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Recent advances in wireless communication
have greatly changed our daily life. Users are
able to access Internet at anytime, from
anywhere via various mobile devices. However,
the high diversity in the capabilities of various
mobile devices such as display capabilities and
computation power makes the design of mobile
information systems more challenging. A
transcoding proxy is placed between a client and
an information server to coordinate the mismatch
between what the server provides and what the
client prefers. Therefore, in this project, we
designed a QoS-aware and energy-conserved
transcoding proxy. Our primary efforts include (1)
designing a transcoding proxy architecture to
improve system scalability and performance by
on-demand

integrating the technique of

broadcast, (2) developing a QoS provision
mechanism to adjust version decision policy and
service admission control scheme according to
the estimated system workload to keep the QoS
between an acceptable range, and (3) proposing a
data

consumption of clients by inserting data indices

indexing method to reduce power

into the broadcast program.

Keywords: Transcoding proxy, data broadcast,
QoS, mobile computing



M A

#5151

B R RAE 154x154, 24 bits

154x154, 4 bits

M A =

77x77, 1 bit

Bl-. F-

I PEdER
EE K RO S © 54
KB ERAP DL E o A pRBRT R

FRERIER  LAMRERBERE TERY FH
Tk S BG T T PR

1. 57 LRI R

2. g4 5 E

3. R E FHRFL

4. @ * 5 e & {2 (mobility)

Frvipd o haseERRRs 1l
* on-demand broadcast $£ ¥ § st 3 B
e BHE R eh i@ * I (utilization) o % B
on-demand broadcast v @ % £ 7L -
= o TE G A SR Henk o B
on-demand broadcast 7&‘»;.1372\ KE R <)

f1ﬁ7F p 4,.#&‘517?-_—&4*/{;}?.1‘0
B R kAR RE G LB

EXLY IENETIAE IR TS T WV e o
Jgie ‘F'T”Lrlﬁ P ER R R J R
HEEAFE A S BB EDRITHL
content adaptation - B]= ¥ - k@ ¥ 0% F
S AR o BRK T TR E SR T - B
ERERFOFHE R FIREQ R
P Dt TR R RehiF R dFE 0
T BB Y IR A o

R 7R~ e
transcoding ¥ * & % 4 7 client based,

o i R R A

server based ¥ proxy based = # > @
proxy-based transcoding(* # transcoding
proxy) ¢ # 3% 5 #_F 3L content adaptation
E & B o fr i@ SLen proxy od oo
transcoding proxy # i 8 F E-B-E A
Hpr g FREwT  ZEE A
Aeng P AR b F R RAR TR A
A R e R B TR o
Transcoding proxy =rip B 77 7 3232 >
¢ 3% 4 $e7E4f ~ cache replacement %]
pre-adaptation ~ ¥4 & 1T% > ¢ AT N E
7%}‘»/% EE st o R 0 PR HET Y R
Stounicast eRFR W HC 0 FlUt A 2
'flj’i’fﬁfsﬂ}&ﬁx HHE R o pteh s iw T
T~ ﬁ%ﬁﬁwf\7ﬁﬁ%ﬁﬁﬁ
user mobility % A {7& 5%k B ? £ & h
RAL e 3 EOT 0 A E Y > AP RF
£ R RS R

=
P
4 F
17 e

Fv e transcoding

proxy 2z 3%k 3+ - i% i # * on-demand
broadcast # itr 1z 4% B e BLAE Benié * o3k
:_‘%' °
= MRS B 5t
31 kMEH

Bl - 5 ~3:F #& 9 2 transcoding

proxy 7 # QETP(5 QoS-aware and Energy
conserved Transcoding Proxy i #) °
QETP ¢ front-end - back-end = & & % 1



Back End

—— Transcoder

Scheduler

Cache Manager

Service
Manager

Service

Manager Scheduler

Front End- +Front End

Service Area

= . transcoding proxy % 1

Front-end 2t

T

EHEE - B ocell 2
d service manager £ scheduler #7% = > H
PP 4o lservice manager i F v BT
PRA$E (Tl 3 0 Bide @ RJd® PRAZ 3 £ 27
AT Y FIP B E O IR ST 8 R

5 user mobility #7i$ = B {E o gL b 5 &
- i service manager ® ¥ — B FARE >

Sty cell ¥ ¥ F ] AR
* AR MER o b scheduler oo g T
- BFALE Lpf’scheduler AT H

& RiFs Y A E AR OTRE REFE
B oxw A ’&;b'“rv]&:ﬂ FTALE Renig oy
B LRy —“‘F{ AT E R R Rk
fo AR L EVRALRY K o
Back-end ¥ ¢ 7 == % > on-demand
broadcast :}iﬁfc‘ i# s cache manager £
transcoder » H P 4o @ ¥ cache manager
Yo |- A scheduler & kenF L& f18 o
cache manager § § % @ & fenavin A %
scheduler » 4% %% & ¢ % cache # » B
T R-F % @ % scheduler 5 F R - cache
manager B g ¥ & (required)’= ~ £ &
# ocache ¥ chH W iR A4 4 > F¥ 14>

RIA 225 ? R > cache manager 7 g:tzk,;
FLE Rk % 45 dataserver ¥ & fw i@

eV w&phfiﬂ\ CER Y RE XL scheduler
@ transcoder i 245 + i cache manager ®

IF G R R A2 B e g iF
3.2 JRAx & T # 84!

¢<
Average Waiting Time Estimation

i

Version Decision Policy
Configuration

i

Service Admission Control
Scheme Configuration

|
PR AR 5 B H 4 4] 2 AT )

Next
iteration

B=.

PR PRI T R R S -
ﬁﬂﬁﬁﬁﬁﬁﬁ%’ﬁﬁﬂ%ﬂ:%
0 %—1[}-}55‘?“ E A=A T A
m%’v? LS IR S
L AR R o ;ﬁ PLERG R S g :i\
SN N AL AR E S & LY
#‘ﬁ B ARG kR A
Wk o hdis- BHIY o PRI
aﬁermﬁ%ewmQWie
CrLTECE]R G F I TR RA g £
g = JRAR & T T o

BAGEY O APHRY S - BTRE
FenT 0% FRERTRE R E T
%ﬁoiﬁﬁgiﬁﬁﬁﬁggﬁiﬁ»
BBFTHEEFRER MR W W @
QETP ¢ #-i¢ * —‘ﬁml R ERETET A
Wi ¥ owp 2 B e Ble G h M L TR
R R BRG] o Rl ¢ NPT R
Il TR EEE GUMFE AL fent A
M OB A o A LR wy 8 owp $E 3R S AR $
B S f 018 000 THA 01 # 0o
#-k suf 44 = LIGHT ~ FAIR & HEAVY
Z RS o R IREFE QETP ¢ A7)
LRI DL 2 LS S i\.’f_,pﬁﬁﬁt T

=

3= iad» Ju
G =

%%

%;‘:‘;’ 3
?h

e el R



S0 Bf o LIF L2 01 p2

Queue 2

Bds A ks e (T LIGHT FAIR (o)

& HEAVY) o £t QETP £ 1335 4 s ous | -
;\,q»; SO R T A ] B IR TR 2ok | o
HE (T > -k Sieh f 584 & LIGHT o
& FAIR ey gy ™ o Queue 3 ;—’ g g Queue 1

=5 9
' : o o

_ i i - / i Data i ACK iIT R;asgst

| L= P Caos s e
% %LIGHT—fFAIRﬂﬁé : ESERE e
= I 1 I
= | | | . N ; ) m =X
P L ‘ S RER¥ - APTIEL-BTHE
3 | Fet b @HRE ~ scheduler &2 B 4 T 3
< | :t'L,—TL.E—rJ;i &R A 4];:—5
S I I
5 | | 1 1
(3]
> We ' :,T,it»’ _ _
< I 1"¥eerl. — = T B

i i #quT'JF. - ’;I"Ci‘}“f. ﬁ — )\‘C‘n-]_

Py P, 1

System Load (p) - Lsche. 1 ﬁf:i + Actrl. Ohe.
" B Vsche. = =
= I S g ?‘ gL IR FRE R gl % B e ’R'C“frf. WUsche. U - dere.J
,J &Dé ?"Ll
:‘; ] g:r_lp ,f. ﬁfumé‘ i\‘ ’ 5'\“ ﬂ“# # '&f’g} l
I 4T e R PSR R AT D Whoas = a )

, . PO . LBCast\dl — T
B At B model & - M/M/L HBCast 0
queue > F] o NPT L gE b ok TG

scheduler #ric | enF AL & fenghid » 11 2
% - B R & f3) scheduler T 3591 §
E‘f”fﬂ?ﬁ'ﬁ T

9%

\-‘-
S

otherwise '

—

otherwise

\/

Pse. < (L= a)x py

Psare. < A=) x p**(2)

Pscre, < (L= ) x p*™ (1)

Sche. ™

FAIR

R T

II*S‘ ys.

@t QETP ¢ » & - B TR & fenT
R G

IVC trl. T Irgche + IrB Cast

V(V)ﬁleTWjSC otherwise

Sche,

Pocre, > L+ @) x p** (n-1) psme >ﬂ-+ a)x p,

Pscre. < (L=@)x p*™* (n-1)

Sche.

pSche <(l-a)xp,

)



34 SRR

WA AT AR L R PPy s fUR
oo By R A EF RE o Hms G
TAHZ BREE G

L% - BRFE SR BT IFE > AP
9T 7 % % BEor 0 scheduler sk f 8 3% B
4o B = 7T Jﬁ‘l;}fi,é * erd\bt: e % #ic
(012 p2) 3w ud ﬂ“;p B
A Z scheduler vk i &>t LIGHT »
FAIR 2 #_HEAVY -

2T kKA BERAMERMBE > 5K
scheduler sn% kg8 » £ ) %
FEBEDFEERR S BRI AL T
iE TR ERALT R

3. B — BIFE 5 ﬁiﬂ‘]‘bfx/ ook

Ty i 3"‘rﬂ;ﬂ'!§1w ¥ % igiE
h}iﬂw’ - Bhf & eniv i ﬁxfgmii—&
L iﬁ’kﬁ BEBF RF LD R R ARy
FREEY o BT S A

2=
3.5 PRAF LB+
curState jgg.
_ FAIR :
LIGHT | T eatR, [ FaTR | TEAVY
cursiater, | IGHT |00 | 0/0 | 033/0 | 0.66/0.15 | 1/0.3
. TFATR | 0/0 | 0.25/0 | 0500 | 0.75/03 | 108

Probgiock/ Probprop
Bl - ;& 2_Probgiock # Probpyop & m% &)

BRI RPN R F g 5
f R R BRI SF DR AL 0 A g iR

'#—-ﬂk EER R CAP S - I R S D ]
T RF o ¢ ETPRAAE L ¢ g K oo T

v

BRTY s ’ﬁkﬁﬁ'ﬁ“ﬁ’
ok R AT PR R ] R 0 B
}'—_]’3 _&rv'f

Lk G- id > 4395 5 sd 1
BIRFEIR T K BR U E REREET
o KRR g R E - kT
F U e iR E R B B S R B

2. bl IR o G RADEE

5 HEAVY P& o s g g 43x
F‘T“"w”Lr}aFRzZ'#'i“ Hifg X ,g
FPE & f £ 5 FAIR & LIGHT H%
g AT A B %)ﬁ'—;" 7 Probgjock ﬂff' ProbDrop A
Bl AR e 2P SRR S Y
g Feasgo ﬁia—@fmo?m%z
3hen E e 3t Probgiosk * % Probprop
AFEAPRT A RFRF R ke
2 AR AL BRI G T ALY
%iﬂ’%yﬁﬁgé?ﬁﬁw%o
3.6 FAHLE B4

2
3
vl

,,\

Retrieval
of D,

mer.‘ D End

(a) Example broadcast program with degree four

1

ope A e
Tend

D, L

D,

Time
Start

(b) Example broadcast program with degree one
Blr k52 T2 B E A2

£ S ﬁJe[lS];f;] dve - degree of
broadcast programs &% i & | ¢ i F {7 &
EE G RfIE A hlE TR
Re R AL o Ram oo ¥ g A AR
B /A % (Wireless Network Interfaces) B fx %
MBS DT hERT o 3 #30p

AL R EAER o AR P RF
FoRE R R ST R o BN
SAf R 2 FHE D DR R
FoBlY AfeD A st & (7d £ G R>
RAGFOEF R E KRB EFRF > A F
FeNRZ7 Fh XY Al PR iR
B w AT e g o oo degree of
broadcast programs 4 ] PF(4c @ 8()r
m’ FEEE § GRS 2 R
¥ ’%'KF"’E’NW”"‘ EH 4 g (TH

;Lta /ﬂ %ﬂ-‘i >‘/ma_,/};17

en i



FENL A PR - BEREF
%m%dﬁmﬂwﬁmwmm&?&?#?%
W] o BT E R R P B A o
ﬁ%,% P sa BREE RS LA
degree of broadcast programs - % — B F# £
SECEA AR AR B E BTRE R
wﬁ&%@~2$%@£gwa?§ao

'@N&p#ﬁwa’@mgﬁ%%—
BrEE AT Rl F 0 E B en
dwmedbmak%ummmmsﬁ’%%Péfd
a g R R AL ek o
37 RERB¥FTR

E R Al

—

2% —‘J—
TS

e i

B en g o G

AR
@ B ik B o @l

E.T— f—é EaM f]iﬁ r:"-i—

o
200 200
s +— S5 2lel
3 5 ODB 5 +—CS
= il +— ODB-QoS | Sl i
2 150 F . ODB-QoS-Index i o 150  —— ODB-QoS |
£ 2 “— ODB-QoS-Index #
£ 100 ¢ £ 100 | /
= 2
5 E 50 ¢
= =
J o W
o
A R S 400 600 B00 1000 1200 140
Number of Users Number of Users
67 1 25
S F 4 +— ODB-QoS, SBR
& ODB f & ODB-QoS, SDR

[ -+ ODB-os 20 F o ODB-QoS-Index, SBR

«— ODB-QoS-Index —— ODB-QoS-Index. SDR. #

15 |

) /1 10
L V4 571
il

0 S—/’:” & & & -] ‘/f/

400 600 80O 1000 1200 1400 400 600 200 1000 1200 1400

Rate (%)

0= >

Number of Users

B4 .

Number of Users

FREE

- R NG S O RS
g P AT 4 en i (7 ODB-QoS-Index)
= IS BT %mlia—t FPFR o gt

¢ » %18 indexing $ ¥ - ODB-Qo0S-Index

R o S %mliaiiiﬂiﬁ?mfé?
ﬂi—rvﬁ R EH I%m)gb/});‘(/ﬁ%j.od

WoE B R OK A RGO T
ODB-QoS-Index fxif & *
¢ o

e
SRes T N

0O A B I 0 i
JRAZEAA T Poid 4 o F T H
IR T8 o #F 5 F 5
n%’*"ﬁml%’#rﬁf&i\ AR B E o 5
RATBR AL F A st A BAgE R
g jm P > ODB-Qo0S-Index st 43 if FF 5 % 1<
PERTERIEGATR *J'FT et ~ %ﬁ-” i

T #
21 /;

‘T
R
=

4
\
o

o

-

-
[m >

El

RILG # Y H PR - FREEN
oo it A B e - TARR P

ODB-QoS-Index i it 3 »x4 HFfp o
PRAFeDE * F TR G PRI
LR

J,%I;}

B R R T F R AT
T ERARAET GIRIBEZ TR
FHLPER 2 FAT o 3 FEN 0 FE
ARRE 2 A e T e TR a4 A e
% F FEZHA e SRl A
i

IS AR NS R
Te R AR 1 Y B BT B IR FR iR 6
EAR ’ﬁ E‘a;_: o

B S
S. Acharya and S. Muthukrishnan. Scheduling
On-demand Broadcasts: New Metrics and
Algorithms. In Proceedings of the 4th
ACM/IEEE International Conference on
Mobile Computing and Networking, pages
43-94, October 1998.
M. Agrawal, A. Manjhi, N. Bansal, and S.
Seshan. Improving Web Performance in
Broadcast-Unicast Networks. In Proceedings
of the |IEEE INFOCOM Conference,
March-April 2003.
D. Aksoy and M. J. Franklin. Scheduling for
Large-Scale On-Demand Data Broadcasting. In
Proceedings of IEEE INFOCOM Conference,
pages 651-659, March 1998.
D. Aksoy, M. J. Franklin, and S. Zdonik. Data
Staging for On-Demand Broadcst. In
Proceedings of the 27th International

[2]

[3]

[4]



[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

Conference on Very Large Data Bases, pages
571-580, September 2001.

V. Cardellini, P. S. Yu, and Y.-W. Huang.
Collaborative Proxy System for Distributed
Web Content Transcoding. In Proceedings of
the 9th ACM International Conference on
Information and Knowledge Management,
November 2000.

C.-Y. Chang and M.-S. Chen. Exploring
Aggregate Effect with Weighted Transcoding
Graphs for Efficient Cache Replacement in
Transcoding Proxies. In Proceedings of the
18th IEEE International Conference on Data
Engineering, Feburary 2002.

R. Han, P. Bhagwat, R. Lamaire, T. Mummert,
V. Perret, and J. Rubas. Dynamic Adaptation in
an Image Transcoding Proxy for Mobile Web
Browsing. IEEE Personal Communications,
5(6), December 1998.

J.-L. Hsiao, H.-P. Hung, and M.-S. Chen.
Versatile Transcoding Proxy for Internet

Content Adaptation. to appear in IEEE
Transaction on Multimedia.

J-L. Huang and W.-C. Peng. An
Energy-Conserved On-Demand Data

Broadcasting System. In Proceedings of the 6th
International Conference on Mobile Data
Management, May 2005.

S. Lee, D. P. Carney, and S. Zdonik. Index
Hint for On-demand Broadcasting. In
Proceedings of the 19" IEEE International
Conference on Data Engineering, March 2003.
W. Y. Lum and F. C. M. Lau A
Context-Aware Decision Engine for Content
Adaptation. IEEE Pervasive Computing, 1(3),
July-September 2002.

W. Y. Lum and F. C. M. Lau. On Balancing
Between Transcoding Overhead and Spatial
Consumption in Content Adaptation. In
Proceedings of the 8th ACM International
Conference Mobile Computing and
Networking, September 2002.

C. Poellabauer and K. Schwan. Energy-Aware
Media Transcoding in Wireless Systems. In
Proceedings of the 2nd IEEE International
Conference on Pervasive Computing and
Communications, March 2004.

E. Shih, P. Bahl, and M. J. Sinclair. Wake
onWireless: An Event Driven Energy Saving

[15]

[16]

[17]

[18]

[19]

Strategy for Bettery Operated Devices. In
Proceedings of the 8th ACM/IEEE
International Conference on Mobile
Computing and Networking, September 2002.
A. Singh, A. Trivedi, K. Ramamritham, and P.
Shenoy. PTC: Proxies that Transcode and
Cache in Heterogeneous Web Client
Environments. Kluwer World Wide Web:
Internet and Web Information Systems, 7,
March 2004.

J. R. Smith, R. Mohan, and C.-S. Li.
Content-based Transcoding on Images in the
Internet. In Proceedings of IEEE International
Conference on Image Processing, October
1998.

M. A. Viredaz, L. S. Brakmo, and W. R.
Hamburgen. Energy Management on Handheld
Devices. ACM Queue, 1(7):44-52, October
2003.

J. Xu, W.-C. Lee, and X. Tang. Exponential
Index: A Parameterized Distributed Indexing
Scheme for Data on Air. In Proceedings of the
2nd ACM/USENIX International Conference
on Mobile Systems, June 2004.

J. Xu, X. Tang, and W.-C. Lee. Time-Critical
On-Demand Data Broadcast: Algorithms,
Analysis, and Performance Evaluation. IEEE
Transactions on Parallel and Distributed
Systems, 2006.



