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2E2|Y Jlae tieFel HEojc|of HloleiE JA MAsEE 7
solct, of7IM Mesle FAY HEo|Ciof Hlolss YKoz U&
20l HAMT, MM A(ZE otofl BIS Al R s[ofol Bohs AA[ZER
o SMg Hech sixjgh At Mol MulA(Best Effort
Services)# EUH2 # WESLF017| w20 R3] CIOIE{E MAIZH
22 NE30| P& Fxolct ul2ii AE2Yol AIREE J|gERE
229 dolele] 2 Folv| 943t HEojCiof UY=Tient AAIY
HEE XY¥ste WEHA 71g2 Y& + Uch 2 BolM HE|n|C|of
o YRS TS oltjo] IS 7SR YEOCIY 2E2IYUe o
S48 2FMFTool 3l ol HFY HoIM FAS 27D Uch

Ol ZFEY oM HENICIO] AEEIYS AXME wHisle ol
F2C M X8 & ¢ Uct. RO gD bandwidth X!, 2ol
SAED L2 resource capacily, MBSt Ul FAE Aloje Rz
X Solckt O 9 e $AES handoff2 Ut nicio] AER 9|
BHEM BEHT A2UL OJFE Mobile P 2B FHZ AW 5 Uch,

BEE @uld SAET F UE PAMYL fMURC AUEoR 4

28 bandwidth Xt ZEXID ot w2ia MR &2 S
Do HUE/ojcjo] AEFO| HBECH SRR, MU piZsH
bandwidth® QI3 2HId ZAEo|A{el HL5X0l ajcjo] AEE £=4Al0]
27tsE Yol wAsich RS2 olE RS KB ojc|of AER 9|
XotE Jl&ol Besict,
2210 BHE ol FAEE {4 SAERL AUEoz we
resource capacity?t computing power® X|U QUCh Ki2IA ClesSE
2ot $AE I|7IE[3]0IM $&7H5E resourced] 2} ZEjolciof
AE39] 33 37|& MAHSP oiR0f, 7)7|2 Metne RS o
S AE2|YU MulAR HIBY 5 RUofof Bt

£ MHERE @bl SASR0 MEDMoN WMEE XH =
B oiclo] A=2|Yo| AGME wsisty| w2ol olo] HEB Xt
st

ol2{%t olfE=2 <l A= ol HFY BHolAM YEloCio] AE
21U Mujxo| ARMg MBI 43t HRMOR TEADL SEE
SAct. J2ict F{Zo] TEAof Cf#t HNES EWATYY Y X
Aol YRS HFSID AMO, EWAIYN JHY$ BHAH o
SAFlBE =HE2 S8AUch

et 2 =RoME EMADLD JHYg BHUAMFH 0l 5 Alolel
HAEHYO| 7tSSITE sts ZEA| AAE of7iSiME X oH3IYCEH

ER ZEAQ DU SAE Alol2 bandwidth X0l w2} adaptive
B EYATYN Y Al MB5E transco~prefix cachingoll i
3 xMetsIct MAIE transco-prefix caching® B8t0d ZEAS 2
Hiel SAE Atol9l bandwidth EZfRol 37|& ZFols SEMAAYI
YT, Mojet ZEAl Molg) X2 BE EdAaY DMl X
AKX BHE = U= NP2 HEHE S0l 47 5 AYUCH

2. Background

BEEAS HFO| B2 FHLY R0l F2 PHLUS AHHF
€ 8itel BA AlA”olct &0l Yelo|rjof AERY
HT3o| ¢l olCiof AS2g JBste TEAIQ U FTHE &
& EW2DGY FiY, 22| D s{HYO WP UTSE L0 =
Y2agn Y2 YEDIC|0] A=Y dAxME HFd F7| sls)
42} LR 2o WHEE M BB

™

E#ADYL2 ojnjo] AEZE MBS 3EY3HGeneration
Loss)& 322N o|Cjo] AERS HBAL WECL ole dHEE
ZEAS} BHIY BAEQQ bandwidth AIHE S8XHOZ ALRSIHA
SAlol AKEQl ojcio] AERIYE MBTs| Fol UEM EMATY
S2E low-path filtering[2,4]  color-monochrome  filtering[ 2],
color-DC filtering[2], requantizing[2], frame dropping(2,4,10]18
ol M ote|Qict.

caching2 MUt Zufed SAEStel M4 X|odo] wa HEn|C|of
2E22|U9 o|H{ME HHSks o T20] SHot M REE9 o|g)
of AER0 A Mz ulY SAEZ MLEH af, TSAIQ 4ol
& olclo] 2ER-E Zol SHAIH HEBCL 0] £ QU SAEZR
e SYE oCjof AERO| CHAl 278 o, MH2SE o[c{of A
EYUS A Msws 2 glol ZRAA B2 MawEch it
IZSA X8 A= XA replacement method S0l REl
= FE|p|C|o] AE2g 98t FHY22E  segment-based
caching[6], pre—fetching[8], video stagingl5], prefix cachingl1],
hot spot(7] S0 Aiotsict.

segment-based caching® &=l o|Clof g 2 F7(9f
ES§2 U0 Meo MdETol wal cletst e 22 s
B0 FHEYSITE 3Rt pre—fetchingoll & ojCjo] AERE HEX
ol Bo|oj 2 LEFO NS 3ol 0 § AR NHE s
W, 2utd SAE9 I bandwidtht FH4{0] HMEE njcjo| AEZ
2| M7 bandwidth& ZFEO 1 OlAM8 LT # US HPol= A
H2FE Agl &F 2|0loj& ZZAlofM prefetching 504 olC|of gl
Mg N2z 5 + AL E 319ct. video staging2 alCio] A
Edel MNE Zafgl sizeoid =HlY SAEJ guyg £
bandwidth 23 2432 W LIHXIE, ZT2Ajof sHgAF|e ghgolct.
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prefix caching® M2} ZEAIALO|S] M& X|WEZ QHE T EA0
AT = EHS MOESIHC) hot spot2 ¢1&%X9l ojCjof AER S
2R SN W Ho| AHEE FIH2E oo HYstcF

SHACH

ofxjgte 2 HEjo|tio] AEFE 9% HHY HASS2 playout
control[9] 2} workahead smoothing{1] S0! A et=iict.

2ol 358 EUR B8 = M, XIZNX] ZEAo] et AHF
2 FEE2 EEWA2zaY g XA WHEO FBSa AUCH
2 EAagn jiy Kzt 22 HEE oz o yAgCt. w2t

A HE[O|CIO] AER™YE 25101 EMARYD Y S SE5I0] HAEA
Fiels HZE o =2ch Juol @ ME[AE 2E EMAIYD
Helel SEol et Mooz Squid[11]2t TransSquid{3]17t AL,
oAl HE|piClol AEBo XHEAlZ|7lol= HEtEtx| pkot st
Squid®} TransSquid OlA2] EMATY 9 7iE 7|2 =Y cije &
2 A7|e @ RITMEOICt A= HFEe HEo|Cio| AEY dlolH
7t DE%o|7] W g LEME ez XH2lstr|ols 2 7F Uch

oeta] 2 =2olMs HEo|c|o] AERof s, £B EM
YD Y2 SEHAIF EXMAITYD g HEHEZ Ao A
ULT shs ZEA] AMAH of7{HME Hotg Holch Es ZEAY
2l SAE Alo|el bandwidth A0l 2} adaptive®t EBA DY
o IHE SAlo| MEss transco—prefix cachingoll tHal X elatei
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<3 1> HEo|C[0f 2SS 98 EHAFLYDN Y S AlLH

O310lAM HEDICI| AERE P8t EHAIYDN I S8 AlA™
OtZIM X & tteERH AT “original cache’= 0|0l AE3 9 Eorg
XM&shE R0, “transcoded cache”= EMAIRY El AEZ O0fEf
k2 X Ztst= 2olch. Stream In Buffer?t Stream Out Buffers 0/C|0f
2ER0| E0{22 L7t YUET AEE sict o] Fole HHZHE
285z 000 AEZZ DEH =& A EE st smoothing HIH Y

HAEE A% £ UXCH, doh 2 =goiM= ®MAAIZcH
transcodercs DICI0] AEZE2 =WAIY sH= HEo|ch profile

repository “transcoded cache'off ME=E0! U= olc/of AERe E
HARY levelS XMASH= XOICt bandwidth monitore ZSA|2t 2}
Y FAE A0|2 bandwidthE 7| X2 g  Ast= 20|}, adaptive
controlleri transco-prefix cachingg T8 shs #{4 Y4 D2|F0| PoI=(0f QY
= 2Eolth

4. Adaptive Transcoding

a20IM ZEAMQ 2HlY SAE ALO|9] bandwidtholl w2} oiciof
2 EHE adaptivest MItzshs AHE ChEMY Ut oiojo] AER 9]
AlZYE bit throughput?l bit rateQt ZEA|Q} [HIGl STAE Alo]9
bandwidth& |5t EMATYO| level2 HHFICL ZTEAIQ} ZHiy
SAE Atol2] bandwidth7t DI ABRI9l bit rate?t H 28 =2
transcoding level &  CHAY ALESAIZICE ofg{st Aol BiEEY
€ S5 2HtY SAEQf TRAl AO[2] bandwidth?t ZEte = US
Hoot € MAX| oiclof AERe HEYE AL Z0|TF gl

H12 low-path filtering & oAl Bt=E transcoding level table2

ol LIERI oDy, 24Zto| level S 2 ST AlAH” gHPoAMel AEXR
2 ZHE3IcCH o] o T requantizingZl frame dropping®iA T cut-off
pointi CHAIEL AIZICH £3F mpeg-2 MXIAS-FTA T Citst ME
HU|BE® 0|2510f color-monochrome fiitering2t color-DC filtering
oA T cut-off pointE THAHIZE A{ZiCEH

Level Cut~off points of coefficient
0 Full quality
1 ~16 ~ +16
2 -8 ~ +8
3 -4 ~ +4
4 -2 ~ 42
5 -1~ +1
<3 1> level of low-path filtering
(rxmm BLEMN TEAZ GICIHA EH request s_r;l
I DXAME requestl H-BD EAN }
MHZ DGl 2 ENR RY
‘Orioinal media stream
[ bandwidth 2| bil_rale &3 |
I Tovet = 0 ]
|
|
[ I tvel = iavel + |
E Transcoded
| media
i Il Entiogy Decading sueam
|
L( Low-Path filiering {with Level) ]

| Packetizing
<718 2> adaptive transcoding flow : low-path filtering

5. Adaptive Caching : transco-prefix caching

DICIOH 4B B Y adaptive transcoding

Soc 28
original cacheOt 4R

Ste 0@
transcoded cache W H3

ievel = lgvel > |

[evet = ovel - 1]

1L

L ranscoding ‘evel® proflietl X%

originai cachell & ®
AEH O trenscoding

| —

r SN BARE N& ]
<& 3> transco-prefix caching flow

original cachelll M4 #
AEH ANE ranscoding

18{38 99| adaptive transcoding ZFEOll adaptive caching 24
2 HEAF S 2olch Soct G-} ulCjol AEEI0] “original
cache'oll Flgsles  2olD, Stee sitel olojol  AEo0]
"transcoded cache'oll & =l= 28 LIEHHACE  bandwidtht Z5A
o Zdtel SAE Alo|2| bandwidthClh. bit_ratet ABj25E XM&E|
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= AERe AIZH bit throughputOlil, t bit_ratee= “transcoded
cache™ofl XMZME A=@lol AlZHEb bit throughputolth 12i2 Bfe
bandwidth boundary factor 0.10llA 0.9A10l2] gtE 7HKIY
retranscoding O & A 5HE Bt sp_delays M2l TEA| Ao}
o & AlZbolnd, t_delayE ZEAlOIAM EMADY 3= o Eales A2t
olch r.delay= retranscoding ot O ZEl= AlZtE UEHEH, A
level2 retranscoding S 3l=& CIERACE

Case @ : Caching Miss in "transcoded cache"

M age T2A2 A U2 ME5E ojcjo] AEe 2, &
2 oltjol AEZE transcoder®l YHFECR AFAFIE SAld,
ARt Zafol e AJZRISI{ AMu{2t ZEAI2LS| MH delay 2HUSES
“original cache"& 7H&BtCt, L8 transcoderdllA| EMATL Ol 212
= olojo] AERE, MH-ZEA Aol ME xHB A wnf ojcfof
AER0} transcoding0l Elof LIS WX Z2le X|oig Cish 2t
2, “transcoded cache’2 7§ 2l &tch

Soc = bit_rate * sp_delay )
Stc = Soc + bit_rate * t_delay

Case ® : Caching Hit in "transcoded cache” and "not retranscoding”

EMAIL 50 As ojcjo] AERL bit ratedt TEAILl Dup
SAE Atolel bandwidtholl A2l &8 boundaryCtofl Act, & o|
Clo] AE8E ClA] EMAIAY 3IX] g1, “transcoded cacheoll X
Bso] 2 ojC|o] AERE RutYd FAER ZdlR MEHCH SA
of MHZPE| LIHX| 2E ojCj0] AEYE NEYouM EHAIY
g #Ch L£3 "transcoded cache"off XZEof A& o|Cio] AE
2 dlojeiet EMATYOl EHD U= oiCiof A HFAMFM, &
8t SAEZ HEMOoR MAsich

‘not retranscoding” boundary condition :
( tbit_rate < bandwidth ) and { t_bit_rate > bandwidth * Bf }

Case @ : Caching Hit in "transcoded cache" and "retranscoding”

grHoff “transcoded cache'ol|l FHa=lof A= ojcjo] AERQ) bit
rate?7t TEAIQ} 2HIY SAE AM0|9) bandwidth 512 boundary Hioll
AL Ao, “original cache’oll olol MEEO] H e njcio] A
ERS Al EMATY StYM, MHZ LIHX| o|cjo] AERE 28
ot o bSO, MEAN EMAZYE ojClo] ASEYE Zoig SAE
2 M&EHHA “ranscoded cache”2 CHA MEH) sfgsict MRS
& LHHX] o|cjof AER0] TSI HA| ZHl2 EMAIYSI Ol
AERP AZAMH Ul TAER S

B®-® ‘retranscoding” if bandwidth <= t_bit_rate

®~-@ "retranscoding” if bandwidth > t_bit_rate then
it bandwidth = Bf >= t_bit_rate

Alevel

r_delay = E i * t_delay
j=0

@@t “transcoded cache'oll XMZ=0| U= OICI0] A= ERE
#2E @ HE2 bandwidth Xi2lol O{RZE ZPE CENACE

EdAsg ¥ g €of Ae 2 ojelo] AEZ0) tiEt transcoding level
2 BT profileo] HMEAIHA, oiclol 22 JTE o Bx=dEE 2t

6. bandwidth boundary factor(Bf)

“transcoded cache'oll XM&=|0} U= olC|of AERS ZHE T
bandwidth Xlglo] S&23| AL = UL W, ALEXls F IIX|9] MY
€ 5 Uch s MEE MAE A dolct ol H=Role IE
Al2l “transcoded cache'oll K&l U= piC|of AE2I9 EXg &2
7| gt @zo XY glo| QM 2HIY ZAER MEdict clE St
£ bandwidth A&t Zo2 2t 52 FEe AEY ojcjolE | o
olch of e ZEA|2| ‘transcoded cache'o HE=of UE olCiof A&
EZE AN, transcoding levelE St THA| SHEAZ! Z2E “original

cache'oll MEE0] U o|Cjo] AERE CIA| EMATE §
FAER FH&tich BE SUINoR g EEg 27 9
Y #Hel grmo2 o3t x|oiof Of wsicts ThEol flch

tof mutel
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w2tM ALBREel Z|&of wi2b Bf(bandwidth boundary factor)g Bt
ol MHS olC|of AERo EXG EHEY & Uk 2 oC|o &
E3lol ZX MR 9 "o EmMAIYO O QTEX YechH
Bf /2 ofF W Fod =ct g2 ojcjof AERe EHE A
Al7|2 4ot Bigtg @2id Elcl
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sigich D213 TEAIQL 26IY SAE AMO|2| bandwidth AHgol et
adaptivedtl] EMADED e SEAlol MBI  transco-prefix
cachingoll CHal| Hlotstict,

MY Zo, MEEe EMAagT HEH R transco-prefix
caching® Ol23lg m, fct L2 HEo|C|o] AS2|Ue| dEME
2ag £ Adch 2 transco-prefix caching® &510, ZHAILL @4}
e SAE AO|2] bandwidth Eehflel 3A7|& Fol& EMARYSl 7
Hap, Mujel ZT=A| Alojef Xjgig 22 EMAIY ML XNt
X YHE = Ue JHyel HEHE SAlol 43 5 AUCt

XE Z O CIY3 MEMYE Boist MESE 83 L& Zis
XMt 2ME of ”olch 2jn mekst TEA| AJAH olF[Elx{e}
transco—prefix caching methodoll AE3 EfEg 27 HF= o
HEe| J|SMXl EBHAZ oFolct £ mpeg-2 AAHIYEHelE|
(scalability) 7|52 Hlo{E| 2&(data partitioning)oll CHEH &&7x| 1
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