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NAM

Link type Duplex-link
Queue type Drop tail
Queue size 10
Packet size 1500bytes

Fig 2.Parameter setting
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Introduction to GreenCloud

B
- Motivation
o The lack of detailed simulators on the market

-1 GreenCloud

o University of Luxembourg

o A simulation environment for advanced energy-aware
studies of cloud computing data centers

Simulating Energy-Efficient Clouds



Introduction to GreenCloud

T
Architecture
o Basic knowledge in C++
o Terminal command language (TCL)
o Network Simulator (NS2) is a plus point

Features
v Open Source

v Simulation of CPU, memory, storage and networking
resources

v Complete TCP/IP implementation
v Support of virtualization and VM migration
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Figure 1. Architecture of the GreenCloud simulation environment.




The Energy Optimization in Data Center
Network

Main idea

o Utilize as few switches, switch links and switch
link rates as possible
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Shuo Fang, Hui Li, Chuan Heng Foh, Yonggang Wen, Khin Mi Aung, “Energy optimizations
for data center network:Formulation and its solution,” IEEE Global Communications
Conference (GLOBECOM), 2012
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The Energy Optimization in Data Center

Network

Core layer 1
Aggregation 2
layer

Access layer 3

CPU load 0.3

Energy Summary
Total: 752.2W*h

51W*h (7%)

=

590.2W*h (78%)

10G/1G

Switch Energy (core)

Switch Energy (agg.)

102W*h (14%)

Switch Energy
(access)
9W*h (1%)

Energy Summary
Total: 750.9W*h

Switch Energy (core)
50.6W*h (7%)

Switch Energy (agg.)
101.1W*h (13%)

Switch Energy
(access)
9W*h (1%)

590.2W*h (79%)

1G/100M




The Energy Optimization in Data Center

Network

Datacenter Load

Datacenter Load

CPU Load=0.5 | - CPU Load=0.75
| |
i :
(1] Simulation time () Simulation time [8)
10 20 30 40 50 60 10 20 30 40 50 60
Energy Summary Energy Summary
Total: 797.8W*h Total: 854.8W*h

Switch Energy (core)
. 51W*h (6%)

Switch Energy (agg.)
102W+h (13%)

Switch Energy
(access)
9W+h (1%)

635.8W*h (80%

Switch Energy (core)
. 51W*h (6%)

Switch Energy (agg.)
102W+h (12%)

Switch Energy
(access)
9W*h (1%)

692.8W*h (81%



The Energy Optimization in Data Center

Network
I

Links Hosts-to-Racks Links Racks-to-Agg Links Racks-to-Core
2 100 14 13
12
80
10
i 60§ gk
1z : 40 :
40 6
4
20
2
0 Li. Numiber 0 Liri. Mumiber 0 Lirk. Mumber
0 25 50 75 00 15 0 1 2 s 1 1
Links Hosts-to-Racks Links Racks-to-Agg Links Racks-to-Core
2 | 100 | 20 19
! 90
80
| | 15
5 I 60§ I ;
1% | £ | 10%
| - |
| . | 5
| |
0 Lk Mumiber 0 Lk Mumiber 0 Link, Mumber

0 25 50 5 100 125 0 1 2 3 0 1



The Energy Optimization in Data Center

Network
o Switch Energy(Core)
Core layer 2 Mﬂéﬁ%ﬁh%ﬁf}%ﬁ .
pry———— A ' Switch Energy(agg.)
Ia?/gr g ‘ 207.9 W*h(6%)
Access layer 8 _
o 288 Switch Energy(access)
erver 48.1W*h(1%)
CPU load 0.3 soverEnery
Core Iayer 2 ) | Switch Energy (core)
Aggregation 4 G
I aye r 207.9W*h (14%)
Access layer 3 l S
Server /68
CPU load 0.3

ervel
1180.1W+*h (78%)



The Energy Optimization in Data Center

Network

Link Load

Link Load

Links Core-to-Agg.

Links Agg.-to-Racks

Links Racks-to-Hosts

Link Load

i
Link number

Link number
1

Links Core-to-Agg.

2

Link mumber
4 6 8 10 12 14

Links Agg.-to-Racks

16

0

0 100 200 300 400 500 600 70O

Links Racks-to-Hosts

Link Load

Link mumber
1

Link rumber
2 3 4 5

6

0

Link mumber

0 50 100 150 200 250



Conclusion

The other methods of energy optimization in
data center network

o Scheduling
Network-aware resource allocation

o VM migration
o Network hardware

Switches, routers and links
Communication systems
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