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Abstract- Today's data centers consist of thousands of servers hosting a variety of cloud-based services. In this paper, a
scalable and new technique is presented for traffic engineering in software-defined data center networks helping to design
an optimal demand-path mapping with a tolerable computational complexity. The proposed method is based on linear
programming model and attempts to minimize the maximum link utilization that causes minimum link congestion. The
method focuses on an optimal solution to load balancing in networks. It proposes a new decomposition technique that can
limit the search space of the original Linear Programming problem, such that the time required to solve the problem can be
reduced substantially. To reduce time complexity, a decomposition technique is used to divide the problem model into
smaller sub-problems, which are then solved simultaneously by applying parallelizing techniques (multiple-core computing

and OpenMP).Simulation results show that solving time and load balancing are considerably improved.
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CPU: Quad 3.47 GHz Intel Xeon® X5690;
CPU Cores: 48;
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SOLUTION TIME

oolitul b ool 38150 j5oe jl38le 5 SlaaSils ;5 pdy lide SIS (cwaige g, G 4]

ol allics 53 5 olass 4y Slawlors glaains slass sls Lo
0,80 9 CUDA I3l 5l oolawl b oo a3l )| SuSS (g5Lwooly oA
o Slles i caz 0 ST sla,lS ale> 51 GPU 5l sue

Dy &8lg axgi 5590 WilgS o (solgiday B,

Generic Model
3500
3022.01
3000
2500
2000

1500

1000

0.359 51.23

3 12
K

ke =8,12,16 slowlio o (4355 Ha)adsl dlue Jo oyloj anslio -F S

Proposed Method

SOLUTION TIME

0.168

K

k=8,12,16 slo iie 1o goliiiny by, J oloy amglie -0 JS5

Sub-Problem

0.6
0.526

0.5
w 04
2
F
5 0
5
3
¥ 0.2

0.117
0.1
0.008
8 12 16
K
Sl e ;5 o0 4325 Jas ln Ky o ooy 25 alio IS
k=28,12,16

of

750 e s 33 45 Slislrs 4t FA L L5 s Lol

)d adJLu~a)ij ‘:;i L_J._‘:> gjLo) ¢)i);d:1€ ? L}S;i ALAT CL-¢J9 ‘359
Al J> oley Blas cplas aos oo plas |y el slags L

S8l swdige gy 50 s 4 bowlys o javass
59 Sl din allio 5 slass 4 (51 09y walg> solpiiny

3 bdlus ) olaxs & =16 10 iges Gloie @ puils LS
oo Slawlre atwn FA aS sl 1ol YAA & o ST

2

88 _
Ezf’f"’ VoSl Jgl e o

FA Sl a8 |z wisd Ll Jlye &ys0 a4 Sloslre 4t

2 59y 2wl dluey;

290 )2l $g e 9 (53lge Dyge 4 AlE oo o) y2 50 Alas
b doles ol s 52 69, 2 & So i gl 8 50 &y 5o
Wil Slawbre gloaiise slaws 5l o brallas ) suss 4> y»
Gl g |zl a5 (59, 2 Wb a5 lallus ) ol )
4 e (pl a5 age wlgs Sol8) )l aladls (28,5 LS e
o ol 0gd oo Dlawle ylo i3l 5 false sharing oasa,
dan ailed oo a0l 5 |y Lo lesl oo b g5luas 5l ol
3 DPMCF o0l 43320 Joe Ban polie g 8g0 polie da e
aS el S8 oLls aiee LSS DPMCF sois 438 Jow
Floo a3z 51,500 gy o V0] 5o lie ol Qs
5 bl e dlie o1 jo a5 lesls &l)l 1) (g5lwaigs S5
S5 (piten zrhas sla g, 5l (B n b sileaie by, 8
U9y &S ol el sal awslie ool 5 e slaaSs o
IS lgiee wedee A |y ane Sz 58 L solering

Dged dles Jae [¥e] j0 ool &)l g, asline cBs Lol

& S d -7
59 e & laislys ) digy (arass jslae 4 allie cnl o
Sl (i by o eoold SThe jemme li8le 5 glaas s
$Lad Wl oo 325 S5 3l ooliiwl b aS ol il g el
5 o5 olay o ity Joly 33l jsliie 41, Wl oyl gorin
G bowlsd ;o digy il Al azs jo oo & Slles
Alaco sy (k+2) X k asFat-Tree g,loso L 514l jo b jne
053l ey dmalls 5 ool (55l5e o b e 50 s I
Ot | (e nbioe Rl stz S Oliee 4 dge Slo>
2 @l Sl Jeax jslaie 4 45 S5 ol sl il



WWAY Jlo ol g ks o oylads oV ol

(ISCIT) ledbl (5,5l ¢ o5 (il cipgh— sole Al

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]
[26]
[27]
[28]
[29]

[30]

datacenter traffic management using end-host-based elephant
detection," in INFOCOM, 2011 Proceedings IEEE, 2011, pp. 1629-
1637.

T. Benson, A. Anand, A. Akella, and M. Zhang, "MicroTE: Fine
grained traffic engineering for data centers," in Proceedings of the
Seventh COnference on emerging Networking EXperiments and
Technologies, 2011, p. 8.

Y. Li and D. Pan, "OpenFlow based load balancing for fat-tree
networks with multipath support,” in Proc. 12th IEEE International
Conference on Communications (ICC’13), Budapest, Hungary,
2013, pp. 1-5.

E.-S. Jung, V. Vishwanath, and R. Kettimuthu, "Distributed
multipath routing algorithm for data center networks," in Data
Intensive Scalable Computing Systems (DISCS), 2014 International
Workshop on, 2014, pp. 49-56.

B. Prisacari, G. Rodriguez, C. Minkenberg, and T. Hoefler, "Fast
pattern-specific routing for fat tree networks,” ACM Transactions
on Architecture and Code Optimization (TACO), vol. 10, p. 36,
2013.

T. C. Hu, "Multi-commodity network flows," Operations research,
vol. 11, pp. 344-360, 1963.

S. Even, A. Itai, and A. Shamir, "On the complexity of time table
and multi-commaodity flow problems,” in Foundations of Computer
Science, 1975., 16th Annual Symposium on, 1975, pp. 184-193.

M. Handley, O. Bonaventure, C. Raiciu, and A. Ford, "TCP
extensions for multipath operation with multiple addresses," 2013.

S.-s. Seo, "Dynamic Traffic Engineering for Improving Energy
Efficiency and Network Utilization of Data Center Networks,"
2013.

D. Wischik, C. Raiciu, A. Greenhalgh, and M. Handley, "Design,
Implementation and Evaluation of Congestion Control for
Multipath TCP," in NSDI, 2011, pp. 8-8.

OpenMP. (2016). Available: https://www.openmp.org

D. G. Luenberger and Y. Ye, Linear and nonlinear programming, 4
ed.: Springer International Publishing, 2016.

J. L. Kennington and R. V. Helgason, Algorithms for network
programming: John Wiley & Sons, Inc., 1980.

D. P. Bertsekas, "Nonlinear programming," 1999.

M. Alizadeh, A. Greenberg, D. A. Maltz, J. Padhye, P. Patel, B.
Prabhakar, et al., "Data center tcp (dctcp),” in ACM SIGCOMM
computer communication review, 2010, pp. 63-74.

M. Bastam, M. Sabaei, and R. Yousefpour. "A scalable traffic
engineering technique in an SDN-based data center network."
Transactions on Emerging Telecommunications Technologies 29,
no. 2 (2018): e3268

12 Multi Path TCP

13 Internet Engineering Task Force
14 Request For Comments

15 Path-based MCF(PMCF)

16 Gradient Projection Method

17 Concave

¢ Non-smooth

1 Null space

20 Step

21 Iteration

IAYA

[1]

[2

[31

[4]

[5]

[6]

[71

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

&=l

D. Kreutz, F. M. Ramos, P. Esteves Verissimo, C. Esteve
Rothenberg, S. Azodolmolky, and S. Uhlig, "Software-defined
networking: A comprehensive survey," Proceedings of the IEEE,
vol. 103, pp. 14-76, 2015.

H. Farhady, H. Lee, and A. Nakao, "Software-defined networking:
A survey," Computer Networks, vol. 81, pp. 79-95, 2015.

T. Chen, X. Gao, and G. Chen, "The features, hardware, and
architectures of data center networks: A survey," Journal of Parallel
and Distributed Computing, 2016.

M. Al-Fares, A. Loukissas, and A. Vahdat, "A scalable, commodity
data center network architecture,” ACM SIGCOMM Computer
Communication Review, vol. 38, pp. 63-74, 2008.

W. Wang, Y. Sun, K. Zheng, M. A. Kaafar, D. Li, and Z. Li,
"Freeway: Adaptively Isolating the Elephant and Mice Flows on
Different Transmission Paths," in Network Protocols (ICNP), 2014
IEEE 22nd International Conference on, 2014, pp. 362-367.

T. Benson, A. Akella, and D. A. Maltz, "Network traffic
characteristics of data centers in the wild," in Proceedings of the
10th ACM SIGCOMM conference on Internet measurement, 2010,
pp. 267-280.

T. Benson, A. Anand, A. Akella, and M. Zhang, "Understanding
data center traffic characteristics,” ACM SIGCOMM Computer
Communication Review, vol. 40, pp. 92-99, 2010.

A. Elwalid, C.Jin, S. Low, and |. Widjaja, "MATE: MPLS adaptive
traffic engineering," in INFOCOM 2001. Twentieth Annual Joint
Conference of the IEEE Computer and Communications Societies.
Proceedings. IEEE, 2001, pp. 1300-1309.

S. Kandula, S. Sengupta, A. Greenberg, P. Patel, and R. Chaiken,
"The nature of data center traffic: measurements & analysis," in
Proceedings of the 9th ACM SIGCOMM conference on Internet
measurement conference, 2009, pp. 202-208.

N. Farrington and A. Andreyev, "Facebook’s data center network
architecture," in IEEE Optical Interconnects Conf, 2013.

I. F. Akyildiz, A. Lee, P. Wang, M. Luo, and W. Chou, "A roadmap
for traffic engineering in SDN-OpenFlow networks," Computer
Networks, vol. 71, pp. 1-30, 2014.

H. Viet, Y. Deville, O. Bonaventure, and P. Francois, "Traffic
engineering for multiple spanning tree protocol in large data
centers," in Teletraffic Congress (ITC), 2011 23rd International,
2011, pp. 23-30.

M. Al-Fares, S. Radhakrishnan, B. Raghavan, N. Huang, and A.
Vahdat, "Hedera: Dynamic Flow Scheduling for Data Center
Networks," in NSDI, 2010, pp. 19-19.

C. E. Hopps, "Analysis of an equal-cost multi-path algorithm,"”
2000.

A. R. Curtis, W. Kim, and P. Yalagandula, "Mahout: Low-overhead

B mgiy)

* Throughput

2 Multi Commodity Flow(MCF)

3 Core Layer

Aggregation Layer

Edge Layer

6 Elephant Flow

7 Mice Flow

¢ Traffic Load

® Minimization of the Maximal Link Utilization
10 Link based MCF (LMCF)

11 Mixed Integer Linear Programing

4

5


https://www.openmp.org/

