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Partial-Reliable TCP

Abstract

With the advance of computer and communication agdtsy many new
information services over IP-based networks suchiden streaming and
VoIP (Voice over IP) are growing rapidly. Thesevsses can tolerate
some packets lost in transmission without too mdeamage to their
quality. The content carried in the packets of ¢hesrvices is not equally
important in their replay processes. For exampley krames (e.qg.
I-Frames) of a video encoded in MPEG format areemomportant than
others. The loss of I-frames may have a large itnfmathe quality of the
transmitted video, while the loss of other typedrames may only have
nominal damage. Unfortunately, the two most poptrmsport protocols,
UDP and TCP, treat all packets equally without disgrimination. TCP
guarantees the delivery of all packets, while UDdesih't. TCP may
waste too much resource to guarantee the delifargimmportant packets,
while UDP may fail to deliver too many importantcgats.

This thesis proposes a new TCP protocol, naReatial-Reliable
TCP (PR-TCP), which applies selective retransmissgtrategy to
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provide delivery guarantee to the selected packetsgnated by the
application programs. In this way, we can save dgith consumption
and reduce average delivery time without significgunality degradation.
In fact, if the delivery of an object requires argient delivery time, the
reduction of average delivery time may also leadh® reduction of
abandoned packets at the receiver end. We propaseifferent versions
of PR-TCP, Basic PR-TCP and Single-Side PR-TCP.icBBR-TCP

requires both ends of a connection to adopt PR-WGRe Single-Side
PR-TCP only requires the sender end to adopt its iuch easier to
deploy Single-Side PR-TCP on the client-server esyist where only
servers need to use PR-TCP.

Finally, we use NS-2 network simulator to exaé our PR-TCP
against TCP Reno, TFRC and UDP. Two video streanpkss are used
for video sources. Three quality parameters areluated: wasted
bandwidth consumption, PSNR, and the number of gtadk decodable
frames. Under heavy loaded wired network and stheldy bound (<0.8
sec.), the simulation shows that Basic PR-TCP cepesform TCP Reno
and TFRC in the number of packets in decodabledsany at least 18%.
It can outperform TCP Reno, TFRC, and UDP in PSNRitdeast 12%.
The performance of Single-Side PR-TCP is less Basic PR-TCP in
terms of PSNR by 10%, and it consumes larger baittviny 8%. Under
wireless environments where error rate is high sihmilation shows that
Basic PR-TCP can outperform TCP Reno and TFRC enntiimber of
packets in decodable frames by at least 19% as wa®llwasted
transmission overhead by at least 15%. It can@perform TCP Reno,

TFRC, and UDP in PSNR by at least 20%. The perfooeaof
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Single-Side PR-TCP is less then Basic PR-TCP imgeof PSNR by
14%, and it consumes larger bandwidth by 10%. Uratge delay bound
(>8 sec.), the quality (PSNR) of the video transsditusing Basic
PR-TCP is downgraded by only 3%, while it can sa@®vork bandwidth
by 8%. The performance of Single-Side PR-TCP isutiboe same as
Basic PR-TCP in terms of PSNR, but it consumesh#liglarger

bandwidth by 5%.
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Timeout .
O N . x R
0 2 4 6 8 10 12 14 16
Time
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B R g 4 o AiEE W LIS CWND f® 27— B ACK {8 0 afdan ;N

e CWND 1+ J ’ ‘ ][;3@%33}% ‘?’% 'Rﬁ’me‘. T _‘_ﬁ_ Il]ﬁ%é/} %‘4
AR s do@] 2.3 975 o

@ threshold:=

TCP Renofd = 8.2 j# 2 #74f ¢ 2
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7 > F)et 3 1 Fast Retransmigs4] > § @i =i = BEAFHACK {80 ]
Bkt £4F ACK 5Lz T - Bate 2 il % » 2 T r £ @i 17 o

% TCP Edcsgic 3@t B engte pF > v ¢ 2w - B duplicate ACK% %%
#o eI ¥ - 2 % - B duplicate ACKPF » deesd ¢ LAk 5 S5k + ahat i -
e B hrdk s % = B& L 5 duplicate ACK & » ?fif*fa"@&f:%ﬁf‘ué i gt
duplicate ACKRE 85z fsenite 4 1 » A:B28 2 Timeoutz & » 7&% rEE
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thresholdte = (F15 7 = B4t & Pl jesd) o e BFEE > CWND 3 4 e 58 8
& 4¢3 - % duplicate ACKpF » CWND év’m’_‘gii&ﬁ— o ot — K o %}m *OF] &

PR R RE R BT LR R

12



212 F et
Bl 24350 fi5 4258 e o e 516 TCP e it - @5

Sender Receiver
MPEG: FTP - MPEG
ol BEGCET
HTTP data
Il
l API API T
User
TCP data TCP

TCP Application data
l header T
P ¢ TCP segment \ IP
IP TCP Application data
|hr—:-ade header

] 2.4 User Data Forwarded Thru Layers of Protocols

TCP &l ™ A2t e ot Tt TALIE S A TR R a2 > 2§ i
i Bl 5 A AR U] > R BT AL A W R F byted ¢ o 37 5
AR ERRY BEOTHSEAQECREE ot TCP Y gl Ao
AEr S - RS R R R FRLE TR BESER > X 4t

FEen @ P fEelad > i B3t @ meanix ;u,f'_?‘}i IR N ﬁi}\mg‘}
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2.2 Video streaming

Video streaming[26§_ - fa & 3 W pFiFdnid ﬁg,] ViRl iR SRRt Ly e
AR PR TG AR 2T I SR AT B Aedfias o8
EATRY AR FIAT PR G AT R A BEY T @

H e fTikmB*F'“ P Bl RE ARG R M R L S SEEARN - TR

PR R R R 5 % SnEvideo streamingii * e

-\I)

2.2.1 Sructureof video streaming

Video sreaming ik fe = i 2 JRA24e Bl 2.1977 0 B L i B R HRE K

\\\

ml4

s A2 h G AR

=

e YRR S R - NER e QUL R L R S

ﬁw

e

4 ¥ A fvideo streamingg ;¢ chdt e Gk o G d BRI UE R E R R-TOR B X

TI# B * 2R B IRAEARR (5 TV ff% o

i

Live Camera Network Clients

<

Network Clients

Digital Content

Fire Wall
Network Clients

Creation =——————ss—le- Disiribution —e— Plavback
Bl 2.5 Video streaming over IP network
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222 # f&_@ﬁfﬁ:}iﬁ&‘

Videosh it 30 F 4R 1%t > & BpR T BEICA S OF R E LW 4 F
B i ¥ videoF 30 § LB RAF A > £ TR L B o RGBT X
57 m@é{ﬁ%ﬂrg@ P F N7 k¥ ) 0 MPEG (Motion Picture Experts
Group)[34]5 A g i3 B * 3t B AR PRI - BARUREERE > T S

% MPEG -

2.2.3 MPEG ( Motion Picture Experts Group) f§ 4

MPEG #_# s A3t & 7] fe iy £ > ISO/IEC (International Organization for
Standardization/International Electrotechnical Cassion) % 1988 [34] %t % ik 4k
AEF R RGHEER D PRGFEER - iR ¥ e video framez FFedp iz B (%% » @
- & frame p 4p 4% < pixel B ¥ € ¢ $dRiT 0 B lz\@‘fﬁmﬂ m:i‘k{:l&—#g A
2RI T PR RARERIY LR e L R RUIT - 5T B R
Pek > MPEGH™ 7 4F & 3% 5 BRGEHIT - 7 L A T 5 A #hd fiAad i 2

For R - Fa IR AR P FLTER A Ed F-FRHE TR A

fa-

p oA

|5

mphF2ZPFEIER o HIER LR E > L " ik sz i 4 (Discrete Cosine
Transform, DCT)[281$ 2 2B enp B F A & £ i (Quantized)[28]2 & w2 K,% Y
& hF M B8 d VLC (Variable Length Coding)[28] 5 %G s &2 & kv £

i A AR SRS o
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B 2.6 Block of Frames in MPEG

CEE AR R MPEG@&%%ZF% g 7k agrk &~ > MPEG-1- MPEG-2~
MPEG-4> ...+ % iR A * >t % b ik B
MPEG-1.
MPEG-1[34}] 7> 1992# » ¥ if * 3% ¢ % & 71K % > 4 CD-ROM- Video-CD-~
CD-i - @ :¢ & 5 1.5Mbits/sec = £)4; < 30 L3 CDFF 2T AA Y E
VHS 48 # o MPEG-1:r/8 & & & 8 ¥ & 4-5Mbits/sec e "§F i F ek 3 > 2
FRFE 15 DB i HF TR 14 o MPEG-14 A& % T e B b eglin @ﬁgj s he%EiE AL
MPEGZ2:
MPEG-2[35]i] 2% 1994-# » 3" P & L & 0@ 5 > H ofic 4 Been il iy 5 i
3-10Mbits/sed® » H f247 & ¥ i£ 720x486 MPEG-2:3 M B v 2+ ¢ 2
B BREREE > NE - BRERFEE oL TREF FE(DVD ¥ 5 84EF
TR PR 7)) e MPEG-2 # - BRA S R BRE > NG R F ARG 5
0 R R R o F ARG AR A LY > MPEG-2#77 %

¥
SIPE DT R S SR NETEERE SR TE (NS T AN
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M PEG-4:
MPEG-4[25F B 444 — # 200 5T it ~ § W %hiG 0 L€ § 4Lk seha 3
Piegistt c MPEG-44 4 & % *MARATHE AN T I ME{eT FATF & >
# @5 5 & gt & 4800-64000bits/see B - f217 & & 176x144- MPEG-4
FIr O T B L R BB AL B i} R 9 A i P
i o 22 MPEG-1{- MPEG-24p 1+ » MPEG-4 { i * fo i is 1 iy o 7 &30

#-i§ 1 MPEG R S 32
224 MPEG @éf"ﬁiﬁ'il"—_

Frame input

Intra-framefinter-frame Quantization Entropy coding

> =>

coding &

Encoded output

i8] 2.7 Encoding Percedure of MPEG

P RIAMPEG AR S ingh Az > A &5 = BHA - HJ AE R

Z w P %5 (Intra-frame coding)[348 & & ¥ % #% (Inter-frame coding)[34}

3 % p % (Intra-frame coding):

MPEGALUR 551k & #-5 BH 6 A~ 2+ 88 ifd | alicB Bl Rt
AAAPG A ERGBE = B L MAIRRS E R RN o LR
G FAp B 0 F B R BB B AR 3R (DCT) o -3 B L 20

i‘?‘v’gffw’ﬁﬁ'%ﬁ i‘?',%fu;?; L“’K' E:“‘ (£ gﬂﬁjfﬁ’iﬁfﬁfﬁii 2 4}'5 B - S LR gj”\
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TR ) LR RA o D LR o S TRREEDP o @ T
A BEAARAR A B AR A B R R R B o T MU B e B R A RE

A VR R ok = rh A LG AN = st SRR A et ol R

3 % B %4 (Inter-frame coding):

# # iz ip|(Motion Estimation)« % # # 48 i (Motion Compensation) £ # iz B8
RN E R HEFE Y FRNETER P FH B R L e PRSI
STt RBEHH F e E o FAH £ (Motion Vector): @ 4 & 48 i Bl 2_
Fkflr e wpfidoe et 3 40 > B2 o il hw ko - 81
Bt fendo M oplkai=% % F

G FEF B PR S FB LR é_i}i'“fﬂ?ﬂ’é‘*i GF AR B> E TR
M AF P o dofl 2.8 F o A B S BB X TR KRB OE G framen ¢
ok is-skEE gy F o framen-laHITIEF RPN AT K
et gz F o framen-17 B3 - B R4p s R d o PIEX FRF e
PEFTHB TR B RAFNLEERETE AR I F45 7 Tl

% FeHo PIE EE DR AR AT -
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l Displayed macroblock infrmame n-1

/

Mt{tion vector | LN

Current macroblock in frame n

B 2.8 Motion Estimation of MPEG

MPEG % 7 = f&4 o cn¥% A #3:[34] > » % 5 I-frame~ P-frameZ B-frame:
I-frame (Intra-coded pictures) :
I-frame & ¢ * & & HF 7 HA g E 8 £ 5 VLC ( Variable Length Coding)

YRS S SR L SR R R S RO T SRy

»

H 271345 o I-frame 2.4 & H % — 3% 5 15 vd 5 ¥ e P-frames B
-frame;’fs € 54 v @ﬂﬁ; 4 o

P-frame (Predictive coded pictures) :

P-frame i » g @ * P54 H 6 hF R SR ST H R 5w g RS RGR
& |-frame & P-frame> @ %34 iz ¥ f]ﬁ{u R Rl - e Y A TR ol
T B A P EGE L Pk RHEE O R Intrali %fg o d %4 5 - I-frame
2 P-framer i # i f 2 ARG 0 BRI RE

B-frame (Bidirectionally predicted pictures) :

w

B-frametfZzmpr ¢ @ * Doim 2 $m S B> o 5y F o T 4ok P-frame
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FHG AP R § R Intratet A o &

Tt E o ks BT RIS deT B OREES A L G AR

\\\Xr

| 2 o v vEe it ekl o ¥ukde | LATE-

EdEm | %S 5N 5 e 3 p](Forward Prediction) m % = %4 % B 7 i

wde | BeT ARFekda Pt FIEEHEL P FEIFR

B —

\\\Xr
ol
o

(Interpolation Prediction)= i o itz § o B pF i fo 3 B chbi B > &0 £o) o

AL keskpp FenL o if‘u{ﬂ’# Motion Vector kiz4k » 4ot ¥ % <

B REREIEE © Sofh SV B frdf e E A L koo B arEA A | => P

=>B > %%iﬁ‘y“@f}f} B E_ | =>B =>P-

/_\B?ﬁard Fraediction

3 4 2 & Fi o 9 101 |8

Encoding order | 1

Picture type | | sl el |lprl|lellsllrl [B |B|I|P

Display order

Forward  Frediction

GOF Size =10

%] 2.9 Order of Edcode and Display per GOP
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2.3 PHFY

P w3 J:x d video streaminge 58 i * PRAX PR AT 3 20 § o APt A

FhL e

H.264/AVC:

H.264/AVC (Advanced Video Codec)[2Z]77—  eng’ if S G Fit » 3+ 2003 & 4%
# Ao p o B ATHE_2005F 12 7 g & 0% = % 0 H.264* L5 MPEG 4 Partl0
& AVC - 1 & §.d JVT (Joint Video Teamirik 1) enditt » H R4 M A AR ST E
B MPEG2/4> 2 2 v B b L B 3 k2 fieth> T & 27 A B layers & W £
VCL (Video Coding Layerfz NAL (Network Apstraction Layer) B #4¢ A 3t¥ 12
¥ B nfRB H - B oslice ¥ AP m@&fﬁwﬁmb [£2- SR R S & 8
Hi slice BEAF @EFEHPF > & e - ¥ slice 57 A peii § 1 fz
o2 FDFRFTHEBIRIEARLY T - BEFERY F2FTREL N8
o PR E L WZ A slicer 7 g HH B sliced TR o - AR 0 BB
ﬁ%l H.264/AVC ¥ ij 3t e P » g@ﬁ—g&%}ug;{ - B slice mrgth~ - Bae o
B2 ¢ F 5 RRBEROPEE D E BB IR o 8 I R serverg
E AR & § PR B~ | e bit-stream ZE B2 1ot i T o0 o

SRP:

SRP (Selective Retransmission Protocol)fL7% * & + ek 2 > & * UDP 1% 4 i#
B R PHeRAPFERBLL B L bedte > SRPE R P o
gt e B AR > B 0 02 RTT cp i k8 €18 5 500 penifl 4

e

SRP& 5 3 4 & 4y~ ut B 11 2 RTT ehpf > iz ¢ overhead
AT R R R 0 FRLARE B ¢ LR R
F oSG FEA TR
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SCTP:

SCTP (Stream Control Transmission Protocob{1¥ ﬁ%l RTINS A SRR

Partial Reliability #-5% » & fc# PR 58 B > ift%ﬂf’}’?’ TCP- ¥ &+ iz’v’ﬂ@ﬁi&lﬂi

o FEE AR ERIGT ROBEEG O L REH Y g - e 22

GRERE > FAPFEP &2 M3t 2 B SCTP I{ § 2 %4t chigix o
Rz B AP a7 AT 0 1w . SCTPE 72 4 4 > 7 1§ Partial-Reliable TCP

REELRF G -

DCCP:
DCCP (Datagram Congestion Control Protocol)ﬂ@@ﬁ%ﬂ; datn o E ko
DCCP)T&—EL? ACK:UDP » 41 * ACK#7 {7 3] enF 3 4 Congestion Control # 7
PR e SRR R P el SR AR P e
DCCP2 AT Mg Fifim4fe Flid > L £ A& B 4 34 pro 25 BB - 4
g BEPFTEE AT RAE 2 7 i Partial-Reliable TCP* .7

PR o

TFRC.:
TFRC (TCP-Friendly Rate Control)[{l@ﬂi%]/é; Wps o w3 TCP# * AIMD

TFRCi# * AISD (Additive Increases and Subtractive Decredse)® ik 5 1
Tl B F ERERIEERFT G R E R s TS e Reand R
¥ e E g Toig @%] R SRR R o

R E TFRCEZZ 1 ELEB I PRI P RS AHEL ST € &4
PRAPFRELD > TR S BHPFFEL LT RAE

% 2004 Vieron% A 211 TFRCeE & > # 007 — 6% g T pF 4]
(Real-time Constrainedpiizn ==~ F #4484 » & L TFRCK HHAR iFim ~
I Te- BRA TAT PR HASFOFRTRRAETY A R
B5 o § MR RIS h A (T4 47 > 3 F 0 asc g (Traffic Model)
fd ALUUAHA,5] 0 56 SEF RS RE 08 B o e ol A
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Arfg ity 4 R X PR A IR 2P EFEDEIR e LA
LR IT T R B2 2 G [6] 0 A &P RTEEY AR ZEF 8y el
g Mg B A R 7 Fo(Peak Bandwidth Requirementl997# Fengs 4 #% 11 &> 18
] &SI S e T i i B2 (Smoothing Algorithm)[7} # % %.1998# Salehi[19]
PA R ) B R B TR B BT S e iR ]
EPEE T s M EAR eh SN BT T g @ﬁiﬂ 3.4 - 2000# Sen[20f « 4] * T g 4R

T (Window)snL & > T AR T P $7 "Lehe Sl g * amTog i gy i

“f?
%

i

=

3

EE ] @%]Lﬁ-ﬁ 2z El SR e Rehz % 2 fans Ry 7 € % 2508
(Overflow)sf25 o d >+ T ig ju @ﬁi%ﬁ&%l] ¢RI PpRUBEH T AT RS D

PR TR EZE R ERARE D E MBI DS .

Pave FARE 5T AN D N G R SUR R Y B8 SRRAT  [23]Y & TI0
- &k K3 en 2 > Top-down~ Bottom-up~ Application-centricc MAC-centric
£ Integrateds > £ o
Top-down approach : APP layeri. i i* $-#c2 v > d g5k = 54 @ 2 MAC layer>
£ 4 MAC layer ;& z_PHY layer=7modulatione
Bottom-up approach:d Ak p FAzERCEFA P ha2zmeT AR
Application-centric approach : ¢ APP layer# i it & & &} kvdde Flig
applicationi® * Z £ » A~ %_i# * top-downz bottom-upz— ;¢ -
MAC-centric approach : APP layer#- traffic information#? ¢ -+ & & MAC layer >
d MAC layer /4 z_i#% %] 11 QoS level-
Integrated approach @ £ & ;83K eni®i2 £k Kb n L ani®id » B2 48 {0
AR RELE-A BEBERFE By layeriddc e LS
FiREaRtEARREY R -

BEARES R k3 2 T G sninde H IRAR &R 0 e £ choverhead: §
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24 1 &2
Video streamin@z#g AL &£+ 2 2 * % 2 T TR IE /Y IR 408 R

g R A yrE e d JRAR R A R PR R R AP B 4 G fr g

R A AT 0 R R EIEE T kB E R R B IRIIR
B RE R TR - AT 2 kR A R PE T AT - § 0 A

[ D SR I 4 Sl pIT IR B A e ol
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Partial-Reliable TCP

AR AR VAP 2o

31 FPEAT

Video streamingz#g FAL B &+ his* JRIF > BAE R F g P fepet @
ﬁ%%%ﬁ%ﬁﬁ%?’ﬁﬁii'%V@ﬁnﬁmﬁﬁﬁ’wiﬁﬁm’%P
Foa RS AR BRI S R e B BB R IR
W?ﬁ 8 5] (B2 o

FPRBETR LR e RF L ReRBEERG AP ALY - £ ¥ 45 UDP
Fla X7 BELFIBH > LRREER > AR R O ﬁi%l R ERIERIR
{ £ - Video streamings 4F 2] PR A4 chdf ¢ ehid i 3n il i prengte 2 a0
moedte e L BEAOTCPIrA L g dpe LT 5 p0 §RET R Lo
SEBEY dte g4 RELY hrouterZ o TCP# M4te #4A N € £ @324 4
He pFlEE L) REFVEE DI RV FLFTHAF > g
gt e 4ok B RE & it e (4o Hframe) { § Bt ol PRI ST o

AP E R I E (4o Hframe)ii Bk > F Y AR B TR LAIRE T
PHeRAPRF REHE REe £18 5 " ME B ahoverhead U & E AL
Rl BiEE o e FAFRBEFTE S DPL
32 2L

* % 3 ! Partial-Reliable TCP % 2% FenifiE &5 > B R i * /258 7
VAR - T R R chikdk ow) o Partial-Reliable TCP F iz PB4y 7 » iE 3 {40

WA o RRET IR VNIRRT BFIRBOTT -
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Partial-Reliable TCP (PR-TCR)2 TCP 5 A # iFec 2 » o 2 0T BRI »
()i pet & chdpm o K Ta3Fe iRk 5 (P FHF Bafe ATk THRE R &
b7 PR AR e SR o A 3% 0 Basic PR-TCP feigik &/ { :c (@

o BT el L T BEAR € P B drkar Bo e IR 7 0 eTI A R 3R

T

Single-Sidesrix & > 7 % { :x@iE =y > »ciy sc L g AR L Basic PR-TCPR A

-

cle gk e o NP EATT A AP o

3.3 BascPR-TCP
Basic PR-TCPEAZ {7 f 18 i% 2 J& 4T 3P el 3 g 20 Aip & @ > A0 € g

Basic PR-TCR:& (v 4] % jn4g o

3.3.1 Protection Class
Basicix & ¥ & = fift ¢ FE & &

Regular: — dfd gt e » 7 4% BiEi% 53 o

Certified: 7 2 ##pchE £ 3fe » A2 FP P REREFE > FHFRN T R iE

Registered: & & it - % iEE H3% o
AR R s isdot 4 ¢ dhheader ATHF 2 B 4o T
pt (packet type)ie it & ik & & o
Bpt (Before packet typejs 47 — B 4t & chifiE & & o
Npt (Next packet typejeéx™ — B 3t& iRk & % o
Basic PR-TCP/ i * A28 x| T & Bzt Tl 2 S 4o pF ¢ B
* AR g o M3t e hiRE X s~ headershff in ¢ o TP M- Bife 2 Y
Wickrd > K45 Bite and & 82> Certified classedte X 7 52 22% & »
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Registered® Regular classk z_5 null -

3.3.2 Packet Life Control Schemefor Certified Packets

Packet Life Control Schem®&_* ki 4] Certified 3t & ch€ B pFrl > § 4te £
WA R R 0 BB EM LA ey > 2 L £ @ o e video
streaming:e#f & * PRAFE2 P 284 a0 o Wl endte T I @ o o7
1 PR-TCP4]* Packet Life Control SchemeipfIp £ & Certified 3t > i 7
PR £l LT RAY

AP 4t e chheaderti RL (Retransmission Limiff zzék3t ¢ £ &=t #ic
*LH] o #7173 FNP (Forward Next Packet) messageriz ey » 2 £ € @ dte o §
Hedap BiERé bt RLE T kpieFEd  S¢€@- 44¢ RL &
ﬁ%—’?RLﬁﬁﬁi’m%5NWP%%ﬁk$ﬁﬁﬁ@’ﬂﬁi%’ﬁk%

TEEUPEFT L o

3.3.3 Selective Retransmission Scheme

Basic PR-TCR«£ ® TCP Sack[16§ni% % %+41] » 4c » TCP Sacki:% 57 Liv i
Ter B P 5 e Q@RI D E o R B AR TR E R 4 e LR
MAc T eno 2 31 LA 4t 4 hpF i BiEa s B4 3 B Protection

Class*t #tarreJe:
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# 3.1 Packet Loss Handling Procedure in Basic PR-TCP

Protection Class Sender Receiver
Regular do not retransmit do not wait
if (RL!=0) wait until FNP message
Certified { retransmit ; is received
RL --}
Registered retransmit wait

2 video streamings ] - i P e TR R tfoendf 2 B_E vkeh AR R A
K enfia;™ o S & g 2 kil -frameiofgite hdd > @ RIRGE T BE
A o A ﬁf;?  #- |-frame %k % % Certified class @ P-frame~ B-frame 3+
MPEG videon 7 # 7 € & > A i v o -H 23k 5 Regular classit# i3 2 pF %
TG TR RTESGERER o

521257 &5 TCPArim #t & thiz = w Tl 2] Bi% » & A4 jesg ¥
e £ 2%} koBasic PR-TCROER e € v il £ 3¢ e BEA =~

ML R R AR I WA AT B RS A R

3.3.4 BasicPR-TCP 2 #2411 41

Basic PR-TCPd% 44122 TCP 4piv » H 3 & & 5 = Bk i » Slow

Start~ Congestion Avoidance Fast Selective Retransmit and Fast Recovery

& fc# (Slow Sart):
Basic PR-TCR+ Slow Startf# ££52 TCPendp e » 2V i 2 At 3;31 o

#% w4 (Congestion Avoidance):
% — 1 Basic PR-TCPR#ud £ = {5 i i& » Slow Startfd B R 3EFF R4 &
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7] Timeouts 4 i& » #% WAL FFF » Gt FEE > BcsnCWND 2% B RTT §

g & 3 threshold 37 kg wsE £ » &

.0 B Pl A 4te 4 PRI iE ~ Fast

Selective Retransmifr Fast Recoveryy £ -

P EE € Bk v (Fast Sdective Retransmit and Fast Recovery):

HTCP 7 e > Bixahv 1 8 R e H ACK vt 40 f 4 - {9

5 £ 3+ ¢ o Protection Clas§id® > CWND ehig ¢ i > B &= 383 4

CWND - 4rB 3.1#757 - B 3.2 3 Basic PR-TCP+ state diagram # 3.2 5 =

R ik e 2 2 oy e CWND (& 8 1 425

Congestion Window Size

30

25

20

15

10

[ Congestion
[ Avoidance

| Slow Stq"}‘t |

|
b

""“I / I‘".,
|| Threshold / \

/ ".\_._,, e
\ /
/ J|| Threshold
| /
|

| Packet Loss
| v
Timeout

2 4 6 8 10 12 14 16
Time

Bl 3.1 Change of Basic PR-TCP Congestion Window Size

29



Timeout

Stant

non-Regqular

packet lost' Timeout acket lost
new AC
FF
new ACK/Reqular packet lost/
Certified RL==0
] 3.2 State Diagram of Basic PR-TCP
# 3.2 State Transition in Basic PR-TCP
Event Current State Next State Action
new ACK (SS) (SS) CWND=CWND*2
) threshold=(1/2)*CWND
Timeout (SS) (SS)
CWND=1
CWND>=threshold (SS) (CA) CWND=CWND+1
new ACK (CA) (CA) CWND=CWND+1
Timeout (CA) (SS) CWND=1
threshold = CWND*(1/2
packet lost/Timeout (CA) (FF) (1/2)
CWND = threshold
non-Regular packet
9 P (FF) (FF) No change
lost
new ACK/Regular
packet lost/ (FF) (CA) CWND=CWND+1
Certified RL==0
Timeout (FF) (SS) CWND=1
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#d Basic PR-TCRAf g 4] » 7 12§ kiUl e b chylk oy & 32
FRE R4 E RRIERE K - B 3.3 5 Basic PR-TCRa jcs8 1 3] ACK i

A2 B 345 B FEEREA -
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ACK

aTives
TEs //\\\ ki
—<I'acketlua1? >
7 -
MNewCWHD
=1 CWIND
A
ey Yas
éﬁ%egu ar? >y —
§s] I
1]
- “\\
~ .
Pt=Cartified?™> Update CIWND
¥4 /
CWHND =
MewCVWND+1
CWHND =
NewCWND+1
Retransmit |,_RL-{« "2 | 3(==0"
lost packet
{vzs
Transmit r
FNP [™—__| Remove
the ACK |
Transmit
next packet
_r
END

B 3.3 ACK Arrival Procedure in Baisc PR-TCP
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ACKarrival( ){

If(packet lost){
NewCWND=(1/2)*CWND;
If(Pt==Regular){

CWND=NewCWND+1;
}
Else if(Pt==Certified){
CWND=NewCWND+1;

If(RL==0){
TransmitFNP();
}
Else{
RL--;
RetransmitLostPacket( );
}
}
Else{
RetransmitLostPacket( );
}
}
Else{
UpdateCWND();
}
RemoveACK();

TransmitNextPacket( );

B] 3.4 Pseudo Code for ACK Arrival Procedure in B&&R:-TCP
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335 | %

Basic PR-TCPF 11345 + K cng Foo Bdte X 25 7 b oniFRdE & % & 4
AP REBI FARESRRAT ST B {8 0 * 2 video streaming
BT R PRAE > R D 0 A B a ATk R B o R

PR T § & R T s e 59K & Single-Side PR-TCP

34 Single-Side PR-TCP
F]5 ¢ * Basic PR-TCP< Jf & i3 2 3 joeg 3L+ PR-TCP> v 17 %
LYo fF o s APy g - B A > Single-Side PR-TCP & 2 #3% & @ izsd o
% client/serverizfi— ¥ 5 2+ ¢ > ¥ F & serversf K& > @ clientzf# i * iz
i TCP> 4t 4a (7 PR-TCP# z % % -
,Argq@ﬁ%m@%na_&k%w@wﬁwTGD%ﬁ%ﬁwﬁéﬁ
Aom BERT XEEF BT 1*%95 EFETI D4 £BAH o

Single-Side PR-TCR 7 5 ##1f2/4-i& 1 I° 38 o

3.4.1 Protection Class
Single-Sideix & 2 & 7 & & FE & &
Regular: — dcfdendte - 7 3% Bvfis R o
Registered: & & shite - & BiEiE %FE -
§? Basic PR-TCP# e = %t Single-Side PR-TCRX 3 Certified Class
F ] &3t Single-Side PR-TCRY A (7 & @i =4 » Bjess m £ H @ ch TCP» &2 e

£ 18 3% 2 AR $H PRI
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3.4.2 Replication Scheme

BRI OEFH AL ARG EERE BICENTCPE AW EFT 2
50 R B RE > A PR B2 045 9 Regulardt# chheader E &€ A4FE ) -
- 4 TCP 3¢ + ] &+ % 1500byter 2 # header |- & 20byter ¥z &z
MEFREOHEPFEIRI R AU BTG headert 7 payload:isits @&
B ERERITAE A E T Bd e Vo MR T i e AR - B R
Fefp g o

APFED F TR S DB B R LT RBR R P A 24
LIRS @ﬂi;'] 10MB enffft » & i B i% chit e FF WiBdt e > Tapdler
it e F A S0 R 100 KR kY a3 kit RA FHEAT O Bite B

Timeout# # g2 8 2 4 4 Timeout p¥ & overheadis & » 7 % 4% % 4-@) 3.5

T
. —o— 1 Replication
f’:; —— 2 Replication
>
3 —a— 3 Replication
S L
= ——no Replication

4 Replication

0 005 01 015 0.2 025 0.3 0.35

Loss rate

Bl 3.5 No. of Replication V.S. Timeout Probability

B 3.5 X b 3¢ B4 FoVY #h s %3 Timeoutsn=t #i> H ¢ 1 Replication
A BRI RS OEF R TGRS A Fodte B4 FHRBY
SEF A RLBATe BioR 4 o B iE s Timeoutsn= i g R

+ Timeoutd # £ 74t¢ ;B4 % JF &€ @ > @ Timeout®t: = ¢ overhead® 14
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(3.1)% 71

Overhead= No.of packets packetsizex lossratex retransmitimes (3.1)

# 3.3 Replication overhead V.S. Timeout overhead

Replication No. of Replication Retransmission Total overhead
packets over head over head
0 6,667 OKB 1,432KB 1,432KB
1 13,334 133KB 1,030KB 1,163KB
2 20,001 266KB 888KB 1,154KB
3 26,668 399KB 744KB 1,143KB
4 33,335 532KB 726KB 1,258KB
HF 337 g o @ﬁ%lz’v’voverhead% < - retransmission overhead

i1 % R4 > e total overheadr 7 = 2 ¥] i 3 4 Replication @ % i1 > »
Replicationp# = total overheads @ + = & Replication{ % > #72 A2 g ) en
Replication Schemé s 3 z_Replications = -

Aok NP AR He ENRETERIe G T gL Bite v Edte AT
Bl enlF 2, F Blcs A e Rl B ¢ PR G A cB B 4E 63 2T
PR HEI TR EREINEBIRB DT o A P RAF Bt B E 4 2

Bitp - Bdte - BB 3e v Bate APE P ¢ < FRF o 4oBl 36977
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3|3 4 1 3 7[]

] 3.6 Single-Side PR-TCP Replication Scheme

B 3.6 8 blp % §EB4te ch= 0 > B9 44 2 5 Registered clasgdt# -
E B R A @Y Bafte o 34¢ 1-3-4 % Regularclassnitée o B E 4
Pt B BEAE A BB T - BRI - BERIEWTABE
g2 {8 o

,%ggl P ET U R F] S e 3 3] ACK A Timeoutshfs ¢ » x 7 ¢ ¥4
Bl A B a TREH FRRBEFTER £ 345 54 B4

Single-Side PR-TCR*#¥}+ 7 F Protection Classt #eiiJd2:

# 3.4 Packet Loss Handling Procedure in Single-SRIETEP

Protection Class Sender Recelver
Regular retransmit duplicated packet wait
Registered retransmit wait

Fle AP EZHAETE 0 TCP, g Bite 7 i § 3 2 & 35(E it
3 BAE) 0 WA T TCP 4 4 438 > A P& LB4t# header?
PSHi§ =& % 1- PSH % TCP headeti#_s% 5 :Push function 4-% PSH i 1

S3E SR TR R E Rk R PR 4RSS § 58 TCP AL - 4
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F R A2 Jf & video streamingizsiF 4 A *F R AT FAL R E Rt

PRF% o

3.4.3 SingleSidePR-TCP &% 42414841

Single-Side PR-TCP % #4148 4] & - &2 TCP- 4> % 5 & Fast Retransmit
pF > Single-Side PR-TCPE @ 3t 2 > 4ot & 91it - B] 3.7 % Single-Side
PR-TCP:state diagram# 3.5 % =+ B & jf 5 avhk fs 3 12 % ez 59 CWND

i

Stant

new ACK

Timeout

Timeout

triple duplicated ACKs duplicated ACK

e
FF

] 3.7 State Diagram of Single-Side PR-TCP

new ACK
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% 3.5 State Transition in Single-Side PR-TCP

Event Current State Next State Action
new ACK (SS) (SS) CWND=CWND*2
) threshold=(1/2)*CWND
Timeout (SS) (SS)
CWND=1
CWND>=threshold (SS) (CA) CWND=CWND+1
new ACK (CA) (CA) CWND=CWND+1
Timeout (CA) (SS) CWND=1
triple duplicated (CA) (FF) threshold = CWND*(1/2)
ACKs CWND = threshold
duplicated ACK (FF) (FF) No change
new ACK (FF) (CA) CWND=CWND+3
Timeout (FF) (SS) CWND=1

%‘gd Single-Side PR-TCPfieZ #1484 > 7 14 5 seenfp e fe cpik jnd & @ 3%
#FR A RNE ERIEE KRR - B 3.8 5 Single-Side PR-TCRE: e 42 3] ACK

Az 0 B 3.9 5 HiwE 2 m#As o
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YES

ACK arrivios

++MNumDupACK

MO

W

MO

MumDupAck=0

Update CWND

NumDupACK l
MewCWND
=" CWHD YFES
¥ ++CWHND M
CWHND =
NewCWND+3
[ —
¥
NC Retransmit
replicated fake
Retransmit packet
packet ¥
i ¥ _|Remove the|
) ACK -

Transmit next
packet

] 3.8 ACK Arrival Procedure in Single-Side PR-TCP
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ACKarrival( ){
If(duplicated ACK){

NumDupAck++;

IF{(NumDupAck==3 ){
NewCWND=(1/2)*CWND;
CWND=NewCWND+3;
If(Pt==Regular){

RetransmitreplicatiedPacket( );

}
Else {

RetransmitRealPacket( );
}

}

Else if(NumDupAck>3){
CWND++;

}

Else{

}

}
Else{

NumDupAck=0;
UpdateCWND( );
}
RemoveACK();
[f{(NumDupAck==0)
TransmitNextPacket( );

}

&l 3.9 Pseudo code for ACK Arrival Procedure in Singide PR-TCP

41



344 - %

Single-Side PR-TCP JE*x A @ v NiE 7 » Fh|f 423 p & o il ¥
A sy eid b T RE b AR 0 ¥ 3 clint/serversze 1‘]& o & 7R M BT
EEApEE DR L e i g AP R * 7 Replication Scheme ¥4t 7 i3 e
4+ » 44 Header ® € i% > 3 & & 1 overheady > ¥ "% i< B gl e 3o i 1%

PERE o

3.5 Packet Protection by Forward Error Correction
STWAHHFERIINATRED APRP I - B LA H
¢ 2_1+](Packet Protection by Forward Error Correctio) = n 4t & 2_ {8 » 4¢
+ - B i=4te (Parity Packet) frix4t# Fen& - B bit £d n Bite ? 4p
Reenbit * et B e SN A 4 o i N+l BAE - BAE{ L hE o fE
- & Segment @ % — & Segment® T iw - Bite F 24 PFERc e

Segment® if 4 2_ 3¢ %HE) - if‘u? I * o izdte Bori & gt B R oo

N
Packet [ 01101010 - 01101010 | A
[ 00101011 ------ 01101010 | A Segment
’ : n+1 Packels
Packet [ 01101010 ----- 00101011 |
Parity
Packe | 00011011 ----- 01101010 | |
: >A Fragment
N
Packet [ 01101010 - 01101010 |
[ 00101011 ~---- 01101010 | A Segment
’ : n+1 Packels
Packet [ 01101010 ----- 00101011 |
Parity P
Packet | 00011011 - 01101010 | | )

] 3.10 Packet Protection by Forward Error Correction
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FIAAE- B NREE B e BRI FEAH oS L_Registeredt A

W4 ¥ e Certified3te p|£ @ > 2 £ 18 o

36 %

AAF P o APEZE 450 APR D9 PR-TCP> Basic PR-TCP 2
Single-Side PR-TCP $f>t i g PR-TCPE 2 38 (T8 p]» jf Flamip » Ay
BT R A PERAHE TEE T AR RO RBEA PGS 2T G

PP B T RS DT & video streamings Af & * PRAR S F o
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NPT RF TR B %] 5 D #-A e PR-TCP £ 3L (7 eid 3% T (4 TCP

Reno~ UDP ~ TFRC %)t g o

41 R%EE

2 i 2 NS-2 (Network Simulator - version 2)[31,38) #-#t B (7 5 F 2 -t
BB ¥ BB Videodt s B AW MR g T m@ﬁ%lé-a: » # * Evalvid[11,27]
TR SR G 5% R - 7 H LS Video 5. -

Evalvid ¥ - £ 5 W 57 1 & > k0 i@ * —*‘Ff“ﬁr 452 zg\?fl@ﬂﬁ N
;e BEF A2 LS ATV RY x’g»\@ﬁi%r‘%??ﬁﬂ%i% - B 4.1 :

Evalvid 7 4
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play-out

user
buffer
Source m m
= = :
2 Metwork 2 Video
o (or Sirmulation)|= /5 | \Decoder” |
- =/ O [ 1
Loss / delay 5 I |
]
= | I
y frace I 1
| receiver I !
ET * trace ! I
] erroneous raw YUV video
codedfvideo  recorfstructed video {receiver)
erroneous video 1
| RESULTS: |
- frame loss / frame jitter |
FV - user perceived quality |
¥ - | _______ —
raw YUV video reconstructed
(sender) raw YUV video (receivey)
¥

|KITSI\ MUS

B 4.1 Structure of Evalvid

#- Raw YUV[33] video¥uts = MPEG-4 #4538 » T d& 4 = NS2 ¢ 3R & eh
traffic trace files 2 # 4 ¢ ID~ BE PR ~ 3+e < -] rscriptdh & NS2 4 47
Sd R TIRRESEFRERES AL S B % sender receiver trace files
senders4r i i pFedt e ID~E R & 3 i PR orecievers -8 e ehit e ID~
B B o pE R o

BiE A2 0 kehtrace filew B 4oer g chit e BETRO MY BB T N
-4 dg trace file - i R % > £ 3790 MPEG-4 5% enff %

£ i3 E R = YUV hvideoeo

i PSNR B8 2 BRI RGd RREEEEZE R X Raw YUV

videosd F 4 £ o
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42 R %iFH atpﬂ-

Video streamingifk * #£ 4 £:F T i #3%x TPlay as received> # F e
* s delay bound « 7 %3t e A pFERE ) A4]. % 0 54 video conferenced;
* ¢ delay bound: 600ms: VoD & §_#H i Trpki+ & £ 7RA B G * 0 delay
boundi&kL 2

¥ video streamingy & cHBf 4 3t av B delay boundh i# i J&qc s 7
ﬁ;@fﬁg hofice B g EEafh o M EE @SS R & & delay boundh i# i >
Tie 7 6 A2 nF Ko bldoiF 6 1 E NPERF ALY 0.14) Al e & 207

Przw e Rz i o 0 A R R fehE o T G AP a4k

i dp ik
A. ¥ {334 & 37 B (Number of Packetsin Decodable Frames):
- B4 » tdelay bound® ¥l jashinit s B L ARE- B 4 TR

}E‘Tﬁ lb’|‘7§:ﬂ}?%‘i’5"r

\\\Xr

Y oL B F T ARfERS Hee F oV fRRA g ehik i+
EAalLl 7

ml-frame:r & ¥ it ¢ BB AE P AET T fRRH

3

mP-frameit & HEAZEM > @ ¢ #r74F e l-frames i ¥ f3R %5

>

mB-framezt ¢ B ACEFE > @ 2 #7144 o l-frame- P-framew 7 2R 45 o

TRRE G A e B AT

'3'

1. @Gt e ehP|E PR -3¢ hi I ) < delay bound

2. FAG vcdte o

o

Y it s 4w G okdt e
RPT RE G ey RN PRt TR 6 3 By BT

4F o
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B. PSNR (Peak Signal to Noise Ratio):

PSNRAE - @ % * k3=t F Fant a1 £ -3 F 12 ¥k b (dB, decibelff i+ % %

Fa
MAX ?2 MAX,
o ' log .
PSNR=10 10( ) 20 10(\/—SE) (4.1)
MSE—%;;”IO i) —K(i, j)” (4.2)

PSNR: & £+ £ (Mean Square Error, MSE)E ) &k - 3K % B m*n
8 4 B | 27 K ik B(Noiseppis » # P eo= £ 2 & 5 253(4.2)» PSNRA]
TH L ON@EL) P MAX, & 1 Bl fBEE S (B> £ 7 B 8bit& 7 » 7%
P 7*1255 R R ﬂﬁ" £ A cH PSNR & 30 3 40dB 2. ¥ - % 4.1 PSNRIE %
&3] 5 % MOS (Mean Opinion Scoré) %] & it {7 5 £ 3= - AP 7 10 {(LE B B

i2 PSNRE 51 5 7

# 4.1 PSNR and MOS

PSNR[dB] MOS
>37 5 (Excellent)
31-37 4 (Good)
25-31 3 (Fair)
20-25 2 (Poor)
<20 1 (Bad)
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C. ggeh42* chfpe gt 7R (Wasted Transmission Over head)

¥t video streamings#g & * PR k3 > #6 7 delay bound# i #jc g it e ¥ &
skehs B GPRHE o § AR RETR

#& 24t @ (Invalid Packetynz_s:i% i3 3z » © £.42 1) delay boundi4t e -
AT DR TR Y S ST

WTO =( no. of Invalid packets + no. of retransnttfeackets) x packet size (4.3)

43 R =K

P e L 2101 & B le 3 ih SR R RIRSE - BRI E 8
v Foremanz Containerz § B e~ R o o BF BT 4o~ bursti B e 330
Hibe B ) R AP A B RN (R 425 BB 4
# > 12 TCPReno UDP 2 TFRC iz ¥ 2 » - e gy » 31t i PR-TCP:h
7 i 5% A :Basic version Single-Side versio 7 ¢ enif:E = % (%3 | frames>

#i |~ Pframesy ik 4 R o
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B 4.2 Simulation \ﬁdeo:ForemanContair

# 4.2 Parameters of Simulation A and B

Parameter Range
No. of hors 2~10
Delay bound 0.6 sec~8 sec
Queue size 20 packets
Loss rate 0~0.5
Burst traffic load 500Kbps

I-frame I/P frame

|Certified class

441 =P 1%
ARHERDPHRAL T RBEAP DD TG EL L RE D] Rk

BY o AR ARt T R B R L KA R -
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442 F AT

@ 10Mbi1ms S5Mbi1ms 10Mbi1 ms

Source router A rauter B Destination

i8] 4.3 Topology of Simulation A

# 4.3 Parameters of Simulation A

Parameter Range

No. of hops 2~10

Delay bound 0.6 sec~8 sec

Queue size 20 packets

Certified class | I-frame’ I&P frame

B 43 ZAPFHAGIp £ 43595 A g8t A iPE> 7 source
destination* #ic B ied B(RB R %K FH 42 b #cg cfed B> 2~101) e
¥ B > % * Foreman%z Containerit % ?ﬁlﬁg?]ﬁﬂ%%ﬁﬂ% oo T2 % 442 % 9F)
i router A% router Bz & 5 burst traffic (500kbps} # > & * ehid 3 T R i 4
P& F %P ki (540 TCP Reno UDP-~ ...) > # 2 % delay bound ##t
PR % 154 > router{e router2. i erE % -2_5Mb- 4t & pF & 1ms> source| router
A % router BF| destination:7#g % #_10Mb > £ 2 Ims» g d F 77 g 12
¥4 % DropTail > queue sizei 20 packets i & LR T 1ot AR ~ ¥ 24 & 4t

¢ B2 PSNRE © 7 5% A & v et & &

® PR(I): Basic PR-TCPy #- I-framek = Certified class H 4 P-frame B- frame

¥ » Regular class
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® PR(I+P): Basic PR-TCR- I-frame 2 P-framezk = Certified class B-frame z_

%= Regular class
® PR-SS: Single-Side PR-TCE:I-framek = Registered class H 4 P-frame-

B- frame'’s » Regular class

® TCP Reno
® UDP
® TFRC

443 BB S

i# * Foreman® Containerit % i# ﬁ%ﬁ%ﬁﬂ% G EHEEE LIRS o He
Y E S Foremangig Bt % - B 4.4-~45% 467 %4 4 delay boundiz
/] (4= video conferencek * ) ~ hop #i . 6~10( i i i £ ) chpF i3 » PR(I+P) 2
B3R 2E G 3t Bl S ~PSNRERS ~ P RS - FL N REER
MRF it e (4o |~ P-frame) 2 € @7 € & 5uf 4 44 ¢ (4o B-frame): 3¢ it &
delay boundt et g s -UDPF 32 £ > § £ 247 G4 P ¢ 5T
B

B e fam o RS TR SEL DFE - TCP Renoz TFRC ¢ & B3

ﬁ g
RN
e
Pt
fﬂ
~D3’(7
e
=1
(3
g*
&
e
)
A
e
s
Oy
4
=3

44t T ERS

B Erd s i L BE IR LY cPR-SSE § 45t - BLELeR LT R B i
Bate > wda g Rt £ =tk ' M E @ ahoverhead

Ap e e w T > 4 delay boundi + #pF i (4 VOD & * ) » PR(I+P)#

f2d o 4t ¢ B2 PSNREF iv ¢ ** TCP Reno TFRC# % » ¥ TCP Reno%
TFRC 3 &3 i B 73 41 ¢ |id %23 delay bound#*4] > ] TCP Reno
2 TFRC e & i £ 843 ¢ > e £_PR(I+P)* TCP Reno TFRC € # =t #c >
FROhA T AR R o
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R R L kB ¢ > Basic PR-TCPy 4= H i i 2 $2 fr;,i@ﬁi%] delay

bound# i< shF {2 B2 P IR PRAZ G RAFDL IR 0 @ ’ér_@ﬁg?] delay boundfiz + =

?

[y

(F OB IRRIEPERE R &S Y £ TCP Renot TFRC» e 8. & 4 7 i § ciig

F R
Decodable packets at different no. of hops
(queue size:20 packets, delay bound:0.6 sec)
5500
12
% 4500 - —e—PR()
©
2 3500 —a— TFRC
% —a— Reno
< 2500 —m— UDP
o
8 1500 —¥—PR(I+P)
| —e—PR-SS
500 I I I I I I I I
2 3 4 5 6 7 8 9 10
No. of hops
(@)
Decodable packets at different no. of hops
(queue size:20 packets, delay bound:8 sec)
m 5500
@ i—i—A
& —=—TFRC
] 2500 —&—UDP
§ —¥—PR(I+P)
8 1500 —e— PR-SS
500 I I I I I I I I
2 3 4 5 6 7 8 9 10
No. of hops
(b)
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Decodable packets at different delay bounds
(queue size:20 packets, hop count:7)

p 5500

g 5000 o PR(l)
TFRC

& 4500 L

o O Reno

3 3500 — B B PR(+P)

g 3000 - | @PR-SS

2500 =

0.6 0.12 3 8
Delay bound (sec)

c
Bl4.4 F3%A G LAt »i;i?f I?F' hop#* decodable packet$* iz
K@ 4.4(@fF g3 % delay boundk % 0.6 sechop#k i+ 6~10pF> PR(I+P)
WH T kv f3E G 46 kb § 18% 0 PR-SSHV 134 & 3¢ #it PR(I+P)
55 % 10%e £ 8 4.4(b)~ (c)7 M %3] % delay boundk * 8 sec hop#kc i 6~10
> TCP Renox TFRC 7w 34 & #1¢ b ® » Fl 5 5 & FE k1) 3¢ 7liL -
PRI+PYF1: £ £ @ Fenif 2 44¢ > B8RV 34 & 3¢ B 4o > & E 3 4o chif

& 7?4 TCP Renox TFRC-

PSNR at different no. of hops
PSNR (db) (queue size:20 packets, delay bound:0.6 sec)

40

35 —e—PR()
—m—TFRC
—a—Reno

30 —m— UDP

\ —¥—PR(I+P)
25 —e—PR-SS
20
2 3 4 5 6 7 8 9 10
No. of hops
(a)
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PSNR (db) PSNR at different no. of hops
(queue size:20 packets, delay bound:8 sec)
40
——PR())
35 f —=—TFRC
—a—Reno
30 | —— UDP
—=—PR(+P)
—e—PR-SS
25
20
2 3 4 5 6 7 8 9 10
No. of hops
(b)
PSNR (db) PSNR at different delay bounds
(queue size:20 packets, hop count:7)
40
a PR()
35 | = TFRC
OReno
u O UDP
30 B PR(I+P)
O PR-SS
25 H ] H
20 - —
0.6 0.12 3 8
Delay bound (sec)

(c)
B A5 FmA SR LT a7k hoplic? PSNRE St 1

X B 4.5(a) g1 § delay boundk = 0.6 sechop#c i 6~10r > PR(I+P)
& v 2 25 PSNRE S S 4 15%° PR-SSH PSNRiE  PR(I+P)Y: 7 %
11%- £_8 4.5(b)~ (c)¥ m g% 3| % delay boundk % 8 sec’ hop#k & 6~10p% »
TCP Renox TFRC e PSNRE # & ° PR(I+P)7 PSNRIE 3 4r st & 7 4 TCP

Reno%x TFRC-
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Bandwidth wasted rate at different no. of hops
(queue size:20 packets, delay bound:0.6 sec)

QQ/ 60
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- —aA— Reno
= —m— UDP
E —¥—PR(I+P)
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Bandwidth wasted rate at different no. of hops
(queue size:20 packets, delay bound:8 sec)

< 60
S
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Bandwidth wasted rate at different no. of hops
(queue size:20 packets, hop count:7)
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<
(%]
g 40 F O PR()
S ® TFRC
S ?l_-’-,/ OReno
g
© 20 - oUDP
3 mPR(+P)
- B PR-SS
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Saved resource and PSNR improvement
at different delay bounds

(%) (queue size: 20 packets, hop count:7)
25
20 [

15 — o Saved
10 ] resource

5 || mPSNR

0 |
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-10

0.6 0.12 3 8
Delay bound (sec)
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452 %42

@10 Mbi1ms 5 Mbi1 ms

Source Fote” A AP WLAM Destination

i8] 4.8 Topology of Simulation B

% 4.4 Parameters of Simulation B

Parameter Range
No. of hops 4
Delay bound 0.6 sec~8 sec
Queue size 20 packets
Loss rate 0~0.5
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Decodable packets at different loss rates
(queue size:20packets, delay bound:8 sec)
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PSNR at different loss rates

PSNR (db) (queue size:20packets, delay bound:0.6 sec)
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PSNR (db) PSNR at different delay bounds
(queue size:20 packets, loss rate:0.3)
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Bandwidth wasted rate at different loss rates
(queue size:20packets, delay bound:8 sec)
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Saved resource and PSNR improvement
0 at different delay bounds
(%) (queue size: 20 packets loss rate:0.3)
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] 4.13 Original frame #111
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B 4.15 % % C % % : Received Frame #111 by using UDP
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