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Content Delivery over
SDN: incremental vs. clean-slate approaches
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TAIE A, o]t FAIHS S Astal, ag4Ql FHE Y 7H6s

Al st7] el FHE A= QWS MEA A LA} oh= A+ ko] vi= A E F4]

9] Y| E Y7 (Information-Centric Networking, ICN) ¢17to|t}, tf#2]¢l AGL2 = n]=t UC
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7] gt MIEY A 25 AAIEIT) o] & Sl ZH2He] ZHE | [P 45 54
11 OpenFlow Z2EZS o] &35t EH [PE 53 ZHE 24 (i.e. HTTP GET) ¥
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inter-domain FH = A4S 93t 7|52 §E3Ith A CE o E =HQ19] [CALLS
connection setup, ZL2] 3L inter-domain content distribution metadata & =]l 7+ &l
E HA$S A%t policys= X3t
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QoML shte] =9l (ISP A)oll 9)= end user7F TFHE: &2l (ISP B)ol| 9= ZHIE A
2HE ZREE AE W=tk 2H2+9] ISPE] ICA Atelofli= o] connection setup®] ©]F0f
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7 A=Al ol sl Eelghet, = Ql Wl A ald ZRIEZ SHQIE|Z] ok o Z}Al9] Q19
ICA7} §-A]3}aL Q)&= inter-domain content distribution metadatas £3f th= ISP W] &
HEZS a3ttt of 7|4 A Q] HelE 9Jdlf ICA Ato]9] F412 F3l inter-domain content
distribution metadata 34+ 2| A19] Ae 2 §A|E| 31 Qlrhal 7P Sk} & ZEE2]7} ICA)
A B4 SHE gigt AEE QS o ICA= 3l FHEZ} EAd= thE =y Ql& ofu]
Il Qohal 7R3t o 714 = ISP B7F FHIEE 7FA| AL QIthal 713t = ISP A 2EEZ
= ICAE &3l ISP Bo| ZHIE Afo] tigh 23S Hllt;, ZHE dE Qo= o 2
Bl Eo] tja] ISP Ao A Sdst 1P F47F et 8 F @ of ule} QoSol| tigt 7-AFe}o]
z5he 4= o (3).

CDN Interconnection (CDNI) metadata®t Zro] inter-domain content distribution®]|
= THQl Afo]e] ZRIE Afof Tl policy7t vle] AAEo] gleHz Q4S5 ¥-2 ISP BY
ICA= ald policyoll whet ZHIE Mo gt 7175 243t &2 Alvhe] Lo A= ISP B7}
ZHEEZ AFsh7| 2 shdthal 7Hggtt, whebA] ISP Bi= ISP Wofl Q= ZRIES] 93] 9 Y|
EQA S-S A A6kl ISP AoA| ZHIEo] Shel [P F4AS 7|Fe = AR T ot FHIE
of IP 45 TFstal o] ISP Ao|A LTt (4). o] ¢ S IP Fax= 2-10 4] Arget
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vie} o] FHE O] IDE AME-E L THeF ISP A9l 5 U3 [PE AMES = gl & - HE P 5
25 ARESAL 0] = ISP Aol &l ISP A= ISP B7}F B4l $H-2 A 33t & oof st &
el A A E Hdlic (5).

1 5 Zb2Fe] ISP+ AHAl W9] OpenFlow *==9] flow table entryE 5713 S. 24 end
useret ZTHIE A Apo]o] H 25 AA3girt, whek ISP A%t ISP B7l w3t ZHIE 4l
A2 thE IPE AT ©o] & node A28t node BlolA] o] & A8+ 4= Q)= action
< OpenFlow T2 EZFS 59l F713t} (6). A27F AR %3 YA end user’} W HTTP
GET "A]A]9] destination F4= == Al9|A 3 ZEHES DR g% [P F4E X3
H 3 L5 A2 B1E AX =& B27A] AgE ) o714 =& B2 destination A4S THA]
Ao 420 ZHE Auje] AR 2|3t & ZRE Aujo] Attt (7). HTTP GET HA]
A& Hhe FHE A= ZRIES & B2of| A$3It) =& B2+= source 45 Y &l
E9 IDE SH IP AR A2 & AAH H 25 Fa tolg&E AE3ltt tojg= &
B1, A2E AA ALAI7IA] AEE ), 7] 4 A1 source®] 45 thA] Y] =490 FHl
E w9 A7 2]3ks}10] end userof| 7] A3ttt (8).

qreF QA wo] Agk= FRIETE =5 A20] 7H4E -5, 2-10 A<} npz7 x| 2 7H4 =
LERO FHE 9H M5 9 SHo| 7hsdit,

3. 4134l (Clean Slate)

B Ao A= 7189 TAE 49 FRS ZEEA HlolH $49 E2S FEES V]
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o MM i 02ET S XERe A|Usks YEYAAeIA NDN UEYAS A7
817 918 W& AIAIRtel 2, NDN W|E§)219] 74 2.4:) NDN k= E5o] 4351 NDN
£9]50] thel o W as} olr}. oS Ea) NDN YIEZE As] 945 2 50| 9
4#2) NDN £9]9 71558 53 Aol 0|37 251 71558 theat 2ok () ol
71ure] Bo]2 59, (i) Ve 25 /elo] 8] szl TRAA, (i) MIEAZ A AL AL EG
ogi BEH 7155 /|29 S ESRS A91A9] EAY 7155 Aol A AR, @
2R (QEERS BRESIT} QTR A0)X) A LA ©2T Aol

3.1.1 A4 el NDN Z9d 7|5
19 32 NDN HEQ 9 LA3F= NDN =E9] 1A Q4o tjaf L4535t 12o|t}
NDN =t 7S 2Qgst7] YA A7Re] AZhE glolg32E FAskaLl Tk (i)
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Content Store (CS), (i) Pending Interest Table (PIT), (iii) Forwarding Information Base
(FIB). o] &lo] Y& wh=7 s17] $13t 2+ o9 QIdlA glo|&-& FA|ghtt, 3 o
£ NDN =E0} 43517 913 of ¢ QIE|Hjo| AR FAdE] o] Qltt

Content Store (CS)

Name Data

cnn.com/us/a.avi/v4/s0 Interface 1

Index

Ptr _|name | type

Pending Interest Table (PIT)
Interface 2

Requesting ] C
Name Interface(s)

—
cnn.com/us/a.avi/v4/s1 1 — |

Interface 3

Forwarding Information Base (FIB)

Interface
Name List

Interface 4

cnn.com 2.4

1% 3. NDN Forwarding Engine

o|& 7|9te] EHlo]E ¢ NDN oA F'l=9] o]F2 AZFF+2E 2+ alphanumeric?)
7ol ¢l& 4= U= FHIE A=t T A= A &01—7 0“‘ URI £ & & 8l=Ul, 1 FHi=
cnn.com/us/a.avi/_v4/_s8 &+ Zt}. 11 oJu|&= i o] 5 Zh= FEl= (a.avi) = cnn oA
A5 ARSI o ml=r Ao A A= om A 49] A|TIHE 8-S ofn| gttt
oldd ASA ol #+2E& 7HMste o= &2 ol AFAL (hame prefix)E 2= o5&
< shte] FYgt o] F A FAF (name prefix) & &Y 4= 9lo] FIB Hlo| 59| Afo]| 25 7|4
o g2 &d 4 3t o3 A 997 o]5 AFAHname prefix) = 50| o] A+F- (full name)
F G AE/Holg szl @A @H 7Y AA wjA o] H= o] F HFARE Hot= A=
k431t ] = longest prefix matchmg (LPM) o]2} A3ttt kA9 LPM< exact matching
H]SH te7F At} 1 o]+ full name 2] name prefix £ 0]2] ¢A] 5517] w0 ]
o] &0l %l l 2k name prefix & 2= ELE AT v|asjof ghe}, AA71A] a1 do]
9 IPV4/IPV6 F2A| Al tis LPM <& 913t B2 17} ol f et shA|HE o] E3E 11y Zo]
(328 EIPv4/128H| E IPv6)Q] & =4 A A} vl wsl EkZ wf alphanumeric o]l 7}H 9]
URI 2E}Y 9] o] & 2= LPM & #-&3}7]7} o] 9T,

AR AE/Ho e T3 ZRAA: FIB = QI8|e) A= 5510 NDN =E2 Sojghe of &
ot TRl 2SR WAOR THe 18 Sei o2 Bt ol $13) FIB ol 3
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o Bkl PIT = FIB2b= th27 dlof¥ #fjZlo] NDN k== Soigts v sid 2dl25
gt =B = dloly sjZlS Adstr] St AEE Z2Ea1 St} o] F f8f PIT ol A+= dlid &

0]5 (full name) I} 502 o]~ HT & -FAgtc}. NDN 9|4+ ©]& breadcrumb o]z}
J . A[&57HA] NDNoJ|A] F= k= E7o] YIEQZ) S 915k 583 glojEFx 27FA]of tielf A
W WOkttt AFH5E CS "ol &l tial] Yol BA} Hloly sjzle Ad 3 Fof vl 7}
J 242 57| ol 578 NDN kEBof A4/714 2 4= it} 7 o] H dlo]E 1j
1= NDN = E=9] AE X0 A4o] Hal s 2| AEE CS Elolioﬂ 7| =30t

Oo|AFE QUEHAE fjzlo] M= 2o tis| dopA} ¢l AE sf7lo] NDN =
Tof Zo0]ekA CS of ufAo] & 4= Qlr}, o]+= sl NDN =of Zdl=7} o]u] 24 (F4)) gt
= 9ju] o|B= ¢ o4 JIHHAE sj7lS& tha T2 AR oFal Ap4lo] 2Hal 9= ¢
olElE Ed&tt Wk I AE gj7lo] PIT of ujAo] &|H o]= o|n] o]Ho &2 Fdl=
9340] A= olopr] o|B = djd sjFE T o4t E}O i':i Adshr] ¢kal 71&9] PIT

Eo 22 AH @ HAETF S0l QlH o 2715k}, CS = PIT ©f vjA

O] oFsl S A 2L gFAER 7HE31a v A= FIB ?ﬂEE}Oﬂ 971 HEE o] &5t th
L2 gt}

o| AR HlojEl sfFlo] ALE= o thsl| LopHal JIHYAE Fj7lo] M= 3t
ol vlsf TlofE A g2 7hekstet, glojE] #jzlo] NDN =& 5o] @ IHYAE I
Z 3} vpzb7 R 2 S} PIT H|ol &2 SR, e7HA] thE A2 Hlo|H 371 FIB H|o| &2
U] o=t} CS of WA o] EH el Hlo|H+= o|7] NDN =E0] AEZ|X] Qhofl 70|
Eo] Qo B g HYshA] o=t} PITol| mjAl o] = sffd Zel= dlo|Eof ths] 80| Sltt=
Oln] o] B = PIT JIE || JHE o835t @43t e EZ 0 = fo|g| & A2t

%Q-‘E =8| = 9] aggregation ¥ name prefix &} TFS =& (= face AR) JHE zHi1 Q)
=

>\“ .l?d =) ON‘ IN‘ o

HEHAZ YA 7Hd: NDN oA A5 Fo=n B2 oS5 = 5 A=t vIEYZ Ed
2 A3t aatet delayE =Y = St

NDN =E9] 72 AEZ| A7} 2 2RS AL Y22 dlo|E 2 7|4 6H7] YA 7= &
Alsh= ElolE F sl = o] JiE It wA|ss=oof 5=t & LRU %= LFUE ¥°
&t

3.1.2 == g Q0oto] zlo|d W SAFA] AR}

$] Ao Al ool A7k 9] AlA 2l NDN Z9]d 7)%5-S AHst7] Y3 o
sHgeled 4ledol ot I ol QT ERS EYE Tt HolH =t NDN i%

S o3t glo| gLzt 2R A 02 th2 7] ulRo|t} ulebA o|H Ao A= 1 o] = Aly] 1
QTERS BYA] ST ARl tisf otz

7PHA name AZ& 123 LESE S ) d QEEZ2 L WA 1.0 12719 FES
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AHEEA E2-E FETT B3 4 /FES AR A7E A=t shARE §F 1 ﬁ
o] NDN HE{ A FAAA= 7P A 0] 3L alphanumeric §F name 7]4Fo|t}. 1 =

NDN &] name & F71517] 8l A+ 27F4| & HE=A] argfsfjof st (i) 7}%3191 name < %}

7] 913t A 7FE, (i) LEEZNA AlEste Y= wAYE name prefix &

LPM s}7] 9]gt ”ﬂﬂ‘/]%l—’r-J S2HY. whebA -2l okl Al o] F7HA] LAkl s A st
7] A A2 S ek Ao,

I:lo
rn mu
1:4 o]

HU

Z 2% glo| &7} NDNQ| Al glo]g] #29] Zo]: e ZZ 2L A 1.19] multiple tables 7|
5= ©]-85H NDN 2299 lz19] A dloJel-25 A &t —’F AT, SEA|E o} 2] 7h2] H
A 1.1& 73T AA 7} WX A] ghof -2l= smgle table ¢l A 1.0& o] &3) eAFsh
= dho] 9lth, T3k multiple tables 7152 o] €3] E4-S ghttal stk o] S NDN 4 ¢
OJE|FE R o] &5t HH H®elE BlasA o ARSH Hil, REFR Y] F=9-9 )
goll et webd 22f= oA Audt AEAAE/HolH HAl TS LEZES
Ao 2 Ak s ol dish Argd 2ot

LZZEP LA /FREA M Y EAT WA 74 AE: HIERIZ WA 7= NDN b
Efanty] 553 SAoIt. mebA @A Agehd 2921 /2RHole HEYAE WA A4
750 SAIHA| Sh=th. TR S 291 A /ol wiAl W RS flsf HE 852 2
Tk (R d=2Hpo|E) AN K7} w2 W k2] (SRAM/0.45ns, DRAM/55ns) & HAISHL 1
ot SFAIRE NDN Y EQ|Zo| M= dlolH A= sl o] Hrh o @2 HkLe] (R 771kl E)
5 8% SRR HE o] 2 vie= dA A £} L) 7] wiZ2o] high speed 29

A28 ARl Ae AdshAl = o At wEbA thaollA o] & LR S alofdt
ot

o

3.2 ND-Flow

3.2.1 FIELD AND MATCHING EXTENSION

QEZES AQAE stolm Rl = o] 52 Q1AsH] 87| fleliAl 719 127 F&9 &
2 duE et F art ook whebA] 92l 9 19 o] NDN< 913 o] & 2=} of
72 B HEE AEA 71 shaith

T3t oA AFstelxe] 71&9] A Q1 HESof Hhs NDN of 4€] o] 52 71 & o] o
A B2 A S o7 sHTE whebA] 7 A o] 9] o] 55 a1 4] dolo] ehHl e wgke
27} 9lek. o5 $18 ND-Flow ol a4 71H-& o]--3tch,

PIT+ exact matching & 2511, FIB ¥ CS + wildcard matching & Q7-3t}. o] &
{18l PIT= s 7 2] A o] Foll thet s+ gt 5 sl s 4hS ©1-85F] exact matching
= gt

Content Delivery over SDN: incremental vs. clean-slate approaches

Extended OpenFlow APIs

B: Buffer

| NDN Data Structures
IF1|B

""""""""""""""""""""" St
IF2 (B OpenFlow Forwarding Engine Mzzauglz

Flow Table

IF3 |B

In | VLAN Ethernet NDN P Transport
Port D SA | DA lTn)e Name| Type | SA ‘ DA |Proto SRC | DST
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Actions Statistics

* (S Action for Interest/Data

* PIT Action for Interest/Data New Actions for NDN
* FIB Action for Interest
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3.2.2 New Actions for Packet Processing

NDN ¢] Al7HA] Blo]e] AESHE 0 EZ2e Aol A5 $15) H2L tloje] AE
S AJsiA| gL, 24429 HlolH ’\EEWE LEZRO o g AL SR o] &
213 NDN & §J35t thAl 7HA] A 28 NS =7} 53Tk CS Action for Interest, CS Action
for Data, PIT Action for Interest, PIT Action for Data, FIB Action for Interest. Z}Z}2] of
AE9] Lol ot pEslEof A5 F o Qi

« If (msg_type is Interest)
— Update its incoming port# of Interest into

« If (msg_type is Interest)

— Retrieve from the storage module for

caching data (/oac) ?Onrerias[t;;wg entry (flow-mod with PIT action
_(sslr;g;lr:g it to incoming port# of Interest — Consume Interest (d/op)
— Consume Interest (drop) * Else . .
. —Forwarding Data to the recorded interfaces
* Else // msg_type is Data (output)
— Duplicated data (drop) — Caching Data (flow-mod with CS action for

Interest and CS action for Data)

« If(msg_type is Interest)
— Forwarding Interest to corresponding ports#
(outpud)
— Update flow table (flow-mod with PIT action
for Interest and PIT action for Data)
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3.2.3 In—network Caching Support with Two-level Memory Hierarchy
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3.2.4 Routing population
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