, 50) (600, 50)
- A 40 30 1% TCP (250, 100) (1200, 50)
FRERME 15 20 1% TCP (200, 100) (300, 10)
FRERME 15 20 1% TCP (80,50) (60,10)
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Google | =& &1+
FEE 50 40 5% UDP (2500, 200) (7200, 150)
5 Bl
WER | 5
. 60 40 5% UDP (5000, 200) (7200, 150)
%03 - B ARNARA
4.2 R A
4.2.1. FERREE L FER
;;”Jgﬂlf;',j\pwes R Sk = mﬂ’;_gl APE Ry - BRAE S m,m*’gj; B e
S, T A R R EPREN L o N - BAR SannFRRY o F S &
T2 RPRFB e 54 2 o éﬂﬁ&«@% 3é1mwws’w4&w20&%’mfa@
P S AT M@] 19)957 » 577 Lt 7Rz ;}%ﬁf#%}: G
75‘;'~E"”/)§“ ”#4‘5’\}%‘&)1 "‘}'F' ﬁ/}J 7’?3" ° L_(gl 18)‘:‘ BT /$'ﬂm"&)‘l’g{5}7§» ’Jg A1 B =
Downlink Throughput under a NodeB
Q 1II}DD 2?00 EII}DD 4?00 5[?[)0 ﬁ?DD ?{IFDO EJI}DD 9?[)0 1{!|DOU 1 1IDDU 12|DOU
—Without MS Proxy —With M3 Proxy
400 400
5 300 L300
o
=
=]
S
200 200
AT
A sl i
100 100
I“{ | lﬂ
ﬂ- | \h‘“ i \ = .1. (1] W Lo
Q 1000 2000 4000 7000 90[)0 10000 11000 12000
Seconds
Bl 19 - AB ST FRE LR
Downlink Throughput Statistics
60 F600
400H 400
200 F200
“ Max Mean Stddev Max Mean Stddev  °

Without MS Proxy

With MS Proxy

B 18 - HA# -7
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CTATS SNESETE RS & E R L

500
400
N 300 i -
2
‘:5; = =4—Without MS Proxy
2 200
s [ 1 == With MS Proxy
100
0 1
Number of user
-100
B 20 - A S T AR o T T 00 S
¥ G oo d R PR SUE AR VORGE A fios § ORI - fd B A
Tl T el R FRES A el (B 19)7 R R
PR BT 1 F s b A Ll T @31,,] ) E T ORAE A Bk g S o

4.2 2 B FEE

ﬁi\f“‘y}%,}é‘-/ﬁ‘sﬂ}*— i & éi\‘ﬂé"’* EAAR 51}'“12'2‘%'&‘"???2%%:2%&?&&7%
¥ ﬂ?ﬁﬁé} o 3\ Fa VAR ,LJF‘\/”\# j\fﬁ—”’” Rt }f%’# ﬁi}\ mF’*]‘[ff_BfF" EIJ”ﬁ Jl,g_ X :_i‘;ﬂ}a;\%ﬁ
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