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Abstract  The Internet usage is experiencing a rapid evolution from host-to-host communication
to content dissemination. To embrace this trend, content-centric networking (CCN) is proposed

as a promising future Internet architecture. In CCN, end hosts communicate based on named content
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rather than IP addresses. Content routers are developed as the underlying infrastructure for
carrying the high-speed exchange of content request messages as well as content return messages.
Unlike IP router’s stateless forwarding model, a content router has a far more sophisticated data
plane with the capability of in-network caching. Although the in-network caching allows content
requests to be satisfied directly by routers instead of from end hosts to reduce network congestion,
it impairs the classic “end-to-end” principle in network design by pushing extra states into the
intermediary nodes of the network. These states lay performance burden on content router’s data
plane and make CCN packet forwarding a hot research topic. There are three major components in
a content router, namely, forwarding information base (FIB), pending interest table (PIT) and
content store (CS). Due to the performance issues such as longest prefix match in an unbounded
name space, expensive memory cost for explosive routing states, frequent update of pending
states, lots of recent works focus on the performance issues of FIB and PIT. However, interestingly,
although it is quite obvious that CS will also suffer from the performance penalty, it seems to be
unintentionally ignored by the research community. Since FIB, PIT and CS are organized into a
three-stage pipeline while generally, a pipeline runs only as fast as its slowest stage, to improve
the overall performance of the content router, we should identify the performance bottleneck first
and then, eliminate the exact bottleneck by a novel design. In this work, to prevent “blind opti-
mization”, we first build a mathematical model based on open queuing networks which identifies
CS as the performance bottleneck. Currently, the state-of-the-art adopts skip list as CS’ s underlying
data structure. But due to its O(logn) search complexity, the original skip list has a severe
Inspired by the extensively existed temporal locality and spatial locality in

In

our design, since an incoming packet is likely to share a name prefix with previously arrived packets,

performance issue.

network content retrieval, we propose locality-aware skip list to improve CS’s performance.

the search of the packet in a skip list could start directly from near the previously reached node of
that prefix. This avoids searches repeatedly starting from the head node in the original skip list
thus can save considerable search time. Evaluation shows that our design can achieve 1. 796 Mpps
single-threaded throughput on a less powerful x86 processor, which is a 3x speedup of the original
design. Given the average packet size is 500 B, the single-threaded throughput can reach 7. 016 Gbps.

locality;

Keywords content-centric networking; content router; queuing networks; skip list;
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[F) A 1 o 7 PN 25 I8 BR 4 19 egress 7 [n] b AE A

PUR E 8RR
T, =X
T, =7 = ¢T,

EANZ R R YA s R AL, P25 3% s N
PAFAE - 7 i B4 L B ingress J5 ] b8 1 i %
K AL ERE S egress J7 ] F N B IR [8] () KR
A —— X . PRITE R GEAL T 10 8 RAS I L ingress
J7 ] b B 28R A0 B N 1% 5 egress Jr 1) E £
A 3 38 R R FAR R B FRATTA

A (3)

ARG (D 2O L), AT AT DL 545 21

1E FR LAk T8 8 RS I A4~ BA A Ak 3 4 1 o 1 3

(2

=GRk (I
T, =
T, = $0(1 — R (1 — A
T, = (1—aA )

T, = 01 — B (1 — )2

T, = (- —w2
3.3 MHEEMRImA M

R4l HE BA I o B4 Al 55 4 1 ) T 22 0T LU I 55
1) B35 3 2 o DUl 55 B B i b B R A5 3, JR
55 R AN RE 08 K T 1, 45 23t B A 55 4% 5k
M BAF 3 0 A R G2  BD
T,

= <1 ()]
o M

HIATH O AAFRIKG) ] 155
A= p

Mo
A= —w

M3
AT 6)

My
AS 0 —w

Hs
AT pd—w

MEC6) FpFATAT LR 2L B A P2 3% el 4 19
R A i 258 CRIVY R A 14 fie R 3138 50 2ty A B 1Y
I B AL BEAE J7 CRIV g ) RIS B 2 8] B 38 4 e 76 1 %
Bl o F1 ) fm P g 1. 2 C6) o m] LLSE Hi i 728
D RLR 22 BRI PA 2 e A A d R A i RO i LAR
LA AB I de/ME R E

max(T,) = max(}) =

e s
0 1—p0—a) (1—a)’

min M1

D)

0(1—/54(1—@’(1—3,;21—@
AR AER (D) I R R e ] 1 B R A R Y
/INF 1, B s ingress J7 () b f#) CS R H 05 S8 2 & 4>
PN 2 5 E A 0 R BB 2T, BR AR LA FRRE ) (P p) 2
. B TE L. 2 0 BN KL B CS BB
PR & A B 2E L T K £k B A BB, 4 FIB
FPIT, I 25 b F A % 28 PR A AR S, 2 HAL =K (6)
S T 007 N s Wi R SRS I W ARV I ) 5 R 1)
TR S R U AR AR

4 MBRERE

2 3 H R AOUE AR DA 25 O IO 245 1 L S U o
H A0 M2 5 TP 25 (14 3 i 4 Ak A7 A — 5 1 3L
P A BFATR B2y TP & 1 R 3t 2 A7 0 L AR
S5 R TP o 2% 1) AF DU 2t 5 0E #0038 i P 25 v o0 I
2K U B RRAE. 33X 28 3 AR AR K A B TRRAT IR CS
PR . AT CAIDA | F# T 2014.3.20 4
K = BERREERTR] 24 20 min A9 OC-192 &7 T MR & »
Ay #Ric 4 Chicago. A, Chicago. B il Sanjose. A.
EAT ) BE B AT A3 5O 14. 64696, 43. 448040 Fl
37. 883%.
4.1 HEFEHHE

N 8] Jay &R M 7 AR T2 A7 AE T M 45 2 (L3) Fif%
2 (LA W o v 28 BIDR U, ZEAL B 2 b, R AT
R ERF ] Jrg B0 R R S A B B AL, BUR &
A AT B2 B3k 5 2 1 B AR T 1R — 3 (Flow)
) H T it 4. I 5 R R, CAIDA B AREU =
Boji i 4 B A R i i (8] R #RE. /R4E Chicago. A
Chicago. B fl Sanjose. A 31 & i H KMEAE 0. 6 M,
1L.3M f1 2. 5M By % g (WL 5) HARE 5] 6 45
TR — MU RE S £ & 4 K 2RI, R B %
Wb (direct-mapped) J5 2L 211 B /NG A7 58 0T LA 3

2.0 4.0 6.0 80 10.0 12.0 14.0 16.0 18.0 20.0
B [6] /min

PS5 = AN Itk B ] 22 1 1Y 9 4 i 2 B
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o
=B

T =Bl R i 2 5 U ik 0. 69.,0. 68 il 0. 61
4 G A7 il TP 8RR B FRATT AT BT T A PR A
KA TH AT R I i) 53 798 P A O k) A PR

1.0
0.9

@ Chicago.A
= Chicago.B
N Sanjose. A

WA AR RRRRRY
(SIS TSI SIS

FLITIIIITIS

LTI

AR R RN

128 256 512 1024

AT KA/ R I H
Bl 6 ZAT fir RS AT RN R R

4.2 ZHEBEHBHE

TETHEEHLR 26 v, — > 58 B 1 SO (R0 &5 3% 2 A7
filt B9 K ) 2 LA B I B0 £ 1 08 2X4% S . 7E X
B AT SR s 6] JRy AR 2 A 2 ik i B £
TR A TE AN AR R KA B8 7y S — B A R
S AP E A B AL X TR (LA AL R
23 (8] Jry # Pk 0) Bi TR AR BE ] AT TCP (19 7 51 5 >k il
JE AR —A TCP i H Bl 25 21 35 1) s 6 1 1y 41 5
H oseq; B seq, s B4 FKATAT LA 3% A I 1 £
HLF & fy Probability (seqy >seq+ ), i i J& F
[lon—11. B4R, i it 09 B8 60 L P 58I L i 1 1Y
23 (0] SR R e e . B 7 R T AN R LT R
R, v LR R, = SR Ly
BRI & T IR — > Ui EE 2 A I 3]
ik B M A R =S (] SR R

1.00

0.99

0.98+

097
3&5’0.96 r
£0.95
B
0.94F
0.93f
0.92,

0.91

0 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00
LINEZ RS

AN LT A 2R ) B A4 AT R A (CDF)

4.3 HAEHONERREFFE

TR T3 78 P9 28 v R 45 o s PN 2 11 44 2 3
i 44 F 7 4% (name prefix) F1 PN &3 7 5 (segment
D) W8 53 2H B SEABL T TP I 48 i 2 5 PN 258 v 0 I 2%
TP 44 T 28 R ME 38 54 N (] J) 7 45 ) R 7
PEBYRAIE. 2801 2k 158 o R ORI 2% Y SO T T 2 4

[ 7

W — 5 9 U T 5 7 ) TR 4
1 3 P4 725 B 111 48 19 37 5K 1 %5 4 7 0 “ google. com/
maps,/ china/1” i 4 8 43 75 75 BUR % 16 K A 194
He N HE B K 1 % 4 7 4 google. com/maps/
china/2” Y24 HEL. 78 4 281 BEHOT 28 L 280
6 £ 1 TP [§0 26 77 76 . % (0 7R [l - 2 CON o 1y 75 5
ST LA E P B L B B AL A TP 4
b P SR LR SR A L O . CON 5k
B P 38 BB 34 2 1 — i TR L B W R0 24 1 0
B T — £ 5 010 14 25 B e 3K ol F P44 28
TP 077 1E % S 1k 1 1 A BLAT IR 46 5 T 8000 3%
W A7 T R 7 1] AR 25 1R 0 PR B L X
[ Sy 43 2 45 T A 2E T U o 88 0 A 7 R
ke o T LB R T B Ah . 5 TP R
oL o T 9026 P 7 A T OB i 1 %
4 T Bl H o2 9 0 AT T TR 4455 G 45 3%
AL BN P A T L A R L
TER R I 2 1 5.

5 BEMERERER

5.1 %L BME
TE 2 BB R, Y R A B Y A R SR B ke e
FRATTES 23 KR 1) Sk 25 s R R AT A 4. SR A
FRC IO 2 i S A AE — 1 2 [ Jmp R L B i 2 3 ok
(1) 2 A~ 5 A A0 (W) 28 7 1l 28 00 A 4R 08 K A AT RE A 5 4B
W NAEYT S 55—l SR A &2 A P . S
F X, AT AT DAAE Bk A 4R R e sk
IR A AR T 25 0L Y A A [ 44 2 Y )
R R B Ik a0 B S 2 A 4R R 2 R 2 AR
(N2 B B A FRATT 3 wT A de 30 s R R oy i) ik 2%
S I T R A AR TN T B AT M R 1 Sk 4
ST BT AR A AR DT A 3 A I B 2 1) A 4R .
8 R T — AN HARM B YR 26 (1)
Bl 2R 45 A FRATT AT DL B A5 A 17 (e il
RASRIE A 19 1k 3R 25 i 0 B 3 45 250 JF i A 4k
T AN S B 2 1 Sk 25 O i A 4k
5.2 HR&EMW

R T S B A Ry R e kR A AR, R AT
TG A—AHHN RE 254 DL Sk B — A 2 TR
A $R A SR R D ) B Bk 2 25 A R TE 4 Sk
RNBARZE P B — AR S — 1 {key,
value ) 4 B e 6T T — 4 4 1] 7 1) Bk ¢ 45 A5 (R &%
TP G Ak ES SO 1 A8 EF Torward[ 1.y T S5 B R #B



9 W NS TR AR R Bk AR PN A I e e O A P A SR AL 2037
NAZ DA TER— AN F R T I —BUR ik R
p[" fwd_node {NIL,25,9,7> <NIL,25,25,19) {NIL,NIL,NIL,26>
== | fwd_addr <0xB,0x9,0x4,0x3> <0xB,0x9,0x9,0x7)> <0xB,0xB,0xB,0xA>
- 612, N1 !
L—h[retnode | 7 7-19&& = oz D L BAEPEL
<19<25 25=26=NIL ¥ . Tow( 1
- 9 i Fsearch_slow (list, 12)
> c > >
6 | | — NIL
9 > c ! > - > I » 25| - >
9 17 — ——
ENE e e NE TN ME e NE: T
0x0 0x1 0x2 0x3 0x4 0x5 0x6 0x7 0x8 0x9 " 0xA 0xB
search_slow (list, 7) search_fast(list,19) search_fast(list,26) search_slow(list,12)
REEE AR N AP ID T B 17 5187,19,26,12

P8 T JR il S B B ) A 4R AR

PRI B FRATHE 28 Bk 35 09 B8 25 48 v F 8
LR — 2028 5 0 F— N RJZH00 L kR sk
KUl BIRATAE sk P AR « M5 S, 158
FE SCBAH fwd_node[i]G g F L1, LD, i 15 A% X
x— >key<t<fwd_node[i]=x—>forward[i]— >
key X FALE i 8 T L1, LI i GLdr x 2Bk b
MRS L B BRI ). Ah i Tie
A X fwd_addr[i] 2k 8 {H & fwd_nodel[i] 45 55 1Y
Mok, 2GR L FEE 8 L, A RO R B 7
i, fwd_node[ Jf{8H M {NIL,25,9,7}, fwd_addr[ ]
MIME Ry {0xB, 0x9, 0x4, 0x3 }. {15 1t B /2, fwd_
node[ JF1 fwd_addr[ 1P E 7] 7 A 0Bl 7 1Y
TR W B R 3 A5 3] OF R 7 0G0 K 2 A
SN AL S B X TR A R 2 R
MR B35 (1) 224~ 25 4 $R05 SR R Ul W AR FR AT Re 6%
15 58 JI 24 i A 4R 35 5K A9 [R) I E 5% F fwd_nodel 1 #01
fwd_addr[ JH) BRI 4 76 AH [6) 24 71 28 5 1 )5 2L
2 PR K B IE B, AT DAAS 2 DA Sk I 0 3l ) A 4R Bk 3%
M A2 AT LA S5 3 A 6 B B 1) 0k 3 45 50 B 3iE CRPD fwd
addr[ JBdH By e — A48 5O IF G 4k 28 ) 4 5] T
g A 4R DT 2 e A 4R AR Wt g i fwd
nodel 1 fwd_addr[ ] £7 6k 1 72 Bk 2 b i 20 ik
UG kA RIE R AR AR 51 B R T A6 [
ZFAB TR HEEIER” . RATIIATHER
FIGAF X — RN B A, WA R EAF UL T
ISRy A 0B A 2 T A 9 B ) 25 R (B
fED fwd_nodel 1,48 %14 17 25 s b bk fwd_addr[ JF0
B gt S () ret_node. & 2 JBR TN AR
I GAF (B AE A5 48 . 75 16 3 ) 28 Ui B A7 A8 3P 1 =5
(i) Jey F 1 FRATT AT LA FH 488 /0N B8 N 28 3R 51 2 A R IR
A I A vh 3 R AR AP A A7 A T . 2
BB PN 2 A A oK B aA I FRATT e A A % R
£k AR IR 24 T SR N B R T G A DL X

2T RTERT B A R SR B U ) A B 2R 4 RS B

R2 ANBERIIEFHEREEN

LFATE IREHR A AL SRR M A AL RIE VIR 4 A
fnlab. net/ (NIL,25,9,7) (0xB,0x9,0x4,0x3) 7
bupt. com/

(NIL,36,8,3) (0xB,0xA,0xB,0xE) 3

5.3 EHiEHiR
5.3.1 fERINAERGI AN E A 4%

W2 RN ARG R AF LBk R P oo R
F18) PR K W8 73 B 1) 6 B TE T DA XY R 4% AR
fwd_addr[ JEtdH kB — A me b 148 5 1T I 28
ORI A . 8 2, Anar i SCh P ) 45 B Wé 2 3 AT
N A 48 B 1 & BB A% 38 3 Fe 2D 19 ) A5 - 1)
7 Py AR R AR B H RS AL 2k UL ZE R 8 L Y
SERE R T A S E RGN ERT ZAE i
ZEH T fwd_addr[ ]9 {8 9% 58 4 {0xB, 09,
0x4,0x3}. BA T — A4 R 19 M 45 5w, A
MY T fwd_addr[ JH AT & — A F5 51 & L BB
B 58 A PR ERAE. (R AN TR i 48 £ 0 8 ok
ANFE AR AR R FRATR EF 0x3 & B A%
EEEAR R 7>9>12—>17—>19; AR FLAT N5 £ 0xB
kB A B R ERAR Ry 6>6—>9>17—>17—>19; 41 2R
KATINAGEF 0x4 & B ARG N 9>17T>17—>
19. @R NFEEF 0x4 & 11 76 % 48 58 . AR 418 )
Y BRATRI, S e Bk A RN« B4
BF B 48 B fwd_addre[i ] i B BUE IR T LR A
458 fwd_node[ i ]<<t=<_fwd_node[ i+ 1]. fil{n, 252
N —AHEAE R 19 145 S fwd_node[2]=9<
19<fwd_node[ 2+1]=25, N}t fwd_addr[2]=0x4
SO P B LR . 4 (wd_addre[ ] i) Bt 48
B2 JE  FRATTR AT DL AR B 1 Kk gk B2 1) A 5 ) T
iy kR ARG S H AR, . M — A HARZS s A 4k
I Z 5 FATT T HEAE N2 R 51 G A 1 A Ny 36 0
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H 8 fwd_node[ ], fwd_addr[ J#1 rct_node HI{E
BB 3 R RIR T T A A JR ER A Bk AR A 4R
Ak AR B, cache[ search_key | A Ly i o
PIA IR 5l i extract_prefix () AP 2835 3K
PSSR IN A 4 7 search_key TR B4 TR 5 AR
J5 3 3 W A T SR AL TSR Dy R T A
b D B b ik S DTS2 BT N 2R R | SR AE T ).
ik 3. JREBE b Rk AR A R Rk
BN JRFER PR BE R List, B HROT R Y EIE search_key
i R [ SRAE R search_key fICFR , 75 W3R [A]
K
search_fast(lists search_key)
/ /B 2 v 1 B 35 3 D7 1] 45 A R 2
opt_Llevel := list—>level
FOR i := 1 UPTO list—>level—1 DO
IF cache[ search_key]— fuwd_nodel i]< search_key
AND search _key < cache [ search _key]— fuwd _
node[ i+1] THEN
opt_level = i BREAK
[/ 3BT 17 () 45 63 0 B R R B IR R AT EE 4R
v 1= cache [search_key]— fwd_addr[opt_level]
FOR i := opt_level DOWNTO 1 DO
WHILE a— forward[ i ]—>key {search_key DO
x i=x— forward[ 1]
/AT AS YR A AR 3 R A T 16 4 A R
cachel search_key]— fuwd_node[ ] =
> forward[i]—>key
cache[ search_key]— frwd_addr[i] ==t
— forward [ i]
x = x— forward[1]
IF x—>key=search_key THEN
[/ BATFAS YR A R T A F 1 45 s B
cache [ search_key]—rct_node -—=z—>key RETURN
ELSE
cache [search_key]—ret_node =NIL RETURN false
5.3.2 i FHPRAR 4R 0 SR
VR 3 A i FRBE (R T T AE Bk 2R b o T 4 R
MAEF— D2 FHH T G AR OT RN AR
5/ T HT IR A $6 00 K 1 N A BT S I (il f AR
FEHO LA 3 KRR AR FAF IR L FRAT H AE M Sk
TR E B ks, O 7 5 3 PR B A 4R
HEAT DX X0 bE s AR XA B AR O 18 A 4R AR 4
71 U T e G A R A AL T A R A 2 A
Xof ARG ) A I S T R T AR AT 8 1) 18 e PR Bk O
FHAS 2 %8 Jo 7 P Dot Bk 3 1) 8 R A 4R PR BB 77 A 2ok R
RS2 Sk 4 o 1 bR A Rk S A 4R 0T

LR R BV AR 5 A7 v B 0 A 4R 45 i
(ret_node) J& 1 K F 24 Aif 21 ik A 4315 5K H AR 45
ARV BREAEL. A T DO P A 4R B0 5 5 O 9 ) Bl Ay 4
kB S BoR TR A REE R By, FE B
A Fo 5k (G HH A MPER A R (L D
FEAAR ). X 50 A AL AE T 7E 18 A £ 55 3% 1 AT i
P i o7 EA 4E 3 fwd_node[ ], fwd_addr[
ret_node FY{5E G+ o J5 252 213K 1Y A R385 R A 4

ik 4 PR Bk R A A ROk

B R B SR st AR OT R A search_key

it R AR search_key BYTTE 75 Wik 0] 25 1

conditional_search(list, search_key)

IF cache [ search _key]—rct_node NIL AND cache

[search_key]—>rct_node<search_key THEN

result := search_fast(list, search_key)
ELSE

result = search_slow(list, search_key)
RETURN result
BiE S, R kSR A R A

BN JR AR SRR SR List, BEERIT R Y BEME search_key
it R AR search_key BYTEE 75 Wi [B] 25 1
search_slow(list, search_key)
x = list—>header
FOR ¢ := list—>level DOWNTO 1 DO
WHILE x— forward[i]—>key <search_key DO
x = x> forward[ i]
/A AS YR A AR 3 R T 16 4 B R
cache[ search_key]— fwd_node[i]:= x
— forward[ i ]—>key
cachel search_key]— fwd_addr[i] = x
— forward|[ i
x = x— forward[1]
IF x—>key=search_key THEN
/| GEAE AR A AR 7 5] B (9 45 A S
cachel search_key |—>rct_node := x
—>key RETURN x
ELSE
cache[ search_key |=>rct_node :==NIL RETURN failure
5.3.3 AR
15 5 R S P Bk 3R R A A — BT Al N 2
E BRI N AR T BAF 1) B AT — B[R] B (cache
coherence issue). & T ff YL ix [n] 81, 76 24§ (19 &0
B2 B A SO BR BT A R AT S ATE N
R A 3R B o NI 44 I 2R A R K S R
T BN J6 3K (invalidated). TR A %4 F RIS T
e A R B 5 P 2 R AR SR
K5 K TT Bl g A R B k.
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= = b Y B L Y RN RPN
N JRRRVE IR R % Lise AR AT R BEE search_key
iyt RZOT R IR ABR SR AR R 5| A7 W R R

insert_and_invalidate(list,search_key)

x = list—>header
FOR i = list—>level DOWNTO 1 DO
WHILE a— forward[ i ]—>key{search_key DO
x = x— forward[i]

updatel i ]=x
x = x— forward[1]
IF x—>key7#search_key THEN
new_lLlevel = random_level ()
IF new_level > list—>level THEN
FOR i := list—>level+1 TO new_Llevel DO
updatel i] = list—=>header
list—>level := new_level
x = alloc_node(new_level, search_key)
FOR i := 1 TO new_Level DO
a— forward [ i] := updatel i | forward[ i]
updatel i = forward[i] = x
/R BT L search_key S HEAR 1 2 HAE R
invalidate(cache[ search_key])

6 T SHEAELTER

6.1 EWFHE
6.1.1 Jismy™4E

F T 3R P 25 o0 X 4 TSI o M R A A
A SR FRAT A YA N A R 3 (Rand., Seq
Seq+Int(m),Seq+Int(m) +Bk(n)) # 47 3L 5.
G R R AL & 1000 000 A £ 5 A2 F1 10 000 A4~
ANFH 2 TR, BB EE RN AL TS
Zl“Lurl J/Lid 17 A % =X, Hod 24 F AT 48 url J2
Alexa M ul b GEiH45 B AT 1M A4S H P D5 18] & 5ok
(1) 35544 TP 2B Y. T RS S R ZE url AR Y B
AL BAF A I 85 B (Zipf skew) 2l 0.5 1 Zipf 43
At A 5 B S i 1A [ 44 T ART AR A o 22
SRR RE R A B B 0, ] Zipf oy A K 2 W AE Sy 34
514340 FEd f Rand w40 W] 44 1 28T 3135 19 4k
P id w5 LLBEHL A J57 3K 30 s 7 i i Seq 1,
A2 FHTZE T Se e 208 5 s A Y id g5 DL
PR id, o —id, =1 fE L Seq+ Int Gm) H1
AR 2 FHTZE T Se fa 208 5 s Ay id 4w 5 DL
JP L, B 5 2R A EE ) id g5 2 258
BN THART m BV id o —id, <<m GX 2124 H]
i & R AE CCN M 45 iy 1 Ui i el 25 2 4
GAERE I FEAER — & LU 28 Lol g i 2y
A ECHE P id A R E] BRI ) 5 7E Ui B Seq +

Int(m) +Bk(n) H1, B T b R 48 21 (14 Py 28 85038 He
R 1) o ) T A0, 3R AT] A6 3 it P R AT W 4% TR AR 1Y
AREME, B 0<<id, —id,  <<m ¥ DA n WA BLAE
NTAB . B R 78 BR WA A T4 B it
i, Rand 4725 8] J7 38 M 55 2% ; Seq + Int (m) + Bk (n)
R Z 3 Seq+Int(m) B AT AT 19 25 (8] ] M 5 Seq B
A ol 1 2 ) JR R
6.1.2 RS E

AT — & x86 ZLH 1 2 1D A AE by 52 56 °F
B ZEICAOE EH R 2. 2GHz 1Y 15-5200u 4k 7
7 3MB iy L3 217 .8GB () DDR3 DRAM, 3117
WAZRRA S R 4.2.6 B Linux #ERS. N T E
PEREXT LU FRATT 43 51 S5 B0 1 28 ik 3% 0 Ry 0 1 i
R, WA BRI A NA 1M IR kR R EEL
BBE R 20 2.8 T ARSE B B RTINS
2 TG RO 25 R B FRATT O A SR A AN 1 44
TR AR L T AT R charl 1R BN
R FHIE, F 4 stremp O oA Bk 32 3 7 1) g
A8 LA, FRATT R T LU A A7 SR 109 B 3 B (direct-
mapped) Jy Y 7N A K5I ZAF. BN ZAF KD
WE A E 64K RTL Y NE R EZAEHITE
bt FRATR A dyb2"" 15 S i A bR B0 48 7 1
AF R L — R R RN N ARSI % AfF
TR k. EAAR T 35 . djb2 4 J5 B2 X — AN ) 46 (1l
R R B R m RS B R A
FAE M m A FRF R K . A RATH A GNU
profiler (gprof) T H X 2 ¢ ¥ 68 #1740 Mr. 43 #r &5
SR A8 5 R R AR 2 — 2t k.
6.2 TEEESHT
6.2.1 AILIFH

F 3 IR T 4 Mgk 3 R ey I B Mk 2 - 2
AR IT B e B FRATT 0 FH A 4R Bk FR i ) A R 1 R
PRI L B A T Bk e Sk % 11 A R T Y. Lk
UL AT I RMU S AR BB A S AL, 50
R TC G, FRATTAT LA B, el I O i L —
14 25 [01) Jeg 3 o o 8 i D Bk 3% T AR P X — R AE
RRBEACE A I8, 58, F IR BBt 4% A 2 22
FE ) 2 T AL 5% 22 B8/ 5 1 28] 30 42 1) 25 [) )
PR L 6 Jy 8 e 5t L Bk e 17 S 36 2% 2R Ok . Seq +
Int(5) Fl Seq+Int(5)+Bk(0. 1) [ 2 R FF 45 1k
Seq B K. 1M 7E [FIREGE FH Seq MG BL T & J5 351 Ji 23
BRI A AR IT A LT R Bk R Tz —.
FRATEE BB A F 2 Bk IR UL S 1) T AR R IR
ORI S 20, X2 R R B kA 4R AR 2 NG 20 2T
UG ESE 12 DL R ) 5 2k T 2



2040 it B

Bl

1R 2018 4

o
=B

R3 AHEENTHERFHEH EEEAME TOXLL

— Sk Ja T T D B

WA mE R
Rand 20.072 20.000 12.486 13.639
Seq 20.848 20.000  2.246  3.221
Seq+Int(5) 19.395 20.000  3.997  4.879
Seq+1Int(5)+Bk(0. 1) 19.736 20.000  5.680  6.302

6.2.2 FrSRESIE RNy A

4 JEIR T 2 Sk R e S R PR Bk R A S
T x86 AIL#% L 14 F- 24 B4 40 2 4% i . FR AT AT LA
BT Rand e Bt Ja 5 1 T 2 Bk 2 A L 42
itk 2 O A TR B P A 3R TR Sy B ATL 3 3 1 Y
Y758 2 S B I search_slow O bR %1 4l
ZEPE . X R f A 1 B Seq SR U JR M i
F Bk 2 A Ho 20 Mk 3K R A5 RIS 3 A I B LE. 4R
IR TR EL S FEALAR 1 IO 0 in L I A 2 3
SVE UG 10 A5 0 Ik H R 4 2 25 .k L] g
MR A DL A (D) Rt R BB £ 5l A T N
TR G| BAFEARLE AL X% B 4540 1) BB 25 51
AT AT BETF 8 5 (2) JEF x86 444 (v 3l F Ab 3
PN AR A BB AF (an 3MB B L3 8 47) .
A Ep 058 043 125 400 o 08 AR 04 JR B L 330K R R
55 Jmy HB R R H Bk 3R ORI O . X IR AT AE i
ASIC 5 FPGA 5851 & 3147 BE A4 | S CS 1,
Jea 8 A I L S o AT R IR B R ) P B L

R4 FMHEENTHEXMENX

it o A Z k3 /ns JeyEB M ) BBk 2R /s
Rand 2819. 895 2641. 094
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Background

In this work, we focus on the performance issues of
content router’ s forwarding plane. Content routers are the
underlying infrastructure of the content-centric networking
(CCN), which is proposed as a promising future Internet
architecture. In contrast to conventional IP-based, host-
oriented Internet architecture, CCN emphasizes content by
making it directly addressable and routable and end hosts
communicate based on named content instead of IP addresses.
Actually, in CCN, the network content can be replicated
anywhere due to the in-network caching capability provided
by content routers. Although this architectural innovation
gains advantages of optimal content dissemination. it does
impair the classic “end-to-end” principle by pushing additional
states into the intermediary nodes of the network. Compared
with the stateless IP forwarding model, CCN packet forwarding
is far more sophisticated. There are three major components
in a content router, namely, forwarding information base
(FIB), pending interest table (PIT) and content store (CS).
Due to the performance issues in content routers such as
longest prefix match in an unbounded name space, expensive
memory cost for explosive routing states, frequent update of
pending states, lots of recent works focus on the performance
issues of FIB and PIT. However, CS seems to be unintentionally
ignored by the research community. Since FIB, PIT and CS
are organized into a three-stage pipeline while generally, a

pipeline runs only as fast as its slowest stage, to improve the

performance of the entire content router, we should identify
the performance bottleneck first and then, eliminate such a
bottleneck by a novel design. In this work, to prevent “blind
optimization”, we first build a mathematical model which
identifies CS as content router’s performance bottleneck.
Inspired by the extensively existed temporal and spatial locality in
content retrieval, we propose locality-aware skip list to
improve CS’s performance. In our design, since an incoming
packet is likely to share a prefix with previous packets, the
search of the packet in a skip list could start directly from
near the previously reached node of that prefix. This avoids
searches repeatedly starting from the head node in the original
skip list thus can save considerable search time. Extensive
evaluation shows that our design can achieve a 3x speed up of
the original design on an x86 machine. The mathematical
model as well as the initial proposal of CS design can
potentially shift research interests from previously widely-
exploited FIB and PIT to CS, which is unintentionally
ignored, but the actual performance bottleneck.
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