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Professional profile: Fabrizio Granelli 
• Associate	  Professor	  at	  University	  of	  Trento	  

•  IEEE	  ComSoc	  Dis8nguished	  Lecturer	  2012-‐13	  &	  2014-‐15	  
• Trento	  node	  representa8ve	  in	  the	  EIT	  ICT	  Labs	  Master	  School	  (‘12-‐14)	  
• Responsible	  for	  the	  academic	  profile	  on	  Networking	  with	  the	  B.Sc./M.Sc.	  
in	  Telecommunica8ons	  Engineering	  

• Area	  of	  exper8se:	  Networking	  
• 130+	  scien8fic	  publica8ons	  
• Major	  topics:	  

• Wireless	  networks	  
• Green	  networking	  
• Future	  networks	  
•  ICT4Green	  

From the idea to the 
prototype 

The approach 



To	  study	  solu*ons	  for	  enhancing	  the	  performance	  of	  wireless	  
networks	  

Adapta*on	  and	  op*miza*on	  through	  cross-‐layering	  
Cogni*ve	  networking	  (cogni*ve	  TCP/IP)	  

Wireless Networks 

the processes in the kernel space, RAM-based file systems

are implemented in the kernel.

CogMAC implementation in the form of a kernel
module lifts the requirement for recompiling the entire

kernel. Nevertheless, a few parameters have to be

exchanged between the user and the kernel space in real
time. To pass the initial configuration for the parameters

Pmin, Pmax and Pdef, a RAM-based file system called

sysctl [13] is extended. This allows applications in the user
space to exchange data, such as configuration variables,

with the kernel. The struct ‘‘ctl_table’’ is extended, and a

‘‘cogmac_table‘‘ child is set to write and read parameters.
The ‘‘cogmac_table’’ is populated with the parameters

that need to be set-up in real time by the CogMAC
mechanism in the kernel space from the user space. These

parameters include the following:

• CM_sample_interval
• CM_access_delay_threshold
• CM_retry_limit_mean
• CM_history_significance
• CM_enabled.

Furthermore, several modifications are made in the Linux

kernel source tree. The Linux SKB structure, which stores

information corresponding to the representation of the
packet handled by the kernel, is extended to include a

timestamp value. This timestamp records the time when the

packet is released by the driver to the hardware card for
transmission. This information is used then for the

computation of the channel access delay, which includes

the time required for packet queuing, channel contention,
frame transmission and possible retransmission attempts.

This delay is dictated by the difference between t1 and t2.

The latter is stamped at the moment when the network
interface card receives positive link-level acknowledge-

ment for the transmitted frame from the receiver.

Figure 10 presents the details of the CogMAC imple-
mentation in the Linux kernel. Variables t1 and t2 are used

as timestamps. The t1 timestamp is recorded at the moment

when the network layer forwards the allocated skb structure
further down the MAC layer of the selected network

interface. Then, after a packet enters the MAC layer, the

CogMAC computes the quality metric. The aim is to
optimize the MAC-layer throughput while keeping the

access delay bounded. The throughput is calculated simply

by counting the number of successfully transmitted bytes
within a given unit of time. The delay is obtained when the

device driver receives a positive link-level acknowledge-

ment from the transmitting frame, at which moment the
timestamp t2 is recorded. This delay is obtained by the

difference between t2 and t1.

A five-dimensional array is allocated (6) to track the
performance at the end of each sampling interval (7). Three

dimensions are used to store the retr, cw and rthr values,

while the fourth and fifth dimensions account for the
throughput and MAC delay measurements.

CogMAC uses a Random Number Generator (RNG) to

generate new parameter values at the end of each sampling
interval. However, there is no RNG with normal distribu-

tion provided by the Linux kernel. Moreover, there are no

C-library routines or float numbers supported. To over-
come such limitations, we use the normal distribution

expression proposed by Jain [12] to compute normal rather

than uniform distribution.
The Iperf tool [11] is used for traffic generation and

throughput measurements. The laptop A runs the iperf

client, while the server resides in laptop B. The duration of
each experiment is set to 5 minutes.

6.2 Experimental results

In the testbed experiments, special attention is given to the
determination of the retr parameter value because it is

sensitive to interference. The other two parameters, cw and

Fig. 8 Testbed network topology

MAC80211

Fig. 9 Conceptual vision of the CogMAC in the Linux-based testbed
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Kernel	  mods	  (TCP)	  
WARP	  boards	  (WiFi)	  



To	  study	  and	  experiment	  solu*ons	  for	  increasing	  energy	  
efficiency	  in	  networking,	  following	  the	  vision	  of	  the	  “Green	  
Internet”.	  

defini*on	  of	  proper	  models	  for	  the	  energy	  consump*on	  of	  network	  
devices;	  
design	  and	  development	  of	  
architectures	  and	  methodologies	  
for	  energy	  saving	  

Testbed	  power	  consump8on	  measurements	  

Green Networking 

Power	  measurement	  
and	  on-‐off	  testbed	  



Green Networking 
To	  study	  and	  experiment	  solu*ons	  for	  the	  Green	  Internet,	  
focusing	  on	  mobile	  technology	  

MAC	  layer	  op*miza*on	  
Green	  cogni*ve	  radio	  networks	  
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Future Networks 
To	  study	  solu*ons	  for	  the	  networks	  of	  the	  future	  

Cogni*ve	  SOI	  
SoOware	  Defined	  
Networking	  (SDN,	  	  
OpenFlow)	  
Broadband	  access	  (5G)	  
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Future Networks 
Wireless	  broadband	  access	  (5G)	  

SDN	  over	  wireless	  
D2D	  
Offloading	  

F. Granelli, et al., “Software Defined and 
Virtualized Wireless Access in Future 
Wireless Networks: Scenarios and 
Standards,” IEEE ComMag, June 2015. 



ICT4Green - Smart Grid 
To	  study	  technologies	  for	  op*mizing	  the	  next-‐genera*on	  
power	  grid	  

PHEVs	  charging	  sta*on	  modeling	  
Improved	  power	  alloca*on	  and	  scheduling	  with	  communica*ons	  

Wireless 
Machine-

to-Machine

Smart 
Meter

IT 
center

Smart
Battery

Wireless 
Link

Power Line

Smart Home 
Facilities

Wind Generator

Solar Generator

Terminal user T(n)

Community 
Smart Grid



The Lab 
• Worksta8ons	  +	  laptops	  
•  So_ware	  Radio	  pla`orms	  
(5	  ETTUS	  USRP)	  

• Wireless	  MAC	  pla`orms	  
(3	  WARP	  FPGA	  boards)	  

• Green	  networking	  pla`orms	  
(ad-‐hoc	  Arduino	  devices:	  Energino)	  

•  5G	  and	  next	  gen	  wireless	  pla`orms	  
(USRPs	  +	  OpenBTS)	  



The Lab – access to regional testbed 
•  The	  Lab	  has	  access	  to	  a	  regional	  wireless/op8cal	  testbed,	  the	  
Tren8no	  Wireless	  and	  Op8cal	  Testbed	  Lab,	  and	  developed	  an	  
indoor	  WiFi-‐based	  Mesh	  Testbed	  



Major ongoing projects  
• SUSTAINABLE	  INTERNET	  (Science	  without	  Fron8ers	  –	  Brazil)	  
[2013-‐15]	  

• An	  exchange	  and	  training	  programme	  on	  the	  Green	  Internet	  
• F.	  Granelli	  will	  hold	  a	  visi8ng	  posi8on	  for	  1	  month/year	  
• 1	  “Sandwich”	  PostDoc	  

• E2CALL	  (FIAT	  Research	  Center	  -‐	  Italy)	  [2014-‐16]	  
• Research	  consultancy	  on	  LTE	  for	  vehicular	  communica8ons	  
• Automo8ve	  service	  simula8on	  and	  comparison	  with	  testbed	  
measurements	  



Major ongoing projects  
• TEAM	  (EU)	  [2014-‐18]	  
• A	  mobility	  program	  on	  ICT	  for	  Ph.D.,	  PostDoc,	  Facul8es	  
between	  Europe	  and	  Japan/South	  Korea	  

• F.	  Granelli	  is	  responsible	  for	  U.Trento	  



International Links 

State Univ. of Campinas 
(Prof. N. Fonseca) 

 

North Carolina State Univ. 
(Prof. M. Devetsikiotis) 

UCLA 
(Prof. M. Gerla) 

Tokyo University of 
Technology 

(Prof. Tsuboi) 

Nokia Networks 
(Ing. S. Redana) 

CTTC / UPC 
(Dr. Christos Verikoukis, 
Prof. L. Alonso) 

Demokritos Research Center 
(Prof. C. Skianis) 

UPMC Paris 
(Prof. P. Spathis) 

Univ. of Luxembourgh 
(Dr. D. Kliazovich) 

The University of Tokyo 
(Prof. A. Nakao) Stanford U. 

(Prof.  A. 
Goldsmith) 



Thanks for your attention! 


