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PR T ) ELIR RO FY) SDN it i 22 R B2 AR BEHL 1]

RSCHE T T LG SDN 97 42 KL AL FRMLA, A B A L AR A B or, B TR
R A T S T S ) 2 R B A R R . FLoh, R 4
SRAITELE PN B, BRI BRI AT AR T 30 AR R E B B, T 22 2800 B U2 5 e
SEAR R 45 LB TR B R R P B e B SR IR S PR S DL EE 87 2848 e
PELRAN B Lk BRI TE, SR I 2 10036, R AR H 1 42 01 B et — IR 2L 1 6 e 7
. FYAN, X T R AR, e O R R TR O TR S A T P A R Al 2
R R H IR IO L 3R 0 2 18 VP B A R T T ST T 2 T, 31N T Bk
SRR, B AR B A BT AYR 5 4 9F, OB T RFRLRE IR £ B

RS EETAEDTR: Bo6%EHT SDN Ji 2R BN RGRELS, JCUE L T R4 1
U GRS BR T T IR R R, U5 A B T VR R B B 2R YR
BUBI. A0 2 15 BA SDN PRI AARE T8 55 3 1A A1 7 0PI ILBERI ) SDN i 2k
REACFERLA; 565 4 536 T SEAENLHIA At HOLBIEEAT RS SO 007 48 5 5 M4k iR,

2 MExIfE

ZLR SDN N T HERM il BB AL P, JE 75 23t — D4R T SDN PERE. H AT, XF SDN ERE
DUAFRIBIF E 3 2L M2 il = AR J2= AN 7 T T

2.1 EHIEMEEMILEXRMR

N7 $EiE SDN fEHIJEIERE, SCHR [6] $- 1 —Fh B G R 10 2 42 45 0 oy %, # e i 2% 1 Eos
IR Pz i 85 M AZ L2 R IR 5% 8. SCHR [7) 25t 1 2 F AR DO A 22 ) 45 0 E8L 1P A, o 1 SIE B R 4%
PRy et T S, 2 ) 5% [ PR B 8T A DA R ] 2 AT S ML B) AR SE SR . DR PR AT 2R, SR [8) 42t
1 DIFF #hZ5, ARAEFN 28 SRR X 703, v EEXHIR ) BRI G AL A il — 442,
FETIA A R AR B HH B REM DB AL B AR, ORI U 3 2 3 AT BB

2.2 HIREMEMILBEXMR

N Y SR UM A BRI 22 16, SCHR [9] St 1 AE S B L b N in P 2 A B 2 1 5 5, (B SEBL T
YKL AL, JF 2w RN SFORAIEIR. SCHR [10] SKH T PR B 5E MO A5 SR SR A AL I 3 I,
PO R RO AC B EE IR T, 420 2R AR BE AL BE. SR [11] 48 T 4 & 2t R Sl
i, EIL 5 NEHE R MPLS (multi-protocol label switching) #3287 K RLIMME G, e
FIRD AR B, HRENE D42 ) 35 AT AL (R BI85, SEBL T 4R BE R E A ). SR [12] F i
TR KSGT (K similar greedy tree), MR IR A B A2 1) 3 & K I A LRI 70 o TR, SRR
AP AN SDN 2l I 2% H. JRT, B3 FI28 T A RO 5 S8 a3 8], SCHR [13] 45 HE AR AR
SDN A1 ICN DATSCHE 448 B, 3 o7 LK X B ) A B K

PR A AL PR B 2 S SDN PR RE A 2L DA 3R, Il I BT 70 AL B, REWS KTt R
2% LTSI R S5 & Rk 04 BRI AR (70248, WA, SRAR R EILABRI FE 00 IR 4%
)77 2, T AR R RE A R 2 (8] HEAT A AU, SDN 1t e R A0 AROAH B 78 AR SR A5 B A K= R kL
JEE QR T, T s/ e e o) e O 1) R S FE SR 2 M i B A B 7 A 2ok B R AL B T 5
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Multi-granularity routing Multi-granularity
calculation module | €—Pp aggregation scheduling
Control layer module
Aggregation information
management module l

[ TInternal \ Message || Link discovery
M\/ parsing module module
I i I I :

pooooo

»| Flow table delivery module

|2

/

Control message management module

Controller

Infrastructure layer

1 RGiERE

Figure 1 The system framework

3 MHEMEEBEMAE SDN RE %k E IR

3.1 AZigit

SDN (e e BEAORE T4 )2, T 2 4% il s AR 0 07 5K (00 7 228 s ) 45 1) P Je A —
Bk, JEETTH LS S B A A R A SCHR H AL 8 2 LB A BT AR R A 2 ) 2 v R s i 8 P9 7 i
T T ZERPMER R GHER, W 1 s, SR B R G R BN ST BEER R B
2 WL i U SRR | SRER(E B . R IR A AR BT AU R N A B it it J2= 0 2 22
H1 OpenFlow SZH#AMLAE M2 B AL, IR 2 (A1E A5 B A R S AT 5%, B AT HATLAN 2 ] 5 AH T 7
1R, IR 56 B B 1) 22 460 P 1 R NI JB2 AL 2L

3.2 MERA

SDN M £ A vl AR R N IIRTE R G = (V, E). Hb v RR BB HRAAHERE /11
THLT BES; B RN IERAT SEERES. @K 2 Fros AR R THPE K IR A 28 /0 25 45
Y e R SR Y A A TR R SR AR Y AR R
3.2.1 TEER

HIRE T R A% O SR BT A B R N — AN = It 4H Node(id, ip_seg, type), &
Hid BEME—AR IR A, ip_seg RN ALY IP HUhEBL, type AR SR fE N 0 RO A, N1
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Aggregation source IP address
segment

Aggregation destination IP

L J M
address segment Core node Core link

) . Aggregation node em————— Convergence link
Aggregation type

Aggregation forwarding path ID
Link node pair
el0

Aggregation occupied bandwidth Link bandwidth

\ capacity
Link used bandwidth

Node IP address segment -~~~ \\ 63/ Link delay
Node type ~—_ °7 — Link related node

B 2 WEEE

Figure 2 The network model

oI EH AL
3.2.2 HEERREY

IR R I ) B S AR O BE R ST SRR R, AOCH BG4 link(id, nodel, node2, total bw,
used_bw, delay, related_node) FoRBERBERS. 1d ME—FRiR— 2K BERS, nodel, node2 78 M H2 RN
AT R id, total_bw RKNEEEE T TE A, used_bw KNEERE ORI TE, delay RNBEHS I ZE, related node
FEBE BRI T id B A, AT T X BERE KA. related node € {{0} U CNodes}, HH' CNodes AL
R HA id £4 . related_node A 0 RN ZBERE AL OEERE, AR A2 Z 07 4. related node J&
T CNodes, F~i%5E % AT REE RS,

3.2.3 RERSERE

LI X B D X 2 A R ) SRR R AR SRR O Hoo aggregation (sip_seg, dip_seg, type, PID,
bw). sip_seg KU IP ik, dip_seg 7~ HIW IP Ml B, type 2 REEFTBMERS, PID 2FE
FTERBRAEIY id, bw o RERT 575,

3.3 REHEXEI

THIDAT ELIE W B i i (R AR B, A SCHE H ML USRS AT R A, FE R s il 28 1H 5% 1 B F)

I, RS S S ML A7 I 7.
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*1 REN=THERER

Table 1 The triples information of aggregation

sip_seg dip_seg type

Source IP address segment Destination IP address segment Traffic type

3.3.1 REMXIY

WA 1 R, ASCERTE B 1P bt B R L P& i 2R SCRER M TfE 2. XA/
Pt 8% e s DL AN SR b AT AR T ANV B R L

3.3.2 BEZEMXH

RERE. B 1P bk B &2 PID o] DL R#fE A REZ M IIX R,

(1) sORREEY. T iUE/ B R O R SRR ) SRR O e R R B k.

(2) SBHEIREE. WA RAERIN R IR ERTARE, Y5/ H 1 1P Mok Bo s, U5/ H i 1P Mk B
MIRTEEAHIR], HLRERS F AT SE /N TP bk BRI, IR 9 SR AR TN AR SR AR, AR IR AR 7y [m] s <
REM B EIR A, 45 HTERR AT 1d(PID) AHIE, oA [R AR 3R 5, ANIRI Iy e B AT SR AR

(3) WAL, HRE B ARE A KPR ERN T — ML RBHRE, WA A 5RE B
Tt A B AR 0 AR RAR AT LURYE PID S 75 AH [R1 K 73 D [R] &0k 1 SR A AN 3t 5 A1 SR 4.

3.4 REBLRE BT

Ui 2R I AL BOVRAR B AN B 3 o, Dok i) o RN 2 - T I A5 A S AN e i H e AE
e R, AL R T R R IR S5 o S A, SR LIS T (best-effffort, BE) JEAY [ BS ZHRL L Az 9 T3l
¥ (bandwidth reservation, BR) SRR e dtiobr B R Bt ] 7 2. 7R LRI B, TH G H X 4% 40
AR ERAE, PN & BE KA HORHDRL R SRR TR L. BE RAURHZ BT T A ARSI R . T
BR A HRAELE LRI B, il R ST B LR 3% Packet-in Y 2., I Hs il 28 NI SR IE T R A0RLE
TR T It 20 K e BE I DA S AN 55 1 s,

3.4.1 =REEWITE

&R AR T RAE B A BURYE a2 RO, HRERINEANERBREES. 2RBETTHE
R EARL BN ik

(1) WEFALRP T S D, (EEIRFEIL e R G0 B AR DO o S5 kRl B A ml AT B AR 4
&, R AR PR BRI RS AR R MO R BRSNS SM T RN M D i R
[ f AT e AR 5 SRR AR AFIEE K.

(2) FEARTHERT mAHAEE D EFEFEN T A S M D, PITIRTT S AR i A JTAG,
RIKHBATIR A 2.

(3) BRI P RIHATHEIT & M BIH WA D KIEBRIRES P DAAEAE, T
IEHFE R, FRRPHET S BT 8 M BRI Py 1 Pog RS EOITE AT, IR HHE IS 1R
18 P REGAAEIE, DU 5 2 BEER K, #5 AR K BEAA IBRARAF ] ' D' 5 w6 i al
IR, REFROE BRI A M BRI ES.

(4) HHHTHET R M BN AL DB SRR, MFEZEER (1) MF, % M — D' T4
HB T E IR RI 0 S D B AU TR AL MO RTE AR EEAE Sy S'M T s A MDY T RO ]
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Bk 1 MBS REBREL

B Vv IRINEAT AES; B RINERERES; a(v, E): MEIRINERE, LPVTM: 8B EEERE; BWP.. :
WEERCE LA, SD: MATERAENE . HIW SR, bandwidth: 4ATREMTRE M % &K, PathSet: 4R kK%
T

Begin

1 MRS v QUGN TR SD W R AE A SDList;
2: vYNUM <— V.length();
3: for (s,d) € SDList do
4 NLPVgp  LPVTM [sd] [|; //ZRBCEHTT RO AR KK LPV £l
5 weightTM < getWeightTM (s, d, BWPoc, NLPVgp) 5 //ZRBUCE T AR 1) 5 B A EE 4R R
6:  visited[vNUM] , dist[vNUM][vNUM]; //M S 15 STT4R, ¥ & visited[s] Al dist[s][] 4l
T visted[s] < true;
8: for i = 0 to vNUM do
9: dist[z] < weightTM][s][z] ;
10: end for
11:  for i(:! =s) € V do
12: i1/ Dijkstra BVENHET SD 19 S BE R E RPN REBRZ,
13: end for
14:  Path[d][s] < Path[s][d].reverse; //HH# SD i gUNXRI DS 7 mAT RS B
15:  BR RAIR4E,
16:  FRECHRT SD T AN R IR VB A A4 NLPV, L1245 PathSet, SEIAN EAEIE weightTM;
17: min_weight ¢, + MAX_ALUE;
18: for path € PathSetgp do
Vo JHUE T O B ORI T F I residualmncauiarn, .y« EFEAEA delay,un
20: if reSidualbandwidthpam < bandwidth or delay,,,;, > delay then
21 BREAK; / /7% &4 vJ FH s T2 AN I S8 AN 2 LR ¥ B 44
22: end if
23: Weightpath < 0;
24:; TH5 PathSetSD &2 BRAT AU BEREAL AN, B4 Weightpaen B/DHIBRARVE A 2HT BR RERF K ERIE Path;
25: end for
26: end for
End

itH: Pathl: BE 8RB IRITEES Path2: BR RERENH K IRIZ.

AT R B A 5 SR AR TRAF AT R
(5) BEHF DR (2), RXPAT, ERWHEMINTERE T R REFHER/TIT RIS

3.4.2 BEAANEREA

BSLRBIY B, AR A R BR A T A 1) 45 SR S B B T A A PR AT B B BB R R, TRUHE BE RAUER
SENIYIUGFE R AR, TR RADRIEE R I, Bt B 1 A 2 WA & (R &k I AR S P I BE % BE It
RO T 2 AR SO I B ( BR A, B G G o P OB R B T NS A SR I 46 75 SR B BRI
U R R BT 2 OCRR VE BERR IR R AT R BERR DGR HEAT RE B, SN T RERE EE IR, N
YHGE RV /EME (link potential value, LPV) FITHE J7 30 LPV AERE I #E J7 =.

(1) TR AR EE. 5% MIRA 07) F1T DORA 18] X5 % e 1 B Ak 75 30, A SCHR Y i
S AR =R R M B ey
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Get global view

l

Offline routing BE fl BR fl
o Calculate global optional path ow

Online routing

y

A 4

Precomputed forwarding path for BE type |
aggregation 3

| Calculate the fine-grained path of BR aggregation|

The BE aggregation coarse-grained flow
entries Find the current aggregated adjacent adjacency aggregation

in the existing aggregate information

Receive and parse packet-in messages |

A

Update aggregation information base

Whether there is a similar
adjacency aggregation

A

y

Merge aggregation based on
IP address The BR fine-grained flow entry
1 is delivered
Update thevBR aggregation
flow entry

A 4
End

3 SDN RE LR EBBHGIREZE

Figure 3 The flow chart of SDN traffic multi-granularity routing mechanism

() KT SD i sSxEREM) LPV B E N E.
(it) SRIBURA IR SD 45 ok a] A A Tk AR 4. BERS AR I — OO IR LPV (BRI 1.

(iii) F A REMEERAE AL SD 1 RO AT A A AR T B R BRI B LPV
fEn 1.

(iv) fJati% SD 15 sxf ) LPV A —1b 3] 0 ~ 100 FIVERIN, X286 @ A SD 5 5% Frtd
HIES § SRBERR M BE B fEME LPV,; H— M FE nF

100(init_LPV ;' — max(NLPV; '))

3

max(NLPV; ') — min(NLPV; ') ’

K2

LPV,; = 100 + (1)

Forb init LPV,; R 6 IEE BB TEEIUE; NLPV,; 2R3 i A SD 75 5O Fbt LR 2698 7E (250 4H..
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(2) M RRE BV TE(E R . 30 LPV BUZE 1 58 & 0 Fa e R Vi 1 {1 R

LPVyy --- LPVy; --- LPVy,

LPVIM = | LPV,, LPV; LPV,, | (2)

LPVyy --- LPVyy; --- LPVy,

Horb o FoRIANREEREEL, m 9 SD W R HIECH , tHE DY

— 2(1}—2)!, (3)

!

Horr o TR SHL

B AN o 2% B B PR AE S BB AN R R TE AL B TR . AR T I B2 ) EH 2 80 FE RO B
(band-width proportion, BWP) i, HEUEJEETE 0.0 ~ 1.0 Z[A. MEHE i A~ SD 15 s *f
REfRER 5 kB AR T 0

(4)

) (1-BWP) x LPV;; + BWP x nBW,, if nBW, < 100,
weight,; ; =
200, if nBW; = 100,

Hrp nBW; oA ALE g 58, Hit Ry

99(resBW ;! — max(RBW ™))
99 + 1 - — if resBW;; > 0,
nBW,; = max(RBW™") — min(RBW ™) (5)
100, if resBW;; = 0,

Horft RBW 27 P 48 v 3 B 360 2 7 G (L I B4, resBW ;R B B 00 A 7 95, 2 i 0 A 217 98 R 2L
R ZEAE. I (4) AT RAS B BN SR S F) P A B A A IR, O P AS AT RO B R A
FELE: i i

weighty -+ weight,; --- weight,,

weight TM = | weight,; weight, ; weight,,, | > (6)

_Weightnl -+ weight, ; - weightnn_
Fort weight,, F70 T%5 41 edge,, (0GEREALTE,

B30 (4) AT, nBW,; = 100 B, weight,; = 200, /%86 A 7] H.
3.4.3 TEZUBNIEREER

FELEBTBL, v BR KRB IEAESCIN TH AN FE G A iR AR, JFIR T SR B ML RE T 48 S50 il AE 2 AT SR AR
F ARG G I R AR R AR, B A7AE, WG I IR, JF R IUEBI AT BN, 750~ &40
R RETR B BARA R AZHNL, JFRE 15 45 R BB 2 RS B b RIS IRl MR M
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IP kR V0 LK 22 N AORL R SR BV & T — SR PR B2 SRR IR, TR D IR R I H . & IR &R
R AP R AR

(1) EREES A TIRICYTTRE aggre M AR adAggrei, MR i 4 0, GiRKEE; WR
i AL AT EER (2); Wk O 2, UATHER (3).

(2) ¥ aggre Al adAggrel & H AT ERLE newAggre, HIHEHLE i B fil & 25 4F, FIWT newAggre A7
TREE. G RANENHAT LR (7); BN REE.

(3) FRHL aggre M[RIEEXT A SREE diAggare, fA7E, MFAT LI (4); BN aggre 5 o5 F %5 5 /NI
SIIREE I, 132 4R newAggre, MRAERLEE AR A A 564, FIWT newAggre BEIREA. 45 R NE M
PAT IR (7); WL R A,

(4) &I aggre, adAggrel, adAggre2 fl diAggre, 15 2IH K% newAggre, HHEFE B I8 B ik & 2%
AR IR EE. ROV E, WHATE R (7); [MIAT IR (5).

(5) ¥ 4 DNEREMRIMGFIVES aggreSet H, R H R ABRREPIPIE I, JEHIMZ B RS IR M 5%
i, FRFE kAT, WERBE &I 5 IR, 5 WATH DR B & I i A0 B 2R 4.

(6) 7£ aggreSet "L FREL H /D REW UM ER/NESIENRAEIF TR

(7) EMRELESEL.

(8) MRIEA R ISeThH iy B H1E B, NIRRT R e K A%

TE SR AR % ER I8 I e 2R B2 e ) SR S IR R i e R e R . R b, FEZR K R B %
HZ B HASAHEMR. Fit, £ T2 RERAE S AR T, A SR R AR 2% i &
ORI FER R R AT, W AW S AT R RRHE (J& T BE B BR) KANREREAT /03K, KRR R E
REENIE LRI, A5 AE 2 % H B0 20 2t A AT A0 3L, AT S 30V 45 6 82 ) 6 E V.

3.5 MEZNEEEE
3.5.1 HEIFEML XY

DR SR BERL LR DR, [P &% 41 2 AR A AN A 0 6 1) R, i E LA S iR R EAT R, SRS
R FE 8 P52 SR W N TR R 1) SR AR R 2 B FL A T ok B AR, AR TR B R v 7R A R e B AR T DA R
B, WG SRR N 2 A o3 AR R A A 1) O ARG LB 2 1) 1 ~ 16 47
3.5.2 RENEINSHE

R PR P VR 6 f e S A RN SRR TR 56 B BT T SRR L (& TR AR 43, 43 i) S B xS SR L FE PR oK
FIE/N. R 3 3 2 SRR EE & AR 1) B AR AR R,

o BRI EIH: RES IS KRN 1P Ml HERD JE IR 2 AN Atk B R A F A — 2%
FRLFE JEER IR, TR DR T H . &IPSR 3.4.3 N & Itid L.

o RERLFEYR I TR/ FRIVN R, ¥ — A BRES I NE AN TETHEZ LA 1 — N7
FIF 53 B A IRR I, (A 3R e R BR AT . ARERLEE T B A A A, BRI AR 20 R &R A, Rrdfv oty
BRI n tFE QR

bandwidth )
n=|—— ———
max(resBW;) |’

Ferb bandwidth FRfEF 7> BRI E T K; resBW,; FoRUHTRE A 5 ¢ SF KL BERR 7 & T H
L. RAES K BRI
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Bk 2 B2 RTHERE

HIN: agree: HTA RrAIBTIIRE; o HIKTRERLEEBE M 24, BW{bw1, bwa, bws}: REMN L5 BES, £E
WICE Fhr /N RSB Path: 4 HT R4 Aggre ATTEEAE.
Begin

. E + I#4% Path T & BEREA,

: totalBW iy < min(E.total_-bandwidth);

: X « totalBW i X o

if bw; > bws > bws and bw; < X then
T < true;

else

if !(bw1 > bwa > bws) and (4£5 BW HEDHME/NT X) then
T <+ true;

B e R AN S > i o

else

=
e

T < false;
end if
: end if
o T FIWTEET SRR R R IR
o if PSSR B B RAERE IR then
VA SRR IR 43 VR RERL BE HEAT 9743, X520 IR SR B HEAT TR
: end if
o if P AR B BER AT ZE then
XA ZE B P P S AR AT VR, XU I SR AR AT R B
: end if
End
Hith: Agree: fFREERIELS.

e e e e e e

(1) FRIFFR 7> T4 aggre, FFUTHH n.

(2) FR7rREE aggre, SRAUHT HELE S newAggresip M newAggredip, K A 7 FH w7 98 b i 22 56 /1N
FIEEATEATR 45 REE S newAggreSet. HIWT newAggreSet W RER GRS IRE &M, Bifr&RE
FAFHIBRERINBN S RES A, AFFE IR R EBAFI SplitQueue.

(3) # SplitQueue ETEIFfEH RKEL S A WERELE m 6 n /N, WPAT (4); FWHAT (5).

(4) Wik SplitQueue E7%, WTE SplitQueue HFIRHIEMIBRFFHF 7 REE agere; TNEES A 3k
HUHT 58 75 SR I K RN R 70 R AR agere, BIZIEER (2).

(5) ZREFE IR EERE, BEE m MTET n 8RS A WAFER G IFRE.

3.5.3 RMEZNEFELR

AL ) SDN Vi 22 0L FE 1 B A Bk B kR SR A T BE AN B ZE SRR FE Mg =, R 2
RLRE AR BAR ) 7 0-1 BEEZR IR (integer linear programming, ILP) #8Y J AN [A] i) ik & 2% A,
AL H bR, Brgsr 0-1 ILP BUERN R SR 2 Fros, it 2000 R B S 0 DAY
5% 2 P, A MATLAB R2012b JFA, ML HUEARR 0-1 ILP (WK AR, T kX
LRV PR Al R SR AR T R T 2 SR

(1) W B SR AR VR FE. s i 4 o) S PG DU SR 4R o5 FH At 96 2 T 15 & DR B 2, AN & 2 1 R R 4
HATYR S, FEXTHR o) 5 B TR A 6 it DU /MR OB i, S R % R FH 2R A4k B A 1 1 2 SR gs.
A H bR Rix AN

minimize max(URy), I € LC, (8)
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R 2 0-1 BHREMHMRIERSHR
Table 2 The description of parameters in 0-1 ILP model

Parameter Parameter description
A Aggregations to be scheduled, a aggregation of a collection is represented by a. A; represents the aggre-
gations of A flowing through link [.
BR The BR aggregations to be scheduled.

bwg, delay,, Pa

L

LC

Nic

Clpa'i

XPy;

Ipai

N, URy,

The bandwidth requirement, the upper limit of the delay requirement, the available paths of the a-th

aggregation to be scheduled. P,; represents the i-th alternative path available for aggregation a.

Set of links included in the collection P, where a single link is represented by I, | € L. l,; denotes the
j-th link in the link set of the a-th aggregation alternative path.

Core links contained in collection P, where a single link is represented by l¢, I € LC. LC, represents the

core link set of the a-th aggregation alternative path.

The number of links included in the set LC.

Whether the link P,; contains link [. If it contains, the value is 1, otherwise the value is 0.

The total amount of bandwidth of the link, and 7; represents the total amount of bandwidth of link 1.
The link has used bandwidth, and Ul indicates the used bandwidth of the link .

Link transmission delay, DI is the link [ transmission delay.

The parameter that determines the congestion of the link, the upper limit of the required bandwidth of
the link must not exceed the total bandwidth of the bandwidth. The range of value is (0, 1).

The result of the aggregation rerouting. If the aggregation a is assigned to the i-th path in the alternative
path set, the value is [, otherwise the value is 0.

Whether the i-th feasible path of the aggregation a is its original path, and if so, the value is 1, otherwise
the value is 0.

The bandwidth load of link [ and the bandwidth resource utilization of core link [. after aggregation

scheduling.

Pt Hbr 2 2 508

Ar Aj L
U= bwat+> (Y Xp, xCrp,, | xbwe=N;, T€L, 9)
=1 i
Ny < Tt x o, (10)
N,
UR, = =%, l€LC, (11)
T
> Xp, =1, a€ A, (12)
BR P,
>N Ipai x Xp,, x Cp,, x Dy, < delay,, a€ BR, (13)
Xp,, =0,1, (14)

HorhaQ (9) FRoRBEAABERR 200 SR AR H R i 39 Ol 98 DR 3 (10) R B 2 R B A8 P i 1)L BRE
2R X (11) Rz OB A R AR A X (12) oA R A BRARHE— R4 A 20 (13)

Ron Y

RN BR EMR, BAR T ZH 21 BR RAEREF RN, X (14) KRR fE— 548

B Xp,, £ MRUEN 1 500 FREL
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2.472.
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o JEUENLH]. B ) ECMP 19 GFF 200 F1 LABERIO 21 839: 5 A S0 7 WY I B 22 0 i A B
il (multi-granularity processing, MGP) #EATXF L0 #r. A T AR, ARSCHIX 3 Mpeg 7kt 4T
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Feif.
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Traffic multi-granularity processing mechanism for
Internet-oriented SDN

Xiangmin LU, Xingwei WANG'", Bo YI!, Jie LI! & Min HUANG?

1. College of Computer Science and Engineering, Northeastern University, Shenyang 110169, China;
2. College of Information Science and Engineering, Northeastern University, Shenyang 110819, China
* Corresponding author. E-mail: wangxw@mail.neu.edu.cn

Abstract As a new network architecture, software defined networking (SDN) separates the control and data
forwarding planes and implements programmable control. SDN provides a new way to improve the overall perfor-
mance of the Internet. Although SDN has global view capacity, it also suffers from performance bottlenecks when
handling massive Internet data, i.e., frequent interlayer communication between the control and data forwarding
planes of SDN reduces the computational efficiency of the controller, and massive flow table entry data incur
very high storage costs on switches. To further improve SDN performance and make it adaptable to the massive
traffic processing of the Internet, this paper proposes a traffic multi-granularity processing (MGP) mechanism
for Internet-oriented SDN. The proposed MGP applies the SDN architecture to traffic processing of the Internet
backbone network and implements a multi-granularity traffic processing mechanism in consideration of routing
and scheduling. Simulation results demonstrate that the proposed MGP can reduce the amount of interlayer
communication and flow table entries, maintain network load balancing, improve the correctness and effectiveness
of route selection, improve SDN performance, and improve the processing capacity of mass data on the Internet.

Keywords software defined networking, Internet, multi-granularity routing, traffic scheduling, performance
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