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Cross-layer Design of Packet Scheduling for Real-Time
Multimedia Streaming
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ABSTRACT

Improving packet loss does not necessarily coincide with the improvement in user perceivable QoS because each
frame carries different degree of importance. We propose Significance-aware packet scheduling (SAPS) to maximize
user perceivable QoS. SAPS carries out two fundamental issues of packet scheduling: “What to transmit” and “When
to transmit?” To adapt to the available bandwidth, it is necessarily to transmit the subset of the data packets if the
entire set of packets can not be transmitted. “Packet Significance” quantifies the importance of the frame by
elaborately incorporating frames’ dependency. Greedy approach is used in selecting packets and transmission schedule
is determined based on the Packet Significance. The proposed scheme is tested using publicly available MPEG-4 video
clips. Decoding engine is embedded in the simulation software and user perceivable QoS is exposeed in

termstermiSNR. Throughout the simulation based experiment, the performance of the proposed scheme is compared
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two other schemes: Size-based packet scheduling and Bit-rate based best effort packet scheduling. SAPS successfully

incorporates the semantics of a packet and improves user perceivable QoS significantly. It successfully provides

unequal protection to more important packets.
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tes AZAeR FustEgdva 7Rt = i
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Teglh), ZHgle] ojEn SRR(—)E AR
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A= Bz AR} glejof dvks S ovdt
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A mdE sk ov]R)= 23142 FHAlEe]
vd=e] gle Hefjolw o] gof we} 3hale]
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352%288 5] itk ZH7he] wlE ol 24bit ]
2715 7HIek £, 7 AR S Has =
e d fi(ay) S () o S1ACA HA glo]
ehar shar, f), 7 AR AEEA A Al

tze =7 osks W £ (2,y) E x, y)elAe] 3
Alzrolglar a2k |F SignificanceE A2l3l] ¢
3 F7le] 7l =E WA Aok} R o=
D(fi ))& ok A1 ()3 2] Aojsiny™),
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W< Hx 255°
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[k £4e] s, vl 3Pde] PSNR o
Azl @S YeRich o] mlglem  Fj7l
Significance, Q(f;,) 7} A<J=rh Q(f;k) = =
Hl me dolo] fi, < o et
= e Ask 3 @Bl 7l D(f,))
ofdel, sg ZHQl m dolo] fl el olEshe
zHE w=x fololEe] 3 AslE xRk
)71 Significance+= 2] (2)2} o] A=)

7} 4]

Q)= > Df)+D(f,) ®

Srun€EC(f50)

C(fi)e fipol eEshe ﬂﬂ £ ma dlele
5& om 6&4. fin 7 AR AEEA] oA Al
2 tzd =x] o & uzﬂﬂ = Folo]
¥ ofzl GoP Wlo] mE oFEshe =z we
#lojolEo] dgFs W=tk Z 7 Significance
% QU I L A1) Tl gk D(f;,) <)
el ojEsh= AAES] Aew 3 Y, D)

Frn€C(F)
S el ges g wed M
Significance & <dxte] eWs=x= P r|AnE

Tk enfE=e} Fha & ‘F ek 28 12
ko] #loloje] wfA 7lod= gk 7 Significance
e BolF= ZdE olAlelth aF] 2014 B 5

. )
| (HH ) (3]
4
| P B | P B

Frame Framel

a3 1. A 7]1e4=2} Significance
Fig. 1. Packet contribution & significance

8l 2. MESa BEeA™
Fig. 2. Network topology™

etAls] Zzb 1 =Z9), P ZHq), B Ze)e] o
2 7199 3 D(f},), ©1 A7 5, 3, 1 olekar s
7 Significance, Q(f},), # (5+3+1)=9, (3+1)
=4, 1 3} Frh ole} o] £ =itellr] AlRIsh=
71 Significance = ZF7te] ZH|l} #lo]o] &2
AR 71AEE wlEko R Fjzle] spAe]| nx|=
e Az el 4= gk

7Hdsta, S(f) & 41714 27|12 7Pt
o ARS7FsRE di 9 ES A= Ay CDN &
A olel 7 7 e P ele] adeiA gl
ok ZPgEel =] S o7l AERS
3l ARSALR sl e wERvie] 3hd
A Ak el glek 1(75,) & Fo171 ARdel
o] AdejEl sfZleleta Hgsta E(f),) & A
HZ Foll Al Asfsit AdE vz= =]
& ARloleta pEe) old aE e Fof
AL el Fde) B g(f) & 1A 7
83 AR WA afsjel dhks Aotk 1
ki NOT I

FAEIT) FAE B 3
A B

o

d N mlo

§2 & Ju

mlm o{N )

A @el] e A4S 9
A7) 7leiwe] g vehls B
A et tEe Hx) ke s A48 5
AFe ejnlaich webd Ae HuAe 22l B

g ANz e A (f)S S 2 5
et #z1S Addshs TAl= wid A (knapsack

% % gl ol
o Z7)e el We ololRle] ¥, 2w A
Significance, Q(f ) ololele] glolx|e} odml A}
Eahrl= Aol y)elgl aElm wde] ARevbs
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o] o] 7hedt HgEe] =719k Ak
52 12% o|HE 3] wliel] ¥ =i

2AEY W91 ¥l GoP wHEIE o] FeiRlet
o A @= ) 2AEY 28] (GoP) w3
A S8l AH7FsRE A5 E Allsle A&
vhepet

tytw
U= / p(t)dt @)

ty, w B p(t)E 22 vl A A9
2% A ARz o), o ade] gidF o)g-
7Fsdt dede] z7]E dehich B el
AZ& AEFe] QlelA  zElY] 71 (greedy
approach) & A8-31¢c}. |71 Significance & =7l
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S(fir)
= AR Foil A4, S E‘ﬂ"—ﬂ'—.
EE 2R A=) o]

o) =A% he 3 e(fi,) = o e %

23] ¢
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violrck
> s < U
faEIf) ! )

3.2 ozl T&

A5 d7le] Aaxw, AeE AZE kst
A FefoldEA AEd F8r} olrk A= o)
7o A% 2AES Ak 2] A Alele] 714

Ashs A dudssiclh A ]

SHER SOorAES 7l AR oozt 7+
& Ao A7 EaqeE st S8 A7)
9] burstinessg FA3Fsledof gl E dqoA=
g7l rlole] 7FAE o]83lr] ¢ls] ! Significance
& olesigleh MslolE F0.8 AAUFE o
Z AL g wegeklelch 6(f,)F oA
7

% Aole] 7} Holele) §(f, )8 Fake A1e o
% 4 ©3F 2} =

Vi @) p 6
X Sl ©
F'(fl,.A)EI(f/)

=z w Fo]o]7} MTU (maximum transmit
unit) B} F ASolls o] Jle] Fzlom ¥ e
A A% ols g A% A7l meg) me
Holol7t B e AL tha] A S Lp]

=
o] &3k ZHYl == EololE o= 4 A

o

d

% °d?-°ﬂHf 37 7l 2AEE daElES
vlwgltl 7l SignificanceS 123 A%l 2AE
2] (Significance Aware Packet Scheduling: SAPS),
zZ7] 7IMF SR 2AET] (Size-based Packet
Scheduling: SBPS), 2|3 Al 7|4t |7 A=
2] dwE]Z (Bitrate based best effort packet
scheduling: Best-Effort)¢] AsS wv]a H7|gkch
zzel 7l AR daEle ﬁﬂ"ﬂ At
A whell sloiA A7) te Hes 7R olF
gt 7 AR ~AE Gl ] 2R
Az (Folo] Ae] ZwAlx szl e Zea
aela 74 @ ZeAly) 2 oA 4 gtk
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Best-Effort 27 “gd3dlch #ojx] A= zZeAx=
AlZA 9]=H (scalable encoding) 7|HellA=t T8
gk A old], oAl (multi-layer) ©.2 1 ZH ¥ B]t]
sfalollx] olg 715at jei%e] Wolx] e
A7 BAAE AAshe S diich o
=1 AlYert 1AFHE A5 ASA <l
T 7S ARgste] <l=d HSicka 7HdEkaL 1
AHE 27 Afshedl 8%t Fo]
250KBytefsec ©]al 1AIZHE 3AS7FA] Hull=d
H a3t toFo] 320KBytefsec 2k 7FASAL
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2} s, 7 2AlEEE AT Bl Zles
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= AAZE HEvt]e] ~EguS $18 AR 5 R 2AER /1Y
A WFeiz= IS AR S Hole] AlE = 1. HHL 25 /e A
SAAE B o]e d gelEe U sl Table 1. Basic information of video clips
S ARE Aehs bge weks Aol Wl T T —
AZxo 2 QzdsE ur]es Afsle ~Ew A Trame rate (Frame/ 5 o
Picture size (pizel) 176 * 144 1,920 * 1,080
B|zoll M= o]9} 2HE A ARE|eizich #o]o] Number of Frames 9% 2501
_ Time (sec) 31 934
A ZE2A| 2~ o]Foll= SAPS 12|31 SBPS oL Bit-rate(kbit/sec) 306 16~
BZe 27} o8 7Fsdt el el wae] szl Al Vianes O 5 Tote:
o Z2A| A $33c) SAPS 7S GoP THE S ntader S e
HZle] FoAdS wike R Ale] ks diol
J7l& Aelsh= Hbdel SBPS 7|¥-2 GoP A2k 7+ 3]2~2 721 (color histogram), motion dynamics
AR t37yg FAHNE dgFo] sl wF 5 7] o2 5A4S 7xick 2 Alglel|xE SAPS
718 =g}, Best-Effort(BE) 7|%-< st o] olya|Zo] tlokgl nt]e 2l A a7 o)A
o] A% 255 253k SAPS 7|¥ 2 SBPS 7] olug Aule melx] Al wle Zale
HE lolo] AE ZRAIL o]F 7 AlE x=A AZzA Qzd syEhte] 712 deolel, base
25 B3 ol& 713 UdEY Ageke 2s) layer,2} 3702] w1 dlo]e], advanced layer) =
Al 7] S AR BE 712 @l #Hlolod ) o]l & (single layer) JFZHHICE F 1S
AAE Bl7] witel] Buelrl Szl vlES= 71829l wlr] e Z2lo] AnE Jehygich
Abatol wie} Fabg] szl =Ale] $18lel Asfxlch a5 32 AgE vjr]ee] AE shis wojFrh
AgE]olof & djzle] AAH, dae]Ee 7] H|t]e 9158 MEncoder & Q178 e
g 7P A3l A S AR SAPS Boodge] BAe Felo|ddert )= W]
71%S F71e] 7] Significance Ftoll wiel A% 0]e] spe Ikl Aol B AT o]
e AAske dbdel SBPS 71M# BE 7] v ZEgl EAs ERIchAY o] 8 reRt W%
MR Z2719] 276 wlEsis Azl A S & & FAslele Zlo] ofirh uwlepx AlEHeld 7
oRlth = 2 =719 HRasE zke =79 ¥ Hke] v EY Il AgE A7l Az A4
Zlol| mlsl & 7PAS ket AlEHolAd U 9 fFdsls AL olF Fash) B A=
EQ =3 A EHo|E] (NS version 2) & o]&sfx] A FejolE xr Aofx] =ZH Y Tzmd ze A
Peglor M, MESa BERAE 28] 2 o b ellr) Hlad Al WENAE B Seles
et glet HAZl& oA 238k ovIAE FEIE 75
18] 204 HepAE] 3170e] AHER 31709 olm| ] 3h 1= ¢JE AE nye s}
SefeldESe] vheholrh F 16702] TCP ==} H]asled PSNR #h& EZE3h PSNR 3 717}
571¢] UDP =7} 107]¢] ~Ew] s} 3 vzsE =z ek AxkEeA e #HE A =

B35 kL sdek AS 10709 rEEe ~E
2R ARl HFE Auelr] b7t dAE Fete]
AEES 98l ~E2HS An]agich 2B A
H RAP(rate adaptive protocol) TZEZFS F
% olZste] QLA o) e
aekesls| e (TCPe UDP E#Z)&
AA sk §AKR e e e}
E#F2 FTP ¢} HTTP A{®]27} TCP AlAd

A18)=]9] © |, CBR(constant bit rate)”} UDP

& AgEgIch £ dFelMe AdS Sl

Hjtje ~eein] IS ARgslolon s

Hlole 25 2 5 Edlo] a5 21]¢14 371A
o2 olgrbssith H =elMe AYE $ls o
= 0

o el 2He AHgaken, 7 nrese 4

m
il

A

>

o
>

o 2
=

a
oo

1

2o o
=

2

<% PSNR 39| HHo=z Hrjwoizic) Zwjo]
Ex 2EEW AMulzot AR & 2% Fof 3w

o e Azkaich w4 A4 w47} A
A A} B e A we Zele x5

(a) Mother and daughter (b) King

J8 3. A A= vt e s AE
Fig. 3. Sample video scene
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il

7] 915k AREe] of =ASRA] 2 % AAE
vlegflzbA] el MEe] A =m, 1 o]F
W] Al(drop) ¥tk =3F SR o]Ake] FFlE o]
= ZHYe Aol AR A e £44F
o] AFEAA AdZ tjzd FHL AA 5 =
A5 ZHsls A ASE A A7 m5E
WA Ho}. T dig ZH o] &A= AY
zEjels doi] AHFE e & FefoldEelA
s ZHsle] A AZA] =2 s A
oA =ZHYS ]88 A F7]7] 7]¥(previous
Wzl A A}

1

e o

frame concealment scheme)®| T]ZT]

SR,

42 = 1|°' 37| & 13l Significance £

ol AollA= =AYl =7]9} FF Significance
9 A 1&?&74]01] qalx] AR thekgt SwielA
¥ =71 4 Significance s FARSEZ] S8 7]
Qze 7% (le]ZE AN E MPEG-4 HA3
(MS-MP43), H.264 "9} tiekslt GoP Tx7} A}

Frame size (KByle)
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Packet significance Q(f)
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02l 4. =¥ =7] 9 FA Significance ¥3E

Fig. 4. Frame size and Packet Significance distribution

L=k 28 4= ZEs] =27 2 A =49
|7] Significance #tS HiTvh 47ke] GoP +x
= Mother & Daughter: GoP(30,1), King:
GoP(30,3) & 7AI%H <lz=%} 2k I3 4(a), (o)
ol B 4= A= 1 Zdd2 = 30719 =Z#HY
vit} BxzEe] gloen] sk & 7l Significance
s 7Ieh P =92 3] GoP WellA] T =
Aol 7te] SAEFE F FE 7= Aol
oler We] "ojdaes 3l Significance Fhol 7t
A3k} ol& 3hte] GoP Wollx] FHel ¢lx]g=e

s Zelddedl oEshe zE]le] 4t 7“\3}7]
Wil 13 49 B @ ARHAoE Q2
%l F934F King vvle 259 =d4] =7] 2 &)
I =ZHJe] 7 Significance S HolFrh 47
o] Zp7] ok 3ol F3H ol 1AISTE 4AS
7WA] Z7] o gk 7HA7] wisselvk = 30 =Ze
dvich 1 Zegle] #xsta glen g =zl
Hla] €538 =& A Significanc S 7HIch
King B|t]2. Z¥lo|4]%= Mother and Daughter H]
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o+ 2nd adv. layer

= = = 1nd adv. layer

= Pace |ayer
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17 Herlele] ~EeRS 913 A% FF B 2AEE

714

te BPIAI2 GoP WellA] kel $li= P
ZHYJAFE Fho] & Aso] 9lon o] v|E A}
o]z} Ar} At olEd= ZAsle] vt w
oW F Ale]ze] P =Y qlRr} v F8% 5 it}
718 RojFch B ZH e 7% GoP WellA]
o A=A FHell WA L Fhe] wi-§- 2hew, o]
Z7] B opEt st ZHsle o mgk o)
2b7] wigeldh qlEy A °F 900
Kbitfsec o] 7z} #ojo] 7 sl 8 td &2 7}
7+ 76.8, 153.6, 230.4, 439.2 Kbit/sec <} 2t}

=Zaly
EE]H‘L

-
o

PN L
e

o o K2

4.3 olg 7}5% tid=

ol AollA o4 7Fs3t
2} sl w=tellA Aljkshls 71
o} W& o] F =7]+= 100,000 ©]
71%: 37l Significance 7|1F {7
(SAPS), =7] 7|4t HA AEH
Bit-rate 7|1 2|41 7|H(BE)2] 5ol Bla, H7}e]
Ark 18 5% shie] HolelZ QlzmeH
13 ASH Jd=zd 7MY ZAs At
oz vepdich B =7o] 7H-e shie] #Holod
2 QlzdEl wre B opEt tHAIZ #Heolod
(multi-layen) 2 1Z5% v|t] g /X ux A5
712 shet ole B =Rl Algkske 7ol &
44 (flexibility) & HoiF7] $1gtolck

a9 59 (@29 ()= HdFe] =719] st ot
7 71 Ae Hrte] AdE Bl ¥
= AAel e =] o]8 WdE2 6 Mbits/sec
ol4] 51.3 Mbits/sec = WA on, Felo|dE
o] & o4 7le’t i YEZ-2> 128 Kbits/sec

" Y
K
=

PSNR under varing available bandwidth

SAPS ——
SBPS ---esee
50 - Best-Effort = N
o
= 40t /-—Jﬁg’*i_‘i—
c g
a 30 e
20 = |

13.2 165 19.8 231 26.5 29.7 33.1
Bottleneck Bandwidth (Mbilts/sec)
(a) PSNR (Mother and Daughter)

J8 5. W5 ¥ o2 PSNR
Fig. 5. PSNR over bottleneck bandwidth variation

ol]x] 990 Kbits/sec ©]t}. 13 59| (a)olx] & &
SithAlE] SAPS 7ol 71 & QoSE HoFE=
dl o= SAPS 7[He] t}E 27k 7HHEr} o F
S AFE o wel AFHoR FEfeldEe] A

23S ou|gk}. By o]f 71ed tdEo]
=o|d<== SAPS 7|¥¥} SBPS 2|1 BE 7|¥¥}
9] zpoli= FolErh o= WHEF 2 zle] FH-
& el BE d3le] o} AR HAFEe 7+

7198 zfel7k glelAli= Aol 7]Qlghek

15 59 (b= IS #ele] (ayer) o® <lx
9% #jr] 29 PSNR AAE RoFEr HE =
o) =e] olg JF5a tlei%o] £8 uh= SAPS,
SBPS, BE 7]Hell4] QoS (PSNR) %ke] #jo]7} 7]
o flek WE H39) tjeFe] Eo555 SAPS
PHE] ol8 A5 delEe] Age] A T
=ejx)7] AR,

) 68 dleie] Walel Wk 37k /1) )
7l Ag A FAAE BHolFrh a1 69 (a),
(b), (c), (d)= Mother and Daughter 534 23
o] e AIE HAFETE X &2 ol sbsd Wl
Qo) lolw, Y H& A A% A#E AAE
(%)% Xt Sent(Success) + Aoz B
H7le] HAEES T5hH, Sent(Fail) = HA5S ¢4
A=z, Afells A SAHEE, aE|x
Not_Sent + AIEHEA] k2 FHAEES ZHZF el
o 7hte] WE Y=l olg rbsd theiFel el
I3l SAPS, SBPS, BEQ] Ax}E 3719] whjze)
2} 212t ehlieh. 23 69 @, (), © @F
shte] Helolg <lzgEl Fedile]r] wlie| BE
71%2] 7% Not_Sent’} 0%th kT2 tiodZo]

PSNR under varing available bandwidth

SAPS ——
SBPS ---x-
50 Best-Effort = 1
g
= 40 | R C— ——— B
o +/*"_§i=*"“—*
o 30 1
20 r 1

39.7 41.3 43.0 446 46.3 47.9 50.0
Bottleneck Bandwidth (Mbils/sec)
(b) PSNR (King)
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Total Packet Selection & Transmission | Frame Packet Selection & Transmission

1: SAPS ‘ 'Sen‘l(éucce'ss)'i It \ M I 'Seni(Su‘ccess}'
2:5I7E Sent(Fail) m— Sent{Fail) m—
3 . Bitrate Not_Sent . Not_Sent : .
1DU_I23 123 123 123 123 123 123 123 I2i 123 123
I : I |
S 80 r o
[ =
B gol k]
40 b
20 +
132 165 198 231 265 2997 3341 132 165 198 231 265 297 331
Bottleneck Bandwidth (Mbits/sec) Bottleneck Bandwidth (Mbits/sec)
(a) Total Frame Loss (Mother and Daughter) (b) I Frame Loss (Mother and Daughter)
P Frame Packet Selection & Transmission B Frame Packet Selection & Transmission
" saps Seni(éucce'ss) [ Y- SAPS | i Sem(Success} 2}
2:51Z Sent(Fail) m— 2 SIZE Sem(Fall} —
3 - Bitrate 3 : Bitrate Not Sen
100 L 31 100 b 123 123 123 123 I23 123 123
I ©
o 80 . o 80
— —
© 80 © 60
= =
40 40
20 20
132 165 198 231 265 297 331 132 165 198 231 265 297 331
Botileneck Bandwidth (Mbits/sec) Bottleneck Bandwidth (Mbits/sec)
(¢) P Frame Loss (Mother and Daughter) (d) B Frame Loss (Mother and Daughter)
Total Packet Selection & Transmission | Frame Packet Selection & Transmission
1:SAPS Sent(Success) & Sent(Success) &
2 SBPS Sent(Fail) m— Sent(Fall) m—
3 :BestEffort Nat_Sent : Not_Sent
100 123 123 123 123 123 ‘!2_3 100 123 1237123 123
w® W |
£ 80 £ a0 I II
[ = 1:]
o
5 6o 5 a0 '
40 40
20 20
397 413 43 446 463 479 397 413 43 446 463 479 50
Bottleneck Bandwidth (Mbits/sec) Bottleneck Bandwidth (Mbits/sec)
(e) Total Frame Loss (King) (f) I Frame Loss (King)
P Frame Packet Selection & Transmission B Frame Packet Selection & Transmission
"Thisaps 7 Sent(Success) ' ‘1 5APs | Sent(Success)|
2:5BPS Sent(Fail) m— I SBPS Sent(Fail) m—
3 : Best-Effort Nat Sent 3 Best-Effort Not_Sent
[123 123 123 123 1237123 1123 123 123 123 1237123 123 |
100 100 1
w B
S 80 © 80
= =
5 60 T o6t
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20 20 +
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Bottleneck Bandwidth (Mbits/sec) Bottleneck Bandwidth (Mbits/sec)
(g) P Frame Loss (King) (h) B Frame Loss (King)
T8 6. W% k= %] fE s34

Fig. 6. Frame loss statistics over the bottleneck bandwidth
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o

16.5 Mbits/sec & @], SAPSEF SBPSE= #4-S

3] #Heolo] Ade ZR2A~F 7l A€ ZI2AE
8 A Sl <k 0% HAZS A=)
BE ~AZEE 718 ~AEE 7|HS SAPS 7|4
3} SBPS 7]%ell Hlal] oF 30% A= v we I
S AHEslH A=3ARE Agdoer A3 7]

Azm{

¢F = Sent(Success) 7> SAPS, SBPS, BE 7|
WA T w3t ABE 7|We] 2388 )k o
2ol Ao HujelzlRe] ZHgle] vlES H
W 7 el wel @A 2olE Blck ¥
6(b), (), () < o =, SAPS 7|Wel uvla] ¥%
3] =2 PSNR k& Hol= o5& Adwgct 1
6(b), (c), (M= 37FA 7ol w2 1 =&]l, P =
99, B ZHe AHF A == A vEE
HolFEeh o8 7Fsdt el 16.5 247 vehdi3
Me] o o, 23 6(a)= SAPS 7|Hol °F 70%,
SBPS 7|®o] °F 40% 123 BE 7|"o] °F 30%
Aol 1 ZHgle] AF ATES HAErh ol
SAPS 7|H¥o] Aoz E#F 2] burstiness=
sl 1 =ZHQle] &4 vES Zdem UF
7o) 7]Q18k}. SBPS 7|¥-& BE 7|9l x3r] =
A AF H]e-S Mol o]= BE 7S I
7l Ad Z2A|~E ZelA] 9] wtell SBPS
el vla)] o]g 7hsdt e Fel mAlEA A8-5
32 23)7] wjstelch. BE weEbA] BE 7|9 I =
A2 o el vis P HF Ao 99
o kFEle] 9l Aelrh 13 67} o1& TFAIF
o7 gukgl). g BopAE a3 6(d)E= B
=dql dZle] Ad 2 AHE AdF Al oo A
= HolFr) o4 7}s3l todZo] 16.5 Mbits/sec
ol uf, 7} SAPS, SBPS, BE 7|%-& A B =3
o] ARl ztt 30%, 55%, 100%2] B ZH Y-S
Al A Alxgich 2o 7 371 79
A B 17%, 49%, 46% ©lth o1714 Ud<=3]
], SAPS 7|%& 7IAE=S B =Y &4 vlE
0#4. fokslabH SAPS 7|2 HE|v]Te]
osE S| Sl o Fagk RS A9
HH FdE] Hule 7[HeR ok s Bid 1
o]

rlo

N

12 m{o >g1

AN £8 AT ATEE aeln B S
o ATES Heltk a3 69 (o), ), (9, e

King ]EL‘?_ Zalo] R A% AFE RojFr)
King H[t]& S5 tHAlZ #ele] =9 79
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PSNR under varying bottleneck queue depth
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