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Reduction of Presentation Latency in Thin-Client of Cloud System
Seung So0o Kang' - Hyun Ko™ - Hee Yong Yoon™

ABSTRACT

Cloud-based streaming game service has numerous merits, but it may suffer from presentation latency in a thin-client. It is an
important issue especially for game service which needs instantaneous response to user inputs. This research proposes the methods for
reducing the presentation latency between the server unit and the thin-client unit. The approaches proposed to be employed with server
unit include the source/sync video format equalization, encoding format configuration according to the media type, and the S/W
implementation for transmitting clock periodically. The methods for the thin-client unit include the decreasing the number of instructions,
use of light encryption algorithm, and improvement on H/W decoding. The proposed schemes are tested with a commercialized streaming
service platform, which reveals the reduction of presentation latency as large as a few hundred milliseconds and reaches the acceptable
level (about 100 milliseconds).
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Sorting packets( packetbuf){
sorting(packetbuf);
memcpy(bufSort, packetbuf); }
PacketsToBuffer(bufSort) {
deployonFramebuff(bufSort);
memcpy(bufSort,decodeBuf);, }
SupplyToDecoder(decodeBuf){
memcpy(decodeBuf,Decoder)}
Sorting(buf);
deployonFrambuf(buf);
supplytoDecoder(buf)
{
Memcpy(decodeBuf,Decoder);
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EFgo] gaa Fgolo], DVD Zo|o], 2vlE ¥ Al
Fulxa Jfedg vt e @ 3Y (Personal Video Recorder)ol]
"P%Q"E M ] 7HdE dudE HAANS gAg AntE "k

AHgstGiTh slE 7171E vk 199 ol3
oA gxstE A FElo]dE 4n)
7k 7171 —‘?—%8}% 7l7l% Aegk Aolt} Table 25 4

Table 2. Specification of the thin client for evaluation
= CPU o}719H RISC A9 MIPS o}7] €l A
500 DMIPS(Dhrystone Million

A& .
Instructions Per Second)
RAM 384 MB Dram
ROM 512 MB NAND Flash
sleglo] nt e H.264, MPEG4, MPEG2, MPEG TS -
I=EAE etc
EER R
050 AAC, AC3, PCM -+ etc
Syl Linux Kernel 2.6.28 optimized for
Embedded System
1 USB ¥E, USB sH=z 33 7l5 (&
oJF YEXE ATolAE A efEe Aol e
XEE AMEH)
ETC. BD/DVD A ¢, STB/PVR A1)

S Aol A ARRE AW 7]7|E AAl S A2
AHEEE AW 71717 obd W ARl AFHE AR A
W 71718 ARt A4 A8 AW 77 FE5E A
AehE AFsE Aeo] ol MEHOR ThE AH|AES
AFsa i ol B Aol mete WS Ag s
g FA#Y AIS FAEEF|
< AFst=d P% SHA] 287] wiitolth weEkA], B
@A (Proof of Concept)oll Al Al&-¥
EES AW 7] ]% 3 A7 AAHAY 1 AL
Table 37} Zt}.

Table 3. Specification of the prototype server for the

evaluation
=+ CPU o}7]1€ 4 Intel core i5 (x86)
R 3.2Ghz Quad core
RAM 4 GB Dram
Qe e H.264, MPEG4, MPEG2, MPEG
TS - etc
9 A A Windows 7

SCRE AL A SEOIHEMMSl EAl X 2 171

51 E2/Ad= =8 dx st

ohAl A gRel o] WS T e dAs AL A
T A EE FEoldE o= 3 Fo] ok st Ed
239 S Fd A drh 2 dFelAe A %
ol el EdAzgs Asdith. AA 2nrbd 717
£ A ZPoRER Fddke 49, Edaage 49
FolE Fu AYomA FolAECAM o]HAZ|TL 44
gt 2 ArelMe /AR 20 A B AR
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avs gelskit

APe RE 2A& ANIT, AR/APE E 2
s Aed Aed a4 ¥ AeE wusdd &,
1280x7209] 47 1280x720 L& Qladste A¢7F 2

H

AE/AQPE Eo] A HE Aotk b 1280x720<
720x4803) 7o) T sAER EdAzdd A9E e

SRS A& Fe& Ao Hrh
Bl tell A 1280x720, 1024x768, 800x600% TheFdr )4t
oA e Ags APt =& AHEY AS =2 0
7

qFow < BA AdS FUT F Qe dgrst
NAE FFE es7] s et dded s AdS
H&stAct Table 4= 1 A3}o|t}
Table 4. Presentation latencies according to the resolution of
the stream
Condition G FA A Deviation
1280x720 —>
800x600 ¥1.3H 438.23 23.20
1024x768 >
800x600 ¥1.3H 434.38 23.33
3 = 23.26 P-Value = B.677
Level N Hean StDeu
C 13 438.23 23.28 { h]
D 13 434.38 23.33 { )
4248 4329 hhg_g B48_ 8

2ol HolEE By Ho] JAE/AYE 29l dAIE
SHAl kAT A= g2 T Aol 1280x720 >
800x600 W3S 3k Aol CF 1024x768 > 800x600 A2
ko]l 23R =R A A8ty o
B2 24 (One-way ANOVA )Z 34 P - valueZ} 0.677
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2A7F HA ZEE & 9
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Table 5. The comparison between case A and case B

Condition Pt A AA Deviation

AR/ARE £
Q45 44 4
AR/ AR L
QA5 4§ F

438.70 24.87

113.87 15.01

5 = 20.54 P-Value 0.000
Level H Hean StDev
n 30 438.70 24.87 (*)
B 38 113.87 15.81 =*)

208 308 Lo8 568

Boxplot of Stack
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Stack
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'y

Fig. 5. Box plot of case A and case B
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el 4 e,
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= & 5 3
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o] TE= AREARY 2o wet Adl=o] Ulgo] debA=
A ez Ae] £ W 7beAdS Wt 4, A
o] C Il Hehe-Ae] 44 B e =4 o

Table 6. The average CPU usage according to a media type

Condition Average CPU Usage Deviation
TGF ()2 A) 439 5.768
e-book(#¢] 2= B) 19. 3433
Browsizgr;]eot]é C) %5 s
Game(#1¢]2= D) 63.1 8.601
S = 6.785 P-Ualue §.008
o 3 aa.e00 o.768 -
B 30 19.867 2.433 (-%)
Coomamerm o
30 45 40 75
&0]
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40
a4
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A E C D
&0]
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101 . ‘ ‘ .
H B C D

Fig. 6. The value plot and the box plot for each case
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Table 8. The comparison between normal mode and

1704 .
. zero-buffering mode
160 .
] ¥t
150 * CR ..
ol . FAAA Deviation
1301 H . tag WA WA, Wy AA 107.2 14.74
1204 s ER 2141 1525
1104 o <»
100 ] -
$ [ ] Individual 95% CIs For Hean Based on
a0 . - Level H Hean StDev
b ;] 38 214.18 15.25 {=-)
G0 ° B 38 197.208 14,74 (-=)
i B 120 158 188 218
Pooled StDev = 15.808
170
1604 2504
150
1404
1304 2004
1204 B
1104
14 150
904
1 * 1004
A B
Fig. 8. The value plot and the box plot for each case A B
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Grrol A o] ApA g FA2 AJeFetc
6.4 B
55 &&alid st=Hof Cl2Y 2 sH{HE HA
otza 4] SAloA durd o g au7bA 77 A= Fhe B drdM e E8vE AR89 a9 £7% 2EeE
do] gmgo] o]FoA M, tmuE RE I A B 2EY AY Mulag FEehedE lojd RAsE oler
Wge Tasta gtk oleld wWuee BE DSPY AZ ob 1o e s d Weke sl 53], AR vde
Ego] AolE Bd AHL3AY siA7 74tk th ZeA Rk v A @A Fes Bole &HZFA 7)7]el AlE
DSP &FA7}F olo] 3t A 9L Aol s A9} nE He 2EY AlY MulaE g emste] ofg zxloA
o]t} LA = Qe TAAES st 2o e sAWHS
B ATolAE woge ofF Ade AT F Qs A4 AN
2 Wy Re2 Aedozy FAAAS A A7t FEHFE ARES o] gste] 2EHY AY AHAE A
Bt 907 110mse] FA AAL #2AZ $ 9w ad gig  FEhs A2 BE FE@ AR QAW 53 24 Ad
Z 7= Table 83} 7t} (Presentation latency)°] ©Agti= EAl™ o] gl AYde
g9 B BAS B3 £3HAS 443 A9 (Fol~ B) AHEARe] ol SAA R wkEeol ke 54 e A
o A&t ke A¢(Glolx A) tH] EAAA gzt gl MEelEER EA A wAE T olyel s Fadt

5
&9 el 4 gl Aol el 7h Aw what FEpeldE dl A



o >
o
I re
o u}l_’
o2 f
oX of
bl %
> o
1o 2
o5
ﬂ‘ ol
= q
i)
o X
o z
o e
o =
T X
2 oqr
rt N
o X

ih) Xlui S % % o b
d L M of g
- fg o i (T~
oo
ol
A
2
5
o ¥
ol
=
of
i
o
2
a
2t
ofl
=
%

[o
o

ol
[«
-,
(o
at
2
2
ol
ol
2
.

u!

oy X
o
2
&
FN
X
)
23]
>
)

oo
=y
=
=
P
M
b o ¢
offt
ot
=
il
>,
o
Y
K
1o,
=
oo
“
nj
e
o 2

~N
E=)

SO g B2
_>,‘ _TI_'
i A
lo o

oot
@ £ 3
tlo

oy

0,

ol

32

o

2~ 3

4= =
=,

R
fet

i
=
N,

rir

wl

X

of

ol
lo,

_(
18
)
=2
=
:Oé
r

e gy
a1

:0.1:'
fu o

o
ol
o
32 o
oo

Y
g oo 2
2
o
oy
FN
_\|\I_,
=
4
>
— ol
N

N
k)
o E I E
N
FN
rlo
=
1
lo,
>
ofo
>
it
o,
o
g
Lo
X,
ke
o
ol
fr

oX,
ll]
i
=
o
@
jo]
®
3
)
&
=
il
)
MN
o
at
_0|L
el
5
> o =

= N

A&
(multi play)& 7|Fo2 3 A 2z A
/AT For o Jor HY 53| AR
oz v A = AHEAIE] FAl s
] A9 BA AA FHAasteh Ay 9 B4

T

e g o

2
o of T ok

)

e
o
N

o rfr
4
w &
ul

)
2y
e =
|m
)
RN
)
e
)
2
=
ot
&
Ary
N
£
ko
_°|L‘
£
1,_,r1
o

A

4 5 92 Aolth of% v
of 97 ~E7 Aol glo] WE FelolE meF A
2 A2 b Bast A,

)
2

S,
=}

(SN
k1
oy
fo
s
N
B
N
)

[11 MOTAHARI-NEZHAD, Hamid R.; STEPHENSON, Bryan;
SINGHAL, Sharad. Outsourcing business to cloud computing
services: Opportunities and challenges. LABs of HP, 2009.

[2] OJALA, Arto; TYRVAINEN, Pasi. Developing cloud business
models: A case study on cloud gaming. Software, IEEE, 2011,
2841 42-47.

[3] Jun-Hyung Lee, Eui-Nam Huh. An Efficient Dynamic
Resource Allocation Scheme for Thin-Client Mobile in Cloud
Environment. IPS Transactions on Software and Data
Engineering, Vol.19A, No.3, pp.161-168, Jun., 2012.

[4] MELL, Peter; GRANCE, Timothy. The NIST definition of
cloud computing (draft). NIST special publication, 2011, 800:
145.

SCHRE AL A SEOIHENAMSl EAl X 2 175

[5] GONG, Chunye, et al. The characteristics of cloud computing.
In: Parallel Processing Workshops (ICPPW), 2010 39th
International Conference on. IEEE, 2010. pp.275-279.

[6] CHEN, Kuan—Ta, et al. Measuring the latency of cloud gaming
systems. In: Proceedings of the 19th ACM international
conference on Multimedia. ACM, 2011. pp.1269-1272.

[7]1 CLAYPOOL, Mark; CLAYPOOL, Kajal. Latency and player
actions in online games. Communications of the ACM, 2006,
49.11: 40-45.

[8] Wikipedia, First-person shooter [Internet], http://en.wikipedia.
org/ wiki/First-person_shooter

[9] Wikipedia, Third-person shooter [Internet], http://en.
wikipedia.org/wiki/Third-person_shooter

[10] SHARP, Ron. Latency in Cloud Based Interactive Streaming
Content. Bell Labs Technical Journal, 2012, 17.2: 67-80.

[11] EIDSON, John; LEE, Kang. IEEE 1588 standard for a
precision clock synchronization protocol for networked
measurement and control systems. In:Sensors for Industry
Conference, 2002. 2nd ISA/IEEE. IEEE, 2002. pp.98-105.

[12] ARMBRUST, Michael, et al. A view of cloud computing.
Communications of the ACM, 2010, 53.4: 50-58.

[13] Jae-Jin Lee, Junseok Oh, Bong Gyou Lee. Significant Factors
for Building Enterprise Mobile Cloud. KIPS Transactions on
Software and Data Engineering, Vol.18D, No.6, pp.481-492,
Dec., 2011.

AR

e-mail : ss.pat.kang @samsung.com

20056 ST e 7) AR A6
(34D)

20114 A atehi st 4447 4R
FHAAAA A5 )
0073~3 A YA AYATH

4 &k HCI, UI/UX &

i i
e-mail : adrian.ko@lge.com
2005\ Aot AR 713 5 E
FR(3HAD)
20079 g kel etal A A 717 FE
T

s (44D

20009 ~& A A AR FYAT
Aok FehE FRY, 049 w4,
w2 A 5

KIPS Tr. Comp. and Comm. Sys.



176 SEMEStel=2X/FFEH 2 S8 AL H23 H4=(2013. 4)

o 2

s §| o

e-mail : youn@ece.skku.ac.kr

19779 A&digta 7] 3k (3HAH

19799 Agdista A 7]8 e H(A A

19881 Univ. of Massachusetts at
Ambherst, #37E2 324}

198811 ~1991% Univ. of North Texas,

Zalg
1991 ~20001d Univ. of Texas at Arlington, -
20008 ~d A At AESA0E W
AFEEATE 2%
Aok o] FHFH, #4F A g, RFID/USN

A= \=}

e
+, A

r




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


