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[ Abstract] Aiming at the problem that the current cloud architecture network can not deal with the diversity of data
transmission in cloud network and the requirements of fine-grained and deterministic traffic control,a high-deterministic
traffic control method based on Software Defined Network( SDN) is proposed. It combines the advantages of centralized
optimization control of SDN and the awareness of the whole network with the multi-queue scheduling mechanism on the
switch ,and plans the optimal path of the service flow based on the topology and traffic information of the whole network,
and allocates a reasonable queue scheduling parameters for the switch,and uses DCTCP to reduce network congestion and
ensures bandwidth and delay of various services. At the same time, the full programmable switch is used to implement the
fine-grained management of the service flow,and the personalized flow table delivery mechanism is used to dynamically
adjust the service transmission bandwidth and service flow level. Experiment result shows that the critical business flow of
this method achieves the average queueing delay less than 2 ms,the queueing delay jitter is less than 10 ms, and the
packet loss rate is less than 10 ° it can realizes the centralized ,real-time and fine management of the traffic flow in the
cloud network.

[ Key words] cloud architecture network; traffic control; Software Defined Network ( SDN ) ; multi-queue scheduling;
Quality of Service( QoS)

DOI:10. 19678/j. issn. 1000-3428. 0049484

EEWB " EA oLl TR I H (PM-12210-2016-001)

EEE w1983 —)  J R TR AL, BT o e i RS 2R 5k WL LB E sk AR BRI G M R
SR e, LRI

Wi E#:2017-1129  {&£E BH#:2018-01-10  E-mail:david_gao0301@ 126. com



Fa4 s HmI2W m Rk WLk

R, 45 T SDN ) 25 2R [0 45 e 1 2 1 O o 4 o 7 3% 75

0 #Eik

VR R Ok R 22 1 B N I 55, An 7E £k
W I 2% T A B A i S AR AR SR A 1 R 3
#, =P8 MR A% FE R IT R — W
HRERE . AR R A R B S Rl %
it~ L B R PR e B R w2 Al B ALY 2 R 55
o TEMZERRICI B, BT =18l 55 Fh 28 i g
Y 2R 3G A DL B 45 1 SR R £ RIS 1Y AN D 1
R, 19 AT A TR R T IO A, R % 9 A L
R ISR o BT AT SR 2% Ml 45 B AR R Bl A5 M 4% BR B
KT AR S PR o S A B IR 55 T
(Quality of Service,QoS) [ , B 58 — Fir i Hl T = 42
Ty X 285 1) 3k i 4 o B R S AE AT A b, AR SO
—Fh I T A W 2% ( Software Defined Network
SDN) fy e 8 5 Ph i i 45 1 7 ik o %0 iK% SDN 4R
s LA AR T A PR 2 5 22 BA B 9 B AL ) L 2
P H R AR LS G, PRUE & 280l 55 (1447 S8 F N SE | ] i
40 45 2 SDN 2 e HLIF LA MR T
R, 2l 78 I8 #5515 iy 58 Al 55 i 55 20

1 #HXHR

BAZ 8] 3 e D) &4 9 48 o A9 i B OR & 5K
B2 QoS ¥l EE TB . 7 Ll AMEARE
G BT VF £ BB R L R L, X
MkL2 J$2 A RR Bk SC B ) 20 (BN BB 2 AN R 28
b 55 %) B JE () 5 2K . SCHk [3 ] 38 1 PQ RLVE IR
A A 55 40 B9 0 SE 9%, 5 5 AR S 2k 55
VRCRFE ME LA IE I B A B L Semk (5] 42
Y WEQ Bk 7 I R I b 46 1f) 2K 08 B 59 p e, (2.
SEPRA R A Z 0 A B I 4% A2 U 4 i Ak TR A v )
FP A3 B, P 6 1 o 22 10 T 990, 9 L2 G 3 X A
IF AV 55 D ASORS B 04 AHE SE DR TIE. SCER L7 ] 4 /Y
CBWFQ 5.3k e iF I 7 6 40 25, F HL. 25 18 3] A F
P B X IR R %S 1 R, SCHER[8-9 142 1y
WRR % i il DWRR F 3 o 454> BA 51 5% B A [ 1) 42
EAH, RUE T ASFL ST BA S H a9k 55 (5 i F % %)
S T U P B ), BB R 45 2RIk 45 KRB R o B
B £y BA 51 o 32 A7 L 8 45 B, TG W FE 40 R HE L Y
ER o BB, 25 vl 55 B0 R e 40 A 285 8 4k,
T B R R S R E Ty U A
TAELE N T () RS B L 5 AR R AR Y A B
T RR WRR XK EIRFE LIS, 73 4h T 5 F i
AEFYJE E S, 40 EDFY) RCS™ 4 DL K IR 45
i 28 B 6 (19 4 B Bk, W HESC'"™' SCED'"™ % {H
XL AR D REAE B S i s 1R B E . 45 b
TE AL 20 X 25 (1 1 3 50 o B 3k X6 2 24 T 4% 1t A 7
VB PR AE L[] 8L . A% 5 BA 51 3 ok af LA )

I R UE L 55 7 58 A0 I SE R IE 5 4% 5 ) 265 1) BA 31 98 B2
TR M LS B A0 L O 4 o 5 i A A 2 R0 A
WS A M AR R AT LA W 1 1R 58 M 4%
HP ol T 3 I 4 1 AR XE LR 2 SR I 4 v
55 e A oo 0 A P B SEE R 5 AR

2 ZEMMKREEFTIE

BT XF 25 AL I 25l 55 B 8 3 e s o ) A £
I3, MR YR 9 SDN 5 i o 1 U o 4 o O ik, AR
X —Em e R RS R SDN iR 5
R 55 3 s i B AR AH S5 G, X 25 B4 I 2% v i) 45 2
IE b 55 4 T JE T SEEEGE I 265 Hp 1 L 45 9 4 R A
SEHHE RS A B
2.1 HEEZE

ARILRGR AT, Bk sy v 2 5
ERM)R . RGERIEFIE 1 FiR .

API
ErmmETImE]
FEplZ
(SDNEERUED) | [ ] [ satbeem |
LRl LRLD
A oo A 2N :
M | ONetswiteh| | | HemiAzhL I%B%EELN !

Bl RXXRZDERN

ARG AR LA 3 475 T 4 AL -

D) RITZ o 7Ei%)Z b 3 2Ea 178 RE i i 14 1 %K
T, A3 0 2 25 S ORI ASE B A IR0 2% 9 G A
P 4% 285 A SRR R 0 ) 2% 17 100 0 D0 2% {5 L S
25 IO 245 4 B 5 IR0 4% U A G A R A0 R 4 A B
T RS X3 AN TR Bl 553, X A () 20 1 9 ol 55
TN KA QoS FRIEHE M

2) EHZ . fEi%)Zia1T SDN #5iil dr , REUR N
BRI Ryu " 4k SDN 51 2 . %2 4048 5 bk
RV 145 SO A B 3 £ R SR Bl | B AS A
e SLHAUAE BRI M A FHR) 2% 1) BE U5
DAKe P28 Gt B AR D o o 0 2% 1) £ L 6 355 S AL L i
F LAY B A28 30 A R, AR 3 T3 19 3 1 4
THE SR T o LR IR GE 5 R o 1 e AR 4l i 28
TR R AU SR, 58 R 2% (i 15

3) M Z . %R B SDN 52 i Bl i
SDN %2 # L LA I 2% v = AL 2H A8, e A g 48 SDN 52
Al | HE UL F B B A 2 T Y B e R LS A L
PE L P Mininet A B, SDN 32 48 HL R 44 il 2%
fifi il OpenFlow fF: 2y 15 fia] Bl 3% #E 47 58 B, 58 Ji ) 4%
ARG SRR BRI R 1T %



=1

Ean

76 it

Pl

T # 2018 4£ 12 A 15 H

2.2 BEHEREEREHAZX

P 45 H 1 0T TR A BR A, 2 4% b R 2 0 Ol T
TG 1B 0 4% B D194 7 SR T A < 0 4% BT IR k2
HH BT IR 55 B B R o I 55 T A I A A AL
o N IR N HE KA B AL R AN E B B A, M4
AN 55 3 F BR 55 R AN TR A 2R . i, A 4k
b 55 B A IR R AR BLE B I R SE A A
L, T S U0 XTI 2B T S 3 50 R T A 2l 55 O
B, 01 B R X 5 R ) 1N 58 R, 3 288 O o A i
Fal SE U . Dy T RIEAS [A) b 55 0 5 5K, A 3l
N4 BT EE XS5 A Qos HEAT PR FE

1) Z AP EEHLE] . 5 EF] DWRR L WFQ )
TR R AR, BA KA 2P 45 BB 8] AN
WAL AL, A SCT7 i #% DWRR 5] A #] SDN £ i
i 19 22 BRI R B o AR R )2 v O AS ]l 55 O
1 P9 3 2 R AN ] 28 ) ) 3 23 BC 3 A B 4 BA S o BA
H Z [ S BRI Kk o O DR UEAS [R] BA B A9 5 9, A
TR TR I AN [ BAB 3 B AN [A] 9 A
L, VAR U R iR 4 7 10 1 B

SDN " iy 22 BA B 3 BE i A an 1] 2 f o o

BiR]

v v v

|z;enw R P R Vs

v
CE T
[

W R
v
43 BLBA AL

TR

ik e s

ZINFIHE

gk
B2 SDN THEZFIAERE

AT SDN [ 45 4 Jay 8 il (9 45 1, D B30 O 0 1
FIE A BEAR o X T A I HE SR A Ml 55 3T, B AR 4
T P SRR JEE Sy BA B I R, o e 2 R
P IE % {5 B, 76 SDN SZ #e ML b W %E it 3%, sl 4
Packet-In i 5 4R ML 2% T A 3 B0 R 25 1 A8 o X
FHA A M 55 0, P 45 9 A B e 2 L IR 4% 25
JERORIASE L R I 9 45 v 4k 2% B B 119 R0 A% 7 98 AR
Bl e AR TR O HOH R — SR B AR IF
HAR BT A S AL R KRR R R I R T T A R i

FRCE B/ 1 RS R AT 5 T o ) I, I 2% 0t 4 480 B
S e 25 SN W 45 0 2% 1 B AR O, 2 TR BB B i B
AT T A, A X B RE TG K B X ) RE R # N Y
b 55 A O R U %, S B0 I 45 1) B R S Al .
SDN 14 Ja A B i # 5 DWRR Bk AHZS &, %l
55 U S A BLR B S 3 [R) B b 5% 4 TE R S LE £
PRIE

2) PHEEFE W KW o TE = BRI 2% rh i i 43 A B
AR S ASPE AN 5 R M T L AS B 1 A T AR A B L AR
55 A7 0 28 B A R AE IR R4 .
e, & 4t h 4t 57 TCP Reno, >k Jf] DCTCP 31, 4
K 30 75, A B s 31 2E 3@ 50 ( Explicit Congestion
Notification ,ECN) £l T 2% f7 BAFI A< B2, 4 %€ &
AL e A BA 51 2E bR T AR A B R A, R
s B AR TE A AL 38 U i ) X A PR, XA
AT AFEAR /D o5 22 o DX A9 A% D0 T 52 30 5 A ik o A%
TE P I T SR, 1 — 20 S 45 s QoS ol 55 it 4
3t i 0 S P I A AN 98 ORAIE

SDN#E il 4%
K3k //' | R
SWitch] —m? Switch? — Switch3 Saem
g _CHIIm

[RAR K 3 3R WKL O
B3 FEEHER

3) 4T 4 L) SDN 22 #abl, ONetSwitch J&—
KT G FE ) SDN 24l , 2 s Hog o W 45 12
PP SDN & ¥l o F FH 2 3¢ #0144 T 4t 2 L 32
AT R R R AN, AT DL 3 e AL 3 11
BA B B FRBC B, % oMb 55 B0 R o 1 22 B BA B
Xl 55 K /N 1) g 11 /D FE BRI i 2 5 £ A 3
BEML 55 i A5 2 7 RS A 0 R o, FEAR KRR I v
T AN TR 45 38 2 1a] 0 B 2 R BE i/ BT 2 (R
M, ONetSwitch g 8 AL A 7 FH 3.k J52 A %) BA 1) 9 32 45
RSEEL T AR BE U S o o

)AL R T R HLE . 7R AR 5 4 &
QoS {RFEH, T B W 48 i & AT S BR & T E W
WM AR . 1 LT MG E B AR R
B B IC 7 20, 648 B B b K SF EE R A ey, B B
TRFEHT 5 th o AR SCTT L RE 5 11 ) 4% 45 F 3 A 4
Ml 55 T AS B i o S 4% O e G AR B 4
R ACHAL T &R AS [F) 1 75 2K b 55 9 i IR 2% .
WMARF L FEAFIETIRE IP Hiak B 1Y IP sk
W %0 H W us 15 MAC Hb ok Ik 55 4% 69
(ToS) FF MPLS {13k 45, [ 2% i 1 i & L Hh v]
DB bR 5 2T AT AL B AR Al T8 B A SR A



Faag HI2W o\ F ik Bk

R, 45 T SDN ) 25 2R [0 45 e 1 2 1 O o 4 o 7 3% 77

o355, AN T 28 531 199 ol 55 0 AT LA G B 8 2B 5% BA
B o APEARRY IR T A B 52 BT 78 3 25 /Y k9 2% 2R
355 AR BT LAPRIEAS [R50 £ QoS 1Y .

3 RHEXM

23 JRAL) O 2 37 4 ) AR G I R G e T R AR S
I . SDN % il 5% #1 SDN 2244/l 3 > FR 41 o

Al i AT R4k AL iy JavaScript  HTML £ CSS JF
K IBATTE Apache IR 55 4% b, AT 55 BLE A F01 M) 4%
GO AE B, R v S 1 — J7 A 3 Restful
#2115 SDN $ il 2% 28 ., % W 2% 46 $M 5 2. 38 4 AL
TR LA R O I A S R R R ok
Horp, 22 M5 B AL A2 e L dpid i B 5 o K
MAC; EHLF B AHE L MAC & #1555 il &=
E K D N TR o /N < e (= S N g A o
£ 2% H LA Kesiiy 115 96 4% o g — J7 T, T s 4 W0/ 3
BUAE A AR YU P Mkl H (% TP ML hE R S
H o B PR U I e R s e v, R
M 55 3t A s I A e R S AL e 10 AR A Aa

ERM M R AR A 4 s .
i ' SDN il

mason E3—E3 B
Al i
e <ty M

Mininetfg 4L
4 REMMNEREEH RZG/RE

SDN #% il #F % 3 fE — 5 R 55 4% b, Bl L F
Linux [ Ryu 5§l 4% R 4t. 7€ Ryu #£#l 4 T, F &
T AR ] B R AR Y, 42 openflow Hpi 5 SDN
AL H AR B A B R AT B, AR B 2% Fh, IR AR
i i s 5 o B AR 1 900 R W Sk 45 2Rl 55 i
SR AT 0 B A, 1) E A L B A L B S B AL R R
FAa B LR BB QoS ARIIE . [RIET , & il 4 5
FIT 3 52 L 1) AT i 5 A3E 190 2% 40 F (5 8L sS e HL1R 8,
FHLAF B A S B I 2 4R I ME E .

HFALCRG T EAE = W% T iy, BT 2145
L) SDN [ 2% o 2L — a2 B0 (1 3 AL L N 4% 58 e
BLAT I 45 5 B, 2 5 T AF i SR AUR .
B, AR SCR ] Mininet 1) B 58 4 AL 4L A% 2 58 9 36
Bk #1715 B, iz [l ONetSwitch 38 4 AL 7E Ay 4 B
SDN A& e #l. , #| F Mininet 4 5 # T i #l SDN 58 {6t
HLFNHE 8L T ML, Mininet £ EHL EAH 2 AW 0, 4 51
F 425 DA X Y B S e WA & o 7R fE B AL 4R IR
FE S 25 45 4 R X R Fil Mininet 5 AH B ) R 0028
Bl Z [8] #5 AR, K W BE 4% R I = S A
Mininet #4 & (1) K #0445 0, [R] B 6 i 480 9 4% 1) 3t

A B 2%, ST R 4% 1 EL K R RT R A o
S K AU DR A IR BT L B 4 R R R s T
S 2 T B

T IR G 2 BB R R AL FE ) B
SDN =g bl b, Xof J5L A /) 50 10 ] B2 D R E A7 18 e, 52
P DWRR f & ; 76 g #1 SDN z2 #e #L I, i i Linux
it B ] 4% ( Traffic Control, TC) , #R # #2 il #% T &
Tt B R W B AN [ ol 55 9 S AR B B BA B R, 3R
A1) 3% B 46 RE A e, SEEE T £ BA A A AR 1 R B 52
1 QoS b 55 ity E A AE LRIE DI R o Sy T SE B 2K
il ms , e ¥ SDN =2 #e #l |, 52 B ECN Zhfig,
R A B34S BA B 35 B — A b e B, 2 52 B BA B K
L Z AR, 2% 2 9 £ 2 3E 17 ECN Rid; 78
mininet [ ) & 4 ¥ B J3 Al ECN i g, {# i il SDN
LBl FF ECN Ty fE, o H 76 /i 0 2 o b fF 1)
DCTCP Ppil, 32 Ph b iy 77 0] DLtk — 25 B 1k 4
FER A I/ 55 R I AE

4 RFFERERSN

ARG R ARG F P 55 R X B 55 N
UL, N TR A 1Y L 55 i 4R R R RE AR IE . L,
ARSCBTTF A 525, WA 2 A T S A7 1 3 2R
LT, Y 55 1 & A B B By 7 ) B RE D)
LB i 15 B o

LRI % R G AE H— & & %% Mininet [1) i) 55
# \ONetSwitch ) FH 22 #u A1L A 2 % % Ryu #% 4l £ PC
LA AL M 45 Fas 4, I S frs. Hob, il ik
SDN =2 fft L%k & 10 &, ¥ # SDN 22 4 HL i 11 %4
44,9 # SDN 3¢ 4 AL 5 4> o 11 0 4 1% B 4y 98
51 000 Mb/s,

- R
Y e AR

—— HR2

<
2, PN
\\,\_ — - 7
ch 2% =———"2"" Host0
\ Test_Server

<
\ Y N\
\ N\ A
N .
\ ~ T
) . N P N
\
witch 10
S\ > Host 5
\ \
\ \

\

Switch4  Switch 5 Switch 8 Switch 9
Switch 6

BS5 IBHEITEE
TESE R SB35 W AE 15 S i T 90 Bk
REfRAR. BCE 1 AR SIS 2 A Stifl. WIIELS
B 15 R TCP i, 390 A ZE AL Hostl #11 Host3



78 B2 R N R D 2018 4F 12 A 15 H
iy #BE) I8 AL Host0, — 3 5 F1 000 Mb/s 1971 i, 120 TCP
WISt 4 b o SR 55 3 A =ML Host2 2] F2 41 100
Host0, [ & TCP i &, #:72% 80 s, it % 3% 8. 688 GB § 80 1
i FEXFMELLT 8L 5 51 R AE Switchl | 2 ot
Switch2 F1 ONetSwitch 3 MM F k=4, N T % a0 L
SE A RUE G 55U 1A RN AE 38 5 /it 3 2% = 0l -
e B 3L SR« 45 O R 45 9 4 6 S B O B s, A e bt et Mt .
1000 Mb/s,2 2% 15 5t I A 26 2% 43 i) 3% Sk v 4 0 30 H;,gj/s 90 120
Ao ,

31 sockperf it % B Al % v B 42 , W 6 7 A7 BASRRER
7 ,99% (RO 9 B I E /N T 500 ws, SR A% S HRIE

A -2 Bf 9E S 270 s, /N F 2 ms, FEA# ] iperf3
DO 55 1Y R 8, ik 1 o, il 1 4 4
AL, F IR 1 500 Byte 119 fie K E0HE 1 K /N AT 11
BB S5 E L = 4/((8.688 x 1 0247 )/
1500) ~6.4 x 107, & 7 38 5 8l 55 9 1 B 4E
Blah  F H ok UDP i, 280 iperf 3 % B ZE £}
Bk 0.144 ms, @it L B, AT LA AR RS
fil S 4 A 1 Ml 55 U B A1 AT A 1 M R R B

1.00 - AA A
50751
=)
ﬁo.so L
®
B& 0.25 |

0.00 AL L L s )

0 500 1000 1500 2000 2500
It %k /us
6 HWiEGERESM
x1 EZFRNR
(] 5 (1] /s & i i /MB ER I CTEIRAS

0~10 1116 0
10 ~20 1108 1
20 ~30 1116 0
30 ~ 40 1112 1
40 ~50 1113 0
50 ~ 60 1110 1
60 ~70 1111 1
70 ~80 1110 0
0~80 8 896 4

Tk — B R ZEE R Y vERE R SIS
A A B FR T, B %7 95 4 100 Mb/s , % Fb AR 3C 7 ¥
42y TCP Reno PpiSC H1 ZE 4 il 77 1 O RCR , I W
LB 5 R Ol o FE ML Hostl 1 32 4L Host2 [ 3=
Bl HostO [] iy & 1% B 4l , 76 3 Fh 5 20 T, 22 e Al
Switchl k&AW ZE, WE 7 Fr~, 544 TCP Reno
AH B, AR SR B 1 3 28 45 361 5 15 AT DA A 81 g B
A BB AL EL, BAS 5 T2 2D REAR T 80%
AORAREE Lok TR KR

AR SCHE ) — P T SDN 1 25 Z2 4 9 45 5 A <2
VeV 7k o %07 15K SDN £ i fL il L &
WA | R SRR A B A 0 15 A% G2 22 BA B 9 JEE L
AR EE G, G P 41 26 47 o) SR s BRI T ol 55 O 9 Al
i AN HE o 12 F 4 ] 25 A S8 AL A7 oMb 55 3 1 A AL
JEAE B A PRI R T AL, SEBL Tk 55
P lialy 58 (B b AL 55 A B A PR R . SR AE R
W 7k 52 BUR A 55 3t B 4 R A S fE RS A
A BE, S 2 B ) 2% v S8 45l 5 B 48 o A E
Vi B P RIS SE R B R — 2P R AR SR S8 3 AR SO Ik
I Al T 300 B A A R 2% 91 [ o AT SR E o

2% Uk

WX W, E R, T RO 6 B I
PEOTEATE[T]. TP, 2017 ,43(8) :1-7.
KATEVENIS M, SIDIROPOULOS S, COURCOUBETIS C.
Weighted round-robin cell multiplexing in a general-purpose
ATM switch chip [J]. IEEE Journal on Selected Areas in
Communications,1991,9(8) :1265-1279.

R m bR b BT 5L Mt J B L
Al H RiA:,2013.

TRARZAZ R G G LT A 4 I IR 55 B AR IE [ M)
Fe 5t A 5RO A ,2004.

DEKERIS B,ADOMKUS T,BUDNIKAS A. Analysis of QoS

assurance using weighted fair queueing scheduling discipline

(1]

[3]

[5]

with low latency queue [ C]//Proceedings of International
Conference on Information Technology Interfaces. Cavtat,
Croatia ;. IEEE Press,2006:215-222.

BENNETT J C R, ZHANG H. WF2Q. worst-case fair
weighted fair queueing [ C ]//Proceedings of IEEE
INFOCOM '’ 96. San Francisco, USA :IEEE Press, 1996
158-264.

Cisco Systems, Inc.. Cisco IOS quality of service
solutions configuration guide[ EB/OL]. [2017-10-20].
https://www.

[7]
cisco. com/c/en/us/td/docs/ios/qos/
configuration/guide/12 _ 2sr/qos _12 _2sr_book/rsvp _
scalability. html.

SHIMONISHI H, YOSHIDA M, FAN R, et al. An
improvement of weighted round robin cell scheduling in
ATM networks[ C]//Proceedings of GLOBECOM ’ 97.

Phoenix, USA . IEEE Press, 1997 .223-232.

(T 55 84 11)

[8]



84

i

LT

2018 4£ 12 A 15 H

Y 2 SRR AT 55 Jo IC 0 WS A7 A6 Bk B, A DY X
CPU T I A7 42 i (497 Bk LEAR SR /N T 2.5 (B fe
EHR 4), 5 EHAELE 2 A J7 1 #E 47 ik 58
BPEclat 53k (19 2 2R AT 55 20 BC SR W, 42 2 3k 72 I
FT 4248 19 L 5 B 58 BPEclat 5235 1) 70 Al R 47
#5830, F BPEclat £ 4 3| 73 Aii sUAL BEF & 1, LAE I
REE T 190 ST H A2 4

[9]

2 & Xk

AGRAWAL R, SRIKANT R. Fast algorithm for mining
association rules in large database[ C]//Proceedings of
International Conference on Very Large Data Bases.
Santiago, Chile: [ s. n. ],1994:487-499.

PARK J S,CHEN M S, YU P S. An effective hash-
based algorithm for mining association rules [ C]//
of 1995 ACM SIGMOD
Conference on Management of Data. New York, USA:
ACM Press, 1995:175-186.

ZAKI M J. Scalable algorithms for association mining[J].

Proceedings International

IEEE Transactions on Knowledge & Data Engineering,
2000,12(3) :372-390.

HAN J,PEI J, YIN Y. Mining frequent patterns without
candidate generation [ J]. ACM SIGMOD Record, 2000,
29(2):1-12.

BECEPH  BR¥E B 5k £ 07 . kT 05 A 4R R I YOG 15 0L
M Eclat g gt [T]. SF ML AT SE ,2010,27(4)
1323-1325.

IR UG, BV AL, 45 4R % Eclat BIE R R
W LI ] WL (A7) ,2013,47(2) :223-230.
KA G R, E AL 3 TR b 240 B A O
TZ MR [T]. PR ,2014,41(3) :55-58.

YU X,WANG H. Improvement of Eclat algorithm based
on support in frequent itemset mining [ J]. Journal of
Computers,2014,9(9).

KAUR M, GARG U, KAUR S. Advanced Eclat

(255 78 1)

[9]

[10]

[11]

[12]

LI M, SONG B. Design and implementation of a new
queue scheduling scheme in DiffServ networks [ C]//
Proceedings of the 2nd International Conference on
Advanced Computer Control. Shenyang, China;[s. n. |,
2010.321-329.

GEORGIADIS L, GUERIN R, PAREKH A. Optimal
and buffer
requirements [ J ]. IEEE Transactions on Information
Theory,1997,43(5) :1518-1535.

ZHANG H, FERRARI D. Rate-controlled
disciplines[ M ]. Clifton, UK ;. IOS Press, 1994.
STOICA 1,ZHANG H,NG T S. A hierarchical fair service
curve algorithm for link-sharing, real-time and priority
services [ C |//Proceedings of SIGCOMM Conference on
Applications, Technologies, Architectures, and Protocols for

multiplexing on a single link: delay

service

Computer Communication. Cannes, France: [ s. n. ], 1997

[10]

[11]

[13]

[14]

[14]

[15]

algorithm for frequent itemsets generation [ J |. Inter-
national Journal of Applied Engineering Research,2015,
10(9) :23263-23279.

WANG K,QI Y,FOX J J,et al. Association rule mining
with the micron automata processor| C]//Proceedings of
Parallel and Distributed Processing
Washington D. C. ,USAIEEE Press,2015:689-699.
DIAS V, MOREIA R, MEIRA W, et al. Diagnosing
performance data parallel
programs| C]//Proceedings of IEEE/ACM International
Symposium on Cluster, Cloud and Grid Computing.
Washington D. C. ,USA.IEEE Press,2016.273-276.
ZOIS V, PANANGANAN A, PRASANNA V. Accelerating
support count for association rule mining on GPUs[C]//
Proceedings of IEEE International Parallel and Distributed
Processing Symposium. Washington D. C. ,USAIEEE Press,
2016:1423-1432.

KHOLOD I, SHOROV A, GORLATCH S. A functional
approach to parallelizing data mining algorithms in Java[ C]//

Symposium.

bottlenecks in massive

Proceedings of International Conference on Parallel Computing
Technologies. Berlin ,Germany ; Springer ,2017 :459-472.
HEATON J. Comparing dataset characteristics that favor
the Apriori, Eclat or FP-growth frequent itemset mining
algorithms [ EB/OL ]. [ 2017-02-21 |. http://www.
xcdsystem. com/ Southeastcon.

FEAE B, R TE A= . BT CPU/GPU S5 44 %% i By [R] 8 2 174
itk H-Storm [J]. 14301 T 72,2018 ,44(4) :1-11.
U, BERE A O, SF AR AL B R KR
A SRS IR B LT ] 15 ML 4, 2018,41(10)
2193-2208.

ZHANG C, ZHANG X, TIAN P. An approximate
approach to frequent itemset mining [ C ]//Proceedings
of the 2nd IEEE International Conference on Data
Science in Cyberspace. Washington D. C. , USA . IEEE
Press, 2017 :68-73.

G RBE

236-245.

STOICA I, SHENKER S, ZHANG H. Core-stateless fair
queueing : achieving approximately fair bandwidth allocations
in high speed networks [ C ]//Proceedings of SIGCOMM
Conference on Applications, Technologies, Architectures, and
Protocols for Computer Communication. Vancouver , Canada:
[s.n.],1998.145-157.

Ryu SDN Framework Community. Ryu SDN framework
[EB/OL].[2017-11-07]. http://osrg. github. io/ryu/.
LANTZ B, HELLER B, MCKEOWN N. A network in a
laptop :rapid prototyping for software-defined networks[ C]//
Proceedings of the 9th ACM SIGCOMM Workshop on Hot
Topics in Networks. New York,USA;ACM Press,2010:152-
164.

Gt RBE



