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Abstract; The QoS-enabled measuring and routing system is designed and realized by adopting the
OpenFlow. The abilities of measuring link delay, load and packet loss are realized by utilizing the
interactive messages between the controller and the OpenFlow-enabled switch. In order to solve the
problem of multiple constraints during QoS routing, a multiple constraints routing algorithm is
improved and realized with the QoS metrics (link delay, load and packet loss) considered. The
experimental results show that the system proposed is able to measure the QoS metric and change the

routing path based on QoS measurement, and it meets the needs of system design.
Key words: OpenFlow; SDN ( software defined networking ); QoS measurement; routing
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Fig. 3 Schematic of link load measurement
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the QoS measuring module
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Fig. 5 Measurement of link delay, load and packet loss
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Fig. 6 OpenFlow flow table of the routing path

(a)—2s~10s; (b)—10s~20s.

local 10.0.1.2 port 5001 connected with 10.0.1.1 port26212

Interval Transfer Bandwidth Jitter
0.0- 1.0sec 61.7 Kbytes 506Kbits/sec 0.012 ms
1.0- 2.0sec 60.3 Kbytes 494Kbitsfsec 0.013 ms
2.0- 3.0sec 61.7 Kbytes 506Kbitsfsec 0.009ms
3.0- 4.0sec 60.3 Kbytes 494Kbitsfsec 0.007 ms
4.0- 5.0sec 61.7 Kbytes G506 Kbitsfsec 0.015 ms
5.0- 6.0sec 60.3 Kbytes 494 Kbits/sec  0.018 ms
6.0- 7.0sec 61.7 Kbytes 506 Kbits,"sEc 0.010 ms
7.0- 8.0sec 60.3 Kbytes 494Kbits/sec 0.008 ms
8.0- 9.0sec 61.7 Kbytes 506Kbitsfsec 0.018ms
9.0- 10.0 sec 60.3 Kbytes 494 Kbits/sec  0.012ms

10.0-11.0 sec 71.8 Kbytes 588 Kbits/sec 0.004 ms

11.0-12.0sec 73.2 Kbytes 600 Kbits/sec 0006 ms
12.0-13.0sec 71.8 Kbytes GR8 Kbits/sec 0.005 ms

13.0- 14.0sec 71.8 Kbytes 588 Kbits/sec 0.017 ms

14.0- 15.0sec 71.8 Kbytes 588 Kbits/sec 0.005ms

15.0- 16.0 sec 71.8 Kbytes 588 Kbits/sec 0.003 ms

16.0- 17.0sec 71.8 Kbytes 588 Khits/sec 0.006 ms

17.0-18.0sec 71.8 Kbytes 588 Khits/sec 0.006ms

18.0- 19.0sec 71.8 Kbytes G588 Kbits/gec 0.011ms

19.0- 20.0 sec 71.8 Kbytes 588 Kbits/dec 0.006 ms

7 traffic, ., 5=

Fig. 7 Bandwidth of traffic

Q@

cli-ser

5 4k 5o

ACHH OpenFlow A, Wit H-L 8 —&
55T SDN 1Y QoS Ml 5 # i ML R 4¢. 7E QoS
D A e Hp | ) 5 il %5 55 OpenFlow 38 # ML 2
] ()31 B A B AL, SEBREE R SE T 5 B R
AR D) BE. 7 % B R BE R (BT B X I 4%
#& o TP AR < QoS Z A8 AR 2 AR B il 7] &1, AR 4R
ASCELPR QoS LAY, i S T SAMCRA k.
TIEERFY] ZERGE QoS M 5 H i ALK
T, T AR QoS SRl 45 5L, Y4 i H
Pl R 2RI R AR AR RGBT B B TE A
KA 4% A T TR S AR S



1074

AKX FFR(ARFFIR)

% 38 A

S E Lk

(1]

[4]

SRAEL B BRAFE U4 (SDN) WFFEE e [ )], it
24,2015 ,26 (1) :62 - 81.

( Zhang Chao-kun, Cui Yong. State-of-the-art survey on
software defined networking ( SDN) [ J]. Journal of
Software ,2015,26(1) :62 -81. )

Kreutz D,Ramos F M V, Verissimo P E. Software-defined
networking : a comprehensive survey [ J]. Proceedings of the
IEEE ,2015,103(1) :14 -76.

Jain S,Kumar A, Mandal S. B4 experience with a globally-
deployed defined WAN [ C/OL ]// ACM
SIGCOMM 2013 Computer Communication Review. [ 2016
- 01 - 08].
Teaching/Fall14/18859K/papers/b4. pdf.

Tootoonchian A, Ghobadi M, Ganjali Y. OpenTM: traffic

software

https://users. ece. cmu. edu/ ~ vsekar/

matrix estimator for OpenFlow networks [ C ]//International

Conference on Passive and Active Network Measurement.

Berlin ; Springer Berlin Heidelberg,2010:201 -210.

[5]

(7]

[8]

[10]

Adami D, Donatini L, Giordano S. A network control

application enabling software-defined quality of service
[ C]//1EEE International Conference on Communications.
New York:IEEE,2015 :6074 —6079.

Tomovic S,Prasad N,Radusinovic I. SDN control framework
for QoS provisioning[ C]//Telecommunications Forum. New
York:IEEE 2014111 - 114.

Openflow consortium[ EB/OL]. [ 2015 — 12 - 20 ]. http.//
www. openflow. org/.

Openflow switch specification| EB/OL]. [2015 - 12 -20].
https://www. opennetworking. org/images/ stories/
downloads/ sdn-resources/ onf-specifications/ openflow/
openflow-switch-v1.3.5. pdf.

van Mieghem P,de Neve H, Kuipers F. Hop-by-hop quality
of service routing [ J]. Computer Networks,2001,37 (3) .
407 —423.

Tomovic S,Radusinovic I. Fast and efficient bandwidth-delay
constrained routing algorithm for SDN networks [ C ]//IEEE
NetSoft Conference and Workshops. New York: IEEE, 2016

303 -311.

1000000000 0C>0L> 0> 0> 0> 0> 0> 0> 0> 0> 0> 0> 0> 0> 0> 0> 0> 0> 0> 0> 0> 0> 0> 0> 0> 0> 0> 0>0> 0> 00> 0> 0> 0

(L35 1068 T )

K BIBIFTE R, BT LA SRR S e A T ekt | 3R
HAbMERE S 4r 5 & RS FCM Bk 45 &,
$ET FCM B33 RS 1

SR

(1]

(2]

(3]

[4]

[5]

[6]

[7]

Nayak J,Naik B, Behera H S. Computational intelligence in
data mining—volume 2 [ M ]. New Delhi: Springer India,
2015133 - 149.

Mekhmoukh A, Mokrani K. Improved fuzzy c-means based
particle swarm optimization (PSO) initialization and outlier
rejection with level set methods for MR brain image
segmentation [ J ]. Computer Methods
Biomedicine ,2015,122(2) ;266 —281.

Kanwar N, Gupta N,Niazi K R, et al. Simultaneous allocation

& Programs in

of distributed energy resource using improved particle swarm
optimization[ J ]. Applied Energy,2017,185:1684 —1693.
Wang D,Li Y,Hu Y,et al. Integrated dynamic evaluation of
depletion-drive performance in naturally fractured-vuggy
carbonate reservoirs using DPSO-FCM clustering [ J]. Fuel,
2016,181:996 - 1010.

Ding Y, Fu X. Kernel-based fuzzy c¢-means clustering
algorithm based on genetic algorithm [ J ]. Neurocomputing ,
2016,188:233 -238.

Yang HJ, Hu X. Wavelet neural network with improved
genetic algorithm for traffic flow time series prediction[J].
Optik—International Journal for Light and Electron Optics,
2016,127(19) :8103 -8110.

Naik A, Satapathy S C, Parvathi K. Improvement of initial

cluster center of c-means using teaching learning based

(9]

[10]

[11]

[12]

[13]

[14]

optimization[ J |. Procedia Technology,2012,6 (4) .428 -
435.

ERSS , B AR, — M B SRR (D], 22
T R4 ,2015,41(6) :99 - 103.

( Yue Zhen-fang, Gao Yue-lin. An improved algorithm for
teaching-learning-based optimization[ J]. Journal of Lanzhou
University of Technology,2015,41(6) ;99 -103.)

Hatamlou A. Black hole: a new heuristic optimization
approach for data clustering[ J]. Information Sciences,2013 ,
222(3).175 - 184.

Bouchekara H. Optimal power flow using black-hole- based
optimization approach [ J]. Applied Soft Computing, 2014,
24.879 —888.

Yaghoobi S, Hemayat S, Mojallali H. Image gray-level
enhancement using black hole algorithm [ C ]// Pattern
Recognition and Image Analysis. Piscataway: IEEE, 2015
1-5.

EI, S, H T ST IR EE B LSSVM B SR
I RAb K22 (AR B2 M), 2014,35(2)
170 - 174.

(Wang Tong, Gao Xian-wen, Jiang Zi-jian. Parameters
optimizing of LSSVM based on black hole algorithm [ J ].
Journal of Northeastern University ( Natural Science) ,2014 ,
35(2):170 - 174.)

Blei D M, Ng A Y, Jordan M I. Latent Dirichlet allocation
[J]. Journal of Machine Learning Research,2003,3:993 —
1022.

Zhang HP, Yu H K, Xiong D Y, et al. HHMM-based
ICTCLAS [ C ]// SIGHAN

Workshop on Chinese Language Processing. Stroudsburg:

Chinese lexical analyzer

Association for Computational Linguistics,2003 ;758 —759.



