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(A) Summary 
The habilitation thesis entitled "Research on the Integration of Computing and 

Communication Systems" presents the scientific achievements of the author after obtaining the 
scientific title of PhD in the field of electronic engineering and telecommunications (2011) focusing 
on the research elements implemented during the period when the author worked at the Faculty of 
Electrical Engineering and Computer Science. 

In part (B-i), the habilitation thesis addresses a research topic in the field of Electronic 
Engineering, Telecommunications and Information Technologies that refers to the integration 
between computing and communication systems. Since the first GSM telecommunications 
networks, with the help of the unifying element represented by packet switching ("all-IP"), systems 
have evolved towards complex, distributed integrated platforms with high mobility needs, capable 
of serving a wide range of communication services. The evolution of complexity and types of 
communication services, based on new technologies, has also implied the implementation of new 
methods for mobility management, for automated orchestration of real/virtualized/emulated 
infrastructure and testing/instrumentation elements, as well as ways for creating and integrating 
communication services. The integration at the level of generic hardware-software platforms, the 
evolution of virtualization technologies and the migration to Cloud and network functions 
implemented in software have brought new challenges and requirements at the level of cyber 
security solutions. Another development of computing and communication systems is represented 
by the introduction of machine learning  algorithms, with roles ranging from automation / 
orchestration, decision support, behavioral analysis methods, to complex artificial intelligence 
algorithms. 
The scientific achievements covered by the habilitation thesis were published in 11 ISI journal 
articles (of which 8 in Q1 and Q2), 25 ISI indexed articles and 12 articles in other recognized 
international databases. 
 
Chapter 1, entitled άSolutions for computing and communication systems integrationέ, is dedicated 
to the integrative element with the greatest impact: software orientation of solutions and services. 
That is why technologies considered disruptive in the area of integration between computing and 
communication elements are called "software-definedέΣ όwhere the term "defined" includes the 
meanings "created, configured, modeled, orchestrated") and next to them join terms defining the 
network area where software technologies are applied:   
1. For the Radio Access area we have the concept of Software Defined Radio (SDR) 
2. For the Core Network area we have the concept of Software Defined Network (SDN) 
"Software defined" means reconfigurable, easy to integrate and deploy in virtualized systems and in 
the Cloud, easy to migrate and scale, often using open APIs, thus encouraging innovation and large-
scale testing. Thus, two subchapters presenting research in the field are pursued: one dedicated to 
the core network that includes SDN concepts and one dedicated to the access network that 
includes SDR concepts. 
 
Chapter 2, entitled  "Cyber Security of Computing and Communication Solutions and Services" 
presents cyber security solutions from two perspectives of the author's professional activity: first, 
the didactic and continuous development perspective presents a series of contributions from the 
role of founder and coordinator of the master's program "Cybersecurity", which also includes the 
stages of building a reconfigurable and versatile cybersecurity lab, as well as the coagulation of a 
local technology hub initiative called "Brasov CyberHub", second,  the perspective of implementing 
innovative solutions for securing computing and communication solutions and services ς which 
represent a series of HW / SW implementations, some of them based on open source solutions. The 
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chapter presents a series of contributions following the principles of the concept of "Defence in 
Depth", which aims to apply security methods at different levels, from enduser and terminal to 
communication elements and peripheral network. The solutions presented also include various 
methods of assessing/auditing the vulnerabilities of a system, preventing possible cyberattacks, 
managing and responding to cyber security incidents, as well as forensic investigation of incidents. 
 
Chapter 3, entitled άIntegration of artificial intelligence elements into computing and 
communication systemsέ, presents implementations with contribution of artificial intelligence that 
produce evolution for computing and communications systems with increased complexity, meeting 
high demands of processing and security. Artificial intelligence can be integrated at various 
decision-making levels in computing and communication systems, observing over time the 
migration of processing power from centralized models (Cloud) to elements at the edge (Edge) or to 
the support of distributed IoT elements. 
Thus, the chapter begins with the description of an   implementation carried out within the 
European project H2020 SARMENTI, aiming to integrate IoT communication and intelligence 
elements for eAgriculture or assisted agriculture, focusing on the implementation area of the 
analysis and decision support system.   
Artificial intelligence ensures process optimization and can make an essential contribution to 
streamlining critical and emergency services, such as 112 systems.  Such an implementation is the 
one from the ODIN112 project financed through the UEFISCDI Solutions mechanism, whose 
implementation details are presented.   
Another research describes the implementation of a system that identifies modulation of complex 
radio signals. This is achieved using an artificial intelligence model developed, trained and 
integrated into the Microsoft Azure Cloud. 
The case study on a complex instrumental configuration around a diesel engine test bench shows 
asmart device dashing based on state control, extended to ECUs (Electronic Control Units) equipped 
with real-time diagnostic capabilities and optimal decision-making. Parameterization (instantiation) 
can be adaptive (especially through ANN), and all transitions required for state control (at the level 
of algorithmic state machines, ASM ς Algorithmic State Machine) can be decided with classifiers 
and other means of artificial intelligence.  

Part (B-ii) presents the evolution and professional achievements of the author (academic, didactic 
and research and development) and the professional academic development plan, with the 
definition of research objectives in the field of communications and cyber security and didactic 
objectives. 
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(B) RealizŁri ἨtiinἪifice Ἠi profesionale Ἠi planuri de evoluἪie Ἠi 
dezvoltare a carierei 

(B-i) RealizŁri ἨtiinἪifice Ἠi profesionale 

 

Introducere  

 
Domeniul ŎƻƳǳƴƛŎŀǚƛƛƭƻǊ ŀ ǎǳŦŜǊƛǘ ǘǊŀƴǎŦƻǊƳŇǊƛ ŘŜƻǎŜōƛǘŜ ƞƴ ǳƭǘƛƳŜƭŜ ŘƻǳŇ ŘŜŎŜƴƛƛΣ ǳƴŀ 

ŘƛƴǘǊŜ ŘƛǊŜŎǚƛƛƭŜ ŘŜ ŘŜȊǾƻƭǘŀǊŜ ŦƛƛƴŘ ǊŜǇǊŜȊŜƴǘŀǘŇ ŘŜ ŎǊŜǓǘŜǊŜŀ ǇǳǘŜǊƛƛ ŘŜ ǇǊƻŎŜǎŀǊŜ ce s-a realizat 
print-o integrare a sistemelor de comuniŎŀǚƛƛ cu sistemele de calcul: de la primele ǊŜǚŜƭŜ de 
ǘŜƭŜŎƻƳǳƴƛŎŀǚƛƛ GSM, cu ajutorul elementului unificator ǊŜǇǊŜȊŜƴǘŀǘ ŘŜ ŎƻƳǳǘŀǚƛŀ ŘŜ ǇŀŎƘŜǘŜ όάŀƭƭ-
LtέύΣ ǎƛǎǘŜƳŜƭŜ ŀǳ ŜǾƻƭǳŀǘ ǎǇǊŜ ǇƭŀǘŦƻǊƳŜ ƛƴǘŜƎǊŀǘŜ ŎƻƳǇƭŜȄŜΣ ŘƛǎǘǊƛōǳƛǘŜ Ǔƛ Ŏǳ ƴŜŎŜǎƛǘŇǚƛ ŘŜ 
mobilitate ridicate, ŎŀǇŀōƛƭŜ ǎŇ ŘŜǎŜǊǾŜŀǎŎŇ ƻ ǇŀƭŜǘŇ ŜȄǘƛƴǎŇ ŘŜ ǎŜǊǾƛŎƛƛ ŘŜ ŎƻƳǳƴƛŎŀǚƛƛΦ  

9Ǿƻƭǳǚƛŀ ŎƻƳǇƭŜȄƛǘŇǚƛƛ Ǔƛ a tipurilor de ǎŜǊǾƛŎƛƛ ŘŜ ŎƻƳǳƴƛŎŀǚƛƛ, construite pe baza noilor 
tehnologiilor, a presupus Ǔƛ implementarea de noi metode pentru managemenǘǳƭ ƳƻōƛƭƛǘŇǚƛƛΣ ǇŜƴǘǊǳ 
orchestrarea ŀǳǘƻƳŀǘŇ ŘŜ ƛƴŦǊŀǎǘǊǳŎǘǳǊŇ ǊŜŀƭŇκǾƛrǘǳŀƭƛȊŀǘŇκŜƳǳƭŀǘŇ Ǔƛ elemente de 
ǘŜǎǘŀǊŜκƛƴǎǘǊǳƳŜƴǘŀǚƛŜΣ ǇǊŜŎǳƳ Ǔƛ ƳƻŘŀƭƛǘŇǚƛ ǇŜƴǘǊǳ ŎǊŜŀǊŜŀ Ǔƛ ƛƴǘŜƎǊŀǊŜŀ ŘŜ ǎŜǊǾƛŎƛƛ ŘŜ ŎƻƳǳƴƛŎŀǚƛƛ. 

Integrarea la nivel de platforme hardware-software genericeΣ ŜǾƻƭǳǚƛŀ ǘehnologiile de 
virtualizare Ǔƛ migrarea înspre Cloud Ǔƛ spre funcǚƛƛ ŘŜ ǊŜǚŜŀ implementate în software au adus noi 
ǇǊƻǾƻŎŇǊƛ ŘŀǊ Ǔƛ ƻǇƻǊǘǳƴƛǘŀǘŜŀ ǊŜŀƭƛȊŇǊƛƛ ǳƴƻǊ ƛƳǇƭŜƳŜƴǘŇǊƛ ƛƴƻǾŀǘƛǾŜ ƭŀ ƴƛǾŜƭǳƭ ǇƭŀǘŦƻǊƳŜƭƻǊ 
hardware standard ATCA (Advanced Telecom and Computing Architecture) sau utilizând tehnologii 
ƴƻƛ ŎŜ ǎǘŀǳ ƭŀ ōŀȊŀ ǊŜǚŜƭŜƭƻǊ рD Ǔƛ ŀƭ ǾƛƛǘƻŀǊŜƭƻǊ ǊŜǚŜƭŜ сDΣ ǇǊŜŎǳƳ ǊŜǚŜƭŜƭŜ ŘŜŦƛƴƛǘŜ ǎƻŦǘǿŀǊŜ  {5b 
(Software Defined Networks) Ǔƛ radio definit software (Software Defined Radio). 
Vechiul standard TMN (Telecom Management Networks), elaborat ƞƴŎŇ din anul 1980 ŘŀǊ ƞƴŎŇ 
foarte valid, a definit Ǔƛ elemente de monitorizare a ǊŜǚŜƭŜƭƻǊ ŘǳǇŇ modelul cunoscut sub numele 
FCAPS ŘǳǇŇ ǘƛǇǳƭ ǇŀǊŀƳŜǘǊƛƭƻǊ ƳƻƴƛǘƻǊƛȊŀǚƛ (Fault Configuration Accounting Performance Security). 
Îƴ ǳƭǘƛƳǳƭ ŘŜŎŜƴƛǳΣ ƭƛǘŜǊŀ ά{έ ŎŜ ŘŜŦƛƴŜǓǘŜ metodele de management al ǎŜŎǳǊƛǘŇǚƛƛ a crescut în 
ƛƳǇƻǊǘŀƴǚŀ ŀŎƻǊŘŀǘŇ ƳŜǘƻŘŜƭƻǊ ŘŜ ƳŀƴŀƎŜƳŜƴǘ ŀƭ ǎƛǎǘŜƳŜƭƻǊ ŘŜ ŎƻƳǳƴƛŎŀǚii. Având ƞƴ ǾŜŘŜǊŜ ŎŇ 
nivelul de implementare în societate al tehnologiilor IT a ŎǊŜǎŎǳǘ ǾŜǊǘƛƎƛƴƻǎ Ǔƛ ŀǎƛǎǘŇƳ ƭŀ ŎǊŜŀǊŜŀ ŘŜ 
ƴƻƛ ǇŀǊŀŘƛƎƳŜ ŘƛƎƛǘŀƭŜΣ ŎŜ ǎŜ ōŀȊŜŀȊŇ ǇŜ ǇǊƻŎŜǎŀǊŜŀ ǳƴŜƛ ŎŀƴǘƛǘŇǚƛ ridicate de date interschimbabile 
pe baza modelelor de comunicŀǚƛƛ αŀƭǿŀȅǎ ŎƻƴƴŜŎǘŜŘέΣ ǇǊƻōƭŜƳŀ ǎŜŎǳǊƛǘŇǚƛƛ ŎƛōŜǊƴŜǘƛŎŜ ŀ ŘŜǾŜƴƛǘ 
una de mare ƛƳǇƻǊǘŀƴǚŇ. De aceea un capitol din ŀŎŜŀǎǘŇ ǘŜȊŇ ŜǎǘŜ ŘŜŘƛŎŀǘ metodelor de securitate 
ŎƛōŜǊƴŜǘƛŎŇ Ǔƛ ŘŀǘƻǊƛǘŇ ƳǳƭǘƛǇƭŜƭƻǊ ŎƻƭŀōƻǊŇǊƛ pe care autorul le-a ƛƴƛǚƛŀǘ Ŏǳ ƛƴŘǳǎǘǊƛŀ ǇŜ ŀŎŜŀǎǘŇ 
ǘŜƳŇΣ ǇǊŜŎǳƳ Ǔƛ a temelor diverse din domeniu abordate în lucrul cu masteranzi. 

Metodele de automatizare Ǔƛ orchestrare a ǊŜǚŜƭŜƭƻǊ de ŎƻƳǳƴƛŎŀǚƛƛ au trecut Ǔƛ ele printr-o 
fazŇ de ŜǾƻƭǳǚƛŜ, de la ǊŜǚŜƭŜƭŜ auto-organizate (self-organising networks) ŎŇǘǊŜ concepte mai 
ŎƻƳǇƭŜȄŜ ŘŜ ƻǊŎƘŜǎǘǊŀǊŜ ŀǳǘƻƳŀǘŇ ǇŜƴǘǊǳ ǊŜǎǳǊǎŜ ŜǘŜǊƻƎŜƴŜ, Ǔƛ mai departe, spre folosirea de 
algoritmi de ƞƴǾŇǚŀǊŜ ŀǳǘƻƳŀǘŇ  (machine learning). 
9ƭŜƳŜƴǘŜƭŜ ŘŜ ƛƴǘŜƭƛƎŜƴǘŇ ŀǊǘƛŦƛŎƛŀƭŇ ŘŜǾƛƴ ǘƻǘ Ƴŀƛ ǇǊŜȊŜƴǘŜ ƞƴ ŎŀŘǊǳƭ ǎŜǊǾƛŎƛƛƭƻǊ ŘŜ ŎƻƳǳƴƛŎŀǚƛƛΣ ŘŜ ƭŀ 
elemente de suport al deciziei în industrieΣ ǇŀƴŇ ƭŀ ŀƴŀƭƛȊŇ ŎƻƳǇƻǊǘŀƳŜƴǘŀƭŇ Ǔƛ la algoritmi 
compleŎǓi de ƞƴǾŇǚŀǊŜ pentru securitate ŎƛōŜǊƴŜǘƛŎŇ. De aceea un capitol al tezei prezintŇ 
ƛƳǇƭŜƳŜƴǘŇǊƛ ƞƴ ŀŎŜǎǘ ŘƻƳŜƴƛǳΦ 
 

Lucrarea prezintŇ o ŜǾƻƭǳǚƛŜ a ŎƻƳǳƴƛŎŀǚƛƛƭƻǊ Ǔƛ serviciilor ce corespunde Ǔƛ cu ŜǾƻƭǳǚƛŀ 
profesionalŇ Ǔƛ ŎƘƛŀǊ ǇŜǊǎƻƴŀƭŇ ŀ ŀǳǘƻǊǳƭǳƛΦ tǊƛƴ ŎƻƭŀōƻǊŀǊŜŀ Ŏǳ ƛƴŘǳǎǘǊƛŀ, autorul a avut 
oportunitatea sŇ lucreze cu tehnologii de ǘŜƭŜŎƻƳǳƴƛŎŀǚƛƛ 2G Ǔƛ 3G, a lucrat în echipa de dezvoltare 
pentru primele echipamente de ŎƻƳǳƴƛŎŀǚƛƛ LTE (4G) în laboratoarele de cercetare din Germania ale 
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Nokia, pentru ca apoi sŇ coordoneze o linie de produse de ŎƻƳǳƴƛŎŀǚƛƛ ŀ {ƛŜƳŜƴǎ Ǔƛ ǎŇ ŀŎǘƛǾŜȊŜ Ŏŀ 
arhitect de ǊŜǚŜŀ pentru ǎƻƭǳǚƛƛ de ŎƻƳǳƴƛŎŀǚƛƛ critice. Pe parte de cercetare Ǔi didacticŇ s-a orientat 
spre ǊŜǚŜƭŜ definite software Ǔi Cloud, cu focus în ultimii ani înspre zona de ǎƻƭǳǚƛƛ de securitate, 
marcatŇ prin ƞƴŦƛƛƴǚŀǊŜŀ la .ǊŀǓƻǾ în anul 2018 a unuia dintre primele masterate de Securitate 
Cibernetica din ǚarŇ. 
 
LƳǇƭŜƳŜƴǘŇǊƛƭŜ ǇǊŜȊŜƴǘŀǘŜ ƞƴ ŀŎŜŀǎǘŇ ǘŜȊŇ ǳǊƳŜŀȊŇ ǎŎŜƴŀǊƛƛ ŘŜ ŎŀȊ din domenii diverse: de la 
ǎƛǎǘŜƳŜ ŘŜ ŎƻƳǳƴƛŎŀǚƛƛ ŎǊƛǘƛŎŜΣ ƭŀ ǎƛǎǘŜƳŜ ƳǳƭǘƛƳŜŘƛŀ Ǔƛ IoT pentru sisteme de transport în comun, 
ŀǇƭƛŎŀǚƛƛ ƛƴŘǳǎǘǊƛŀƭŜ Řƛƴ ǾŜǊǘƛŎŀƭŜ ŘƛǾŜǊǎŜ όŀƎǊƛŎǳƭǘǳǊŇΣ ƛƴŘǳǎǘǊƛŀ ŎƻƴǎǘǊǳŎǘƻŀǊŜ ŘŜ ƳŀǓƛƴƛύΣ ǇŀƴŇ ƭŀ 
ŀǇƭƛŎŀǚƛƛ Ǔƛ ƛƳǇƭŜƳŜƴǘŇǊƛ ƞƴ ŘƻƳŜƴƛǳƭ ŀcademic. 

 
 

(B-ƛύ wŜŀƭƛȊŇǊƛ ǓǘƛƛƴǚƛŦƛŎŜ Ǔƛ profesionale 
 

Oƴ ŎŀŘǊǳƭ ŀŎŜǎǘŜƛ ƭǳŎǊŇǊƛ ŘŜ ŀōƛƭƛǘŀǊŜ ǎǳƴǘ ǇǊŜȊŜƴǘŀǘŜ ƻ ǇŀǊǘŜ Řƛƴ ǊŜȊǳƭǘŀǘŜƭŜ ŀŎǘƛǾƛǘŇǚƛƭƻǊ ŘŜ 
ŎŜǊŎŜǘŀǊŜ ŀƭŜ ŀǳǘƻǊǳƭǳƛ ŘŜǎŦŇǓǳǊŀǘŜ ŘŜ ƭŀ ƞƴŎŜǇǳǘǳƭ ŀŎǘƛǾƛǘŇǚƛƛ ǇǊƻŦŜǎƛƻƴŀƭŜΣ ŘŀǊ Ŏǳ ǇǊŜŎŇŘŜǊŜ ŎŜƭŜ 
ƻōǚƛƴǳǘŜ ŘǳǇŇ ŦƛƴŀƭƛȊŀǊŜŀ ǘŜȊŜƛ ŘŜ ŘƻŎǘƻǊŀǘΦ 

/ƻƴŎŜǇǘǳƭ ŘŜ άLƴǘŜƎǊŀǊŜ ŀ ǎƛǎǘŜƳŜƭƻǊ ŘŜ ŎŀƭŎǳƭ Ǔi ŎƻƳǳƴƛŎŀǚƛƛέ ƳŜƴǚƛƻƴŜŀȊŇ ōƛƴƻƳǳƭ 
άŎƻƳǳƴƛŎŀǚƛƛ-ŎŀƭŎǳƭέ ŎŜ ǇŀǊŜ ŀŎǳƳ ƛƴŘƛǾƛȊƛōƛƭ Ǔƛ ǎŜ ǊŜƎŇǎŜǓǘŜ ƴŀǘǳǊŀƭ ƞƴ ŀōǊŜǾƛŜǊŜŀ ƛƴǘŜƴǎ ǳǘƛƭƛȊŀǘŇ 
L/¢ όάLƴŦƻǊƳŀǘƛƻƴ ŀƴŘ Communication TŜŎƘƴƻƭƻƎƛŜǎέύ ŎŜ ǊŜǇǊŜȊƛƴǘŇ ǳƴ ǎŜǘ ŘƛǾŜǊǎ ŘŜ ƳŜǘƻŘŜ Ǔƛ 
resurse tehnologice utilizate pentru a transmite, stoca, crea, partaja sau face schimb de 
ƛƴŦƻǊƳŀǚƛƛΦ 

OƴǎŇ ƛƴǘŜƎǊŀǊŜŀ άŎƻƳǳƴƛŎŀǚƛƛ-ŎŀƭŎǳƭέ ǎ-ŀ ǊŜŀƭƛȊŀǘ ǘǊŜǇǘŀǘΣ ŘŀŎŇ ƭǳŇƳ ƞƴ ŎƻƴǎƛŘŜǊŀǊŜ 
ǎŜǇŀǊŀǊŜŀ ƛƴƛǚƛŀƭŇ ƞƴǘǊŜ ǎƛǎǘŜƳŜƭŜ ŘŜ ǘŜƭŜŎƻƳǳƴƛŎŀǚƛƛ ŎŜ ƻŦŜǊŜŀǳ ca unic serviciu pe cel de voce 
όαǘŜƭŜŦƻƴƛŜέύ Ǔƛ primele elemente de calcul ce erau orientate spre procesare de algoritmi, de 
cele mai multe ori foarte specifici.  
tǊŜƻŎǳǇŀǊŜŀ ǇŜƴǘǊǳ ƳŜǘƻŘŜƭŜ ŘŜ άLƴǘŜƎǊŀǊŜ ŀ ǎƛǎǘŜƳŜƭƻǊ ŘŜ ŎŀƭŎǳƭ Ǔƛ ŎƻƳǳƴƛŎŀǚƛƛέ s-a 
concretizat Ǔƛ într-o ŘƛǎŎƛǇƭƛƴŇ de studiu în ŎŀŘǊǳƭ ǇǊƻƎǊŀƳǳƭǳƛ ŘŜ ǎǘǳŘƛǳ ŘŜ ά¢ŜƘƴƻƭƻƎƛƛ Ǔƛ 
Sisteme de /ƻƳǳƴƛŎŀǚƛiέΣ începând cu anul 2013. Integrarea Sistemelor de Calcul cu 
TŜƭŜŎƻƳǳƴƛŎŀǚƛƛƭŜ ǊŜǇǊŜȊƛƴǘŇ o disciplinŇ ce prezintŇ ŜǾƻƭǳǚƛŀ sistemelor de calcul Ǔi 
ǘŜƭŜŎƻƳǳƴƛŎŀǚƛƛ de la sisteme separate la o integrare a ŦǳƴŎǚƛƛƭƻǊ de procesare Ǔƛ ŎƻƳǳƴƛŎŀǚƛƛ 
prin folosirea de hardware generic cu putere mare de procesare (cu avantajele deosebite aduse 
de tehnologiile de virtualizare Ǔƛ cele de software radio), augmentate de noi tehnologii de 
inteligenta artificialŇ. Majoritatea ƛƳǇƭŜƳŜƴǘŇǊƛƭƻǊ sunt realizate pe baza de ƳŀǓƛƴƛ virtuale sau 
sunt disponibile în Cloud, astfel încât ǎǘǳŘŜƴǚƛƛ sŇ ƞƴǚŜƭŜŀƎŇ ŜǾƻƭǳǚƛŀ spre virtualizare, spre idea 
de hardware generic Ǔi software specific, exprimatŇ în tehnologii 5G precum NFV (Network 
Function Virtualisation), precum Ǔƛ rolul tot mai pregnant al tehnologiilor software în 
ŎƻƳǳƴƛŎŀǚƛƛ (SDN, SDR).  

 
Marcând ŎƻƴǘǊƛōǳǚƛƛƭŜ personale ale autorului, teza de abilitare prezintŇ integrarea Ǔƛ ŜǾƻƭǳǚƛŀ 
conceptelor de ŎƻƳǳƴƛŎŀǚƛƛ înspre servicii, astfel încât puterea de procesare ŀ Ǉǳǘǳǘ Ŧƛ ǇƭŀǎŀǘŇ în 
nodurile de ŎƻƳǳƴƛŎŀǚƛŜ Ǔƛ în deciziile ce se iau la nivel de sistem, uneori bazate pe algoritmi de 
ƞƴǾŇǚŀǊŜ ŀǳǘƻƳŀǘŇΣ ŘŀǊ ŀǾŃƴŘ ƳŜǊŜǳ ƞƴ ǾŜŘŜǊŜ Ǔƛ ǇŜǊǎǇŜŎǘƛǾŀ ǎŜŎǳǊƛǘŇǚƛƛ cibernetice a sistemelor 
integǊŀǘŜ άŎƻƳǳƴƛŎŀǚƛƛ-ŎŀƭŎǳƭέΦ 
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Fig. 1. Integrare a sistemelor de calcul Ǔƛ ŎƻƳǳƴƛŎŀǚƛƛ:  

ŜƭŜƳŜƴǘŜƭŜ ƛƴǘŜƎǊŀǘƛǾŜ ǊŜƭŀǘƛǾ ƭŀ ŜǾƻƭǳǚƛŀ ǎǘŀƴŘŀǊŘŜƭƻǊ ŘŜ ǘŜƭŜŎƻƳǳƴƛŎŀǚƛƛ  

 
¦ǊƳŇǊƛƴŘ ŜǾƻƭǳǚƛŀ tehnologiilor, dublatŇ de ŜǾƻƭǳǚƛŀ profesionalŇ Ǔi a ǊŜŀƭƛȊŇǊƛƭƻǊ 

autorului, lucrarea de faǚŇ ŜǎǘŜ ƻǊƎŀƴƛȊŀǘŇ ƞƴ ǳǊƳŇǘƻŀǊŜƭŜ ŎŀǇƛǘƻƭŜΥ 
1. {ƻƭǳǚƛƛ pentru integrarea sistemelor de calculatoare Ǔƛ cƻƳǳƴƛŎŀǚƛƛ  
2. Securitatea ciberneticŇ  a ǎƻƭǳǚƛƛƭƻǊ Ǔi serviciilor de calcul Ǔi ŎƻƳǳƴƛŎŀǚƛƛ 
3. Integrarea de elemente de inteligenta artificialŇ în cadrul sistemelor de calcul Ǔi 
ŎƻƳǳƴƛŎŀǚƛƛ  
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1. {ƻƭǳǚƛƛ pentru integrarea sistemelor de calcul Ǔi cƻƳǳƴƛŎŀǚƛƛ 
 

Integrarea elementelor de calcul Ǔƛ ŎƻƳǳƴƛŎŀǚƛƛ s-ŀ ǊŜŀƭƛȊŀǘ ǇŜ Ƴŀƛ ƳǳƭǘŜ ŘƛǊŜŎǚƛƛΣ ŀǓŀ cum a fost 
exemplificat în figura 1. 

Dintre elementele integrative, cel mai mare impact l-a avut ƻǊƛŜƴǘŀǊŜŀ ǎǇǊŜ ǎƻƭǳǚƛƛ Ǔƛ ǎŜǊǾƛŎƛƛ 
software. De aceea tehnologiile considerate disruptive în zona de integrare între elemente de calcul 
Ǔƛ ŎƻƳǳƴƛŎŀǚƛƛ ǎǳƴǘ ƴǳƳƛǘŜ αǎƻŦǘǿŀǊŜ-ŘŜŦƛƴŜŘέΣ ŀŘƛŎŇ definite software (unde termenul έŘŜŦƛƴƛǘŜέ 
include ŀŎŎŜǇǚƛǳƴƛƭŜ αŎǊŜŀǘŜΣ ŎƻƴŦƛƎǳǊŀǘŜΣ ƳƻŘŜƭŀǘŜΣ orchestrateέύ Ǔƛ ƭŃƴƎŇ ŜƭŜ ǎŜ ŀƭŇǘǳǊŇ termeni ce 
ŘŜŦƛƴŜǎŎ Ȋƻƴŀ ŘŜ ǊŜǚŜŀ ǳƴŘŜ ǎŜ ŀǇƭƛŎŇ tehnologiile software: 

¶ Pentru zona de wŜǚŜŀ ŘŜ Acces (Radio Access)  avem conceptul de Software Defined Radio  
(SDR) 

¶ Pentru zona de wŜǚŜŀ ŘŜ .ŀȊŇ ό/ƻǊŜ bŜǘǿƻǊƪύ avem conceptul de Software Defined 
Network (SDN) 

αSoftware definedέ ƞƴǎŜƳƴŇ reconfigurabil, ǳǓor de ƛƴǘŜƎǊŀǘ Ǔƛ rulat în ǎƛǎǘŜƳŜ ǾƛǊǘǳŀƭƛȊŀǘŜ Ǔƛ ƞƴ 
CloudΣ ǳǓƻǊ ŘŜ ƳƛƎǊŀǘ Ǔƛ ǎŎŀƭŀǘΣ ŦƻƭƻǎƛƴŘ ŘŜ ŎŜƭŜ Ƴŀƛ ƳǳƭǘŜ ƻǊƛ ƛƴǘŜǊŦŜǚŜ !tL deschise, deci încurajând 
ƛƴƻǾŀǚƛŀ Ǔƛ ǘŜǎǘŀǊŜŀ ƭŀ ǎŎŀǊŇ ƭŀǊƎŇΦ 
 

De aceea pentru ŀ ǇǊŜȊŜƴǘŀ ƛƳǇƭŜƳŜƴǘŇǊƛƭŜ Ǔƛ ǊŜŀƭƛȊŇǊƛƭŜ ƞƴ domeniul ƛƴǘŜƎǊŇǊƛƛ ǎƛǎǘŜƳŜƭƻǊ ŘŜ 
calcul Ǔƛ ŎƻƳǳƴƛŎŀǚƛƛ voi ǳǊƳŇǊƛ ŘƻǳŇ ǎǳōŎŀǇƛǘƻƭŜΥ ǳƴǳƭ ŘŜŘƛŎŀǘ ǊŜǚŜƭŜƛ ŘŜ ōŀȊŇ ŎŜ ƛƴŎƭǳŘŜ ŎƻƴŎŜǇǘŜ 
SDN Ǔƛ ǳƴǳƭ ŘŜŘƛŎŀǘ ǊŜǚŜƭŜƛ ŘŜ ŀŎŎŜǎ ŎŜ ƛƴŎƭǳŘŜ ŎƻƴŎŜǇǘŜ {5wΦ 

 

1.1. Integrarea sistemelor de calculatoare Ǔƛ ŎƻƳǳƴƛŎŀǚƛƛ ƞƴ ǊŜǚŜŀǳŀ ŘŜ ōŀȊŇ  

1.1.1. {ƻƭǳǚƛƛ de mobilitate în ǊŜǚŜƭŜ eterogene 

Mecanismele de mobilitate sunt elemente cheie ale mediilor inteligente "întotdeauna 
ŎƻƴŜŎǘŀǘŜϦΦ 5Ŝ ƭŀ ǇǊƛƳŜƭŜ ǇǊƻǘƻŎƻŀƭŜ aƻōƛƭŜ LtǾпΣ ǎƻƭǳǚƛƛƭŜ ŘŜ ƳƻōƛƭƛǘŀǘŜ Lt ŀǳ ŜǾƻƭǳŀǘ ŘŜ ƭŀ 
mobiƭƛǘŀǘŜŀ ƎŀȊŘŜƭƻǊ ƭŀ ƳƻōƛƭƛǘŀǘŜŀ ǊŜǚŜƭŜƛ Ǔƛ ƳƛƎǊŀǊŜŀ ƭŀ LtǾсΣ ŘŀǊ ŜȄƛǎǘŇ ƞƴŎŇ scenarii de utilizare 
specifice care nu sunt acoperiteΦ 5Ŝ ŀǎŜƳŜƴŜŀΣ ƳƻōƛƭƛǘŀǘŜŀ ƴǳ ǎŜ ǊŜŦŜǊŇ ŘƻŀǊ ƭŀ ƎŀȊŘŜ ǎŀǳ ǇŜǊǎƻŀƴŜ 
ŦƛȊƛŎŜΣ Ŏƛ Ǔƛ ƭŀ ŎƻŘκŀǇƭƛŎŀǚƛƛ Ǔƛ ƭŀ ƳŀǓƛƴƛ virtuale. 

 
/ƻƴǘƛƴǳŃƴŘ ǘŜƳŀ ŀōƻǊŘŀǘŇ ƞƴ ŎŀŘǊǳƭ ǘŜȊŜƛ ŘŜ ŘƻŎǘƻǊŀǘ ƛƴǘƛǘǳƭŀǘŇ ά{ƻƭǳǚƛƛ ŘŜ ƳƻōƛƭƛǘŀǘŜ ƞƴ 

ǊŜǚŜƭŜ ƛƴǘŜƭƛƎŜƴǘŜέΣ ǎǳō ŎƻƻǊŘƻƴŀǊŜŀ tǊƻŦΦ5ǊΦLƴƎΦ CƭƻǊƛƴ {!b5¦Σ ǎǳǎǚƛƴǳǘŇ ƞƴ ŀƴǳƭ нлмм, o serie de 
ŎŜǊŎŜǘŇǊƛ ǎ-au axat pe tema metodelor de mobilitate pentru ŎƻƳǳƴƛŎŀǚƛƛ mobile. h ƳŜǘƻŘŇ ŦƻƭƻǎƛǘŇ 
cu succes în ǇǊƻǇǳƴŜǊŜŀ ǳƴƻǊ ǎƻƭǳǚƛƛ ŘŜ ƳƻōƛƭƛǘŀǘŜ ǎŜ ōŀȊŜŀȊŇ pe protocolul LISP (Locator/Identifier 
Separation Protocol) ŎŜ ǇǊŜǎǳǇǳƴŜ ǎŜǇŀǊŀǊŜŀ ŀŘǊŜǎŜƭƻǊ Lt ƞƴ ŘƻǳŇ ƴƻƛ ǎǇŀǚƛƛ ŘŜ ƴǳƳŜǊƻǘŀǊŜΥ 
Endpoint Identifiers (EID-ǎύ Ǔƛ wƻǳǘƛƴƎ [ƻŎŀǘƻǊǎ όw[h/-ǎύΦ tǊƛƴ ƛƴǘǊƻŘǳŎŜǊŜŀ ŀŎŜǎǘŜƛ ǎŜǇŀǊŇǊƛΣ ŘŜǾƛƴ 
ŘƛǎǇƻƴƛōƛƭŜ ƴƻƛ ŎŀǇŀŎƛǘŇǚƛ ŘŜ ƳƻōƛƭƛǘŀǘŜΣ ǎŎŀƭŀōƛƭƛǘŀǘŜ Ǔƛ securitate, precum Ǔƛ nƻƛ ǎƻƭǳǚƛƛ ŀǘŃǘ ǇŜƴǘǊǳ 
mobilitatea gazdelor όέƘƻǎǘǎέύ, cât Ǔƛ ǇŜƴǘǊǳ ƳƻōƛƭƛǘŀǘŜŀ ƳŀǓƛƴƛƭƻǊ ǾƛǊǘǳŀƭŜ όŘŜ ŜȄŜƳǇƭǳΣ ƞƴ ƛƴǘŜǊƛƻǊǳƭ 
ŎŜƴǘǊŜƭƻǊ ŘŜ ŘŀǘŜύ ǇǊƛƴ ǎŜǇŀǊŀǊŜŀ ƛŘŜƴǘƛŦƛŎŀǘƻǊǳƭǳƛ Ǔƛ ŀ ƭƻŎŀǚƛŜƛ ǳƴǳƛ terminal al ǊŜǚŜƭŜƛΦ  

Implementarea din [1ϐ ǎŜ ōŀȊŜŀȊŇ ǇŜ ƻ propunere de ŀǊƘƛǘŜŎǘǳǊŇ ŘŜ ǊŜǚŜŀ ŎƻƴŜŎǘŀǘŇ ƞƴ Ƴŀƛ 
multe puncte (έmulti-homedέ) Ǔƛ ŜŎƘƛƭƛōǊŀǘŇ Řƛƴ ǇǳƴŎǘ ŘŜ ǾŜŘŜǊŜ ŀƭ ƞƴŎŇǊŎŇǊƛƛ traficului (έload-
balancedέ) LISP pentru mediile urbaneΣ ǊŜǎǇŜŎǘƛǾ ƻ ŀǊƘƛǘŜŎǘǳǊŇ ŀŘŀǇǘŀǘŇ ƞƴ mijloace de transport (cu 
ǇǊŜŎŇŘŜǊŜ pentru trenuri) ŎŀǊŜ ŘŜǘŀƭƛŀȊŇ ƛƳǇƭŜƳŜƴǘŀǊŜŀ ŜƭŜƳŜƴǘŜƭƻǊ [ISP pentru cazul de utilizare a 
ƳƻōƛƭƛǘŇǚƛƛΦ DacŇ ƛƴƛǚƛŀƭ validarea ǎƻƭǳǚƛŜƛ se face într-un mediu emulat, cazul unei întreprinderi cu 
ƭƻŎŀǚƛƛ ŘƛǎǘǊƛōǳƛǘŜΣ focalizarea e pe scenariile ǳǊōŀƴŜ ƳƻōƛƭŜΣ ŎǳƳ ŀǊ Ŧƛ ŎŀȊǳƭ ŦǳǊƴƛȊŇǊƛƛ de conexiune 
Internet fiabilŇΣ în mod redundant dar Ǔi cu echilibrarea sarcinii (έload-balancingέ)  în sistemele de 
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transport public. S-a realizat o implementare open-source Open Overlay Router Ǔƛ eficientizare pe 
ōŀȊŇ ŘŜ ŎƻƴŎŜǇǘŜ Software Defined Networks (SDN), cazul specific al  Software Defined ς Wide Area 
Networks (SD-WAN), ce include optimizare WAN (Wide Area Network). 

 
Fig. 2. !ǊƘƛǘŜŎǘǳǊŀ ōŀȊŀǘŇ ǇŜ [L{t ƛƳǇƭŜƳŜƴǘŀǘŇ ƞƴ cadrul sistemului de transport public,  

conform cu [1]  

 
5ŜǎŜƳƴŀǊŜŀ Ǌƻƭǳƭǳƛ ŀŘǊŜǎŜƭƻǊ Lt ǎŜ ŦŀŎŜ ŘǳǇŇ ŎǳƳ ǳǊƳŜŀȊŇΥ ŦƛŜŎŀǊŜ ǊƻǳǘŜǊ ²!b ƧƻŀŎŇ Ǌƻƭǳƭ 

unui Ingress/Egress Tunnel Router (xTR) Ǔƛ ŀǊŜ н ƛƴǘŜǊŦŜǚŜ ƳƻōƛƭŜ - de aceea un router 2SIM (cu 
douŇ SIM-uri) ŀǊ Ŧƛ ƻ ǎƻƭǳǚƛŜ ōǳƴŇ όŜȄŜƳǇƭǳ ŘŜ ǎƻƭǳǚƛŜ ŎƻƳŜǊŎƛŀƭŇ ŀǊ Ŧƛ ƳƻŘŜƭǳƭ /ƛǎŎƻ /умф ŎŀǊŜ ŀǊŜ Ǔƛ 
ǎǳǇƻǊǘ [L{tύΦ CƛŜŎŀǊŜ ŘƛƴǘǊŜ ŀŎŜǎǘŜ ƛƴǘŜǊŦŜǚŜ ŀ ŘŜŦƛƴƛǘ ŀŘǊŜǎŜ w[h/ (routing locators), în timp ce 
ǊŜǚŜŀǳŀ Ϧƞƴ ǘǊŜƴϦΣ ōŀȊŀǘŇ ǇŜ ²ƛCƛ Ŏǳ ƻ ǇƻǎƛōƛƭŇ ǊŜǚŜŀ ŘŜ ŘƛǎǘǊƛōǳǚƛŜ ŎƻƳǳǘŀǘŇ ǇŜƴǘǊǳ ŎǳǇƭŀǊŜŀ ƞƴǘǊŜ 
vagoane, ar utiliza adrese EID (endpoint identifier) într-ǳƴ ŀƴǳƳƛǘ ƛƴǘŜǊǾŀƭ ŘŜ ŀŘǊŜǎŜΦ wŜǚŜŀǳŀ 
centralŇ έback-endέ ǊŜǇǊŜȊƛƴǘŇ ƴǳ ƴǳƳŀƛ ǳƴ ǇǊƻȄȅ ǇŜƴǘǊǳ LƴǘŜǊƴŜǘΣ Ŏƛ ŀŎǚƛƻƴŜŀȊŇ Ǔƛ cu rol de 
ǇǊƻǘŜŎǚƛŜ (firewall) Ǔƛ ƎŇȊŘǳƛŜǓǘŜ ǎŜǊǾŜǊŜƭŜ ŘŜ ŀǇƭƛŎŀǚƛƛΦ 5ƛƴ ǇŜǊǎǇŜŎǘƛǾŀ [L{tΣ ǊŜǚŜŀǳŀ ōŀŎƪ-end 
ǊŜǇǊŜȊƛƴǘŇ w[h/-ǳǊƛƭŜ ƞƴ ƭƻŎŀǚƛŀ ŎŜƴǘǊŀƭŇ. Back-end-ul ŀǊ ǘǊŜōǳƛ ǎŇ ƛƴŎƭǳŘŇΣ ŘŜ ŀǎŜƳŜƴŜŀΣ MS/MR 
(Map Server/Map Resolver) ŘŜ ǎƛƴŜ ǎǘŇǘŇǘƻǊ ǎŀǳ Ŏƻ-localizat cu alte elemente. 

[L{t ǇŜǊƳƛǘŜ ƛƴǘŜƎǊŀǊŜŀ ǘǊŀƴǎǇŀǊŜƴǘŇ ŀ ŀŘǊŜǎŜƭƻǊ LtǾп Ǔƛ LtǾсΣ ŀǎǘŦŜƭ ƞƴŎŃǘ ŀƳōŜƭŜ ǘƛǇǳǊƛ ŘŜ 
ŀŘǊŜǎŜ ǎŇ ǇƻŀǘŇ Ŧƛ ǳǘƛƭƛȊŀǘŜΦ Oƴ ŎŜŜŀ ŎŜ ǇǊƛǾŜǓǘŜ ŎƻƴŜŎǘƛǾƛǘŀǘŜŀ ǎŜŎǳǊƛȊŀǘŇΣ ŎŜa mai ŀŘŜŎǾŀǘŇ ŀǊ Ŧƛ 
utilizarea ±tb ŘŜ ŘŀǘŜ ƳƻōƛƭŜ όǊŜǚŜŀ ǇǊƛǾŀǘŇ ŘŜ ƴƛǾŜƭ н ǎŀǳ ƴƛǾŜƭ о ƞƴǘǊŜ !tb - Access Point Name 
mobil (Ǔƛ ǊŜǚŜŀǳŀ ōŀŎƪ-ŜƴŘύΦ /ǳ ǘƻŀǘŜ ŀŎŜǎǘŜŀΣ ǎƻƭǳǚƛŀ /ƛǎŎƻ D9¢-VPN pe care am implementat-o în 
demonstrator ŀǊ ǇǳǘŜŀ ŀŘǳŎŜ ƳŀǊƛ ŀǾŀƴǘŀƧŜΣ ŘŜƻŀǊŜŎŜ ƴǳ ƴŜŎŜǎƛǘŇ ƻ ƛƴŦǊŀǎǘǊǳŎǘǳǊŇ ŘŜ ǊǳǘŀǊŜ 
ŀŘƛŀŎŜƴǘŇ ǇŜƴǘǊǳ Ǉƭŀƴǳƭ ŘŜ ŎƻƴǘǊƻƭ Ǔƛ ǎŜ ƛƴǘŜƎǊŜŀȊŇ ǇŜǊŦŜŎǘ Ŏǳ ƛƴŦǊŀǎǘǊǳŎǘǳǊƛ ƳǳƭǘƛŎŀǎǘ ŎŀǊŜ ŀǊ ǇǳǘŜŀ 
Ŧƛ ǳǘƛƭƛȊŀǘŜ ƞƴ ŎŀȊ ŘŜ ǳǊƎŜƴǚŇ ǇŜƴǘǊǳ ŀǇƭƛŎŀǚƛƛ ŘŜ ǘƛǇ ǎƛƎǳǊŀƴǚŇ ǇǳōƭƛŎŇΦ 

Figura 3 ŘŜǎŎǊƛŜ ŀǊƘƛǘŜŎǘǳǊŀ ǇǊƻǇǳǎŇ ǇŜ ōŀȊŇ ŘŜ ǎƻƭǳǚƛƛ Ŏǳ ǎǳǊǎŇ ŘŜǎŎƘƛǎŇΣ hǇŜƴ hǾŜǊƭŀȅ 
Router (OOR) ς proiect ƴǳƳƛǘ ƛƴƛǚƛŀƭ [L{tƳƻōΦ hhw ŜǎǘŜ ƻ ƛƳǇƭŜƳŜƴǘŀǊŜ ƻǇŜƴ-source pentru a crea 
ǊŜǚŜƭŜ ŘŜ ǎǳǇǊŀǇǳƴŜǊŜ ǇǊƻƎǊŀƳŀōƛƭŜ (overlay), scrise în limbajul de programare C, oferind marele 
ŀǾŀƴǘŀƧ ŀƭ ŦƭŜȄƛōƛƭƛǘŇǚƛƛ ǇƭŀǘŦƻǊƳŜƛΣ ŘŜƻŀǊŜŎŜ ŜȄƛǎǘŇ ǾŜǊǎƛǳƴƛ ŘŜŘƛŎŀǘŜ ǇŜƴǘǊǳ [ƛƴǳȄΣ !ƴŘǊƻƛŘ Ǔƛ 
OpenWRT. Controlerul {5b ƧƻŀŎŇ ǳƴ Ǌƻƭ ŎŜƴǘǊŀƭ ƞn arhitectura SDNΦ ¢ƻŀǘŜ ōŜƴŜŦƛŎƛƛƭŜ ǊŜǚŜƭŜƭƻǊ 
definite de software sunt disponibile prin intermediul controlerului dedicat OpenDayLight cu suport 
ǇŜƴǘǊǳ [L{t Ŏŀ ǇŀǊǘŜ ŀ ƳƻŘǳƭǳƭǳƛ [L{tCƭƻǿaŀǇǇƛƴƎǎΦ !ŎŜŀǎǘŇ ŀōƻǊŘŀǊŜ ŘŜǎŎƘƛŘŜ ƴƻƛ ǇŜǊǎǇŜŎǘƛǾŜΣ 
traficul poate Ŧƛ ŘƛǊƛƧŀǘ Řƛƴ ƳŜǊǎ ǇǊƛƴ ŘƛŦŜǊƛǘŜ hhwǎ ǇǊƛƴ ƛƴǘŜǊŦŀǚŀǊŜ ƴǳƳŀƛ Ŏǳ hǇŜƴ5ŀȅ[ƛƎƘǘΦ 
OƴŎƻǊǇƻǊŀǊŜŀ ǘŜƘƴƛŎƛƭƻǊ ŘŜ ƻǇǘƛƳƛȊŀǊŜ ²!b ǇŜƴǘǊǳ ƭƛǾǊŀǊŜŀ ŀŎŎŜƭŜǊŀǘŇ ŀ ǘǳǘǳǊƻǊ ŀǇƭƛŎŀǚƛƛƭƻǊ Řƛƴ 
WAN-ul definit software (SD-WAN) ǇǊƛƴ ǊŜǚŜŀǳŀ ŎŜƴǘǊŀƭŇ ŀ ǊŜǚŜƭŜƛ [L{t ŜǎǘŜ ƛƴƛǚƛŀl cea mai 
ƛƳǇƻǊǘŀƴǘŇΦ SD-WAN ŜǎǘŜ ǳƴ ŎƻƴŎŜǇǘ ŎŀǊŜ ŎƻƳōƛƴŇ ōŜƴŜŦƛŎƛƛƭŜ ǘŜƘƴƛŎƛƭƻǊ ŘŜ ƻǇǘƛƳƛȊŀǊŜ ²!b Ŏǳ 
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ǊŜǚŜŀǳŀ ŘŜŦƛƴƛǘŇ ǎƻŦǘǿŀǊŜ ǇǊƛƴ ǾƛǊǘǳŀƭƛȊŀǊŜŀ ²!bΦ !ǎǘŦŜƭΣ ǇƻƭƛǘƛŎƛƭŜ ǇŜƴǘǊǳ ƻǇǘƛƳƛȊŀǊŜŀ ²!b Ǉƻǘ Ŧƛ 
ŘŜǎŎǊƛǎŜ Ǔƛ ŀƧǳǎǘŀǘŜ ŘƛƴŀƳƛŎ ƭŀ ƴƛǾŜƭ ŘŜ ŎƻƴǘǊƻƭŜǊ {5b όŘŜ ŜȄŜƳǇƭǳΣ hǇŜƴ5ŀȅƭƛƎƘǘύ ǓƛΣ ŘŜ ŀǎŜƳŜƴŜŀΣ 
ǎǳƴǘ ŀŎǘƛǾŀǘŜ ŦǳƴŎǚƛƻƴŀƭƛǘŇǚƛ ǇǊŜŎǳƳ ŎƻƴǘǊƻƭǳƭ ŎŇƛƛ ²!bΣ ŎƻƴŜŎǘƛǾƛǘŀǘŜŀ ƛƴŘŜǇŜƴŘŜƴǘŇ de calea de 
transport, gestionarea ƞƴŎŇǊŎŇǊƛƛ Ǔƛ ŀǳǘƻƳŀǘƛȊŀǊŜŀ όŘŜ ŜȄŜƳǇƭǳΣ ŀƎǊŜƎŀǊŜŀ Ƴŀƛ ƳǳƭǘƻǊ ŎƻƴŜȄƛǳƴƛ ƭŀ 
Internet, astfel ƞƴŎŃǘ ŀŎŜǎǘŜŀ ǎŇ ŦǳƴŎǚƛƻƴŜȊŜ Ŏŀ ƻ ǎƛƴƎǳǊŇ ǎǳǇǊŀǇǳƴŜǊŜ ǾƛǊǘǳŀƭŇ Ŏǳ ǇŜǊŦƻǊƳŀƴǚŜ Ǔƛ 
fiabilitate sporite).   

 

 

Fig. 3 tǊƻǘƻǘƛǇŀǊŜ ŀ ŎƻƴŦƛƎǳǊŀǚƛŜƛ [L{t ƭŀ ōƻǊŘǳƭ ǾŜƘƛŎǳƭǳƭǳƛΣ ōŀȊŀǘŇ ǇŜ ǎƻƭǳǚƛƛ Ŏǳ ǎǳǊǎŇ ŘŜǎŎƘƛǎŇ 

 
OOR poate fi folosit Ǔƛ cu rol de xTR ƞƴ ƭƻŎŀǚƛŀ ōŀŎƪ-ŜƴŘΣ ŘŀǊ Ǔƛ Ŏŀ a{κaw ŘŜ ōŀȊŇ ǳƴŘŜ 

ǇǊŜŦƛȄŜƭŜ 9L5 ŎƻƴŦƛƎǳǊŀǘŜ Ǉƻǘ Ŧƛ ƞƴǊŜƎƛǎǘǊŀǘŜ ŘŜ Ȅ¢wǎΦ hhw Ǿŀ ǊŇǎǇǳƴŘŜΣ ŘŜ ŀǎŜƳŜƴŜŀΣ ƭŀ 
MapRequests adresate acestor prefixe. 
O altŇ impleƳŜƴǘŀǊŜ ōŀȊŀǘŇ ǇŜ [LSt ǇǊŜȊŜƴǘŀǘŇ ƞƴ ώ2], extinde conceptul spre un scenariu de 
ƳƻōƛƭƛǘŀǘŜΦ !Ƴ ƭǳŀǘ ƞƴ ŎƻƴǎƛŘŜǊŀǊŜ ŎŀȊǳƭ ŜƭŜƳŜƴǘŜƭƻǊ Lƻ¢ Řƛƴ ƛƴǘŜǊƛƻǊǳƭ ǳƴŜƛ ǊŜǚŜƭŜ ŘŜ ǾŜƘƛŎǳƭŜ ǎŀǳ 
de transport public.  
9ȄƛǎǘŇ н ƳŜǘƻŘŜ ŎŀǊŜ Ǉƻǘ Ŧƛ ŀƭŜǎŜ ǇŜƴǘǊǳ implementarea LISP pentru IoT:  

1. pe Gateway-ul IoT, care este, de asemenea, un router multi-w!bΣ ŀǓŀ ŎǳƳ ŜǎǘŜ ŘŜǘŀƭƛŀǘ Ƴŀƛ ƧƻǎΣ 
în figura 4; 

2. direct pe elementul IoT ("thing") folosind versiunea LISP-ab όaƻōƛƭŜ bƻŘŜύ ŀ ƛƳǇƭŜƳŜƴǘŇǊƛƛ 
protocolului. 
 
Implementarea IoT DŀǘŜǿŀȅ ŜǎǘŜ ƛƭǳǎǘǊŀǘƛǾŇ ǇŜƴǘǊǳ ǳƴ ŜŎƻǎƛǎǘŜƳ ŘŜ ǊŜǚŜƭŜ ǎǳǇǊŀǇǳǎŜ όƻǾŜǊƭŀȅύΣ 

ŘŜƻŀǊŜŎŜ hhw ǇƻŀǘŜ Ŧƛ ƛƴǘŜƎǊŀǘ Ŏǳ ŎƻƴŎŜǇǘǳƭ ŘŜ wŜǚŜƭŜ ŘŜŦƛƴƛǘŜ ǎƻŦǘǿŀǊŜΣ [L{t ŀǾŃƴŘ ǎǳǇƻǊǘ Ǔƛ ŘŜ ƭŀ 
OpenDaylight SDN Controller ca parte a modulului LISPFlowMappings, una dintre cele mai 
ŘŜȊǾƻƭǘŀǘŜ ǎƻƭǳǚƛƛ ŘŜǎŎƘƛǎŜ ŘŜ ŀŎŜǎǘ ǘƛǇΦ hǇŜƴ5ŀȅƭƛƎƘǘ ǇƻŀǘŜ ƧǳŎŀ Ǌƻƭǳƭ ǎŜǊǾŜǊŜƭƻǊ ŘŜ ƳŀǇŀǊŜ 
όa{κawύΣ ŀǎǘŦŜƭ ƞƴŎŃǘ ŘŜŎƛȊƛƛƭŜ ǇŜƴǘǊǳ ǊǳǘŀǊŜŀ ƛƴǘŜƭƛƎŜƴǘŇ ǎǳƴǘ Ŏƻ-locate cu serverele de mapare 
[L{tΦ Oƴ ǇƭǳǎΣ ŎƻƴǘǊƻƭŜǊŜƭŜ {5b ƧƻŀŎŇ ǳƴ Ǌƻƭ ŎǊǳŎƛŀƭ ƞƴ Ŏƻnceptul de έfeliereέ ŀ ǊŜǚŜƭŜƛ (network 
slicing) ŘŜŦƛƴƛǘ ǇŜƴǘǊǳ ƳŜŘƛƛƭŜ ŘŜ ǾƛǊǘǳŀƭƛȊŀǊŜ ŀ ŦǳƴŎǚƛƛƭƻǊ ŘŜ ǊŜǚŜŀ în 5G, iar o έŦŜƭƛŜ ŘŜ ǊŜǚŜŀέ 
ŘŜŘƛŎŀǘŇ ƻǇŜǊŀǘƻǊǳƭǳƛ ŘŜ ǘŜƭŜŦƻƴƛŜ ƳƻōƛƭŇ ǇƻŀǘŜ Ŧƛ ŜȄŀŎǘ ŦŜƭƛŀ Lƻ¢Φ 
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Fig. 4 /ƻƴŦƛƎǳǊŀǚƛŜ [L{t ƭŀ ōƻǊŘǳƭ ǾŜƘƛŎǳƭǳƭǳƛ ǇŜƴǘǊǳ Lƻ¢Σ ƛƳǇƭŜƳŜƴǘŀǘŇ ǇŜ ǎƛǎǘŜƳŜ wŀǎǇōŜǊǊȅ tƛ ς SBC Single Board 

Computing Ǔƛ cu analiza în Cloud IBM Watson pentru analiza valorilor IoT 

tŜƴǘǊǳ ƻ ƛƳǇƭŜƳŜƴǘŀǊŜ ƳƻōƛƭŇ Ǔƛ ƳƛƴƛŀǘǳǊƛȊŀǘŇ aƳ ŀƭŜǎ ǎŇ ŦƻƭƻǎƛƳ ƛƳǇƭŜƳŜƴǘarea Linux 
hhwΣ ƛƴǎǘŀƭŀǘŇ ǇŜ ǳƴ ŜƭŜƳŜƴǘ wŀǎǇōŜǊǊȅ tƛ {./ ό{ƛƴƎƭŜ .ƻŀǊŘ /ƻƳǇǳǘŜǊύ ŎŀǊŜ ƧƻŀŎŇ Ǌƻƭǳƭ ǳƴǳƛ 
DŀǘŜǿŀȅ Lƻ¢Σ ŘŜƻŀǊŜŎŜ ǊǳƭŜŀȊŇ Ǔƛ L.a ²ŀǘǎƻƴ ǇŜƴǘǊǳ ϦwŀǎtƛϦ Ǔƛ ǇƻŀǘŜ ŦƛΣ ŘŜ ŀǎŜƳŜƴŜŀΣ ŎƻƴŜŎǘŀǘ ƭŀ 
IBM Bluemix Cloud pentru analize Ǔƛ ǇǊƻŎŜǎŇǊƛ ǎǳǇƭƛƳŜƴǘŀre.  

9ȄƛǎǘŇ Ƴŀƛ ƳǳƭǘŜ ǊƻƭǳǊƛ ŎŀǊŜ ǎǳƴǘ ƛƳǇƭŜƳŜƴǘŀǘŜ Ŏŀ ǇŀǊǘŜ ŀ ǎƻƭǳǚƛŜƛ ŘŜǎŎƘƛǎŜ hhwΥ ƞƴ ǇǊŜȊŜƴǘΣ 
ǇƻŀǘŜ ŦǳƴŎǚƛƻƴŀ Ŏŀ Ȅ¢wΣ a{ κ awΣ w¢w ǎŀǳ [L{t-MN. Am activat LISP pe routerul WAN care 
ŀŎǚƛƻƴŜŀȊŇ Ŏŀ Ȅ¢wΦ ¦ƴ ŀƭǘ ǎŎŜƴŀǊƛǳ ŀǊ Ŧƛ Ǉǳǘǳǘ Ŧƛ ǳǘƛƭƛȊŀǊŜŀ [L{t-MN diǊŜŎǘ ǇŜ ǘŜƭŜŦƻƴǳƭ !ƴŘǊƻƛŘΣ ŀǓŀ 
cum este descris în [2]. 

Oƴ ǇƭǳǎΣ ŜƭŜƳŜƴǘǳƭ Lƻ¢ DŀǘŜǿŀȅ ŀǊŜ н ƛƴǘŜǊŦŜǚŜ ²!b ƳƻōƛƭŜ ǇŜƴǘǊǳ Řƻƛ ƻǇŜǊŀǘƻǊƛ ƭƻŎŀƭƛ ŘŜ 
ǘŜƭŜŦƻƴƛŜ ƳƻōƛƭŇΣ ǇŜ ŎŀǊŜ ƭŜ voi ƴǳƳƛ ƞƴ ŎƻƴǘƛƴǳŀǊŜ hǇŜǊŀǘƻǊ м Ǔƛ Operator 2. Pentru a nu oferi 
detalii comparaǘƛǾŜ Ŏǳ ǇǊƛǾƛǊŜ ƭŀ ǊŜǚŜƭŜƭŜ ǇǳōƭƛŎŜ ŘŜ ǘŜƭŜŦƻƴƛŜ ƳƻōƛƭŇ ŦŇǊŇ ŀŎƻǊŘǳƭ hǇŜǊŀǘƻǊilor, nu 
voi ƳŜƴǚƛƻƴŀ ŘŜƴǳƳƛǊŜŀ ŎƻƳŜǊŎƛŀƭŇ ŀ ǊŜǚŜƭŜƭƻǊ ǇǳōƭƛŎŜ ǳǘƛƭƛȊŀǘŜΦ  

/ƻƴŜȄƛǳƴŜŀ ŀ Ŧƻǎǘ ǇƻǎƛōƛƭŇ ǇǊƛƴ ƳƻŘŜƳ-uri USB 3G Ǔƛ instrumentul Linux wvdial. Fiecare 
dintre ƛƴǘŜǊŦŜǚŜ ŀǊŜ ƻ ŀŘǊŜǎŇ w[h/ ǇǳōƭƛŎŇΣ ŀǓŀ ŎǳƳ ŜǎǘŜ ǾƛȊƛōƛƭ ƞƴ ŦƛƎǳǊŀ о ǇǊƛǾƛƴŘ ǊŜǚŜŀǳŀ 
ŜȄǇŜǊƛƳŜƴǘŀƭŇ ǳǘƛƭƛȊŀǘŇΦ tŜƴǘǊǳ ǘŜǎǘŜƭŜ ŜŦŜŎǘǳŀǘŜ ŀƳ ŀƭŜǎ ǎŇ ǳǘƛƭƛȊez ǊŜǚŜŀǳŀ Ǉƛƭƻǘ ǇǳōƭƛŎŇ [L{tп ŎŀǊŜ 
ŀ Ŧƻǎǘ ƛƳǇƭŜƳŜƴǘŀǘŇ ƞƴ ƞƴǘǊŜŀƎŀ ƭǳƳŜΣ ŎƻƴǎǘŃƴŘ Řƛƴ у ǎŜǊǾŜǊŜ ŘŜ ŎŀǊtografiere Ǔƛ mai multe proxy-
Ȅ¢w ŎŀǊŜ ŀŎƻǇŜǊŇ ǘǊŜƛ ǊŜƎƛǳƴƛ ǇǊƛƴŎƛǇŀƭŜΣ {¦!Σ 9ǳǊƻǇŀ Ǔƛ !ǎƛŀΦ wŜǚŜŀǳŀ [L{tп .Ŝǘŀ ŀǊŜ ƻ ǊŜǚŜŀ 
ŎǊŜǎŎǳǘŇ ŘŜ ǎƛǘŜ-uri publice xTR.   

tŜƴǘǊǳ ǳǘƛƭƛȊŀǊŜŀ ǊŜǚŜƭŜƛ [L{tп .Ŝǘŀ ŀ ǘǊŜōǳƛǘ ǎŇ ŦǳǊƴƛȊez ŀŘǊŜǎŜ Lt ǇǳōƭƛŎŜκǊǳǘŀōƛƭŜ ƞƴ ǊŜǚŜƭŜƭe 
Operatorului 1 Ǔƛ hǇŜǊŀǘƻǊǳƭǳƛ нΣ ŀǓŀ ŎǳƳ ǎŜ ǾŜŘŜ ƞƴ CƛƎǳǊŀ 5. 

 

Fig. 5 LISP4. Implementare beta pentru nodurile xTR "Unitbv" 
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1.1.1.1. Evaluarea ƳƻōƛƭƛǘŇǚƛƛ [L{t ǇŜƴǘǊǳ ŜƭŜƳŜƴǘŜ Lƻ¢ Ǔƛ multimedia în ǊŜǚŜƭŜ de 
ŎƻƳǳƴƛŎŀǚƛƛ mobile cu echipamente de testare dedicate. 

 
/ŜǊƛƴǚŜƭŜ ǇǊƛǾƛƴŘ ƳƻōƛƭƛǘŀǘŜŀΣ ǊŜŘǳƴŘŀƴǚŀ Ǔƛ ƭŇǚƛƳŜŀ ŘŜ ōŀƴŘŇ ǘǊŀƴǎŦƻǊƳŇ ƳƻŘŜƭŜƭŜ ŘŜ 

ŎƻƳǳƴƛŎŀǊŜ ǳǘƛƭƛȊŀǘŜ ǇŜƴǘǊǳ Lƻ¢Σ ƞƴ ǇǊƛƴŎƛǇŀƭ ƞƴ ŎŀȊǳƭ ŎƻƳǳƴƛŎŀǚƛƛƭƻǊ ŎǊƛǘƛŎŜ Ǔƛ al transferului 
(streaming) multimedia ("IoMT - Internet of Multimedia Things"), deoarece ƞƴ ǇǊŜȊŜƴǘΣ ǎŜ ŜǎǘƛƳŜŀȊŇ 
ŎŇ ǘǊŀŦƛŎǳƭ ǾƛŘŜƻ ǊŜǇǊŜȊƛƴǘŇ тм҈ Řƛƴ ǘƻǘŀƭǳƭ ǘǊŀŦƛŎǳƭǳƛ ŘŜ ŘŀǘŜ ƳƻōƛƭŜΣ ƛŀǊ ŀŎŜŀǎǘŇ ǇƻƴŘŜǊŜ ŜǎǘŜ 
ǇǊƻƎƴƻȊŀǘŇ ǎŇ ŎǊŜŀǎŎŇ ƭŀ ул҈ ƞƴ нлнуΦ ¦ƴŀ ŘƛƴǘǊŜ ŎŀǊŀŎǘŜǊƛǎǘƛŎƛƭŜ ǊŜǚŜƭŜƭƻǊ рD Ŝ ǊŜǇǊŜȊŜƴǘŀǘŇ ŘŜ 
ǇǊƻƭƛŦŜǊŀǊŜŀ ǊŜǚŜƭŜƭƻǊ ǊŀŘƛƻ ŘƛŦŜǊƛǘŜκŜǘŜǊƻƎŜƴŜ όǊŜǚŜƭŜ ŘŜ ŀŎŎŜǎ ǊŀŘƛƻ ǾƛǊǘǳŀƭƛȊŀǘŜΣ ƴƻƛ ǊŀŘƛƻǳǊƛ 
eficiente din punct de vedere energetic, femto-celule, Wifi offloadingύ Ǔƛ ǇƻǎƛōƛƭƛǘŀǘŜŀ Ŏŀ ƻōƛŜŎǘŜƭŜ 
Lƻ¢ ǎŇ ǎŜ ŎƻƴŜŎǘŜȊŜ Ǔƛ ǎŇ ŜŎƘƛlibreze sarcina între ǊŜǚŜƭŜ ŘŜ ŀŎŎŜǎ ǊŀŘƛƻ RAN duale sau multiple. 
tŜƴǘǊǳ ŀ ŜǾƛǘŀ Ŏŀ ǘŜǎǘŜƭŜ ǇŜƴǘǊǳ ǎƻƭǳǚƛƛ ŘŜ ƳƻōƛƭƛǘŀǘŜ ŀǇƭƛŎŀǘŜ ǎŜǊǾƛŎƛƛƭƻǊ ƳǳƭǘƛƳŜŘƛŀ ŎƻƳǇƭŜȄŜ ǎŇ ŦƛŜ 
ƛƴŦƭǳŜƴǚŀǘŜ ŘŜ ǇǊƻōƭŜƳŜƭŜ ŘŜ ŀŎƻǇŜǊƛǊŜ ŀƭŜ ƻǇŜǊŀǘƻǊƛƭƻǊ ŘŜ ǊŜǚŜƭŜ ƳƻōƛƭŜΣ ŀƳ ŜŦŜŎǘǳŀǘ ƻ ŀƴŀƭƛȊŇ 
ǇǊŜƭƛƳƛƴŀǊŇ ŀ ƘŇǊǚƛƭƻǊ ŘŜ ŀŎƻǇŜǊƛǊŜ оD Ǔƛ [¢9 ǇŜƴǘǊǳ ŎŜƛ Řƻƛ ƻǇŜǊŀǘƻǊƛ ǳǘƛƭƛȊŀǚƛ ƞƴ ǇŀǊŀƭŜƭ ƞƴ ǘƛƳǇǳƭ 
testelor demonstratorului LISP prezentat în paragraful anterior.  
!Ƴ Ŧƻƭƻǎƛǘ ǳǊƳŇǘƻŀǊŜŀ ŎƻƴŦƛƎǳǊŀǚƛŜ ƳƻōƛƭŇΥ ǳƴ 
scaner "PCTEL" (produs de RF Solutions), o 
ŀƴǘŜƴŇ ƻƳƴƛŘƛǊŜŎǚƛƻƴŀƭŇ Ǔƛ un pachet software 
Ϧ¢9a{ LƴǾŜǎǘƛƎŀǘƛƻƴϦ ŎŀǊŜ ǊǳƭŜŀȊŇ ǇŜ ǳƴ 
ƴƻǘŜōƻƻƪ όŎǳ ƻ ŎƻƴŦƛƎǳǊŀǚƛŜ ƘŀǊŘǿŀǊŜ ǎǇŜŎƛŦƛŎŇ 
pentru Drive-Tests). Scanerul PCTEL (Figura 6) 
ǇŜǊƳƛǘŜ ŜǾŀƭǳŀǊŜŀ ǇŜǊŦƻǊƳŀƴǚŜƛ Ǔƛ ƻŦŜǊŇ ǎƻƭǳǚƛƛ 
ƻǇǘƛƳƛȊŀǘŜ ŀŘŀǇǘŀǘŜ ǊŜǚŜƭŜƛ ǿƛǊŜƭŜǎǎ ǘŜǎǘŀǘŜ όŘŜ 
ƭŀ мол aIȊ ƭŀ с DIȊύΦ 5ŀǘŜƭŜ ǎǳƴǘ ƻōǚƛƴǳǘŜ ƞƴǘǊ-o 
ŎƻƭŜŎǚƛŜ ŎƻƴŎǳǊŜƴǘŇ {ŜŜDǳƭƭ a· - pentru toate 
benzile RF definite de 3GPP, pentru toate 
tehnologƛƛƭŜ ƳŀƧƻǊŜ ǎƛƳǳƭǘŀƴ όŘǳǇŇ ǳƴ ƳƻŘǳƭ 
ǊŀŘƛƻ ǳƴƛŎΣ ŜȄƛǎǘŇ ƳƻŘǳƭŜ ŘŜ ǇǊƻŎŜǎŀǊŜ ŀ 
ǎŜƳƴŀƭǳƭǳƛ ŘŜ ƞƴŀƭǘŇ ǇŜǊŦƻǊƳŀƴǚŇ ŎŀǊŜ ǊǳƭŜŀȊŇ ƞƴ 
paralel). 

 
 

Fig. 6 Scanerul RF Solutions "PCTEL" 

5ŀǘŜƭŜ ǎŎŀƴŀǘŜ ŀǳ Ŧƻǎǘ ŀƴŀƭƛȊŀǘŜ ŦƻƭƻǎƛƴŘ ¢9a{ LƴǾŜǎǘƛƎŀǘƛƻƴΣ ƻ ǎƻƭǳǚƛŜ ŀŎǘƛǾŇ ŘŜ ǘŜǎǘŀǊŜ ŜƴŘ-
to-end pentru verificare Ǔƛ ƻǇǘƛƳƛȊŀǊŜ w!b ŜǘŜǊƻƎŜƴŇΣ ǇŜǊƳƛǚŃƴŘ ƻǇŜǊŀǘƻǊƛƭƻǊ ǎŇ ǘŜǎǘŜȊŜ Ǔƛ ǎŇ 
ŜǾŀƭǳŜȊŜ ŎŀƭƛǘŀǘŜŀ ǊŜǚŜƭŜƛ ŘƛƴǘǊ-ƻ ǇŜǊǎǇŜŎǘƛǾŇ ŀ ǳǘƛƭƛȊŀǘƻǊǳƭǳƛΣ ƛƴŎlusiv scenarii de mobilitate la bordul 
vehiculului. 

tǊƛƳǳƭ Ǉŀǎ ǇŜƴǘǊǳ ǎŜǘŀǊŜŀ ŎƻƴŦƛƎǳǊŀǚƛŜƛ ǊŜǚŜƭŜƭƻǊ ǎŎŀƴŀǘŜ ŜǎǘŜ ǎŜƭŜŎǘŀǊŜŀ ǇŀǊŀƳŜǘǊƛƭƻǊ 
ǇǳǊǘŇǘƻǊǳƭǳƛ ŘŜ Ŏŀƴŀƭ Ǔƛ ŦǊŜŎǾŜƴǚŇ όCƛƎǳǊŀ 7ύΣ ǇŜƴǘǊǳ ƻǇŜǊŀǘƻǊƛƛ ŘŜ ǘŜƭŜŦƻƴƛŜ ƳƻōƛƭŇ ŜǾŀƭǳŀǚƛΦ !Ƴ ŀƭŜǎ 
ŦǊŜŎǾŜƴǚŀ ŎŜƴǘǊŀƭŇ ŀ ǇǳǊǘŇǘƻǊǳƭǳƛ ǇŜƴǘǊǳ ǘŜƘƴƻƭƻƎƛƛƭŜ оD Ǔƛ пD Ǔƛ ƭŇǚƛƳŜŀ ŘŜ ōŀƴŘŇΣ ǎǇŜŎƛŦƛŎŇ ŦƛŜŎŇǊǳƛ 
L{tΦ [ŇǚƛƳŜŀ ŘŜ ōŀƴŘŇ ǇŜƴǘǊǳ оD ŜǎǘŜΣ ƞƴ ƎŜƴŜǊŀƭΣ ŘŜ р aIȊΣ ƞƴ ǘƛƳǇ ŎŜ ƭŇǚƛƳŜŀ ŘŜ ōŀƴŘŇ пD ǾŀǊƛŀȊŇ 
între 5MHz Ǔƛ нлaIȊΣ ƞƴ ŦǳƴŎǚƛŜ ŘŜ ŀƭƻŎŀǊŜŀ ǊŜǎǳǊǎŜƭƻǊ ǇŜƴǘǊǳ ŦǊŜŎǾŜƴǚŜƭŜ ŦƛŜŎŇǊǳƛ ƻǇŜǊŀǘƻǊΣ ƞƴ 
ŦǳƴŎǚƛŜ ŘŜ ƭƛŎŜƴǚŜƭŜ ǊŀŘƛƻ ŎŇǊƻǊŀ ƭƛ ǎŜ ǇŜǊƳƛǘŜ ŦǳƴŎǚƛƻƴarea. 

 



Teza de abilitare BŇƭŀƴ ¢ƛǘǳǎ /ƻƴǎǘŀƴǘƛƴ 
 

 14 

 
Fig. 7 {ŜǘŀǊŜŀ ŦǊŜŎǾŜƴǚŜƭƻǊ ŎŜƴǘǊŀƭŜ [¢9 ƞƴ ƛƴǾŜǎǘƛƎŀǚƛŀ ¢9a{ 

În Figura 8 este prezentat, într-ǳƴ ŦƻǊƳŀǘ ƎǊŀŦƛŎΣ ǎŜŎǾŜƴǚŀ ŘŜ ŎƻƴŦƛƎǳǊŀǊŜ ǇŜƴǘǊǳ ǎŎŀƴŜǊǳƭ 
"PCtell MX SeeGull", folosind software-ǳƭ ¢9a{ LƴǾŜǎǘƛƎŀǘƻǊΦ !ŎŜŀǎǘŇ ŎƻƴŦƛƎǳǊŀǚƛŜ ŜǎǘŜ ǳǘƛƭƛȊŀǘŇ 
ǇŜƴǘǊǳ ǎŎŀƴŀǊŜŀ ŎŀǇŀŎƛǘŇǚƛƛ ǎŜǊǾƛŎƛǳƭǳƛ Řƻǿƴƭƛƴƪ ƞƴ оD Ǔƛ 4G pentru cei doi opeǊŀǘƻǊƛ ŀƭŜǓƛΦ  

 

 
Fig. 8Φ ¢ŜǎǘŀǊŜŀ ŎƻƴŦƛƎǳǊŀǚƛŜƛ ŦƻƭƻǎƛƴŘ ǇǊƻƎǊŀƳŀǊŜŀ ǾƛȊǳŀƭŇ Ŏǳ ϦǎŎŀƴŜǊǳƭ t/ǘŜƭƭ a· {ŜŜDǳƭƭϦ 

 
Pentru rularea drive-ǘŜǎǘ ŀƳ Ŧƻƭƻǎƛǘ ƻ ŀǇƭƛŎŀǚƛŜ ǇŜƴǘǊǳ ǇǊŜƭǳŎǊŀǊŜŀ ƞƴ ǘƛƳǇ ǊŜŀƭ ŀ ŘŀǘŜƭƻǊΣ 

inclusiv, de ŀǎŜƳŜƴŜŀΣ ƻ ǊŜǇǊŜȊŜƴǘŀǊŜ ƎǊŀŦƛŎŇ ǇŜƴǘǊǳ ǳƴƛƛ ŘƛƴǘǊŜ ǇŀǊŀƳŜǘǊƛΦ !ǎǘŦŜƭΣ ƻǊƛŎŜ ŜǊƻŀǊŜ ǎŀǳ 
ŦǳƴŎǚƛƻƴŀƭƛǘŀǘŜ ŀƴƻǊƳŀƭŇ ŀ ǎƛǎǘŜƳǳƭǳƛ ŀǊ ǇǳǘŜŀ Ŧƛ ƛŘŜƴǘƛŦƛŎŀǘŇ Ǔƛ ŎƻǊŜŎǘŀǘŇ ƛƳŜŘƛŀǘΣ ŀǎǘŦŜƭ ƞƴŎŃǘ ǘŜǎǘǳƭ 
de scanare ar putea continua în mod normal.   
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!Ƴ ŀƭŜǎ ƻ ǊǳǘŇ ǇǊŜŘŜŦƛƴƛǘŇ ƞƴ ƻǊŀǓǳƭ .ǊŀǓƻǾ ǇŜƴǘǊǳ ǘǊŀǎŜǳƭ ŘŜ ǊŜŦŜǊƛƴǚŇ ŘǊƛǾŜ-test. Antenele 
ŀǳ Ŧƻǎǘ ŀƳǇƭŀǎŀǘŜ ǇŜ ŀŎƻǇŜǊƛǓǳƭ automobilului ǇŜƴǘǊǳ ŀ ŜǾƛǘŀ ǇƛŜǊŘŜǊŜŀ ǎŜƳƴŀƭǳƭǳƛΤ Řƛǎǘŀƴǚŀ ŘƛƴǘǊŜ 
antene Ǔƛ ŎŀǇŇǘǳƭ ŀŎƻǇŜǊƛǓǳƭǳƛ ƳŀǓƛƴƛƛ ǘǊŜōǳƛŜ ǎŇ ŦƛŜ Ƴŀƛ ƳŀǊŜ ŘŜŎŃǘ ˂ κнΦ   

În tƛƳǇǳƭ ǊǳƭŇǊƛƛ ǘŜǎǘǳƭǳƛΣ se pot ƛŘŜƴǘƛŦƛŎŀ ŎƻƴŘƛǚƛƛƭŜ ǊŀŘƛƻ ŘŜ ǇŜ Ǌǳǘŀ ǊŜǎǇŜŎǘƛǾŇ ǇŜƴǘǊǳ 
ŦƛŜŎŀǊŜ ŘƛƴǘǊŜ ŎŜƛ Řƻƛ ƻǇŜǊŀǘƻǊƛ ǓƛΣ ŘŜ ŀǎŜƳŜƴŜŀΣ se poate ƻōǚƛƴŜ ƻ ǎǘŀǘƛǎǘƛŎŇ ŀ ŎŜƭǳƛ Ƴŀƛ ōǳƴ Ŏŀƴŀƭ 
ŎŀǊŜ ǳǊƳŜŀȊŇ ǎŇ ŦƛŜ ǳǘƛƭƛȊŀǘ ŘŜ ŘƛǎǇƻȊƛǘƛǾǳƭ Ƴƻōƛƭ ƞƴ ǘƛƳǇǳƭ ŜŦŜŎǘǳŇǊƛƛ ǎŜǊǾƛŎƛǳƭǳƛΦ 5ŜƳƻƴǎǘǊŀǘƻǊǳƭ [L{t 
a fost condus urmând circuitul din figura 9 ς ǇŜƴǘǊǳ ǾŀƭƛŘŀǊŜŀ ŎƻǊŜŎǘƛǘǳŘƛƴƛƛ ǇǊŜŘŇǊƛƛΣ t/¢9[ ŀ ǎŎŀƴŀǘ 
ŎŀƭƛǘŀǘŜŀ ƭŜƎŇǘǳǊƛƛ ŘŜǎŎŜƴŘŜƴǘŜ ǇŜƴǘǊǳ ŎŜƭǳƭŜƭŜ hǇŜǊŀǘƻǊм Ǔƛ hǇŜǊŀǘƻǊн Ŏǳ ƛŘŜƴǘƛǘŇǚƛƭŜ ŎŜƭǳƭŜƭƻǊ 
EARFCN (EUTRA Absolute Radio-CǊŜǉǳŜƴŎȅ /ƘŀƴƴŜƭ bǳƳōŜǊύ молл Ǔƛ снрл όhǇŜǊŀǘƻǊмύΣ мслл Ǔƛ 
2950 (Operatorul 2). 

 

 
 

Fig. 9. ς wǳǘŀ ŘŜ ǘŜǎǘŀǊŜ Ŏǳ ŜǾƛŘŜƴǚƛŜǊŜŀ ƴǳƳŜǊŜƭƻǊ ŘŜ Ŏŀƴŀƭ ŘƛŦŜǊƛǘŜΥ 9!wC/b  
όbǳƳŇǊǳƭ ŀōǎƻƭǳǘ ŀƭ Ŏŀƴŀƭǳƭǳƛ ŘŜ ǊŀŘƛƻŦǊŜŎǾŜƴǚŇ 9¦¢w!ύ 

 

CƻƭƻǎƛƴŘ ƳŜǘƻŘŀ ŘŜ ǎŎŀƴŀǊŜ ǊŀŘƛƻ ŀƳ ŀŦƭŀǘ ŎŇ ƴǳ ŀƳōƛƛ ƻǇŜǊŀǘƻǊƛ ŀǳ ƻ ŀŎƻǇŜǊƛǊŜ ǊŀŘƛƻ 
ƳƻōƛƭŇ ŀŘŜŎǾŀǘŇ ƞƴ ǘƻŀǘŜ ǇŇǊǚƛƭŜ ǘǊŀǎŜǳƭǳƛ ŘŜ ǊŜŦŜǊƛƴǚŇ ŘǊƛǾŜ-ǘŜǎǘΦ 9ȄƛǎǘŇ ȊƻƴŜ ƞƴ ŎŀǊŜ ŀǾŜƳ ǇƛŜǊŘŜǊƛ 
ŘŜ ǎŜƳƴŀƭ ǇŜƴǘǊǳ ǳƴǳƭ ŘƛƴǘǊŜ ƻǇŜǊŀǘƻǊƛ Ǔƛ ŀŎŜǎǘ ƭǳŎǊǳ ŘǳŎŜ ƭŀ ŜǊƻǊƛ ƞƴ ŎƻƳǇƻǊǘŀƳŜƴǘǳƭ ƎŀǘŜǿŀȅ-ului 
ƴƻǎǘǊǳ Lƻ¢ ōŀȊŀǘ ǇŜ [L{tΣ ŘŜƻŀǊŜŎŜ ƻ ƛƴǘŜǊŦŀǚŇ ƳƻōƛƭŇ ŘŜŎƻƴŜŎǘŀǘŇ ƴǳ ǎŜ ǊŜŎǳǇŜǊŜŀȊŇ ŘŜ ƭŀ ǎƛƴŜ Ǔƛ nu 
ŜǎǘŜ ǳǘƛƭƛȊŀǘŇ Řƛƴ ƴƻǳ ƞƴ ǘǳƴŜƭǳƭ [L{t hhw ŦŇǊŇ ƻ ǊŜƛƴƛǚƛŜǊŜ ǎǇŜŎƛŦƛŎŇΦ   
!ǎǘŦŜƭΣ ŀƳ ŘŜŎƛǎ ǎŇ ƛƴǘǊƻŘǳŎ, ǇǊƛƴ ǎŎǊƛǇǘƛƴƎΣ ƻ ƳŜǘƻŘŇ ŘŜ Ϧŀǳǘƻ-ǾƛƴŘŜŎŀǊŜϦ ŀ ǎƛǎǘŜƳǳƭǳƛΣ ŦŇŎŃƴŘǳ-l 
ŀǎǘŦŜƭ Ǌƻōǳǎǘ Ǔƛ ǊŜȊƛǎǘŜƴǘ ƭŀ ŜǊƻǊƛΦ 
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1.1.1.2. Automatizarea Demonstratorului mobil bazat pe LISP pentru Internetul 
obiectelor multimedia (IoMT) 

 
!Ƴ ǊŜŀƭƛȊŀǘ ǳǊƳŇǘƻǊǳƭ ŘŜƳƻƴǎǘǊŀǘƻǊ όŦƛƎǳǊŀ 10) care a fost testat în scenariul de mobilitate. 
 

   
Fig. 10. ς Dreapta: Demonstrator PTS (sistem de transport public) pentru IoT mobil cu LISP 

Stânga: Mini-sistemul mobil de testare 

 
!ǳ Ŧƻǎǘ ŎƻƴǎƛŘŜǊŀǚƛ ŎƻƴǎǳƳŀǘƻǊƛ ƛƴǘŜƴǎƛǾƛ ŘŜ ƭŇǚƛƳŜ ŘŜ ōŀƴŘŇ ς fluxuri video (pe ecranul 

utilizatorului final, un "thin client", de exemplu o tabƭŜǘŇ ŎƻƴŜŎǘŀǘŇ ƭŀ ƴƻŘǳƭ [L{t ϦwŀǎtƛϦΣ ƎŀǘŜǿŀȅ-ul 
IoT). Demonstratorul IoT, bazat pe LISP, este un sistem autonom, alimentat cu baterii, deci complet 
ƳƻōƛƭΦ ¢ƻǚƛ ǳǘƛƭƛȊŀǘƻǊƛƛ Ŧƛƴŀƭƛ ǎŀǳ ǎŜƴȊƻǊƛƛ Ǔƛ ŘƛǎǇƻȊƛǘƛǾŜƭŜ Lƻ¢ ǎǳƴǘ ŎƻƴŜŎǘŀǚƛ ŀǳǘƻƳŀǘ ƭŀ ǎƛǎǘŜƳ ǇǊƛƴ 
WiFi ca conectare la un hot-spot normal.  

Automatizarea sistemului pentru tratarea erorilor sau pentru recuperarea pierderii 
semnalului s-ŀ ŦŇŎǳǘ Ŏǳ codare bash.  LISP aduce Ǔƛ ǳƴ ŀǾŀƴǘŀƧ ǎǳǇƭƛƳŜƴǘŀǊ ǇŜƴǘǊǳ ǊƻōǳǎǘŜǚŜŀ 
ǎƛǎǘŜƳǳƭǳƛΣ ǇŜ ƭŃƴƎŇ Ƴǳƭǘƛ-homing Ǔƛ echiƭƛōǊŀǊŜŀ ƞƴŎŇǊŎŇǊƛƛΥ Ŏŀ Ǔƛ ƞƴ ŎŀȊǳƭ ǇǊƻǘƻŎƻƭǳƭǳƛ Mobile IP, cu 
LISP conexiunile TCP-Lt ǎǳƴǘ ǇŇǎǘǊŀǘŜ ƛƴŘƛŦŜǊŜƴǘ ŘŜ ŘƛǎǇƻƴƛōƛƭƛǘŀǘŜŀ ŎŀƴŀƭŜƭƻǊ ŦƛȊƛŎŜ κ ŎƻƴŜȄƛǳƴƛƭƻǊΣ 
ŘŀǊ Ŏǳ ŀǾŀƴǘŀƧǳƭ ŎŇ ŜȄƛǎǘŇ Ƴŀƛ ǇǳǚƛƴŜ ƳƻŘƛŦƛŎŇǊƛ ƴŜŎŜǎŀǊŜ ǇŜƴǘǊǳ ƛƴŦǊŀǎǘǊǳŎǘǳǊŀ ŘŜ ǊŜǚŜŀΦ /u ajutorul 
codului implementatΣ ǇŜ ƭŃƴƎŇ ƳŜƴǚƛƴŜǊŜŀ ǘǳƴŜƭǳƭǳƛ όǓƛ ŀ ŎƻƴŜȄƛǳƴƛƛ ¢/t-IP) - acesta este un atribut 
LISP ς am automatizat Ǔƛ ƻ ƳŜǘƻŘŇ ŘŜ ǊŜŎǳǇŜǊŀǊŜ ŀ ƛƴǘŜǊŦŜǚŜƛΦ Oƴ Ǉƭǳǎ LISP aduce avantajul unei 
ƛƳǇƭŜƳŜƴǘŇǊƛ ŜƴŘ-to-ŜƴŘ ŦŀŎƛƭŜΣ ŘŜƻŀǊŜŎŜ ƴƻŘǳƭ Ƴƻōƛƭ ƴǳ ŀǊŜ ƴŜǾƻƛŜ ƴŜŀǇŇǊŀǘ ŘŜ ƻ ƛƳǇƭŜƳŜƴǘŀǊŜ 
ǎǇŜŎƛŦƛŎŇ ŘŀŎŇ ǳǘƛƭƛȊŜŀȊŇ ŘƻŀǊ ǊŜǚŜƭŜ [L{t ǎŀǳ ǇǊƻȄȅ-uri LISP. 
 

Oƴ ǎŎƻǇǳƭ ǘŜǎǘŇǊƛƛ multimedia, am utilizat tehnologii web. Când vine vorōŀ ŘŜ ŎƻƳǳƴƛŎŀǚƛƛ ƞƴ 
timp real, WebRTC este un standard relativ nouΣ ǇŜǊƳƛǚŃƴŘ ōǊƻǿǎŜǊ-elor Ǔƛ ŀǇƭƛŎŀǚƛƛƭƻǊ ƳƻōƛƭŜ Ŏǳ 
ŎŀǇŀŎƛǘŇǚƛ ŘŜ ŎƻƳǳƴƛŎŀǚƛƛ ƞƴ ǘƛƳǇ ǊŜŀƭ όw¢/ύ ǇǊƛƴ !tL-ǳǊƛ όLƴǘŜǊŦŜǚŜ ŘŜ ǇǊƻƎǊŀƳŀǊŜ ŀ ŀǇƭƛŎŀǚƛƛƭƻǊύ 
simple. 

Fiind bazat exclusiv pe browser Ǔƛ ƴŜǎƻƭƛŎƛǘŃƴŘ ƴƛŎƛƻ ŀǇƭƛŎŀǚƛŜ ǎŀǳ ƛƴǎǘŀƭŀǊŜ ǇƭǳƎ-in, WebRTC 
ǊŜǇǊŜȊƛƴǘŇ ƻ ƻǇǚƛǳƴŜ ǾŜǊǎŀǘƛƭŇ ŎŀǊŜ ŀǊ ǇǳǘŜŀ Ŧƛ ǳǓƻǊ ƛƴǘŜƎǊŀǘŇ Ǔƛ ƞƴŎƻǊǇƻǊŀǘŇ Ŏŀ ǇŀǊǘŜ ŀ ŜŎƻǎƛǎǘŜƳǳƭǳƛ 
IoT eterogen.  
 

Folosind un driver de ŎŀƳŜǊŇ ǿŜōΣ ŀƳ ǎƛƳǳƭŀǘ ƻ ǎǳǊǎŇ ǾƛŘŜƻ Ǔƛ ŀƳ ǊŜǳǓƛǘ ǎŇ ŘƛŦǳȊŇƳ ǳƴ 
ǾƛŘŜƻŎƭƛǇ ŎǳƴƻǎŎǳǘ κ ŘŜ ǊŜŦŜǊƛƴǚŇ, într-un flux WebRTC. Am folosit servere WebRTC disponibile 
ǇǳōƭƛŎΣ ŎǳƳ ŀǊ Ŧƛ hǇŜƴ¢ƻƪ Ǔƛ !ǇǇw¢/ ǇŜƴǘǊǳ ŀ ǇǊƻŘǳŎŜ ŎƻƴŦŜǊƛƴǚŜ ǾƛŘŜƻ ²Ŝōw¢/Φ  

/ƘƛŀǊ ŘŀŎŇ ƴǳ ǎǳƴǘ ŘŜǎŎǊƛǎŜ ƞƴ ŎŜƭŜ ŎŜ ǳǊƳŜŀȊŇ όCƛƎǳǊŀ м1), au fost simulate mai multe fluxuri 
²Ŝōw¢/Φ !ǎǘŦŜƭΣ ƻŘŀǘŇ ŘƛŦǳȊŀǘ ǇǊƛƴ ƛƴǘŜǊƳŜŘƛǳƭ ǎƛǎǘŜƳǳƭǳƛ ²Ŝōw¢/Σ ŦƭǳȄǳƭ ǾƛŘŜƻ ŘŜ ǊŜŦŜǊƛƴǚŇ ŜǎǘŜ 
înregistrat folosind instrumentul RecordRTC Ǔƛ poate fi analizat. 
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Fig. 11. ς Metoda de testare a fluxurilor WebRTC 

 

Alte teste efectuate au fost cele ŘŜ ƭŇǚƛƳŜ ŘŜ ōŀƴŘŇ ǇŜ ŎŀǊŜ ƭŜ-am realizat cu software-ul 
Smooth Stream Performance. Am concluzionat ŎŇ Ƴǳƭǘƛ-homing-ul LISP nu este eficient în cazul 
ǎƻƭƛŎƛǘŇǊƛƭƻǊ ǎǳŎŎŜǎƛǾŜ Ǔƛ al sŜƳƴŀƭƛȊŇǊƛƛ ƛƴǘŜƴǎƛǾŜ όŀ ǎŜ ǾŜŘŜŀ ŦƛƎǳǊŀ 12ύΣ Ŏŀ ƞƴ ŎŀȊǳƭ ǊŜŎǳǇŜǊŇǊƛƛ 
ŘƛŦŜǊƛǘŜƭƻǊ ōǳŎŇǚƛ ŘŜ ǎǘǊŜŀƳƛƴƎ ǇŜ ōŀȊŀ ǳƴǳƛ ƳŀƴƛŦŜǎǘΦ tŜƴǘǊǳ ŦƛŜŎŀǊŜ ǘƛǇ ŘŜ ǎǘǊŜŀƳƛƴƎ όŀǳŘƛƻκǾƛŘŜƻύΣ 
ǎŜ ƳŜƴǚƛƻƴŜŀȊŇ ōƛǘǊŀǘŜ-ǳƭ Ǔƛ ǊŇǎǇǳƴǎǳƭΦ  

 

 
Fig. 12. - wŜȊǳƭǘŀǘŜ ŎƻƳǇŀǊŀǘƛǾŜ ŀƭŜ ǘŜǎǘŜƭƻǊ ŘŜ ǇŜǊŦƻǊƳŀƴǚŇ ǇŜƴǘǊǳ ǎǘǊŜŀƳƛƴƎ ŦŇǊŇ ǇǊƻōƭŜƳŜ ƞƴǘǊŜ hǇŜǊŀǘƻǊǳƭ мΣ 
hǇŜǊŀǘƻǊǳƭ н Ǔƛ ǘŜǎǘŜ Ƴǳƭǘƛ-ƘƻƳŜŘ hǇŜǊŀǘƻǊ мҌ hǇŜǊŀǘƻǊ нΤ CƛƎǳǊŀ ƛƴŘƛŎŇ ǘƛƳǇǳƭ ŘŜ ǊŇǎǇǳƴǎ όƞƴ Ƴǎύ ǇŜƴǘǊǳ ŀ ǇǊŜƭǳŀ 
diferite porǚƛǳƴƛ ŘŜ ŦƭǳȄ ŘŜ ƭŀ ǳƴ ǎŜǊǾŜǊ ŘŜ ǎǘǊŜŀƳƛƴƎ ƭŀ ŘƛǎǘŀƴǚŇΦ 

 

wŜȊǳƭǘŀǘŜƭŜ ŘŜ Ƴŀƛ ǎǳǎ ƴǳ ƛƴŘƛŎŇ ƻ ƞƳōǳƴŇǘŇǚƛǊŜ ǇǊƛƴ ǳǘƛƭƛȊŀǊŜŀ ŀ ŘƻǳŇ ŎƻƴŜȄƛǳƴƛ ²!b 
ǇŀǊŀƭŜƭŜΣ ŘŜƻŀǊŜŎŜ ƴƛŎƛǳƴŀ ŘƛƴǘǊŜ ŎƻƴŜȄƛǳƴƛƭŜ ƳƻōƛƭŜ ƴǳ ŘǳŎŜŀ ƭƛǇǎŇ ŘŜ ƭŇǚƛƳŜ ŘŜ ōŀƴŘŇΤ ƴǳ ŀ ŜȄƛǎǘŀǘ 
niciun blocajΣ ŎƘƛŀǊ ŘŀŎŇ ǎŜƳƴŀƭƛȊŀǊŜŀ ŜȄŎŜǎƛǾŇ ŀ ǳǘƛƭƛȊŇǊƛƛ ŀ ŘƻǳŇ ŎƻƴŜȄƛǳƴƛ ǇŀǊŀƭŜƭŜ ŀ ŎŀǳȊŀǘ ǇǊƻǇǊƛŀ 
întârziere.  
 

/ŀƭƛǘŀǘŜŀ ŜȄǇŜǊƛŜƴǚŜƛ ǇŜƴǘǊǳ Ƴŀƛ ƳǳƭǘŜ ŦƭǳȄǳǊƛ ²Ŝōw¢/ ǇǊƛƴ ǘǳƴŜƭǳǊƛ [L{t 

Am ƞƴŎŜǊŎŀǘ ǎŇ Ŧƻƭƻǎesc mai multe fluxuri multimedia, cum ar fi într-un caz real în care mai 
ƳǳƭǘŜ ŘƛǎǇƻȊƛǘƛǾŜ Lƻa¢ ǎǳƴǘ ŎƻƴŜŎǘŀǘŜ ƭŀ ŀŎŜƭŀǓƛ ƎŀǘŜǿŀȅ Lƻ¢ Ǔƛ ǎŜ ŎƻƴŎŜƴǘǊŜŀȊŇ ǇŜ ŎŀƭƛǘŀǘŜŀ 
ŜȄǇŜǊƛŜƴǚŜƛΦ Oƴ ǎŎƻǇǳƭ ǘŜǎǘŇǊƛƛΣ ŀƳ ŎƻƴŜŎǘŀǘ Ƴŀƛ ƳǳƭǘŜ ŦƭǳȄǳǊƛ ²Ŝōw¢/ ƭŀ ŀŎŜŜŀǓƛ ŎƻƴŦŜǊƛƴǚŇ Ŧƻlosind 
ŀŎŜŜŀǓƛ ƛƳǇƭŜƳŜƴǘŀǊŜ hǇŜƴ¢ƻƪ ²Ŝōw¢/Φ 
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!Ƴ ƻōǎŜǊǾŀǘ ŎŇ ƭŀ ŦƛŜŎŀǊŜ ŎƻƴŜȄƛǳƴŜ ²Ŝōw¢/Σ ǘǊŀŦƛŎǳƭ ŀ Ŧƻǎǘ ŘƛǊŜŎǚƛƻƴŀǘ ŦƛŜ ŎŇǘǊŜ hǇŜǊŀǘƻǊǳƭ 
мΣ ŦƛŜ ŎŇǘǊŜ hǇŜǊŀǘƻǊǳƭ нΦ 9ŎƘƛƭƛōǊŀǊŜŀ ƞƴŎŇǊŎŇǊƛƛ ƻōǎŜǊǾŀǘŇ ƴǳ ŀ Ŧƻǎǘ ǇŜƴǘǊǳ ŘƛǾƛȊŀǊŜŀ ŦƭǳȄǳƭǳƛ ǾƛŘŜƻ 
ǇŜ ŘƻǳŇ ŎƻƴŜȄƛǳƴƛ ƳƻōƛƭŜ ²!bΣ Ŏƛ ǇŜƴǘǊǳ ŘƛǎǘǊƛōǳǚƛŀ ŦƭǳȄǳǊƛƭƻǊ ǾƛŘŜƻ ǇŜ ŘƛŦŜǊƛǘŜ ŎŇƛ ŘŜ ŘŀǘŜΦ  

tŜƴǘǊǳ ŀ ŜȄǇƭƛŎŀ Ƴŀƛ ōƛƴŜ ǎƛǘǳŀǚƛŀΣ s-ar putea face o analogie cu procesoarele multi-core: 
ŀǘǳƴŎƛ ŎŃƴŘ ǎŜ ŜȄŜŎǳǘŇ ŘƻŀǊ ǳƴ ŦƛǊ όƞƴ ŎŀȊǳƭ ƴƻǎǘǊǳ ǎŜ ǳǘƛƭƛȊŜŀȊŇ ƻ ǎŜǎƛǳƴŜ ²Ŝōw¢/ύΣ ǎŜ ǳǘƛƭƛȊŜŀȊŇ 
ŘƻŀǊ ǳƴ ƴǳŎƭŜǳ όƞƴ ŎŀȊǳƭ ƴƻǎǘǊǳ ǎŜ ǳǘƛƭƛȊŜŀȊŇ ƞƴ ƳŀǊŜ ǇŀǊǘŜ ƻ ǊŜǚŜŀ ŘŜ ƻǇŜǊŀǘƻǊƛύΤ ƞƴ ŎŀȊǳƭ ƞƴ ŎŀǊŜ 
ǇƻǊƴŜǓǘŜ ǳƴ ŀƭ ŘƻƛƭŜŀ ŦƛǊΣ ŀŎŜǎǘŀ ŜǎǘŜ ǇǊŜƭǳŀǘ ŘŜ ŀƭ ŘƻƛƭŜŀ ǇǊƻŎŜǎƻǊ ŘŜ ōŀȊŇ όƞƴ ŎŀȊǳƭ ƴƻǎǘǊǳ 
Operatorul 2), echilibrând astfel traficul între cei 2 operatori. Acest comportament este vizibil în 
ǊŜȊǳƭǘŀǘŜƭŜ ƳƻƴƛǘƻǊƛȊŇǊƛƛ ƭŇǚƛƳƛƛ ŘŜ ōŀƴŘŇ όŀ ǎŜ ǾŜŘŜŀ ŦƛƎǳǊŀ м3). Când este pornit un singur flux 
ǿŜōw¢/Σ ǎŜ ǳǘƛƭƛȊŜŀȊŇ ƻ ǎƛƴƎǳǊŇ ǊŜǚŜŀ ŘŜ ƻǇŜǊŀǘƻǊƛΣ ŀǇƻƛ ŜǎǘŜ ǇƻǊƴƛǘ ŀƭ ŘƻƛƭŜŀ ŦƭǳȄ Ǔƛ acest lucru este 
preluat în cea mai mare parte de Operatorul 2. 

 

 
Fig. 13. ¢ŜǎǘŜƭŜ ƛƴŘƛŎŇ ƭŇǚƛƳŜŀ ŘŜ ōŀƴŘŇ ŦǳǊƴƛȊŀǘŇ ǇŜƴǘǊǳ ŦƛŜŎŀǊŜ ƻǇŜǊŀǘƻǊ ŘŜ ǘŜƭŜŦƻƴƛŜ ƳƻōƛƭŇ 

ŀǘǳƴŎƛ ŎŃƴŘ ǊŜŘŀǚƛ ǇŃƴŇ ƭŀ п ŦƭǳȄǳǊƛ ²Ŝōw¢/ ŦƻƭƻǎƛƴŘ hǇŜƴ¢ƻƪ 

 

Rezultatele din figurile 12 Ǔƛ 13 ƛƴŘƛŎŇ ŦŀǇǘǳƭ ŎŇ ōŜƴŜŦƛŎƛƛƭŜ ǳǘƛƭƛȊŇǊƛƛ ŀ ŘƻǳŇ ǎŀǳ Ƴŀƛ ƳǳƭǘŜ 
ŎƻƴŜȄƛǳƴƛ ƳƻōƛƭŜ ǎǳƴǘ ǾƛȊƛōƛƭŜ ƞƴ ŎŜŀ Ƴŀƛ ƳŀǊŜ ǇŀǊǘŜ ƞƴ ŎŀȊǳƭ ƛƴŦƻǊƳŀǚƛƛƭƻǊ ƳǳƭǘƛƳŜŘƛŀ ŀǘǳƴŎƛ ŎŃƴŘ ǎŜ 
ǳǘƛƭƛȊŜŀȊŇ Ƴŀƛ ƳǳƭǘŜ ŦƭǳȄǳǊƛ ǾƛŘŜƻ Ǔƛ ŀǘǳƴŎƛ ŎŃƴŘ ŎƻƴƎŜǎǘƛŀ ŀŦŜŎǘŜŀȊŇ ǊŜǚŜŀua. 

Oƴ ǇƭǳǎΣ ƛƴǘŜƴǚƛŀ mea ŀ Ŧƻǎǘ ŘŜ ŀ ƭƛƳƛǘŀ ƭŇǚƛƳŜŀ ŘŜ ōŀƴŘŇ ŀ ŎƻƴŜȄƛǳƴƛƭƻǊ ƳƻōƛƭŜΣ ŀǎǘŦŜƭ ƞƴŎŃǘ ǎŇ 
ǎŜ ǇƻŀǘŇ evalua mai bine beneficiile multi-homing. Acest lucru a fost efectuat utilizând comanda AT 
Ϧ!¢ Ҍ /D9vw9vϦΣ Ŏǳ ƛƴǘŜƴǚƛŀ ŘŜ ŀ ƭƛƳƛǘŀ ƭŇǚƛƳŜŀ ŘŜ ōŀƴŘŇ ŀ ŦƛŜŎŇǊǳƛ ƻǇŜǊŀǘƻǊ ŘŜ ǊŜǚŜŀ ƭŀ оуп YōǇǎΦ 
/ǳ ǘƻŀǘŜ ŀŎŜǎǘŜŀΣ ŎƻƳŀƴŘŀ ƳŜƴǚƛƻƴŀǘŇ ƴǳ ŀ ŀǾǳǘ ƴƛŎƛǳƴ ŜŦŜŎǘ ŀǎǳǇǊŀ ǊŜǚŜƭŜƭƻǊ ƻǇŜǊŀǘƻǊilor pe care 
le-ŀƳ ŦƻƭƻǎƛǘΣ ŀǎǘŦŜƭ ƞƴŎŃǘ ƭŇǚƛƳŜŀ ŘŜ ōŀƴŘŇ ƴǳ ŀ Ŧƻǎǘ ƭƛƳƛǘŀǘŇ ǇŜƴǘǊǳ ŀ ǎƛƳǳƭŀ ŎƻƴƎŜǎǘƛŀΦ ¢ŜƴŘƛƴǚŀ 
este de a muta ŀŎŎŜƴǘǳƭ ǘǊŀƴǎƳƛǎƛŜƛ ŘŜ ŘŀǘŜ ƞƴ ǊŜǚŜƭŜƭŜ ƳƻōƛƭŜ ŘŜ ƭŀ ŎŀƭƛǘŀǘŜŀ ǎŜǊǾƛŎƛƛƭƻǊ ƭŀ ƻ ǊŀǘŇ ŘŜ 
ǘǊŀƴǎŦŜǊ Ƴŀƛ ōǳƴŇΦ !ŎŜǎǘ ƭǳŎǊǳ ŜȄǇƭƛŎŇ ƭƛǇǎŀ ŜŦŜŎǘǳƭǳƛ ŎƻƳŜƴȊƛƭƻǊ vƻ{ ǳǘƛƭƛȊŀǘŜΦ 

!Ƴ ŀƧǳƴǎ ƭŀ ŎƻƴŎƭǳȊƛŀ ŎŇΣ ƞƴ ŎŀȊǳƭ ǎǇŜŎƛŦƛŎ ŀƭ ²Ŝōw¢/Σ ǳǘƛƭƛȊŀǊŜŀ [L{t ǇŜƴǘǊǳ Ƴǳƭǘƛ-homing 
ŀŘǳŎŜ ōŜƴŜŦƛŎƛƛ ǇŜƴǘǊǳ ƳŜƴǚƛƴŜǊŜŀ ǎŜǎƛǳƴƛƭƻǊ ǇǊƛƴ ǳǘƛƭƛȊŀǊŜŀ ǘǳƴŜƭǳƭǳƛ [L{t ŎŀǊŜ ƳŜƴǚƛƴŜ ŎƻƴŜȄƛǳƴƛƭŜ 
¢/t ŘŜǎŎƘƛǎŜ Ŏǳ ŀƧǳǘƻǊǳƭ ƳŜǘƻŘŜƛ ŘŜ ŀǳǘƻƳŀǘƛȊŀǊŜ ƛƳǇƭŜƳŜƴǘŀǘŜ ǇŜƴǘǊǳ ǊŜŎǳǇŜǊŀǊŜŀ ƛƴǘŜǊŦŜǚŜƛ ƞƴ 
caz de pierdere a semnalului. În plus, echilibrarea înŎŇǊŎŇǊƛƛ ŀŘǳŎŜ ŀǾŀƴǘŀƧŜ ǎŜƳƴƛŦƛŎŀǘƛǾŜ ŀǘǳƴŎƛ 
când vine vorba de utilizarea mai multor fluxuri WebRTC paralele, un caz de utilizare valid pentru 
ǳǘƛƭƛȊŀǊŜŀ Ƴŀƛ ƳǳƭǘƻǊ ŘƛǎǇƻȊƛǘƛǾŜ ŎŀǇŀōƛƭŜ ǾƛŘŜƻ ŀǘŀǓŀǘŜ ƭŀ ŀŎŜƭŀǓƛ ƎŀǘŜǿŀȅ Lƻ¢ ōŀȊŀǘ ǇŜ [L{tΦ 
 
 

1.1.2. Reǚele Definite Software ς Software Defined Networks (SDN) 
 

wŜǚŜaua definitŇ ǎƻŦǘǿŀǊŜ ό{5bύ ǊŜǇǊŜȊƛƴǘŇ ƻ ŀǊƘƛǘŜŎǘǳǊŇ ŘŜ ǊŜǚŜŀ ŘƛƴŀƳƛŎŇΣ ŎƻƴŦƛƎǳǊŀōƛƭŇΣ 
ŀŘŀǇǘŀōƛƭŇ Ǔƛ ŜŦƛŎƛŜƴǘŇ Řƛƴ ǇǳƴŎǘ ŘŜ ǾŜŘŜǊŜ ŀƭ ŎƻǎǘǳǊƛƭƻǊΣ ŎŜŜŀ ŎŜ ƻ ŦŀŎŜ ƛŘŜŀƭŇ ǇŜƴǘǊǳ ƴŜǾƻƛƭŜ 
ŀǇƭƛŎŀǚƛƛƭƻǊ ŘƛƴŀƳƛŎŜ Ǔƛ ŘŜ ōŀƴŘŇ ƭŀǊƎŇ ŘŜ ŀǎǘŇȊƛΦ !ŎŜŀǎǘŇ ŀǊƘƛǘŜŎǘǳǊŇ ǊŜŀƭƛȊŜŀȊŇ ƻ separare a 
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ŦǳƴŎǚƛƛƭƻǊ ŘŜ ŎƻƴǘǊƻƭ ŘŜ ŦǳƴŎǚƛƛƭŜ ŘŜ ǘǊŀƴǎǇƻǊǘ ŘŀǘŜΣ ǇŜǊƳƛǚŃƴŘ ŀǎǘŦŜƭ ǳƴ ŎƻƴǘǊƻƭ ŀƭ ǊŜǚŜƭŜƛ ŘƛǊŜŎǘ 
programabil (la nivel de controler SDN) Ǔƛ ƻ ƳŜǘƻŘŇ ŘŜ ŀōǎǘǊŀŎǘƛȊŀǊŜ ŀ ƛƴfrastructurii fizice pentru 
ŀǇƭƛŎŀǚƛƛ Ǔƛ ǎŜǊǾƛŎƛƛ (ce se pot implementa prin limbaje de programare generice sau servicii web REST 
ς REpresentational State Transfer). 
aŀƛ ƳǳƭǘŜ ƛƳǇƭŜƳŜƴǘŇǊƛ ƛƴƻǾŀǘƛǾŜ ŀǳ Ŧƻǎǘ ǊŜŀƭƛȊŀǘŜ ǇŜƴǘǊǳ ŘƛǾŜǊǎŜ ǎƻƭǳǚƛƛ bazate pe ǊŜǚŜƭŜ definite 
software, unele doar cu rol de demonstrare a unor concepte noi de orchestrare a traficului [3-6]: 

¶ Prototip de ŘƛǎǘǊƛōǳǚƛŜ ŀ ǘǊŀŦƛŎǳƭǳƛ ƞƴ ǊŜǚŜƭŜ ŘŜŦƛƴƛǘŜ ǎƻŦǘǿŀǊŜ ōŀȊŀǘŇ ǇŜ ǇǊƛƴŎƛǇƛƛ ǎŜƳŀƴǘƛŎŜ 
(Implementare POX Ǔƛ Sesame RDF (Semantic Web)) pentru trafic HTTP 

¶ LƳǇƭŜƳŜƴǘŀǊŜŀ ŘŜ ǇƻƭƛǘƛŎƛ ŘŜ ǘŀȄŀǊŜ Ǔƛ ŎƻƴǘǊƻƭ όt//ύ ƞƴ {5b 

¶ /ƻƴŎŜǇǘ ŘŜ ǎŜŎǳǊƛǘŀǘŜ ŘƛǎǘǊƛōǳƛǘŇ {5b ǇŜ ōŀȊŇ ŘŜ ŎƻƴǘŀƛƴŜre Docker 

¶ Tratarea modelului QoS în SDN.  

 

1.1.2.1. Rutare pe principii semantice în ǊŜǚŜƭŜ ŘŜŦƛƴƛǘŜ ǎƻŦǘǿŀǊŜ (SDN) 

aŜǘƻŘŀ ǇǊŜȊŜƴǘŀǘŇ ƞƴ ώ3ϐ ǎŜ ǊŜŦŜǊŇ ƭŀ ǇƻǎƛōƛƭƛǘŀǘŜŀ ŘŜ ǊǳǘŀǊŜ ǎŜƳŀƴǘƛŎŇ ƞƴ ǊŜǚŜƭŜ ŘŜŦƛƴƛǘŜ 
software prin definirea de reguli de rutare bazate pe alte criterii decât protocoalele standard, 
ǚƛƴŃƴŘ Ŏƻƴǘ ŘŜ ǊŜƭŀǚƛŀ ŘƛƴǘǊŜ ŘŀǘŜ Ǔƛ ǎŜƳƴƛŦƛŎŀǚƛŀ Ǔƛ ǳǘƛƭƛǘŀǘŜŀ ŀŎŜǎǘƻǊŀΣ ŎǊŜŃƴŘ ŎƻƴǓǘƛŜƴǘƛȊŀǊŜŀ asupra 
Ŏƻƴǚƛƴǳǘǳƭǳƛ όŎƻƴǘŜƴǘ-awareness) Ǔi rutarea ad-hoc a datelor. 
 

Semantic Web  este o extensie a World-Wide-²Ŝō Ŏǳ ǎŎƻǇǳƭ ŘŜ ŀ ŜȄǘƛƴŘŜ ŎƻƴǓǘƛŜƴǘƛȊŀǊŜŀ 
ŎŀƭŎǳƭŀǘƻŀǊŜƭƻǊ Ŏǳ ǇǊƛǾƛǊŜ ƭŀ ǎŜƳƴƛŦƛŎŀǚƛƛƭŜ ŘŀǘŜlor Ǔƛ ǎŜƳŀƴǘƛŎŇ ǎǇǊŜ ƛƴǘŜǊŀŎǚƛǳƴƛ Ƴŀƛ ŘŜ ƞƴŎǊŜŘŜǊŜ ƞƴ 
ŎŀŘǊǳƭ ǊŜǚŜƭŜƭƻǊΦ  {ŎƻǇǳƭ demonstratorului implementat a fost acela de a integra în nodurile SDN 
ƛƴǘŜƭƛƎŜƴǚŀ όŀǇǊƻŀǇŜ ŘŜ ƛƴǘŜƭƛƎŜƴǚŀ ŀǊǘƛŦƛŎƛŀƭŇ ŜȄǇǊƛƳŀǘŇ ŘŜ ²ŜōоΦлύ ŦǳǊƴƛȊŀǘŇ ŘŜ ƳƻŘŜƭŜƭŜ {ŜƳŀƴǘƛŎ 
Web. Demonstratorul {5b ŜŦŜŎǘǳŜŀȊŇ ǊǳǘŀǊŜŀ ŘŀǘŜƭƻǊ ǇŜ ōŀȊŀ ǳƴŜƛ ōŀȊŜ ŘŜ ŘŀǘŜ ŘŜ ŎǳƴƻǓǘƛƴǚŜ 
(knowledge database) ŎŀǊŜ ŎƻƴǚƛƴŜ ƛƴŦƻǊƳŀǚƛƛ ŘŜǎǇǊŜ ǊŜƭŀǚƛŀ ǎƻŎƛŀƭŇ dintre gazdele conectate la 
ǊŜǚŜŀΦ !ŎŜǎǘ ƭǳŎǊǳ ǎŜ ǊŜŀƭƛȊŜŀȊŇ ǇǊƛƴ ƛƳǇƭŜƳŜƴǘŀǊŜŀ ŦǳƴŎǚƛƛƭƻǊ ŘŜ ŎƻƴǘǊƻƭ ŀƭŜ {5bΣ ŎŀǊŜ ƛƴǘŜǊƻƎƘŜŀȊŇ 
ōŀȊŀ ŘŜ ŎǳƴƻǓǘƛƴǚŜ Ǔƛ ŀŎǚƛƻƴŜŀȊŇ ŘƛƴŀƳƛŎ ŀǎǳǇǊŀ ƛƴŦƻǊƳŀǚƛƛƭƻǊ ƞƴǾŇǚŀǘŜΣ ǎŎƘƛƳōŃƴŘ ƭƻƎƛŎŀ ŘŜ ǊǳǘŀǊŜ 
ǇŜ ƛƴŦǊŀǎǘǊǳŎǘǳǊŀ ŘŜ ǊŜǚŜŀ ǊŜŀƭŇΣ ŦƻƭƻǎƛƴŘ ǇǊƻǘƻŎƻƭǳƭ hǇŜƴCƭƻǿΦ Oƴ ǇƭǳǎΣ ŦƻƭƻǎƛƴŘ ƛƴǎǇŜŎǚƛŀ ǇǊƻŦǳƴŘŇ 
ŀ ǇŀŎƘŜǘŜƭƻǊ ό5tLύ ŀƴŀƭƛȊŇƳ ǘǊŀŦƛŎǳƭ I¢¢t ²ŜōΣ ŦƻƭƻǎƛƴŘ ǘŜƘƴƛŎƛ ǿŜō ǎŜƳŀƴǘƛŎŜ ǇǳǊŜΣ ǇŜƴǘǊǳ ŀ 
identifica interesul utilizatorului de comportament cu accent pe posibile fraude Ǔƛ scenarii teroriste. 
 

Arhitectura SDN pe care am folosit-ƻ Ŏŀ ǇŀǊǘŜ ŀ ŘŜƳƻƴǎǘǊŀǘƻǊǳƭǳƛ ŜǎǘŜ ǾƛȊƛōƛƭŇ ƞƴ CƛƎΦ м4. 
!ǊƘƛǘŜŎǘǳǊŀ {5b ϦŎƭŀǎƛŎŇϦ ŀǊŜ ǳƴ ŎƻƴǘǊƻƭŜǊ ŎŜƴǘǊŀƭ όŎƻƴǘǊƻƭŜǊ /л th·ύ ŎŀǊŜ ŜǎǘŜ ŎŀǇŀōƛƭ ǎŇ 
manipuleze planul έforwardingέ (reprezentat de comutatorul S1) prin protocolul OpenFlow.  În 
ŀŦŀǊŇ ŘŜ ŎƻƳǇƻƴŜƴǘŜƭŜ ƻōƛǓƴǳƛǘŜ ŀƭŜ {5bΣ ŀƳ construit ǇŜ ƛƴǘŜǊŦŀǚŀ άƴƻǊǘƘōƻǳƴŘέ ŀǇƭƛŎŀǚƛŀ ǇŜƴǘǊǳ 
έǊǳǘŀǊŜŀ ǎƻŎƛŀƭŇϦΣ ŎŀǊŜ ŀŎŎŜǎŜŀȊŇ ōŀȊŀ ŘŜ ŎǳƴƻǓǘƛƴǚŜ ǎŜƳŀƴǘƛŎŜ ǇŜƴǘǊǳ ƛƴǘŜǊƻƎŀǘƻǊƛƛ ŀŘ-hoc, 
ŘŜŎƭŀƴǓŃƴŘ ǊŜƎǳƭƛƭŜ ŘŜ ǊǳǘŀǊŜΦ Implementarea ǎŜƳŀƴǘƛŎŇ s-a realizat folosind Sesame, este o 
ǎǘǊǳŎǘǳǊŇ WŀǾŀ ǇŜƴǘǊǳ ǇǊŜƭǳŎǊŀǊŜŀ Ǔƛ manipularea datelor Resouce Description Framework - RDF 
όōŀȊŀǘŇ ǇŜ ƛƴǘŜǊƻƎŀǊŜŀ {t!wv[ύ - crearea, analiza, stocarea Ǔƛ interogarea bazelor de ŎǳƴƻǓǘƛƴǚŜ. 
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Fig. 14 !ǊƘƛǘŜŎǘǳǊŇ {5b ǎƛƳǇƭƛŦƛŎŀǘŇ ǇŜƴǘǊǳ ǊǳǘŀǊŜŀ ǎŜƳŀƴǘƛŎŇ ōŀȊŀǘŇ ǇŜ ŎƻƴǚƛƴǳǘΦ LƳǇƭŜƳŜƴǘŀǊŜŀ ŜŦŜŎǘƛǾŇ 

ǳǘƛƭƛȊŜŀȊŇ Ƴŀƛ ƳǳƭǘŜ ǇƛǾƻǘŇǊƛ Ǔƛ gazde OpenFlow simulate 

 
Oƴ ǊŜǚŜƭŜƭŜ {5bΣ ƭƻƎƛŎŀ de comutare ŜǎǘŜ ǇǊƻƎǊŀƳŀǘŇ ƭŀ ƴƛǾŜƭ ŘŜ ŎƻƴǘǊƻƭŜǊ Ǔƛ ǎŎǊƛǎŇ ƞƴ 

FlowTables [10]. FlowTables includ reguli de αǇƻǘǊƛǾƛǊŜέ (αƳŀǘŎƘέ) Ǔƛ ϦŀŎǚƛǳƴƛϦΦ h ǊŜƎǳƭŇ ŘŜ 
ϦǇƻǘǊƛǾƛǊŜϦ ŀǊ ǇǳǘŜŀ Ŧƛ ǊŜȊǳƭǘŀǘǳƭ ǳƴǳƛ ƛƴǘŜǊƻƎŀǘƻǊƛǳ ŘŜ ōŀȊŇ ŘŜ ŎǳƴƻǓǘƛƴǚŜ ǇǊƛƴ {t!wv[Σ ƞƴ ǘƛƳǇ ŎŜ 
ŀŎǚƛǳƴŜŀ ŀǊ ǇǳǘŜŀ Ŧƛ o redirectare - ϦŦƻǊǿŀǊŘϦ ŎŇǘǊŜ ƻ ŀƴǳƳƛǘŇ ŘŜǎǘƛƴŀǚƛŜ ǎŀǳ ƻ ǊŜƴǳƴǚŀǊŜ ("drop") la 
pachet. 
Mai jos este un exemplu ŘŜ ŘŜŦƛƴƛǚƛŜ ŀ ǊŜƎǳƭƛƭƻǊ ŘŜ ƭŀ th· ƞƴ ƭƛƳōŀƧǳƭ ŘŜ ǇǊƻƎǊŀƳŀǊŜ ǇȅǘƘƻƴΣ ǇŜ 

baza adreselor IP Ǔƛ ŀ ǇǊƻǘƻŎƻƭǳƭǳƛ ŘŜ ǊŜǚŜŀ: 

def addRule(self, address, toAll=False, dl_type=0x800, nw_proto=1):  

policyAddRule = of.ofp_flow_mod()  

if dl_type == 0x800:  

ip_addr = IPAddr(address)  

rule_group = (ip_addr, dl_type, nw_proto)  

policyAddRule.match.dl_type = dl_type  

policyAddRule.match.nw_dst = ip_addr  

policyAddRule.match.nw_proto = nw_proto  

policyAddRule.priority = 65535  

 
tŜ ƭŃƴƎŇ ŀōƻǊŘŀǊŜŀ ϦŎƭŀǎƛŎŇϦ ŀ ǊŜƎǳƭƛƭƻǊ ŘŜ ǇƻǘǊƛǾƛǊŜ {5bΣ ŀƳ ƛƴǘǊƻŘǳǎ ƛƴǘŜǊƻƎŀǊŜŀ ōŀȊŜƛ ŘŜ 
ŎǳƴƻǓǘƛƴǚŜ {ŜǎŀƳŜ Řƛƴ ǇȅǘƘƻƴ ǇŜƴǘǊǳ ŀ ŜȄǘǊŀƎŜ ǇŜǊŜŎƘŜŀ ŘŜ ŘƛǎǇƻȊƛǘƛǾŜ όƎŀȊŘŜύ ŎŀǊŜ ŀǳ ƻ ǊŜƭŀǚƛŜ ŘŜ 
ϦŎǳƴƻǓǘƛƴǚŇϦ όϦǇǊƛŜǘŜƴƛŜϦύΣ ǇŜ ōŀȊŀ ǇǊƛƴŎƛǇƛƛƭƻǊ ōŀȊŜƭƻǊ ŘŜ ŎǳƴƻǓǘƛƴǚŜ Y. όYƴƻǿƭŜŘƎŜ .ŀǎŜύ: 

// Reading from the Sesame repositories  

server="http://localhost:8080/openrdf - sesame"  

command="/repositories/KBsocial/statements"  

import urllib2  

request=urllib2.Request(server+command)  

request.add_header("Accept","text/plain")  

temporar=urllib2.urlopen(request)  

result=temporar.read()  

(...)  

// The SPARQL interrogation  

URIpref="http://expl.ro#"  

interrogation2='construct {?a x:AcquaintedWith ?b.?b x:AcquaintedWith ?a} where {?a 

x:AcquaintedWith ?b}'  
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rezconstruct=graf.query(interr ogation2,initNs={"x":URIpref}) 

acquaintance=[(str(x[0]),str(x[2])) for x in rezconstruct] 

acquaintance2=[(x.rpartition("#")[2],y.rpartition("#")[2]) for (x,y) in acquaintance]  

 

Rezultatul interogatoriului asupra ŎǳƴƻǓǘƛƴǚei ƞƴǘǊŜ ƎŀȊŘŜ όŎŀǊŜ ŀǳ Ŧƻǎǘ ƴǳƳƛǘŜ IмΣ Iн ΦΦΦ ǇŃƴŇ ƭŀ Iуύ 
ŀǊ ƛƴŘƛŎŀ ǇŜǊŜŎƘƛƭŜ ŘŜ ƎŀȊŘŇ ŎŀǊŜ ŀǳ ϦŎǳƴƻǓǘƛƴǚŇ ǳƴŀ ŘŜ ŎŜƭŀƭŀƭǘŇ"/  ǊŜƭŀǚƛŜ 

>>> acquaintance2  

[(óH1ô,ôH2ô), (óH1ô,ôH3ô),é,(óH2ô,ôH1ô), (óH2ô,ôH5ô),é, (óH8ô,ôH7ô)] 

 
În scop ilustrativ, folosind biblioteca phyton ƳŀǘǇƭƻƭƛōΣ ǎŜ ǇƻŀǘŜ ŎƻƴǎǘǊǳƛ ƻ ǊŜǇǊŜȊŜƴǘŀǊŜ ƎǊŀŦƛŎŇ ŀ 
ǊŜƭŀǚƛŜƛ ŘŜ ŎǳƴƻǓǘƛƴǚŇ ŘƛƴǘǊŜ ƎŀȊŘŜΣ Ŏŀ ƞƴ ŦƛƎǳǊŀ 15: 

 

Fig. 15 wŜƭŀǚƛŀ ǎƻŎƛŀƭŇ ŘŜ ϦŎǳƴƻŀǓǘŜǊŜϦ ŘƛƴǘǊŜ ƎŀȊŘŜ ǇƻŀǘŜ Ŧƛ ŎƻƴǎǘǊǳƛǘŇ ǾƛȊǳŀƭ ŦƻƭƻǎƛƴŘ ōƛōƭƛƻǘŜŎƛ ŘŜŘƛŎŀǘŜ ǇƘȅǘƻƴ 

CƻƭƻǎƛƴŘ ǊŜƭŀǚƛŀ ŘŜǘŀƭƛŀǘŇ ŘŜ Ƴŀƛ ǎǳǎΣ ŀƳ ƛƳǇƭŜƳŜƴǘŀǘ ƴƻƛ ǊŜƎǳƭƛ ŘŜ ǊǳǘŀǊŜΣ ŎŀǊŜ 
ǊŜŘƛǊŜŎǚƛƻƴŜŀȊŇ ǘƻǘ ǘǊŀŦƛŎǳƭ ǇǊƛƳƛǘ ŘŜ ƭŀ ƻ ƎŀȊŘŇ ŎŇǘǊŜ ƎŀȊŘŜƭŜ ϦŦamiliare", care au fost descoperite 
ŦƻƭƻǎƛƴŘ ƛƴǘŜǊƻƎŀǚƛƛƭŜ ōŀȊŜƛ ŘŜ ŎǳƴƻǓǘƛƴǚŜΦ 

wǳǘŀǊŜŀ ϦōŀȊŀǘŇ ǇŜ ŎƻƴǚƛƴǳǘϦ ǇŜ ŎŀǊŜ ƻ ŘŜƳƻƴǎǘǊez ŜǎǘŜ ƻ ƳŜǘƻŘŇ ŘŜ ƛŘŜƴǘƛŦƛŎŀǊŜ ŀ 
ŀƴǳƳƛǘƻǊ ǇǊƻŦƛƭŇǊƛ ŀƭŜ ŎƻƳǇƻǊǘŀƳŜƴǘǳƭǳƛ ǳǘƛƭƛȊŀǘƻǊƛƭƻǊ ǇŜ ōŀȊŀ ǊŜƭŀǚƛƛƭƻǊ ǎƻŎƛŀƭŜ ŀƭŜ ǳǘƛƭƛȊŀǘorilor Ǔƛ pe 
ōŀȊŀ Ŏƻƴǚƛƴǳǘǳƭǳƛκ ǊŜǎǳǊǎŜƭƻǊ ŀŎŎŜǎŀǘŜ ŘŜ ǳǘƛƭƛȊŀǘƻǊΦ aŜǘƻŘŜƭŜ ǿŜō ǎŜƳŀƴǘƛŎŜ ǇŜƴǘǊǳ ŀ ŘŜǎŎǊƛŜ 
ǊŜƭŀǚƛƛƭŜ όŘŜ ŜȄŜƳǇƭǳΣ h²[- Ontologie Web Language), ar putea fi reutilizate nu numai pentru 
Ŏƻƴǚƛƴǳǘǳƭ ǇŀƎƛƴƛƭƻǊ ǿŜōΣ Ŏƛ Ǔƛ pentru orice date legate Ŏŀ ǇŀǊǘŜ ŀ ǳƴŜƛ ōŀȊŜ ŘŜ ŘŀǘŜ ŘŜ ŎǳƴƻǓǘƛƴǚŜΦ 

{ƻƭǳǚƛŀ ŀǊ ǘǊŜōǳƛ ŎƻƳǇƭŜǘŀǘŇ Ŏǳ ƳŜǘƻŘŜ ŘŜ ǘƛǇ 5ŜŜǇ tŀŎƪŜǘ LƴǎǇŜŎǘƛƻƴ ŀsupra Ŏƻƴǚƛƴǳǘǳƭǳƛ 
paginilor web accesate de utilizatori, cu scopul de a profila ŀƴǳƳƛǚƛ ǳǘƛƭƛȊŀǘƻǊƛ. De exemplu, ar putea 
ŘŜǾŜƴƛ ŜǾƛŘŜƴǘ ŎŇ ǳƴ ǳǘƛƭƛȊŀǘƻǊ ǇŜǊƛŎǳƭƻǎ ƞƴŎŜŀǊŎŇ ǎŇ ŎƻƴǎǘǊǳƛŀǎŎŇ arme artizanale Ǔƛ ƞƴŎŜŀǊŎŇ ǎŇ 
ŀŘǳƴŜ ƛƴŦƻǊƳŀǚƛƛ pe Internet ŘŜǎǇǊŜ ŜƭŜƳŜƴǘŜƭŜ ƴŜŎŜǎŀǊŜΣ ǇŜ ōŀȊŀ ǳƴƻǊ ōŀȊŜ ŘŜ ŘŀǘŜ ŘŜ ŎǳƴƻǓǘƛƴǚŜ 
ŎƻƴŜŎǘŀǘŜ ƭŀ ŀŎŜƭŜ ǇŀƎƛƴƛ ƛƴŘŜȄŀǘŜΦ !ŎŜǎǘŀ ŀǊ Ŧƛ ǳƴ ŜȄŜƳǇƭǳ ŘŜ ŀǇƭƛŎŀǚƛŜ ƭŜƎŀƭŇ de interceptare 
(lawfull interception) ŎŀǊŜ ŀǊ ǇǳǘŜŀ Ŧƛ ŘŜȊǾƻƭǘŀǘŇ pe baza tehnologiilor SDN. 

1.1.2.2. Implementarea de politici de ǘŀȄŀǊŜ Ǔƛ ŎƻƴǘǊƻƭ ƞƴ {5b 

 Implementarea prezentŀǘŇ în [4] ƞǓƛ propune extrapolarea ŦǳƴŎǚƛŜƛ de PCC (Policy and 
Charging Control) - definitŇ ŘŜ standardul 3GPP (3rd Generation Partnership Project) - ŎŇǘǊŜ ǊŜǚŜƭŜƭŜ 
IP (Internet Ǔƛ Cloud) utilizând conceptul de ǊŜǚŜƭŜ definite software (SDN) ce permite 
implementarea de politici Ǔƛ ŀƭƎƻǊƛǘƳƛ ƭŀ ǎŎŀǊŇ ƭŀǊƎŇΦ Implementarea demonǎǘǊŜŀȊŇ metode pentru 
ŘŜŦƛƴƛǊŜŀ ŘŜ ǇƻƭƛǘƛŎƛ ŘŜ ǘŀȄŀǊŜ Ǔƛ ŎƻƴǘǊƻƭ ǇŜƴǘǊǳ ŜŎƘƛǇŀƳŜƴǘŜ ƭŀ ƴƛǾŜƭǳƭ ŎƻƴǘǊƻƭƭŜǊǳƭǳƛ {5b CƻƻŘƭƛƎƘǘΣ 
ǇƻƭƛǘƛŎƛ ŀŘŀǇǘŀǘŜ ŘǳǇŇ ƳƻŘŜƭǳƭ оDtt Ǔƛ ŀƴŀƭƛȊŀ ƞƴ ŘŜǘŀƭƛǳ ŀ ǇŀŎƘŜǘŜƭƻǊ 5tLΣ ǇŃƴŇ ƭŀ ƴƛǾŜƭǳƭ ŀǇƭƛŎŀǚƛŜ 
din stiva OSI. În ǾƛȊƛǳƴŜŀ ŀƳǇƭŇ ŀ ŀŎŜǎǘŜƛ ƭǳŎǊŇǊƛΣ έǘŀȄŀǊŜŀέ ǇƻǊƴŜǓǘŜ ŘŜ ƭŀ ƞƴǊŜƎƛǎǘǊŀǊŜŀ Ǔƛ marcarea 
ŀƳŇƴǳƴǚƛǘŇ όέǘƛŎƪŜǘƛƴƎέύΣ ƞƴ ǘƛƳǇ ǊŜŀƭΣ ŀ ŦƛŜŎŇǊǳƛ ŜǾŜƴƛƳŜƴǘΣ ŀ ŦƛŜŎŇǊǳƛ ŎƻƴǘƻǊ όŘŜ ŘǳǊŀǘŇΣ ŘŜ ǾƻƭǳƳΣ 
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ŘŜ ōŀƴŘŇ ς ƞƴ ƎŜƴŜǊŀƭ ŘŜ έŎŀƭƛǘŀǘŜ ŀ ǎŜǊǾƛŎƛǳƭǳƛέύΣ ƻ ǇǊƻǾƻŎŀǊŜ ǇŜƴǘǊu sistemele avansate de baze de 
date implicate.   

CǳƴŎǚƛƛƭŜ ŘŜ ǘŀȄŀǊŜ Ǔƛ control PCC (Policy ŀƴŘ /ƘŀǊƎƛƴƎ /ƻƴǘǊƻƭύ ǎǳƴǘ ƛƳǇƭŜƳŜƴǘŀǘŜ ƭŀ ǎŎŀǊŇ 
ƭŀǊƎŇ ƞƴ ǊŜǚŜƭŜ ŘŜ ŎƻƳǳƴƛŎŀǚƛƛ ƳƻōƛƭŜΣ ŦƛƛƴŘ ǎǘŀƴŘŀǊŘƛȊŀǘŜ оDttΦ 5Ŝ ƭŀ ǇǊƛƳŜƭŜ ǎǘŀƴŘŀǊŘƛȊŇǊƛ оDtt 
pentru PCC, în UMTS Release 10, s-a trecut la  introducerea ŘŜ ŜƭŜƳŜƴǘŜ ŘŜ ǊŜǚŜŀ ŘŜŘƛŎŀǘŜ t/wC 
όtƻƭƛŎȅ ŀƴŘ /ƘŀǊƎƛƴƎ wǳƭŜ CǳƴŎǘƛƻƴύ ƞƴ ǊŜǚŜƭŜ [¢9Φ 

tƻƭƛǘƛŎŀ ŘŜ ŎƻƴǘǊƻƭ ōŀȊŀǘŇ ǇŜ PCC оDtt Ǔƛ ŀrhitecturile similare sunt acum integrate în 
ǊŜǚŜƭŜƭŜ ƻǇŜǊŀǘƻǊƛƭƻǊΣ ƳŀƧƻǊƛǘŀǘŜŀ ŘƛƴǘǊŜ Ŝƛ ŦƻƭƻǎƛƴŘ ǳƴ ǎŜǊǾŜǊ ǇŜƴǘǊǳ ǇƻƭƛǘƛŎƛΦ 

tƭŀǘŦƻǊƳŜƭŜ ǇŜƴǘǊǳ ǇƻƭƛǘƛŎƛΣ ŎŀǊŜ ƞƴ ƳƻŘ ǳȊǳŀƭ Ŏƻƴǚƛƴ ǳƴ ǎŜǊǾŜǊ ǇŜƴǘǊǳ ǇƻƭƛǘƛŎƛ Ǔƛ dispozitive 
pentru aplicarea politicilor, fiind deseori conectate Ǔƛ la sistemele de taxare Ǔƛ bazele de date ale 
ŀōƻƴŀǚƛƭƻǊΣ ǎǳƴǘ ŦƻƭƻǎƛǘŜ ǇŜƴǘǊǳ ŀ ŀƧǳǘŀ ƻǇŜǊŀǘƻǊƛƛ ǎŇ ŎƻƴǘǊƻƭŜȊŜ ŘƛƴŀƳƛŎ ƳƻŘǳƭ ƞƴ ŎŀǊŜ ǳǘƛƭƛȊŀǘƻǊƛƛ Ǔƛ 
ŀǇƭƛŎŀǚƛƛƭŜ ŦƻƭƻǎŜǎŎ ǊŜǎǳǊǎŜƭŜ ǊŜǚŜƭŜƛΦ 5ŜŎƛȊƛƛƭŜ Ǉƻǘ Ŧƛ ōŀȊŀǘŜ ǇŜ ƻ varietate de criterii, incluzând 
ŎƻƴǎǳƳǳƭ ŘŜ ŘŀǘŜ ŀƭ ŎƭƛŜƴǘǳƭǳƛΣ ƴƛǾŜƭǳƭ ǎŜǊǾƛŎƛƛƭƻǊΣ ƭƻŎŀǚƛŀΣ ŀǇƭƛŎŀǚƛŀΣ ¦w[Σ ǇŜǊƛƻŀŘŀ Řƛƴ ȊƛΣ ƴƛǾŜƭǳƭ 
ŎƻƴƎŜǎǘƛŜƛ ǓΦŀΦ 

 
 

 

Fig. 16 !ǊƘƛǘŜŎǘǳǊŇ {5b ŎŜ ƛƳǇƭŜƳŜƴǘŜŀȊŇ ǇƻƭƛǘƛŎƛ ŘŜ ǘŀȄŀǊŜ Ǔƛ ŎƻƴǘǊƻƭ ōŀȊŀǘŇ pe  
ŎƻƴǘǊƻƭƭŜǊ CƭƻƻŘƭƛƎƘǘ WŀǾŀ Ǔƛ ƴ5tL 

O ŎƻƴŦƛƎǳǊŀǚƛŜ a unei reguli PCC include un profil de ŀŎǚƛǳƴŜ care ŘŜŦƛƴŜǓǘŜ calitatea 
serviciilor (QoS) [5], taxarea, Ǔƛ ǇǊŜƭǳŀǊŜŀ ŎƻƴǘǊƻƭǳƭǳƛ ǇŜƴǘǊǳ ŀ ŀǇƭƛŎŀ ŎŇǘǊŜ ǳƴ ŦƭǳȄ ŘŜ ŘŀǘŜ ŘŜ ǎŜǊǾƛŎƛƛΦ 
Un profil de ŀŎǚƛǳƴŜ PCC poate fi configurat Ǔƛ folosit în una sau mai multe reguli PCC pentru a oferi 
ǳǊƳŇǘƻŀǊŜƭŜ ŦǳƴŎǚƛƻƴŀƭƛǘŇǚƛ: controlul ŎŀƭƛǘŇǚƛƛ serviciilor QoS, controlul taxŇǊƛƛ ς t/wC ŘŜǘŜǊƳƛƴŇ 
ŎŃƴŘ ŜǎǘŜ ŀŘŜŎǾŀǘŇ ǘŀȄŀǊŜŀ ƻƴƭƛƴŜ ǎŀǳ ƻŦŦƭƛƴŜ ǇŜƴǘǊǳ ƻ ǎŜǎƛǳƴŜ ŘŀǘŇ Ǔƛ ǇǊŜŎƛȊŜŀȊŇ ŎŃƴŘ ǇŀŎƘŜǘŜƭŜ Lt 
ŀǎƻŎƛŀǘŜ Ŏǳ ŀƴǳƳƛǘ ǇǊƻŦƛƭ ǘǊŜōǳƛŜ ōƭƻŎŀǘŜ ǎŀǳ ƭŇǎŀǘŜ ǎŀ ǘǊŜŀŎŇΦ 
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Fig. 17 Exemplu de profil ŘŜ LƳǇƭŜƳŜƴǘŀǊŜŀ ŘŜ ǇƻƭƛǘƛŎƛ ŘŜ ǘŀȄŀǊŜ Ǔƛ ŎƻƴǘǊƻƭ όt//ύ ƞƴ SDN 
 

În controlerul Floodlight a fost activat firewall-ǳƭ ŎŀǊŜΣ ƴŜŀǾŃƴŘ ŘŜŦƛƴƛǘŜ ǊŜƎǳƭƛΣ ōƭƻŎƘŜŀȊŇ ǘƻǘ 
ǘǊŀŦƛŎǳƭ Řƛƴ ǊŜǚŜŀǳŀ aƛƴƛƴŜǘΦ 

Blocarea pe baza de aplicatie se face pe baza ntopng care poate extinde regulile tipice de 
αǇƻǘǊƛǾƛǊŜέ όƳŀǘŎƘύ Řƛƴ {5b ŎŇǘǊŜ ƴƛǾŜƭŜƭŜ ǎǳǇŜǊƛƻŀǊŜ ŀƭŜ ǎǘƛǾŜƛ h{LΦ 

 

  
Fig. 18 Regulile tipice de match ce se scriu în tabele de fluxuri la nivel de comutatoare pot fi 

complementare de filtrare de pachete pana la nivel 7 în stiva OSI 
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1.1.2.3. /ƻƴŎŜǇǘ ŘŜ ǎŜŎǳǊƛǘŀǘŜ ŘƛǎǘǊƛōǳƛǘŇ {5b ǇŜ ōŀȊŇ ŘŜ ŎƻƴǘŀƛƴŜǊŜ 5ƻŎƪŜǊ în 
ǊŜǚŜƭŜ ƛƴŘǳǎǘǊƛŀƭŜ 

 
{ŜŎǳǊƛǘŀǘŜŀ ǊŜǚŜƭŜƭƻǊ ƛƴŘǳǎǘǊƛŀƭŜ IP distribuite Ǔƛ ŎƻƴŎŜǇǘǳƭ ŘŜ ǎŜŎǳǊƛǘŀǘŜ ŀ ǊŜǚŜƭŜƛ 

ƻǇŜǊŀǚƛƻƴŀƭŜ όh¢ security) vin sa compleǘŜȊŜ ŜƭŜƳŜƴǘŜƭŜ ŘŜ ǎŜŎǳǊƛǘŀǘŜ ŎŜ ǎŜ ŀǇƭƛŎŇ ƞƴ ŎŀȊǳƭ ǊŜǚŜƭŜƭƻǊ 
IT (IT security)Σ ŘŜƻŀǊŜŎŜ ǾǳƭƴŜǊŀōƛƭƛǘŇǚƛƭŜ ŀŎŜǎǘƻǊ ǎƛǎǘŜƳŜ ŀǊ ǇǳǘŜŀ ŀŦŜŎǘŀ ǊŜǎǳǊǎŜƭŜ critice, sau 
ƞƴǘǊŜǊǳǇŜ ŦǳƴŎǚƛƻƴŀƭƛǘŇǚƛ ŜǎŜƴǚƛŀƭŜ ƭŀ ƴƛǾŜƭ ƴŀǚƛƻƴŀƭ. Firewall-ǳǊƛƭŜ ŘŜ ǳƭǘƛƳŇ ƎŜƴŜǊŀǚƛŜ ŎƻƳōƛƴŇ 
έŎƻƴǓǘƛŜƴǘƛȊŀǊŜŀέ asupra ŀǇƭƛŎŀǚƛƛƭƻǊ Ǔƛ ƛƴǎǇŜŎǚƛŀ ǇǊƻŦǳƴŘŇ ŀ ǇŀŎƘŜǘŜƭƻǊ ǇŜƴǘǊǳ ŀ ƻŦŜǊƛ ŎƻƳǇŀƴƛƛƭƻǊ 
Ƴŀƛ Ƴǳƭǘ ŎƻƴǘǊƻƭ ŀǎǳǇǊŀ ŀǇƭƛŎŀǚƛƛƭƻǊΣ ŘŜǘŜŎǘŃƴŘ Ǔƛ ōƭƻŎŃƴŘ ƞƴ ŀŎŜƭŀǓƛ ǘƛƳǇ ŀƳŜƴƛƴǚŇǊƛƭŜ ŘŜ ǎŜŎǳǊƛǘŀǘŜΦ 
Exploatând beneficiile ǊŜǚŜƭŜƭƻǊ {5bΣ ŀƳ propus o implementare de securitate software, o ǊŜǚŜŀ de 
ŜƭŜƳŜƴǘŜ ŘŜ ǘƛǇ αƳƛŘŘƭŜōƻȄέ ŘƛǎǘǊƛōǳƛǘŜ, implementate dinamic ca Ǔƛ containere Linux Ǔƛ gestionate 
ŎŜƴǘǊŀƭƛȊŀǘ ŘŜ ǳƴ ŎƻƴǘǊƻƭŜǊΣ ōŀȊŀǘ ǇŜ ǊŜǚŜƭŜ ŘŜŦƛƴƛǘŜ de software (SDN). 

Un middlŜōƻȄ όa.ύ ŜǎǘŜ ŘŜŦƛƴƛǘ Ŏŀ ƻǊƛŎŜ ŘƛǎǇƻȊƛǘƛǾ ƛƴǘŜǊƳŜŘƛŀǊ ŎŀǊŜ ƞƴŘŜǇƭƛƴŜǓǘŜ ŀƭǘŜ ŦǳƴŎǚƛƛ 
ŘŜŎŃǘ ŦǳƴŎǚƛƛƭŜ ƴƻǊƳŀƭŜΣ ǎǘŀƴŘŀǊŘ ŀƭŜ ǳƴǳƛ ǊƻǳǘŜǊ Lt ǇŜ ŎŀƭŜŀ ŘŀǘŀƎǊŀƳŜƛ ŘƛƴǘǊŜ ƻ ƎŀȊŘŇ ǎǳǊǎŇ Ǔƛ ƻ 
ƎŀȊŘŇ ŘŜ ŘŜǎǘƛƴŀǚƛŜΦ  

Îƴ ŎŀȊǳƭ ŎƻƳǳƴƛŎŀǚƛƛƭƻǊ ƛƴŘǳǎǘǊƛŀƭŜ implementarea unei arhitecturi ŘŜ ǎŜŎǳǊƛǘŀǘŜ ōŀȊŀǘŇ ǇŜ 
MBs SDN poate aduce multe avantaje, cum este Ǔƛ implementarea pe care am prezentat-o în [6]. 
Protocoalele SCADA foarte folosite, cum ar fi Modbus sau IEC 61850, utilizate pentru automatizare, 
ar putea fi implementate într-ƻ ǊŜǚŜŀ {5b ŘƛǎǘǊƛōǳƛǘŇΦ 

!ǾŀƴǘŀƧǳƭ ƛƳǇƭŜƳŜƴǘŇǊƛƛ ǎŜŎǳǊƛǘŇǚƛƛ Ŏǳ {5b ŜǎǘŜ ŦƭŜȄƛōƛƭƛǘŀǘŜŀ ǎƛǎǘŜƳǳƭǳƛΥ ǳƴŜƭŜ MB ar putea fi 
ƛƳǇƭŜƳŜƴǘŀǘŜ ƭŀ ƳŀǊƎƛƴŜŀ ǊŜǚŜƭŜƛΣ ǳƴŜƭŜ ŦǳƴŎǚƛƛ ŘŜ ǎŜŎǳǊƛǘŀǘŜ ǘǊŜōǳƛŜ ǎŇ ŦƛŜ ŎŜƴǘǊŀƭƛȊŀǘŜΣ ŀǓŀ ŎǳƳ 
este vizibil în figura 19Φ tƻƭƛǘƛŎƛƭŜ ŘŜ ǎŜŎǳǊƛǘŀǘŜ ŀǊ ǇǳǘŜŀ Ŧƛ ŀŘŀǇǘŀǘŜ ƭŀ ŎŜǊŜǊŜ ǎŀǳ ǇŜ ōŀȊŀ ŀǇƭƛŎŀǚƛŜƛΣ 
iar migrarea Ǔƛ ƛƳōǊƛŎŀǊŜŀ ǳǓƻŀǊŇ ŀ ŘƛǎǇƻȊƛǘƛǾŜƭƻǊ ŘŜ ǎŜŎǳǊƛǘŀǘŜ ƳƛƎǊŀǘŜ ƞƴ ƞƴǘǊŜŀƎŀ ǊŜǚŜŀ ǎǳƴǘ 
ƞƳōǳƴŇǘŇǚƛǘŜ prin utilizarea containerelor Linux. 

 

 

Fig. 19 Arhitectura SDN tipicŇ ŀǇƭƛŎŀǘŇ ǇŜ ǳƴ ǎƛǎǘŜƳ {/!5! Ŏǳ ƳƛŘŘƭŜōƻȄŜǎ 
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Fig. 20 Arhitectura SDN în implementarea cu controlerul OpenDayligh, cu  

fiecare switch/middlebox rulând la nivel de containere virtuale 

!Ƴ ƛƳǇƭŜƳŜƴǘŀǘ ƻ ǎƻƭǳǚƛŜ ǇŜƴǘǊǳ a. ǾƛǊǘǳŀƭƛȊŀǘŜ ōŀȊŀǘŜ ǇŜ ŎƻƴǘŀƛƴŜǊŜ [ƛƴǳȄ ό[·/ύ ŎŀǊŜ Ǉƻǘ 
Ŧƛ ŦǳǊƴƛȊŀǘŜ Ǔƛ configurate la cerere. Containerele Linux Docker ƻŦŜǊŇ Ƴŀƛ ƳǳƭǘŜ ŀǾŀƴǘŀƧŜΥ ǊǳƭŜŀȊŇ ǇŜ 
hardware comun "de la raft" (Commercial Off The Shelf - /h¢{ύ Ŏǳ Ƴŀƛ ǇǳǚƛƴŜ ŎŜǊƛƴǚŜ ŘŜ ǊŜǎǳǊǎŜ Ǔƛ 
ƴǳ ƴŜŎŜǎƛǘŇ ƴƛŎƛǳƴ ǎƻŦǘǿŀǊŜ ǎǇŜŎƛŀƭƛȊŀǘ ǇŜƴǘǊǳ hipervizori. ¢ŜƘƴƻƭƻƎƛŀ [·/ ŜǎǘŜ ƛƴŎƭǳǎŇ ƛƳǇƭƛŎƛǘ ƞƴ 
kernel-ul Linux începând cu versiunea 3.4. 

[·/ ǊŜǇǊŜȊƛƴǘŇ ƻ ƳŜǘƻŘŇ ŘƛŦŜǊƛǘŇ ŘŜ ǾƛǊǘǳŀƭƛȊŀǊŜ ƭŀ ƴƛǾŜƭ ŘŜ ǎƛǎǘŜƳ ŘŜ operare. Acesta 
permite mai multe sisteme Linux izolate (containere) pentru a fi rulate pe un singur sistem de 
ƻǇŜǊŀǊŜ ƎŀȊŘŇΦ YŜǊƴŜƭ-ǳƭ ƎŀȊŘŇ ŀǎƛƎǳǊŇ ƛȊƻƭŀǊŜŀ ǇǊƻŎŜǎŜƭƻǊ Ǔƛ ŜŦŜŎǘǳŜŀȊŇ ƎŜǎǘƛƻƴŀǊŜŀ ǊŜǎǳǊǎŜƭƻǊΦ  

Un container Docker poate porni extrem de rapid, ceea ce îl face cel mai bun candidat 
pentru scenariile de έprovizionareέ (furnizare) la cerere. /ƻƴǘŀƛƴŜǊŜƭŜ [ƛƴǳȄ ƻŦŜǊŇ ǇŜǊŦƻǊƳŀƴǚŜ Ƴŀƛ 
ōǳƴŜ ƞƴ ŎƻƳǇŀǊŀǚƛŜ Ŏǳ ƳŀǓƛƴƛƭŜ ǾƛǊǘǳŀƭŜ ŎƭŀǎƛŎŜ Ǔƛ ǎǳƴǘ ǇƻǘǊƛǾƛǘŜ ǇŜƴǘǊǳ ŎŀȊǳƭ ǳƴƻǊ ƛƳǇƭŜƳŜƴǘŇǊƛƭƻǊ 
unor elemente decƛȊƛƻƴŀƭŜ ǎƻŦǘǿŀǊŜ Ƴŀƛ Ǉǳǚƛƴ ŎƻƳǇƭŜȄŜ.  

 

Fig. 21 !ǊƘƛǘŜŎǘǳǊŀ ǊŜǚŜƭŜƛ {5b ŘŜ ǘŜǎǘŀǊŜ 

tŜƴǘǊǳ ŀ ǎƛƳǳƭŀ Ƴŀƛ ƳǳƭǘŜ ƴƻŘǳǊƛ ŘŜ ǊŜǚŜŀ ŎŀǊŜ ƎŇȊŘǳƛŜǎŎ a.ǎ ǾƛǊǘǳŀƭƛȊŀǘŜΣ ŀƳ ŎƻƴǎǘǊǳƛǘ ǳƴ 
mediu de ǘŜǎǘŀǊŜ ŎƻƳǇǳǎ Řƛƴ о ƳŀǓƛƴƛ ǾƛǊǘǳŀƭŜ ŎŀǊŜ ǊǳƭŜŀȊŇ [ƛƴǳȄ Ǔƛ ŦƛŜŎŀǊŜ ±a ŎŀǊŜ ƎŇȊŘǳƛŜǓǘŜ Ƴŀƛ 
multe containere (figura 21)Φ tŜƴǘǊǳ ŎŇ ŀǾŜŀƳ ƭŀ ŘƛǎǇƻȊƛǚƛŜ ƻ ǎƛƴƎǳǊŇ ƳŀǓƛƴŇ ŦƛȊƛŎŇΣ ŀƳ ŘŜŎƛǎ ǎŇ 
folosesc VMs ǇŜƴǘǊǳ ŀ ǎƛƳǳƭŀ ƻ ǘƻǇƻƭƻƎƛŜ ŘŜ ǊŜǚŜŀ Ŏǳ о ƴƻŘǳǊƛΦ ¢ƻŀǘŜ VM ǊǳƭŜŀȊŇ ǇŜste un sistem 
de operare LinuȄ ŦƻƭƻǎƛƴŘ ƳƻŘǳƭǳƭ ŘŜ ǾƛǊǘǳŀƭƛȊŀǊŜ YŜǊƴŜƭ όY±aύΦ {ƛǎǘŜƳǳƭ ŘŜ ƻǇŜǊŀǊŜ ƎŀȊŘŇ ŜǎǘŜ ƻ 
ŘƛǎǘǊƛōǳǚƛŜ ¦ōǳƴǘǳ ǇŜ сп ŘŜ ōƛǚi.  

aŀǓƛƴƛƭŜ ǾƛǊǘǳŀƭŜ ǊǳƭŜŀȊŇ ǳƴ ǎƛǎǘŜƳ ŘŜ ƻǇŜǊŀǊŜ όέinvitatέύ ōŀȊŀǘ ǇŜ ŘƛǎǘǊƛōǳǚƛŀ ¦ōǳƴǘǳ 14.04 
Ǔƛ ŦƛŜŎŀǊŜ ŀ ŀƭƻŎŀǘ м D. w!aΦ Pe fiecare VM am instalat un modul de switch virtualizat open source 
numit "open vSwitch" ς dǳǇŇ ŎǊŜŀǊŜΣ ǘƻŀǘŜ ŎƻƴǘŀƛƴŜǊŜƭŜ ŘŜ ǇŜ ǳƴ ±a ǾƻǊ Ŧƛ ŀǘŀǓŀǘŜ ƭŀ switch-ul sŇǳ 
local. Switch-urile vor fi legate folosind tuneluri GRE (Generic Routing Encapsulation). Pentru a 
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ǇŜǊƳƛǘŜ ŎƻƳǳƴƛŎŀǊŜŀ ƞƴǘǊŜ ŎƻƴǘŀƛƴŜǊŜƭŜ ǎƛǘǳŀǘŜ ǇŜ ŘƛŦŜǊƛǘŜ ƳŀǓƛƴƛ ǾƛǊǘǳŀƭŜΣ ŀƳ ŎǊŜŀǘ ǘǳƴŜƭǳǊƛ Dw9 
ƞƴǘǊŜ ŎŜƭŜ о ƛƴǎǘŀƴǚŜ Ǿ{ǿƛǘŎƘ ŘŜǎŎƘƛǎŜΦ /ƻƴŦƛƎǳǊŀǚƛŀ ǘǳƴŜƭǳƭǳƛ ŜǎǘŜ ŘŜǎŎǊƛǎŇ ƞƴ figura 20. 

 
Fig. 22 [ŜƎŇǘǳǊŇ ǾƛǊǘǳŀƭŇ ŘƛǊŜŎǘŇ ƞƴǘǊŜ ŘƻǳŇ Ǉǳƴǚƛ ŦƻƭƻǎƛƴŘ Dw9 

CƛŜŎŀǊŜ ƛƴǎǘŀƴǚŇ Ǿ{ǿƛǘŎƘ ŘŜǎŎƘƛǎŇ ŜǎǘŜ ŎƻƴŜŎǘŀǘŇ ŦƻƭƻǎƛƴŘ tuneluri GRE cu partenerii ǎŇƛ Řƛƴ 
celelalte VM-ǳǊƛΦ CǳƴŎǚƛƻƴŀƭƛǘŀǘŜŀ a. ŜǎǘŜ ƞƴŎƘƛǎŇ ƞƴǘǊ-un container Docker care poate fi furnizat la 
ŎŜǊŜǊŜΦ 5ǳǇŇ ŎŜ ŎƻƴǘŀƛƴŜǊǳƭ ŜǎǘŜ ǇƻǊƴƛǘ Ŏǳ ŀƧǳǘƻǊǳƭ ŎƻƴǘǊƻƭŜǊǳƭǳƛ {5bΣ ƛƴǘǊŇǊƛƭŜ ŘŜ ŦƭǳȄ Ǉƻǘ Ŧƛ 
ƛƴǘǊƻŘǳǎŜ ƞƴ ŎƻƳǳǘŀǘƻŀǊŜƭŜ ǾƛǊǘǳŀƭŜ Ǔƛ ǘǊŀŦƛŎǳƭ ŘƛǊŜŎǚƛƻƴŀǘ ŎŇǘǊŜ ƳƛŘŘlebox. 

/ŃƴŘ ŎƻƴǘŀƛƴŜǊǳƭ ŜǎǘŜ ǇƻǊƴƛǘΣ 5ƻŎƪŜǊ Ǿŀ ŀǘǊƛōǳƛ ŀǳǘƻƳŀǘ ŀŘǊŜǎŜ a!/ Ǔƛ LtΣ ƛŀǊ ŎƻƴǘŀƛƴŜǊǳƭ Ǿŀ 
Ŧƛ ŀǘŀǓŀǘ ƭŀ bridge-ul docker0 implicit. Un exemplu cu 2 containere conectate la bridge-ul implicit 
este prezentat în figura 22. 

5ǳǇŇ ŎŜ ŎƻƳǳǘŀǘƻŀǊŜƭŜ (switch) sunt înregistrate la controler, toate pachetele primite de 
switch-uri, care nu se potrivesc cu nicio intrare în tabelul de flux, sunt trimise controlerului care ia 
ŘŜŎƛȊƛƛƭŜ ŎƻǊŜǎǇǳƴȊŇǘƻŀǊŜΦ /ƻƴǘǊƻƭŜǊǳƭ ǇƻŀǘŜ ŘŜŎƛŘŜ ǎŇ ƛƴǘǊƻŘǳŎŇ ƻ ǊŜƎǳƭŇ ƞƴ ǘŀōŜƭǳƭ ŘŜ flux al 
ŎƻƳǳǘŀǘƻǊǳƭǳƛ ǎŀǳ ǎŇ ǊŜƴǳƴǚŜ ƭŀ ǇŀŎƘŜǘΦ tŜ ƭŃƴƎŇ ƛƴǘŜǊŦŀǚŀ D¦LΣ ŎƻƴǘǊƻƭŜǊǳƭ ŜȄǇǳƴŜ ǳƴ ǎŜǘ ŘŜ !tL 
care pot fi utilizate pentru a configura automat fluxurile dintre containere. Acest lucru va permite 
ŀǇƭƛŎŀǚƛƛƭƻǊ {5b ǎŇ ŦǳǊƴƛȊŜȊŜ ŘƛƴŀƳƛŎ ŎƻƴǘŀƛƴŜǊŜ Ǔi ǎŇ ŎƻƴŦƛƎǳǊŜȊŜ ŦƭǳȄǳƭ ŘŜ ŘŀǘŜ Ŏŀ ǊŇǎǇǳƴǎ ƭŀ 
ǎƻƭƛŎƛǘŇǊƛƭŜ ǳǘƛƭƛȊŀǘƻǊƛƭƻǊ. 

 
Fig. 23 ¦ǘƛƭƛȊŀǊŜŀ ŀŎŜƭǳƛŀǓƛ ŎƻƴǘǊƻƭŜǊ hǇŜƴ5ŀȅƭƛƎƘǘ {5b ǇŜƴǘǊǳ ǇƻŘǳǊƛ ǎǳǇǊŀǇǳǎŜ 

Folosind scripturi, putem ƛƴǎǘŀƴǚƛŀ containerele Docker în oricare dintre VM-urile disponibile 
ǓƛΣ ƞƴ ŀŎŜƭŀǓƛ ǘƛƳǇΣ ŦƻƭƻǎƛƴŘ !tL ŦǳǊƴƛȊŀǘŜ ŘŜ ŎƻƴǘǊƻƭŜǊǳƭ {5bΣ ǇŜƴǘǊǳ ŀ ŎƻƴŦƛƎǳǊŀ ǊŜǚŜŀǳŀ ŘŜ ōŀȊŇ 
ǇŜƴǘǊǳ ŀ ƛƴǘŜǊŎƻƴŜŎǘŀ ŎƻƴǘŀƛƴŜǊŜƭŜΦ !ŎŜǎǘ ƭǳŎǊǳ ŎǊŜŜŀȊŇ ǇǊŜƳƛǎŜƭŜ ŘŜ έprovizionareέ ŘƛƴŀƳƛŎŇ ŀ 
MBs. !ǇƭƛŎŀǚƛƛƭŜ industriale specifice pot rula la nivel de comutator, prin punerea în aplicare a 
ǇǊƻǘƻŎƻŀƭŜƭƻǊ ƛƴŘǳǎǘǊƛŀƭŜ ƞƴ ŎƻƴǘŀƛƴŜǊŜΦ LƳǇƭŜƳŜƴǘŇǊƛƭŜ ŘŜǎŎƘƛǎŜ libmodbus sau libiec61850 pot fi 
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implementate la nivel de container cu avantajul de a exclude problema interoperabiƭƛǘŇǚƛƛ ǎƛǎǘŜƳǳƭǳƛ 
ŘŜ ƻǇŜǊŀǊŜΣ ŎŀǊŜ ŜǎǘŜ ǊŜȊƻƭǾŀǘŇ ŘŜ 5ƻŎƪŜǊΦ 

1.1.3. {ƻƭǳǚƛƛ pentru orchestrarea Ǔƛ automatizarea echipamentelor de ŎƻƳǳƴƛŎŀǚƛƛ 

Partea de ŎƻƳǳƴƛŎŀǚƛƛ integrate include Ǔƛ ƻ ŎƻƳǇƻƴŜƴǘŇ ŜȄǘǊŜƳ ŘŜ ƛƳǇƻǊǘŀƴǘŇ ŘŜ ǾŀƭƛŘŀǊŜ 
din punct de vedere ŦǳƴŎǚƛƻƴŀƭΣ ŘŀǊ Ǔƛ din punct de vedere al performanǚŜƭƻǊΦ 5ǳǇŇ ŎǳƳ ǎ-a 
ǊŜƳŀǊŎŀǘ Ǔƛ în cazul echipamentelor speciale pentru ƳŇǎǳǊŀǊŜŀ parametrilor ǊŜǚŜƭŜƭƻǊ de 
ŎƻƳǳƴƛŎŀǚƛƛ mobile în cazul ƳƻōƛƭƛǘŇǚƛƛ LISP, Ǔƛ alte echipamente dedicate au fost folosite pentru 
teste ale ŎƻƳǳƴƛŎŀǚƛŜƛ IP. 

Pentru ŀ ǊŇǎǇǳƴŘŜ ŀŎŜǎǘƻǊ ǇǊŜƻŎǳǇŇǊƛΣ am propus adoptarea unui cadru (framework) pentru 
standardizarea configurŇǊƛƛ Ǔƛ ŀƎǊŜƎŇǊƛƛ ƭŀ ŘƛǎǘŀƴǚŇ a echipamentelor de ǘŜƭŜŎƻƳǳƴƛŎŀǚƛƛ, astfel încât 
ŀŎŜǎǘŜŀ ǎŇ ǇƻŀǘŇ Ŧƛ ƻŦŜǊƛǘŜ ǳƭǘŜǊƛƻǊ Ŏŀ Lŀŀ{ όLƴŦǊŀǎǘǊǳŎǘǳǊŜ-as-a-{ŜǊǾƛŎŜύ ŘŜ ŎŇǘǊŜ ƻǇŜǊŀǘƻǊƛΣ ǎƛƳƛƭŀǊ 
serviciilor Cloud ǘǊŀŘƛǚƛƻƴŀƭŜΦ LŘŜŜŀ Řƛƴ ǎǇŀǘŜƭŜ acestui cadru ŜǎǘŜ ŘŜ ŀ ŀǎƛƎǳǊŀ ƻ ƛƴǘŜǊŦŀǚŇ ƎŜƴŜǊƛŎŇ 
de asigurare a accesului care έascundeέ ŎƻƳǇƭŜȄƛǘŀǘŜŀ ƛƳǇƭŜƳŜƴǘŇǊƛƛ ǇǊƛƴǘǊ-un set de capaōƛƭƛǘŇǚƛ 
standard care sunt independente de furnizor. 

!ŘŜǾŇǊŀǘŀ ǇǊƻǾƻŎŀǊŜ ŜǎǘŜ ŘŜ ŀ ŀǎƛƎǳǊŀ ŎƻƳǇŀǘƛōƛƭƛǘŀǘŜŀ ƞƴǘǊŜ ŘƛŦŜǊƛǘŜ ƎŜƴŜǊŀǚƛƛ ŘŜ 
ŜŎƘƛǇŀƳŜƴǘŜ ŎŀǊŜ ŀǇŀǊǚƛƴ ŎƘƛŀǊ ǳƴƻǊ ŎƭŀǎŜ ŦǳƴŎǚƛƻƴŀƭŜ ǎǇŜŎƛŦƛŎŜ, iar propunerea de standardizare a 
Ŧƻǎǘ ƭŜƎŀǘŇ ŘŜ ŀŘƻǇǘŀǊŜŀ ǎǘŀƴŘŀǊŘŜƭƻǊ b¢!C όbŜǘǿƻǊƪ ¢Ŝǎǘ !ǳǘƻƳŀǘƛƻƴ CƻǊǳƳύ ŎŜ ǾƻǊ Ŧƛ ŘŜǎŎǊƛǎŜ 
mai jos. 

În [7] am prezentat dezvoltarea unui ƳŜŘƛǳ ŘŜ ǘŜǎǘŀǊŜ ƞƴ ŎŀǊŜ ǇƭŀǘŦƻǊƳŀ L·L! ŦƻƭƻǎƛǘŇ Ŏŀ 
element de testare devine parte a infrastructurii Ǔƛ emulator de elemente de ǊŜǚŜŀ. !ŎŜŀǎǘŇ 
ƛƳǇƭŜƳŜƴǘŀǊŜ ŀ Ŧƻǎǘ ǊŜŀƭƛȊŀǘŇ ƞƴ ŎŀŘǊǳƭ ŎƻƳǇŀƴƛŜƛ {ƛŜƳŜƴǎ Ǔƛ ƛƴǎǘŀƭŀǘŇ ƞƴ ŎŀŘǊǳƭ ƭŀōƻǊŀǘƻǊǳƭǳƛ ŘŜ 
testare al Orange Romania. 

tŜƴǘǊǳ ŀ ǾŀƭƛŘŀ ǎƻƭǳǚƛŀ ŀ Ŧƻǎǘ ŎƻƴŦƛƎǳǊŀǘŇ ƻ ǘƻǇƻƭƻƎƛŜ ŘŜ ǘŜǎǘŀǊŜ Ŏǳ ŀƧǳǘƻǊǳƭ ŎŀŘǊǳƭǳƛΦ LƴƛǚƛŀƭΣ 
ƞƴ ŀŎŜǎǘ ǎŎŜƴŀǊƛǳΣ ǳƴ ¢ŜƪǘǊƻƴƛȄ Yмнфт όŜƳǳƭŀǘƻǊ ŘŜ ǇǊƻǘƻŎƻƭ ŘŜ ǊŜǚŜŀ de telecomǳƴƛŎŀǚƛƛ) a fost 
ǳǘƛƭƛȊŀǘ ǇŜƴǘǊǳ ŜƳǳƭŀǊŜŀ ŀ ŘƻǳŇ ŜƭŜƳŜƴǘŜ ŘŜ ǊŜǚŜŀ I[w όIƻƳŜ [ƻŎŀǘƛƻƴ wŜƎƛǎǘŜǊύ Ǔƛ ǳƴ .{/ ό.ŀǎŜ 
{ǘŀǘƛƻƴ /ƻƴǘǊƻƭƭŜǊύ ǇǊƛƴ ǊǳƭŀǊŜŀ ŀ ŘƻǳŇ ǎŎŜƴŀǊƛƛ ǇǊŜŘŜŦƛƴƛǘŜ ŘŜ ŜƳǳƭŀǊŜΦ 

 
    Fig. 24 Mediu de test ƛƴǘŜƎǊŀǘ ǇŜƴǘǊǳ ƻ ǊŜǚŜŀ оD                     Fig. 25 /ƻƴǘǊƻƭ ƭŀ ŘƛǎǘŀƴǚŇ ǇŜƴǘǊǳ ¢ŜƪǘǊƻƴƛȄ Yмнфт 

{ƛǎǘŜƳǳƭ ŘŜȊǾƻƭǘŀǘ ǊŜǇǊŜȊƛƴǘŇ ǳƴ ƳŜŘƛǳ ŘŜ ŎǊŜŀǊŜ ŀ ǎŜǊǾƛŎƛƛƭƻǊΣ ƻǊŎƘŜǎǘǊŀǚƛŀ ŘŜ ǘŜǎǘŀǊŜ Ǔƛ 
manager de resurse pentru resurse eterogene Ǔƛ ǎŜ ōŀȊŜŀȊŇ ǇŜ ǳƴŜƭŜ ŎƻƴŎŜǇǘŜ ŜƴǳƴǚŀǘŜ ƛƴƛǚƛŀƭ în 
ŎŀŘǊǳƭ ǘŜȊŜƛ ŘŜ ŘƻŎǘƻǊŀǘ ά{ƻƭǳǚƛƛ ŘŜ ƳƻōƛƭƛǘŀǘŜ ƞƴ ǊŜǚŜƭŜ eterogeneέΦ 
 
Implementarea are ǳǊƳŇǘƻŀǊŜƭŜ ŦǳƴŎǚƛƻƴŀƭƛǘŇǚƛΥ 

¶ 5ŜǎŎǊƛŜǊŜŀ ƎǊŀŦƛŎŇ ŀ ǘƻǇƻƭƻƎƛŜƛ ŘŜ ǘŜǎǘŀǊŜ Ǔƛ ŀ ŎƻƴŦƛƎǳǊŀǚƛŜƛ ŜƭŜƳŜƴǘŜƭƻǊ ŘŜ ǊŜǚŜŀ όŀǊƘƛǘŜŎǘǳǊŇ 
ƻǊƛŜƴǘŀǘŇ ǎǇǊŜ ǎŜǊǾƛŎƛƛ ς ƛƴǘŜǊŦŀǚŇ ǿŜōύ ς cuplate într-un mediu de creare de servicii (Service 
Creation Environment ς SCE) 

¶ hǊŎƘŜǎǘǊŀǚƛŜ ŘŜ ǘŜǎǘŀǊŜ όŘŜŦƛƴƛǊŜŀ ŘŜ 5ŜǾƛŎŜ-Under-Test DUT, teste care trebuie efectuate) 



Teza de abilitare BŇƭŀƴ ¢ƛǘǳǎ /ƻƴǎǘŀƴǘƛƴ 
 

 28 

¶ Management optim pentru resursele ŘŜ ƭŀōƻǊŀǘƻǊ όǊŜǎǳǊǎŜ ƳƻǓǘŜƴƛǘŜΣ ǾƛǊǘǳŀƭƛȊŀǘŜΣ ŜƳǳƭŀǘŜΣ 
ƛƴŦǊŀǎǘǊǳŎǘǳǊŇ ŘŜ ǘŜǎǘŀǊŜύ 

¶ Programare / Rezervare resurse 

¶ LƳǇƭŜƳŜƴǘŀǊŜŀ ŀǳǘƻƳŀǘŇ ŀ ŎƻƴŦƛƎǳǊŀǚƛŜƛ ǇŜ ŘƛǎǇƻȊƛǘƛǾŜƭŜ ŦƛƴŀƭŜ ƞƴ ƭŀōƻǊŀǘƻǊ 

¶ LƴŎƭǳŘŜ ǘŜǎǘŀǊŜŀ ŘŜ ƭŀ ŘƛǎǘŀƴǚŇ Ǔƛ ŎƻƴǘǊƻƭǳƭ ŘŜ ƭŀ ŘƛǎǘŀƴǚŇ ŀƭ ŜŎƘipamentului 

 

 
Fig. 26 /ƻƴŦƛƎǳǊŀǚƛŜ ŘŜ ǘŜǎǘ ŎŜ ƛƴǘŜƎǊŜŀȊŇ ƻ ŎƻƳǇƻƴŜƴǘŇ ǊŜŀƭŇΣ DD{b Ŏŀ ŜƭŜƳŜƴǘ ǘŜǎǘŀǘ ό5ŜǾƛŎŜ ¦ƴŘŜǊ ¢Ŝǎǘύ Ǔƛ cu 
ǊŜǎǘǳƭ ǊŜǚŜƭŜƛ ŜƳǳƭŀǘŜ Ŏǳ ŀƧǳǘƻǊǳƭ ŜŎƘƛǇŀƳŜƴǘŜƭƻǊ LȄƛŀ 
 

Teste efectuate: 
1. Teste de trafic (http, ftp, RTSP) 2G/3G tip abonat 
2. Proceduri Pcket Data Protocol PDP multiple ς teste de tip Load & Stress  
3. Teste directe de tunelare 
4. Teste de handover inter SGSN 
5. Recuperare DD{b ŘǳǇŇ ǘŜǎǘŜƭŜ ŘŜ ǊŜǎŜǘŀǊŜ sistem 

 

 
Fig. 27 /ƻƴŦƛƎǳǊŀǚƛŜ ŘŜ ǘŜǎǘ ŎŜ ƛƴǘŜƎǊŜŀȊŇ ƻ ŎƻƳǇƻƴŜƴǘŇ ǊŜŀƭŇΣ ŜbƻŘŜ. Ŏŀ ŜƭŜƳŜƴǘ ǘŜǎǘŀǘ ό5ŜǾƛŎŜ ¦ƴŘŜǊ ¢Ŝǎǘύ Ǔƛ cu 
ǊŜǎǘǳƭ ǊŜǚŜƭŜƛ ŜƳǳƭŀǘŜ Ŏǳ ŀƧǳǘƻǊǳƭ diverselor echipamente Ixia 
 

Pentru dezvoltarea sistemului s-a realizat Ǔƛ o ƛƴǘŜǊŦŀǚŇ ƎǊŀŦƛŎŇ Ǔƛ de configurare (Service 
Creation Environment - SCE) în mediul de dezvoltare Java Spring cu resurse web folosind metode 
HTML5 pe baza framework-ǳƭǳƛ tǊƛƳŜŦŀŎŜǎΣ ƛƳǇƭŜƳŜƴǘŀǊŜ ŘŜǎŎǊƛǎŇ ƞƴ ώ8]. 

Mediul de creare a serviciilor (SCE), diferit de middleware-ul existent în majoritatea 
ǇƭŀǘŦƻǊƳŜƭƻǊ /ƭƻǳŘκLŀŀ{ ŎŀǊŜ ƎŜǎǘƛƻƴŜŀȊŇ ŘƻŀǊ ǊŜǎǳǊǎŜƭŜ ǾƛǊǘǳŀƭŜΣ ǘǊŜōǳƛŜ ǎŇ ŦƛŜ ŎƻƴŎŜǇǳǘ Ŏŀ ƻ 
ǳƳōǊŜƭŇΣ ƛƴǘŜƎǊŀǘƻǊ ǇŜƴǘǊǳ ǎŜǊǾƛŎƛƛƭŜ ŘŜ ƛƴŦǊŀǎǘǊǳŎǘǳǊŇ ōŀȊŀǘŜ ǇŜ /ƭƻǳŘ Ǔƛ ǊŜǚŜƭŜƭŜ ŘŜ ǘŜƭŜŎƻƳǳƴƛŎŀǚƛƛ 
reale "clasice". 

Deoarece caracteristicile oferite de PrimeFaces pentru a descrie caracteristicile Test 
hǊŎƘŜǎǘǊŀǘƛƻƴ όŘŜŦƛƴƛǚƛŀ ǘŜǎǘǳƭǳƛΣ ǎŜƭŜŎǚƛŀΣ ǇŀǊŀƳŜǘǊƛȊŀǊŜŀ Ǔƛ ǇǊƻƎǊŀƳŀǊŜŀύ ŀǳ Ŧƻǎǘ ǳǓƻǊ ŘŜ 
ƛƳǇƭŜƳŜƴǘŀǘΣ ŀƳ ŘŜŎƛǎ ǎŇ ƛƳǇƭŜƳŜƴǘŇƳ ǳƴ ƘƛōǊƛŘΥ ŘŜǎŎǊƛŜǊŜŀ ǘƻǇƻƭƻƎƛŜƛ Ǔƛ ǇŀǊŀƳŜǘǊƛȊŀǊŜŀ ŀǳ Ŧƻǎǘ 
implementate în Java Swing, dar integrate ca Java Applet în pagina SCE (Service Creation 
Environment)Φ ¢ƻŀǘŜ ŎŜƭŜƭŀƭǘŜ ǇŇǊǚƛ ŀƭŜ ǎƛǎǘŜƳǳƭǳƛ ƭŜƎŀǘŜ ŘŜ ǘŜǎǘŜ Ǔƛ rezultate au fost dezvoltate în 
tǊƛƳŜCŀŎŜǎΦ tǊƛƳŜCŀŎŜǎ ŜǎǘŜ ƻ ōƛōƭƛƻǘŜŎŇ ƻǇŜƴ ǎƻǳǊŎŜ ŎƻƳǇƭŜȄŇ ŎŀǊŜ ŜȄǘƛƴŘŜ ǇƻǎƛōƛƭƛǘŇǚƛƭŜ W{C όWŀǾŀ 
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{ŜǊǾŜǊ CŀŎŜǎύΣ ƻ ǎǇŜŎƛŦƛŎŀǚƛŜ WŀǾŀ ǇŜƴǘǊǳ ŎƻƴǎǘǊǳƛǊŜŀ ƛƴǘŜǊŦŜǚŜƭƻǊ ŘŜ ǳǘƛƭƛȊŀǘƻǊ ōŀȊŀǘŜ ǇŜ ŎƻƳǇƻƴŜƴǘŜ 
ǇŜƴǘǊǳ ŀǇƭƛŎŀǚƛƛ ǿŜōΦ 
Oƴ ŀǇƭƛŎŀǚƛŀ {/9 ǇŜ ŎŀǊŜ ŀƳ ŘŜȊǾƻƭǘŀǘ-ƻ Ŏǳ I¢a[рΣ ƛƴǘŜƎǊŀǊŜŀ ŎƻƳǇƻƴŜƴǘŜƭƻǊ ŀ Ŧƻǎǘ ǊŜŀƭƛȊŀǘŇ Ŏǳ 

sucŎŜǎΥ ǎŜǊǾŜǊ Ǔƛ ōŀȊŇ ŘŜ ŘŀǘŜ aȅ{v[Τ ǎŜǊǾŜǊ ƭƻŎŀƭ !ǇŀŎƘŜ ¢ƻƳŎŀǘΤ .ƛōƭƛƻǘŜŎŀ 5²w ς Direct Web 
wŜƳƻǘƛƴƎΣ ŎŀǊŜ ǇŜǊƳƛǘŜ Ƴŀƛ ƳǳƭǘƻǊ ǳǘƛƭƛȊŀǘƻǊƛ ǎŇ ŀŎŎŜǎŜȊŜ ƛƴǘŜǊŦŀǚŀ ǿŜō ƞƴ ŀŎŜƭŀǓƛ ǘƛƳǇΤ WŀǾŀ {ŜǊǾŜǊ 
tŀƎŜǎΣ ŎŀǊŜ ǇŜǊƳƛǘŜ Ŏŀ ŎƻŘǳƭ WŀǾŀ ǎŇ ŦƛŜ ǎŎǊƛǎ ƞƴ I¢a[рΦ 5²w ŜǎǘŜ ƻ ōƛōƭƛƻǘŜŎŇ ŎŀǊŜ ǇŜǊƳƛǘŜ Java 
ŦǳƴŎǚƛƛ ŘŜ ŀǇŜƭ ŘŜ ƭŀ WŀǾŀ{ŎǊƛǇǘ Ǔƛ ǾƛŎŜ-ǾŜǊǎŀΣ ŀǇŜƭǳƭ ŘŜ ŦǳƴŎǚƛƛ WŀǾŀ{ŎǊƛǇǘ ŘŜ ƭŀ WŀǾŀ όŘŜ ŀǎŜƳŜƴŜŀΣ 
ƴǳƳƛǘ ƛƴǾŜǊǎ !ƧŀȄύΦ !ƧŀȄ ŦǳƴŎǚƛƻƴŜŀȊŇ ǇǊƛƴ ƎŜƴŜǊŀǊŜŀ ŘƛƴŀƳƛŎŇ ŀ WŀǾŀ{ŎǊƛǇǘΣ ǇŜ ōŀȊŀ ŎƭŀǎŜƭƻǊ WŀǾŀΦ 
/ƘƛŀǊ ŘŀŎŇ ŎƻŘǳƭ ŀǇŀǊŜƴǘ ǊǳƭŜŀȊŇ ƞƴ ōǊƻǿǎŜǊΣ ƞƴ ǊŜŀƭƛǘŀǘŜΣ ǘƻǘǳƭ ǊǳƭŜŀȊŇ ƞƴ ǇŀǊǘŜŀ ŘŜ ǎŜǊǾŜǊΦ 
5ŜǎŎǊƛŜǊŜŀ ƛƴŦǊŀǎǘǊǳŎǘǳǊƛƛ ǇƻǊƴŜǓǘŜ ŘŜ ƭŀ ǘƻǇƻƭƻƎƛŜ (figura 28): în cazul nostru solicitarea este 

de a putea "drag-and-dropϦ ŜƭŜƳŜƴǘŜƭŜ ŘŜ ǊŜǚŜŀ όƴǳƳŀƛ ǇƛŎǘƻƎǊŀƳŜΣ ŀǾŀǘŀǊŜΣ ǊŜǇǊŜȊŜƴǘŃƴŘ Ǌƻƭǳƭ ŘŜ 
ǊŜǚŜŀ ŀƭ ǳƴǳƛ ƴƻŘ ǎǇŜŎƛŦƛŎύ ǇŜ ƻ ϦǇŃƴȊŇϦ όέŎŀƴǾŀǎέύΣ ƻ ƳŜǘƻŘŇ ǊŀǇƛŘŇ Ǔƛ ƛƴǘǳƛǘƛǾŇΦ 5Ŝ ŀǎŜƳŜƴŜŀΣ ƻ 
ǇŀǊǘŜ ƛƳǇƻǊǘŀƴǘŇ ŜǎǘŜ ǇŀǊŀƳŜǘǊƛȊŀǊŜŀ ŜƭŜƳŜƴǘŜƭƻǊ ŘŜ ǊŜǚŜŀΦ  

Parametrizarea poate avea ƴƛǾŜƭǳǊƛ ŘƛŦŜǊƛǘŜΥ ǎǇŜŎƛŦƛŎŃƴŘ ƴǳƳŀƛ ǳƴŜƭŜ ŎŀǊŀŎǘŜǊƛǎǘƛŎƛ ŜǎŜƴǚƛŀƭŜ ƞƴ 
SCE Ǔƛ ƭŇǎŃƴŘ ǊŜǎǘǳƭ ŎƻƴŦƛƎǳǊŀǚƛŜƛ Ŏŀ ƻ ǎŀǊŎƛƴŇ ǇŜƴǘǊǳ aŀƴŀƎŜǊǳƭ ŘŜ ǊŜǎǳǊǎŜ ŎŀǊŜ Ǿŀ ǇǊƻŎŜǎŀ 
solicitarea de serviciu sau va merge în profunzime cu configurarea Ǔƛ ǎǇŜŎƛŦƛŎŀǊŜŀ ƛƴǘŜǊŦŜǚŜƭor, 
ŀŘǊŜǎŜƭƻǊ LtΣ ǎŜǘŀǊŜŀ ǎŜƳƴŀƭƛȊŇǊƛƭƻǊ Ǔƛ specificarea protocoalelor de utilizat. Faza de parametrizare 
ŀǊ ǇǳǘŜŀ ƛƴŎƭǳŘŜ ǇŜǊǎƻƴŀƭƛȊŀǊŜŀ ǇŀƭŜǘŜƛ ŘŜ ŜŎƘƛǇŀƳŜƴǘŜ ŎŜ ǳǊƳŜŀȊŇ ŀ Ŧƛ ǳǘƛƭƛȊŀǘŇ όŜŎƘƛǇŀƳŜƴǘŜ 
telecom reale, echipamente de testare, servere de aplicaǚƛƛύ ǎŀǳ ǇƻǎƛōƛƭƛǘŀǘŜŀ ŘŜ ŀ ŀƭŜƎŜ ǇŜƴǘǊǳ 
ŦƛŜŎŀǊŜ ŦǳƴŎǚƛŜ ŘŜ ŜƭŜƳŜƴǘ ǳƴ ŦǳǊƴƛȊƻǊ ǎŀǳ ǳƴ ŀƴǳƳƛǘ ƳƻŘŜƭ ŘŜ ŜŎƘƛǇŀƳŜƴǘΣ Řƛƴ ƭƛǎǘŀ ŘŜ ƻǇǚƛǳƴƛ 
disponibile. 

tŀǊǘŜŀ ŘŜ ƻǊŎƘŜǎǘǊŀǚƛŜ ŘŜ ǘŜǎǘŀǊŜ ŘŜǎŎǊƛŜ ǘŜǎǘŜƭŜ Ǔƛ ƛƴŎƭǳŘŜrea κ ƞƴŎŇǊŎŀrea scripturilor de 
automatizare. tǊƻƎǊŀƳŀǊŜŀ ǘŜǎǘŜƭƻǊ Ǔƛ ŦƻǊƳǳƭŀǊǳƭ electronic ŘŜ ǎŜƭŜŎǚƛŜ ŀ ǘŜǎǘŜƭƻǊ ǎǳƴǘ ƴŜŎŜǎŀǊŜΣ 
precum Ǔƛ ǇƻǎƛōƛƭƛǘŀǘŜŀ ŘŜ ƴŀǾƛƎŀǊŜ ŀ ǊŜȊǳƭǘŀǘŜƭƻǊ ǘŜǎǘŜƭƻǊ Ǔƛ ŀ ǎǘŀǘƛǎǘƛŎƛƭƻǊΦ h ŎŀǊŀŎǘŜǊƛǎǘƛŎŇ ǎǇŜŎƛŦƛŎŇ 
este posibilitatea de a defini un dispozitiv în test (DUT) - în aŎŜǎǘ ŦŜƭΣ ǇŜ ōŀȊŀ ƛƴǘŜǊŦŜǚŜƭƻǊ 
elementului DUT, sunt disponibile un set de teste. 

Un avantaj al ǊŜǚŜƭŜƭƻǊ ŘŜ ǘŜƭŜŎƻƳǳƴƛŎŀǚƛƛ ŜǎǘŜ ǊŜǇǊŜȊŜƴǘŀǘ ŘŜ ǎǘŀƴŘŀǊŘƛȊŀǊŜŀ ŎƭŀǊŇ (ca 
ǇǊŜƳƛǎŇ ŀ ƳŀƴŀƎŜƳŜƴǘǳƭǳƛ ŎƻƳǇƭŜȄƛǘŇǚƛƛύΥ ŎƻƴŦƛƎǳǊŀǚƛƛƭŜ ǎǳƴǘ ǎǘŀƴŘŀǊŘΣ ǊƻƭǳǊƛƭŜ Ǔƛ ƛƴǘŜǊŦŜǚŜƭŜ 
elementelor sunt predefinite, precum Ǔƛ fluxurile de mesaje între elemente. Acesta este motivul 
ǇŜƴǘǊǳ ŎŀǊŜ Ǔƛ ǘŜǎǘŜƭŜ ŀǊ ǇǳǘŜŀ Ŧƛ ŘŜŦƛƴƛǘŜ ŘǳǇŇ ŎŃǘŜǾŀ ƳƻŘŜƭŜΥ ŘŜ ŜȄŜƳǇƭǳΣ ƞƴ ŎŀȊǳƭ ǊŜǚŜƭŜƭƻǊ оDΣ 
ǘŜǎǘŜƭŜ ŘŜ ƛƴǘŜǊŦŀǚŇ Dƴ ǇŜƴǘǊǳ D¢t - GPRS Tunneling tǊƻǘƻŎƻƭ ƞƴǘǊŜ ŜƭŜƳŜƴǘŜƭŜ ŘŜ ōŀȊŇ ŀƭŜ 
ǇŀŎƘŜǘŜƭƻǊ ŀǊ ǇǳǘŜŀ Ŧƛ ǇǊŜŘŜŦƛƴƛǘŜ ǎŀǳΣ ŘŜ ŀǎŜƳŜƴŜŀΣ ƞƴ ŎŀȊǳƭ [¢9Σ ǘŜǎǘŜƭŜ 5ƛŀƳŜǘŜǊ ǇŜƴǘǊǳ ƛƴǘŜǊŦŀǚŀ 
S6. 

tƻŀǘŜ ŎŜŀ Ƴŀƛ ƛƳǇƻǊǘŀƴǘŇ ŦǳƴŎǚƛŜ ŀ {/9 este ƎŜƴŜǊŀǊŜŀ ƛƴŦƻǊƳŀǚƛƛƭƻǊ ŘŜǎǇǊŜ ǎƻƭƛŎƛǘŀǊŜŀ 
serviciului  (un rezultat ŀƭ ǘǳǘǳǊƻǊ ŀŎǚƛǳƴƛƭƻǊ ŘŜ ŎƻƴŦƛƎǳǊŀǊŜ ƭŀ ƴƛǾŜƭ ŘŜ {/9ύΦ !ŎŜŀǎǘŇ ǎƻƭƛŎƛǘŀǊŜ este 
ǘǊƛƳƛǎŇ ŘŜ ǇŜ ǇƭŀǘŦƻǊƳŀ ǿŜō ŎŇǘǊŜ ǳƴ manager de resurse care alocŇ ŜƭŜƳŜƴǘŜƭŜ ŘŜ ƛƴŦǊŀǎǘǊǳŎǘǳǊŇ 
ŎƻǊŜǎǇǳƴȊŇǘƻŀǊŜ όǊŜŀƭŜΣ ŜƳǳƭŀǘŜ ǎŀǳ ǾƛǊǘǳŀƭƛȊŀǘŜύΣ ƞƴ ŎƻƴǘƛƴǳŀǊŜ ŦŀŎŜ ƛƳǇƭŜƳŜƴǘŀǊŜŀ ŎƻƴŦƛƎǳǊŀǚƛŜƛ 
όŎƻƴŦƛƎǳǊŀǚƛ ƛƴǘŜǊŦŜǚŜΣ ǇŀǊŀƳŜǘǊƛύ ǓƛΣ ŘŜ ŀǎŜƳŜƴŜŀΣ ƞƴŎŜǇŜ ƻǇŜǊŀǚƛǳƴƛƭŜ ŘŜ ǘŜǎǘŀǊŜ ǇǊƻƎǊŀƳŀǘŜΦ   
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Fig. 28 5ŜǎŎǊƛŜǊŜŀ ǾƛȊǳŀƭŇ ŀ ǘƻǇƻƭƻƎƛŜƛ ƞƴ {/9Φ ¢ƻǇƻƭƻƎƛŀ ŘŜǎŎǊƛŜ ƻ ŎƻƴŦƛƎǳǊŀǚƛŜ ǇŜƴǘǊǳ ǘŜǎǘŀǊŜŀ [¢9Φ  
¢ƻŀǘŜ ŜƭŜƳŜƴǘŜƭŜ ǊŜǇǊŜȊƛƴǘŇ ǊƻƭǳǊƛ ŦǳƴŎǚƛƻƴŀƭŜΣ  

ƛƳǇƭŜƳŜƴǘŀǊŜŀ ŎƻƴŦƛƎǳǊŀǚƛŜƛ ǇŜ ƛƴŦǊŀǎǘǊǳŎǘǳǊŇ Ǿŀ Ŧƛ ŜŦŜŎǘǳŀǘŇ ŘŜ wŜǎƻǳǊŎŜ aŀƴŀƎŜǊ 

 

wƻƭǳǊƛƭŜ ŦǳƴŎǚƛƻƴŀƭŜ ŘŜǎŎǊƛǎŜ ƛƴŎƭǳŘ ŜƭŜƳŜƴǘŜ оD Ǔƛ [¢9 Ǔƛ ǊŜǚŜƭŜ ŘŜ ǊǳǘŀǊŜκ ŎƻƳǳǘŀǊŜΣ ŘŀǊ Ǔƛ 
ƛƴŦǊŀǎǘǊǳŎǘǳǊŀ ŘŜ ǘŜǎǘŀǊŜΥ ŀǓŀ ŎǳƳ ŜǎǘŜ ǾƛȊƛōƛƭ ƞƴ Figura 28 , P-GW (Packet Gateway) este conectat la 
un element CƭƻǳŘ ǊŜǇǊŜȊŜƴǘŃƴŘ ǳƴ ŜƳǳƭŀǘƻǊ ŎŀǊŜ Ǿŀ ƎŜƴŜǊŀ ǘǊŀŦƛŎΣ ŀǓŀ ŎǳƳ ǾƛƴŜ ŘŜ ǇŜ LƴǘŜǊƴŜǘΣ 
deoarece P-D² ŜǎǘŜ ŎƻƴǎƛŘŜǊŀǘ ƞƴ [¢9 ǇƻŀǊǘŀ ŘŜ ŀŎŎŜǎ ŎŇǘǊŜ ŀƭǘŜ ǊŜǚŜƭŜ ǇǳōƭƛŎŜΣ  ƛƴŎƭǳǎƛǾ LƴǘŜǊƴŜǘΦ  
Toate elementele pot fi parametrizate ŦŇŎŃƴŘ Řǳōƭǳ-clic pe pictograma elementului. 

De asemenea, pentru fiecare element avem posibilitatea de a accesa consola de 
echipamente prin acces shell κ {{[ όƻŘŀǘŇ ŎŜ ŜŎƘƛǇŀƳŜƴǘǳƭ Ŏǳ Ǌƻƭǳƭ ŘŜ ǊŜǚŜŀ ǎǇŜŎƛŦƛŎŀǘ Ǿŀ Ŧƛ ǎŜƭŜŎǘŀǘ 
de Managerul de resurse). Meniul SCD este organizat în trei categorii: Topologie, Teste (figura 29) Ǔƛ 
Rezultate. 
 

 

 
Fig. 29 Orchestrarea testelor include o lƛǎǘŇ ŘŜ ǘŜǎǘŜ ŎŀǊŜ ŀǊ ǇǳǘŜŀ Ŧƛ ǎŜƭŜŎǘŀǘŜΣ ƻǊŘƻƴŀǘŜΣ ǇŀǊŀƳŜǘǊƛȊŀǘŜΣ 

ǇǊƻƎǊŀƳŀǘŜ ǓƛΣ ŘŜ ŀǎŜƳŜƴŜŀΣ ǎǘŀǊŜŀ ǘŜǎǘǳƭǳƛ 

În implementarea SCE, comunicarea client-ǎŜǊǾŜǊ ǳǘƛƭƛȊŜŀȊŇ ŘƻǳŇ ǘƛǇǳǊƛ ŘŜ ǎǘǊǳŎǘǳǊƛ ·a[Υ 
clientul va genera o solicitare de serviciu de tip "NetwƻǊƪ/ƻƴŦƛƎǳǊŀǘƛƻƴϦ Ǔƛ ǎŜǊǾŜǊǳƭ Ǿŀ ǊŇǎǇǳƴŘŜ 
ŘǳǇŇ ǇǊƻŎŜǎŀǊŜŀ ǎƻƭƛŎƛǘŇǊƛƛ Ŏǳ ǳƴ ·a[ ŘŜ ǘƛǇ ϦwŜȊǳƭǘŀǘϦΦ  
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{ƻƭƛŎƛǘŀǊŜŀ ǇǊŜȊŜƴǘŀǘŇ Ƴŀƛ Ƨƻǎ Ǿŀ ƛƴŎƭǳŘŜ ŘŀǘŜ ŘŜ ŀǳǘŜƴǘƛŦƛŎŀǊŜ Ǔƛ ŘŜŦƛƴƛǚƛŀ Ǔƛ ǇƭŀƴƛŦƛŎŀǊŜŀ 
serviciului:  

 
 

1.1.3.1. Abstractizarea / Generalizarea ŜŎƘƛǇŀƳŜƴǘŜƭƻǊ ŘŜ ǊŜǚŜŀ ǇǊƛƴ ŎƻƴŎŜǇǘǳƭ ŘŜ 
"driver" 

 ¦ƴ ŀƭǘ ŀǎǇŜŎǘ ƛƳǇƻǊǘŀƴǘ ŀƭ ǊŜǚŜƭŜƭƻǊ ŜǘŜǊƻƎŜƴŜ ŜǎǘŜ ǇƻǎƛōƛƭƛǘŀǘŜŀ ŘŜ ŀ ǇǊƻƎǊŀƳŀ ǊŜǚŜŀǳŀΣ 
ƛƴŘŜǇŜƴŘŜƴǘ ŘŜ ŦǳƴŎǚƛƛƭŜ ǎǇŜŎƛŦƛŎŜ ŦǳǊƴƛȊƻǊǳƭǳƛΦ OƴǘǊ-ǳƴŀ ŘƛƴǘǊŜ ƛƳǇƭŜƳŜƴǘŇǊƛƭŜ ŀƴǘŜǊƛƻŀǊŜ ŀƳ Ŧƻƭƻǎƛǘ 
standardizareŀ ŦǳǊƴƛȊŀǘŇ ŘŜ b¢!C όbŜǘǿƻǊƪ ¢Ŝǎǘ !ǳǘƻƳŀǘƛƻƴ CƻǊǳƳύ ŎŀǊŜ ǳǘƛƭƛȊŜŀȊŇ ŎƻƴŎŜǇǘǳƭ ŘŜ 
dispozitive generice Ǔƛ drivere specifice pentru automatizare. Conceptul de driver NTAF era atât de 
ƎŜƴŜǊƛŎ ƞƴŎŃǘ ŀǾŜŀ ǳƴ ŜȄŜƳǇƭǳ ŘŜ ŘǊƛǾŜǊ ǇŜƴǘǊǳ ǳƴ ǇǊŇƧƛǘƻǊ ŘŜ ǇŃƛƴŜ όŀ ǎŜ Ǿedea figura 30ύ Ǔƛ ŦƻƭƻǎŜŀ 
ca protocol principal XMPP. 
tǊƛƳǳƭ ǎŜǘ ŘŜ ǎǇŜŎƛŦƛŎŀǚƛƛ ǇŜ ŎŀǊŜ ƭŜ-am implementat ŀǳ Ŧƻǎǘ ϦOƴǊŜƎƛǎǘǊŀǊŜŀΣ ŘŜǎŎƻǇŜǊƛǊŜŀ Ǔƛ ŀŎǘƛǾŀǊŜŀ 
instrumentelor" Ǔƛ "Modul de automatizare a instrumentelor". 
 

 

Fig. 30 /ƻƴŎŜǇǘ ŘŜ ŘǊƛǾŜǊ ƎŜƴŜǊƛŎΣ ŘŜ ŜȄŜƳǇƭǳ ǇŜƴǘǊǳ ǳƴ ǇǊŇƧƛǘƻǊ ŘŜ ǇŃƛƴŜ όǎǳǊǎŀΥ b¢!Cύ 

Folosit anterior cu succes pentru camerele de ǘŜƭŜŎƻƴŦŜǊƛƴǚŇ, XMPP (Extensible Messaging and 
Presence Protocol) a fost propus de NTAF pentru automatizŀǊŜŀ ǊŜǚŜƭŜƛΣ ǊŜǳǘƛƭƛȊŀǊŜŀ ŎƻƴŎŜǇǘŜƭƻǊ ŘŜ 
ǊŜǚŜƭŜ ǎƻŎƛŀƭŜΦ  

 Oƴ ƛƳǇƭŜƳŜƴǘŀǊŜŀ ƴƻŀǎǘǊŇΣ ŀƳ Ŧƻƭƻǎƛǘ hǇŜƴCƛǊŜ Ŏŀ ·att {ŜǊǾŜǊ Ǔƛ Spark ca Ǔƛ client XMPP.  
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9ƭŜƳŜƴǘŜƭŜ ŘŜ ǊŜǚŜŀ ŀǳ Ŧƻǎǘ ŀǎǘŦŜƭ ŀƎǊŜƎŀǘŜ ƞƴǘǊ-ƻ ϦǊŜǚŜŀ ǎƻŎƛŀƭŇϦΣ ŀǾŃƴŘ ǘƻŀǘŜ ŜŎƘƛǇŀƳŜƴǘŜƭŜ 
ƛƴǘŜƎǊŀǘŜ ŜƴǳƳŜǊŀǘŜ ƞƴ ƭƛǎǘŀ ŘŜ ŎƻƴǘŀŎǘŜ ŀŦƛǓŀǘŇ ŘŜ {ǇŀǊƪ όŀ ǎŜ ǾŜŘŜŀ ŦƛƎǳǊŀ 31ύΦ 9ƭŜƳŜƴǘŜƭŜ ŘŜ ǊŜǚŜŀ 
ƞǓƛ publicŇ ǎǘŀǊŜŀκŘƛǎǇƻƴƛōƛƭƛǘŀǘŜŀ Ǔƛ ŎŀǇŀbilƛǘŇǚƛƭŜ utilizând XMPP.  
Oƴ ǇƭǳǎΣ ǇǳǘŜƳ ǘǊƛƳƛǘŜ ŎƻƳŜƴȊƛ ŎŇǘǊŜ ǳƴ ŜŎƘƛǇŀƳŜƴǘ ŘƛƴǘǊ-ƻ ŦŜǊŜŀǎǘǊŇ ŘŜ ŎƘŀǘ ōŀȊŀǘŇ ǇŜ ǇŀǊǎŜǊ-ul 
XMPP-to-SNMP pe care l-am implementat. 

 
Fig. 31 LƳǇƭŜƳŜƴǘŀǊŜŀ ŎƻƳǳƴƛŎŇǊƛƛ ·att Ŏǳ ŜŎƘƛǇŀƳŜƴǘŜƭŜ ŘŜ ǊŜǚŜŀ ǳǘƛƭƛȊŃƴŘ {ŜǊǾŜǊǳƭ hǇŜƴCƛǊŜ ·attΥ 9ƭŜƳŜƴǘǳƭ 

ŘŜ ǊŜǚŜŀ ŜǎǘŜ ŀŎŎŜǎƛōƛƭ ǇǊƛƴ ƭƛǎǘŀ ŘŜ ŎƻƴǘŀŎǘŜ ŀ ŎƭƛŜƴǘǳƭǳƛ {ǇŀǊƪ 

  Folosind standardul NTAF prin protocolul XMPP, am automatizat diferite resurse ς reale, 
emulate (imagini Cisco Dynamipǎύ Ǔƛ ǾƛǊǘǳŀƭƛȊŀǘŜ όƛƳŀƎƛƴƛ ǾƛǊǘǳŀƭŜ WǳƴƛǇŜǊ hƭƛǾŜύΦ /ǳ ǘƻŀǘŜ ŀŎŜǎǘŜŀΣ 
metoda de comunicare cu fiecare dispozitiv a fost ǳƴƛǘŀǊŇ Ǔƛ ƛƴŘŜǇŜƴŘŜƴǘŇ ŘŜ ŦǳǊƴƛȊƻǊ όǇǊƻŘǳŎŇǘƻǊǳƭ 
dispozitivului), deoarece m-am bazat pe drivere (plugin-s). 
  tŜ ōŀȊŀ ŀŎŜƭǳƛŀǓƛ ŎƻƴŎŜǇǘ ŘŜ ŘǊƛǾŜǊ όŎƻƴŎŜǇǘǳƭ ŎŀǊŜ ŀ Ŧƻǎǘ ƛƳǇƭŜƳŜƴǘŀǘ Ŏǳ ŀǘŃǘ ŘŜ Ƴǳƭǘ 
succes în cazul instrumentelor virtuale Ǔƛ ŀƭ ǎǘŀƴŘŀǊŘƛȊŇǊƛƛ L±L - ƛƴǘŜǊŦŜǚŜ ǾƛǊǘǳŀƭŜ ƛƴǘŜǊǎŎƘƛƳōŀōƛƭŜύ 
ŜȄƛǎǘŇΣ ŘŜ ŀǎŜƳŜƴŜŀΣ ƳŜǘƻŘŜ ǇǊƻƎǊŀƳŀōƛƭŜ ǇŜƴǘǊǳ ŀōǎǘǊŀŎǘƛȊŀǊŜŀ ǊŜǚŜƭŜƛ ŦƻƭƻǎƛƴŘ tȅǘƘƻƴΦ  
  tŜƴǘǊǳ ŀ ǇŜǊƳƛǘŜ ŜȄǘŜƴǎƛōƛƭƛǘŀǘŜŀ ǾƛƛǘƻŀǊŜΣ ǎƻƭǳǚƛŀ ƛƳǇƭŜƳŜƴǘŀǘŇ ǳǘƛƭƛȊŜŀȊŇ ƭƛƳōŀƧŜ scriptice 
dinamice, în special Groovy, care permite definirea în continuare a configuraǚƛŜƛ ǇƭŀǘŦƻǊƳŜƛ ƭŀ Ŧŀǚŀ 
ƭƻŎǳƭǳƛΣ ŦŇǊŇ ŀ Ŧƛ ƴŜǾƻƛŜ de a redistribui ƞƴǘǊŜŀƎŀ ǎƻƭǳǚƛŜΦ !ŎŜŀǎǘŇ ŀōƻǊŘŀǊŜ ƳƻŘǳƭŀǊŇ ǇŜǊƳƛǘŜ 
ƻǇŜǊŀǘƻǊǳƭǳƛ ǎŇ ŀŘŀǳƎŜ ƴƻƛ ŜŎƘƛǇŀƳŜƴǘŜ Ŏǳ ǳǓǳǊƛƴǚŇ ƞƴ ŀŎŜǎǘ ŜŎƻǎƛǎǘŜƳ Ǔƛ ǎŇ ƻŦŜǊŜ ŘƻŀǊ ŀŘŀǇǘŇǊƛƭŜ 
ƭƛƳōŀƧǳƭǳƛ ŘŜ ǇǊƻǾƛȊƛƻƴŀǊŜ ƴŜŎŜǎŀǊŜ ƭŀ Ŧŀǚŀ locului. 
  5ǳǇŇ ŎǳƳ ǎŜ ŀǊŀǘŇ ƞƴ figura 32Σ ǎƻƭǳǚƛŀ ƛƴǘǊƻŘǳŎŜ ŘƻǳŇ ǎǘǊŀǘǳǊƛ ŘŜ ŘƛǊŜŎtare între utilizatorul 
Ŧƛƴŀƭ Ǔƛ ŜŎƘƛǇŀƳŜƴǘǳƭ ǊŜŀƭ όƞƴ ŎŀȊǳƭ prezentatΣ ŜƭŜƳŜƴǘŜƭŜ ŘŜ ǊŜǚŜŀ ǘŜƭŜŎƻƳ ŦƻǊƳŜŀȊŇ ŀǊƘƛǘŜŎǘǳǊŀ 
D{a Ǔƛ оDύΣ Ŏǳ ǎŎƻǇǳƭ ŘŜ ŀ ŀŘŀǇǘŀ ŦǳǊƴƛȊŀǊŜŀ ƛƴŘŜǇŜƴŘŜƴǘŇ ŀ ŦǳǊƴƛȊƻǊǳƭǳƛ ƭŀ ǎŜƳŀƴǘƛŎŀ ǎǇŜŎƛŦƛŎŇ 
hardware-ǳƭǳƛ Ǔƛ ŀǇƻƛ ŀǳǘƻƳŀǘƛȊŀǊŜŀ ƞƴǘǊŜƎƛƛ ƛƳǇƭŜƳŜƴǘŇǊƛΦ  
h ŀƭǘŇ ŀōƻǊŘŀǊŜ ŘŜ ŀǳǘƻƳŀǘƛȊŀǊŜ ŀ ŜŎƘƛǇŀƳŜƴǘŜƭƻǊ ŘŜ ǘŜƭŜŎƻƳǳƴƛŎŀǚƛƛ ce au Ǔƛ ƛƴǘŜǊŦŜǚŜ ƎǊŀŦƛŎŜ ŜǎǘŜ 
ŘŜǎŎǊƛǎŇ ƞƴ ώфϐ 
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Fig. 32 Abordare ƳƻŘǳƭŀǊŇ ŘŜ ŀǳǘƻƳŀǘƛȊŀǊŜ ŀ ŜŎƘƛǇŀƳŜƴǘŜƭƻǊ ǘŜƭecom prin diverse nivele de scripting 

 

1.1.3.2. Realizarea de apeluri VoIP utilizând un server IMS (IP Multimedia 
Subsytem) având ca suport o ǊŜǚŜŀ ŜƳǳƭŀǘŇ [¢9 

 
Implementarea ŘŜǎŎǊƛǎŇ ƞƴ ώмлϐ ŜǎǘŜ ŘŜŘƛŎŀǘŇ ǎƻƭǳǚƛƛƭor ōŀȊŀǘŜ ǇŜ La{ ǇŜƴǘǊǳ ǊŜǚŜƭŜƭŜ [¢9Φ 

wŜǚŜŀǳŀ έdemoέ ŜǎǘŜ ŦƻǊƳŀǘŇ Řƛƴ о ŎƻƳǇƻƴŜƴǘŜ ǇǊƛƴŎƛǇŀƭŜΣ ǊŜǚŜŀǳŀ ŘŜ ŀōƻƴŀǚƛΣ ǊŜǚŜŀǳŀ [¢9 
ƛƳǇƭŜƳŜƴǘŀǘŇ ƞƴ habŜ¢ Ǔƛ ŎƻƳǳƴƛŎŀǊŜŀ (folosind mesaje reale) cu mediul exterior, care include Ǔƛ 
platforma OpenIMS.  

 
Fig. 32 Componentele demonstratorului pentru VoLTE folosind IMS 

Open IMS Core este o implementare open source a elementelor IMS Call session Control 
Function ό/{/Cǎύ Ǔƛ ŀ ǳƴǳƛ ǎŜǊǾŜǊ dedicat abonaǚƛƭƻǊ ǇǊƻǇǊƛƛ όŘƛƴ ǊŜǚŜŀǳŀ έŘŜ domiciliuέ ς HSS, Home 
Subscriber Server) ŎŀǊŜ ŦƻǊƳŜŀȊŇ ƞƳǇǊŜǳƴŇ ŜƭŜƳŜƴǘŜƭŜ ŘŜ ōŀȊŇ ŀƭŜ ǘǳǘǳǊƻǊ ŀǊƘƛǘŜŎǘǳǊƛƭƻǊ La{κbDbΦ 
Este un proiect al Institutului Fraunhofer, έFOKUSέΣ ŎŀǊŜ ƞǓƛ ǇǊƻǇǳƴŜ ǎŇ ǳƳǇƭŜ locul IMS în peisajul 
software OǇŜƴ {ƻǳǊŎŜ Ŏǳ ƻ ǎƻƭǳǚƛŜ ŦƭŜȄƛōƛƭŇ Ǔƛ ŜȄǘŜƴǎƛōƛƭŇΦ 

Pentru a adapta mesajele trimise ŘŜ ƭŀ ƻ ŎƻƳǇƻƴŜƴǘŇ ŘŜ ǊŜǚŜŀΣ ƳŜƴǚƛƻƴŀǘŇ Ƴŀƛ ǎǳǎΣ ƭŀ ŀƭǘŀΣ 
au fost  necesare ŘƻǳŇ medieri, un router NAT (Network Address Translation) Ǔƛ un router RIP. NAT, 
ŀǓŀ ŎǳƳ ŜǎǘŜ vizibil în Fig.33Σ ŀ Ŧƻǎǘ Ŧƻƭƻǎƛǘ ǇŜƴǘǊǳ ŀ ŘƛǊŜŎǚƛƻƴŀ ƳŜǎŀƧŜƭŜ ŘŜ ƭŀ ŎƭƛŜƴǚƛƛ ǊŜŀƭƛ ŘŜ 
ǘŜƭŜŦƻŀƴŜ {Lt όwŜǚŜŀǳŀ ŀōƻƴŀǚƛƭƻǊύ ƭŀ ǎǳōǊŜǚŜŀǳŀ habŜ¢ ŘŜŘƛŎŀǘŇ ǳǘƛƭƛȊŀǘƻǊƛƭƻǊ ǎƛƳǳƭŀǚƛ  ό¦9ύΦ !ŎŜǎǘ 
sub-ƳƻŘǳƭ b!¢ ǎŜ ōŀȊŜŀȊŇ ǇŜ ǳƴ ǎŜǘ ŘŜ ŀŘǊŜǎŜ ƳŀǇŀǘŜΦ 

Pentru simulareŀ ŀōƻƴŀǚƛƭƻǊ ŎŀǊŜ ǳǘƛƭƛȊŜŀȊŇ ǎŜǊǾƛŎƛƛ ŘŜ ǾƻŎŜ ŜȄƛǎǘŇ Ƴŀƛ ƳǳƭǘŜ ƻǇǚƛǳƴƛ ŎƭƛŜƴǘ 
SIP: X-[ƛǘŜΣ hǇŜƴL/[ƛǘŜΣ ¦/¢La{/ƭƛŜƴǘΦ !Ƴ ŀƭŜǎ ǎŇ ƭǳŎǊez Ŏǳ ¦/¢La//ƭƛŜƴǘΣ ƻ ŀǇƭƛŎŀǚƛŜ ǎǇŜŎƛŀƭ 
ŎƻƴŎŜǇǳǘŇ ǇŜƴǘǊǳ hǇŜƴLa{Σ ŀǾŃƴŘ o serie de ǇŀǊŀƳŜǘǊƛ ǇǊŜŎƻƴŦƛƎǳǊŀǚƛΦ 
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Mesajele SIP suƴǘ ƞƴŎŀǇǎǳƭŀǘŜ ƞƴ ǘǊŀŦƛŎǳƭ D¢tΣ ƞƴ ǘƛƳǇ ŎŜ ǎǳƴǘ ǘǊŀƴǎǇƻǊǘŀǘŜ ŘŜ ǊŜǚŜŀǳŀ [¢9Φ 

 
Fig. 33 !ǊƘƛǘŜŎǘǳǊŇ Řemonstrator VoLTE folosind OMNeT Ǔƛ OpenIMS 

Simulatorul LTE implementat 

habŜ¢ҌҌ ŜǎǘŜ ƻ ōƛōƭƛƻǘŜŎŇ ŘŜ ǎƛƳǳƭŀǊŜ /ҌҌ ŜȄǘŜƴǎƛōƛƭŇΣ ƳƻŘǳƭŀǊŇΣ ōŀȊŀǘŇ ǇŜ ŎƻƳǇƻƴŜƴǘŜ Ǔƛ 
un cadru ς ƞƴ ǇǊƛƳǳƭ ǊŃƴŘ ǇŜƴǘǊǳ ŎƻƴǎǘǊǳƛǊŜŀ ǎƛƳǳƭŀǘƻŀǊŜƭƻǊ ŘŜ ǊŜǚŜŀΦ Domeniul LTE EPS este 
ŜȄǘǊŜƳ ŘŜ ǾŀǎǘΣ ŘŜŎƛ ƴǳ ŀƳ ƛƳǇƭŜƳŜƴǘŀǘ ǘƻŀǘŜ ŦǳƴŎǚƛƻƴŀƭƛǘŇǚƛƭŜ ƭŀ ƴƛǾŜƭǳƭ habŜ¢. Simularea 4Gsim 
LTE s-ŀ ŀȄŀǘ ǇŜ ƛƳǇƭŜƳŜƴǘŀǊŜŀ ǎŜƳƴŀƭƛȊŇǊƛƛΣ ŘŀǊ Řƛƴ ƳƻǘƛǾŜ ŘŜƳƻƴǎǘǊŀǘƛǾŜ ŘŜ ƛƴǘŜƎǊŀǊŜ Ŏǳ La{Σ ŀǳ 
Ŧƻǎǘ ƛƴŎƭǳǎŜ Ǔƛ ƻ ǇŀǊǘŜ Řƛƴ ǇǊƻǘƻŎƻŀƭŜƭŜ ǇǊƛǾƛƴŘ Ǉƭŀƴǳƭ ŘŜ ŘŀǘŜΦ  

Am implementat un set de "modele complexe", bazate pe modelul INET existent, inclusiv 
ǇǊƻǘƻŎƻŀƭŜ Ǔƛ ƛƴǘŜǊŦŜǚŜ ǇŜƴǘǊǳ ǇǊƛƴŎƛǇŀƭŜƭŜ ŜƭŜƳŜƴǘŜ ŘŜ ǊŜǚŜŀ ŀƭŜ ŀǊƘƛǘŜŎǘǳǊƛƛ [¢9Υ ŀŎŜǎǘŜŀ ǎǳƴǘ ¦ǎŜǊ 
Equipment, eNodeB, MME, HSS, S-GW Ǔƛ P-D²Φ !Ǔŀ-numitele "module simple" pe care le-am 
implementat sunt încorporate în modelele complexe, descriƛƴŘ ƛƴǘŜǊŦŜǚŜ ŘŜ ǇǊƻǘƻŎƻƭΥ ƴƛǾŜƭ ŘŜ 
ƛƴǘŜǊŦŜǚŜ ǊŀŘƛƻΣ ŎǳƳ ŀǊ Ŧƛ ƳƻŘǳƭǳƭ b!{ όbƻƴ !ŎŜǎǎ {ǘŀǊǘǳƳύ Ǔƛ modulul LTERadio (utilizat pentru UE 
pentru comunicaǚƛŀ Ŏǳ eNodeB), S1AP, pentru interconectarea eNB Ǔƛ MME, modulul DiameterS6a, 
utilizat pentru comunicarea Ŏǳ I{{Φ 5ŜǎƛƎǳǊΣ ƳƻŘǳƭŜƭŜ ƛƳǇƻǊǘŀƴǘŜ ǎǳƴǘ ŎŜƭŜ ŎŀǊŜ ŘŜǎŎǊƛǳ ƛƴǘŜǊŦŜǚŜƭŜ 
GTP-/ Ǔƛ D¢t-U, deoarece traficul SIP de la utilizatori la IMS-ul de interconectare, a fost transportat 
la planul utilizatorului LTE prin încapsulare GTP-U. 

 

 
Fig. 34 !ǊƘƛǘŜŎǘǳǊŇ [¢9 ǎƛƳǇƭŇ ƛƳǇƭŜƳŜƴǘŀǘŇ ƞƴ пDǎƛƳ habŜ¢ҌҌ 

Ca exemplu pentru un modul complex, Fig. 35 ŀǊŀǘŇ ƳƻŘŜƭǳƭ t-GW pe care l-am 
ƛƳǇƭŜƳŜƴǘŀǘ ƞƴ habŜ¢Σ ƛƴŎƭǳǎƛǾ ƛƴǘŜǊŦŜǚŜƭŜ D¢t-/ Ǔƛ D¢t-U, modulul de rutare RIP Ǔƛ ŀǇƭƛŎŀǚƛŀ /[LΦ 
Majoritatea elementelor reale au un set de comenzi specifice furnizorului, astfel încât acest modul 
CLI pe care l-ŀƳ ǎŎǊƛǎ ǇŜǊƳƛǘŜ Ŏŀ ƻǊƛŎŜ ŜƭŜƳŜƴǘ ŘŜ ǊŜǚŜŀ [¢9 Řƛƴ ǊŜǚŜŀǳŀ ŜƳǳƭŀǘŇ ǎŇ ŦƛŜ ŀŎŎŜǎŀǘ 
printr-ƻ ƛƴǘŜǊŦŀǚŇ ϦǘŜƭƴŜǘ-like". Au fost implementate comenzi CLI specifice, în principal pentru 



Teza de abilitare BŇƭŀƴ ¢ƛǘǳǎ /ƻƴǎǘŀƴǘƛƴ 
 

 35 

ƳƻƴƛǘƻǊƛȊŀǊŜŀ ǎŀǳ ƛƴǘŜǊƻƎŀǊŜŀ ǳƴƻǊŀ ŘƛƴǘǊŜ ŜƭŜƳŜƴǘŜƭŜ ŘŜ ǊŜǚŜŀΦ 5Ŝ ŜȄŜƳǇƭǳΣ o comandŇ ŀŦƛǓŜŀȊŇ 
ŎŇƛƭŜ ǳǘƛƭƛȊŀǘŜ ǇŜƴǘǊǳ ŀ ƛƴǘŜǊƻƎŀ ǘǳƴŜƭǳǊƛƭŜ D¢t ŘŜŦƛƴƛǘŜ la un moment dat la nivelul P-GW. De 
ŀǎŜƳŜƴŜŀΣ ƞƴ ǎŎƻǇǳƭ ƳƻƴƛǘƻǊƛȊŇǊƛƛΣ ǘŎǇŘǳƳǇ ǇƻŀǘŜ Ŧƛ ǇƻǊƴƛǘ ǇŜ ƻǊƛŎŜ ƛƴǘŜǊŦŀǚŇ ǎƛƳǳƭŀǘŇ ǇŜƴǘǊǳ 
captarea pachetelor.   

 
Fig. 35 Modulul P-GW implementat în 4Gsim 

{ŎŜƴŀǊƛƛƭŜ ǘŜǎǘŀǘŜ ƛƴŎƭǳŘ ŀǘŀǓŀǊŜŀ ŜŎƘƛǇŀƳŜƴǘǳƭǳƛ Ƴƻōƛƭ ƭŀ ǊŜǚŜŀǳŀ [¢9Σ ƛƴŎƭǳǎƛǾ ŀƭƻŎŀǊŜŀ 
adresei IP Ǔƛ ƞƴǊŜƎƛǎǘǊŀǊŜŀ ƭŀ hǇŜƴLa{ {Lt {ŜǊǾŜǊΣ ǘŜǎǘŀǊŜŀ ŀǇƭƛŎŀǚƛƛƭƻǊ ǇƛƴƎ ǇŜ ōŀȊŀ ƳƻŘǳƭǳƭǳƛ 
PingApp existent în OMNeT, dar scopul demonstratorului a fost scenariul VoIP end-to-end, prin 
ǊŜǚŜŀǳŀ [¢9 Ǔƛ ǊŜǚŜŀǳŀ La{Φ 

Oƴ ǎŎƻǇ ŜŘǳŎŀǚƛƻƴŀƭΣ ǘƻŀǘŜ ŦƭǳȄǳǊƛƭŜ ŘŜ ƳŜǎŀƧŜ ŀǳ Ŧƻǎǘ ƳƻƴƛǘƻǊƛȊŀǘŜΣ ƭŀ ƴƛǾŜƭ ŘŜ ǊŜǚŜŀ [¢9 Ǔƛ la 
ƴƛǾŜƭ ŘŜ ǇǊƻǘƻŎƻƭ {LtΣ ƛŀǊ ŎƻƴŦƛƎǳǊŀǚƛŀ ŜƭŜƳŜƴǘŜƭƻǊ ŘŜ ǊŜǚŜŀ ŀ Ŧƻǎǘ ǾŜǊƛŦƛŎŀǘŇ ǇǊƛƴ ŀǇƭƛŎŀǚƛŀ /[L 
ƛƳǇƭŜƳŜƴǘŀǘŇΦ [ŀ ƴƛǾŜƭǳƭ hǇŜƴLa{Σ ŀǳ Ŧƻǎǘ ƳƻƴƛǘƻǊƛȊŀǘŜΣ ŘŜ ŀsemenea, înregistrarea utilizatorilor 
SIP Ǔƛ ƳŜǎŀƧŜƭŜ ƛƴǘŜǊƴŜ ƞƴǘǊŜ ŦǳƴŎǚƛƛƭŜ ŘŜ ŎƻƴǘǊƻƭ ŀƭ ŀǇŜƭǳǊƛƭƻǊκǎŜǎƛǳƴƛƭƻǊ όt-CSCF, I-CSCF Ǔƛ S-CSCF). 

 

1.1.4. Platforme pentru servicii de ŎƻƳǳƴƛŎŀǚƛƛ multimedia cu scop academic 

Unele ǎƻƭǳǚƛƛ de ŎƻƳǳƴƛŎŀǚƛƛ au fost dezvoltate în scop educativ sau din perspectiva ŎǊŜŇǊƛi 
de servicii pentru ŎƻƳǳƴƛŎŀǚƛƛ ǇŜƴǘǊǳ ǳǘƛƭƛȊŀǘƻǊƛ ŀŎŀŘŜƳƛŎƛΦ Oƴ ŀŎŜŀǎǘŇ ǎŜŎǚƛǳƴŜ Ǿƻi detalia câteva 
ƛƳǇƭŜƳŜƴǘŇǊƛ ŘŜ ŀŎŜǎǘ ŦŜƭΣ ƛŀǊ în ǎŜŎǚƛǳƴŜŀ dedicatŇ ǎƻƭǳǚƛƛƭƻǊ de securitate voi prezenta Ǔi alte ǎƻƭǳǚƛƛ 
ŘŜȊǾƻƭǘŀǘŜ Ŏǳ ǎŎƻǇ ŜŘǳŎŀǘƛǾ ŘŀǊ ŀŎƻǇŜǊƛƴŘ ǘŜƳŜ ŘŜ ǎŜŎǳǊƛǘŀǘŜ ŎƛōŜǊƴŜǘƛŎŇΦ 
{ƻƭǳǚƛƛƭŜ de ŎƻƳǳƴƛŎŀǚƛƛ propuse pentru ŜŘǳŎŀǚƛŜ ŎŀǇŇǘŇ ƻ Ƴŀƛ ƳŀǊŜ ƛƳǇƻǊǘŀƴǚŇ Řƛƴ ǇŜǊǎǇŜŎǘƛǾŀ 
ŀŎǘǳŀƭŇ ŀ ǳƴŜƛ ǎƻŎƛŜǘŇǚƛ ǘƻǘ Ƴŀƛ ƻǊƛŜƴǘŀǘŇ ǎǇǊŜ ŎƻƭŀōƻǊŀǊŜ ǇǊƛƴ ŎƻƳǳƴƛŎŀǚƛƛ ƳƻŘŜǊƴŜΣ ƻǊƛŜƴǘŀǊŜ 
ŀŎŎŜƭŜǊŀǘŇ Ǔƛ de pandemia COVID 19. 

h ǇǊƛƳŇ ƛƳǇƭŜƳŜƴǘŀǊŜ ƻ ǊŜǇǊŜȊƛƴǘŇ ƻ ǇƭŀǘŦƻǊƳŇ ŘŜƳƻƴǎǘǊŀǘƻǊ ōŀȊŀǘŇ ǇŜ ¦ƴƛŦȅ /ƛǊŎǳƛǘ 
Webw¢/ ƛƴǘŜƎǊŀǘŇ Ŏǳ ŀƭǘŜ ŀǇƭƛŎŀǚƛƛ ōŀȊŀǘŜ ǇŜ ǿŜō ŎŀǊŜ ŜȄǇǳƴ !tL-ǳǊƛ Ǔƛ ŘŜŘƛŎŀǘŜ ōǊƻǿǎŜǊ-elor simple 
pe ŎƭƛŜƴǚƛ cu putere de calcul ǎŎŇȊǳǘŇ ("thin clients"). WebRTC (Web Real-Time-Communications) 
ǇŜǊƳƛǘŜ ƞƴǾŇǚŀǊŜŀ ƳƛȄǘŇ όέōƭŜƴŘŜŘ ƭŜŀǊƴƛƴƎέύ ƞƴ ǳƴƛǾŜǊǎƛǘŇǚƛ Ǔƛ ǎǇǊƛƧƛƴŇ ϦǳƴƛǾŜǊǎƛǘŇǚƛƭŜ ǾƛǊǘǳŀƭŜϦΦ Oƴ 
ŀŎŜǎǘŜ ϦǳƴƛǾŜǊǎƛǘŇǚƛ CƭƻǳŘϦΣ ŦǳǊƴƛȊƻǊƛƛ ŘŜ ŜŎƘƛǇŀƳŜƴǘŜ ƞǓƛ Ǉƻǘ ƛƴǘŜƎǊŀ Ǔƛ "laboratoarele ca serviciu".  

Figura 36 detaliaȊŇ ŜǾƻƭǳǚƛŀ ƳƻŘŜƭŜƭƻǊ ŘŜ ŎƻƳǳƴƛŎŀǊŜ όŎǳ ǳƴ ŜȄŜƳǇƭǳ ǇŜƴǘǊǳ ŎƻƳǳƴƛŎŀǊŜŀ 
în timp real - Ƴŀƛ ǇǊŜŎƛǎ ŎƻƳǳƴƛŎŀǊŜŀ ǾƻŎŀƭŇύ ŘŜ ƭŀ ŎƻƳǳƴƛŎŀǚƛƛƭŜ ŎƭŀǎƛŎŜ ƭŀ ŎŜƭŜ Ƴŀƛ ƴƻƛ ǇǊƻǘƻŎƻŀƭŜ 
web. 

²Ŝōw¢/ ŜǎǘŜ ƻ ŎƻƭŜŎǚƛŜ ŘŜ ǇǊƻǘƻŎƻŀƭŜ ŘŜ ŎƻƳǳƴƛŎŀǚƛƛ Ǔƛ ƛƴǘŜǊŦŜǚŜ ŘŜ ǇǊƻƎǊŀƳŀǊŜ ŀ 
ŀǇƭƛŎŀǚƛƛƭƻǊ ŎŀǊŜ ǇŜǊƳƛǘ ŎƻƳǳƴƛŎŀǊŜŀ ƞƴ ǘƛƳǇ ǊŜŀƭ ǇǊƛƴ ŎƻƴŜȄƛǳƴƛ ǇŜŜǊ-to-ǇŜŜǊΦ LƴŦƻǊƳŀǚƛƛƭŜ ǎǳƴǘ 
trimise direct în browser Ǔƛ ajung la partenerul de comunicare printr-ƻ ƛƴǘŜǊŦŀǚŇ I¢¢t{ όIȅǇŜǊ ¢ŜȄǘ 
Transfer Protocol - SecureύΦ !ǇƭƛŎŀǚƛƛƭŜ ²Ŝōw¢/ ǎǳƴǘ ŘŜ ƻōicei scrise în JavaScript Ǔƛ HTML5 Ǔƛ sunt 
procesate de browsere folosind API-ǳǊƛƭŜ ²Ŝōw¢/ ǇŜ ŎŀǊŜ ƭŜ ƛƴǘŜƎǊŜŀȊŇΦ !ŎŜǎǘŜ !tL ƞƴŘŜǇƭƛƴŜǎŎ 
ŦǳƴŎǚƛƛ ŘŜ ƎŜǎǘƛƻƴŀǊŜ ŀ ŎƻƴŜȄƛǳƴƛƛΣ ŎƻŘƛŦƛŎŀǊŜ Ǔƛ ŘŜŎƻŘŀǊŜΣ ŎƻƴǘǊƻƭ ƳŜŘƛŀ Ǔƛ NAT (Network Address 
Translation). 
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Metodele VoIP sunt reduse la minimum, fiind expuse ca ŀǇƭƛŎŀǚƛƛ simple Ǔƛ integrate cu 
ƛƴǘŜǊŦŜǚŜ create în WŀǾŀ{ŎǊƛǇǘΣ I¢a[ ǎŀǳ /{{Φ !ŎŜǎǘ ǎŜǊǾƛŎƛǳ ǇǊŜƛŀ ŦǳƴŎǚƛƛƭŜ ŘŜ ŎƻƴǘǊƻƭ ǇŜƴǘǊǳ ŀǇŜƭǳǊƛ 
(de obicei atributul sistemelor dedicate PBX-Private Branch eXchange). Acesta este motivul pentru 
ŎŀǊŜ ŎƻǎǘǳǊƛƭŜ ǎǳƴǘ ǊŜŘǳǎŜ ǎŜƳƴƛŦƛŎŀǘƛǾΣ ŘŜ ŎŜƭŜ Ƴŀƛ ƳǳƭǘŜ ƻǊƛ ǘŀǊƛŦŀǊŜŀ ǇŜƴǘǊǳ ǎŜǊǾƛŎƛƛ ŦƛƛƴŘ ōŀȊŀǘŇ 
chiar pe QoS (calitatea serviciilor oferite). Un alt mare avantaj pentru utilizarea WebRTC pentru 
ǎŜǊǾƛŎƛƛ ŜŘǳŎŀǚƛƻƴŀƭŜ ŜǎǘŜ ŎŇ ǎŜǊǾƛŎƛƛƭŜ ŘŜ ŎƻƳǳƴƛŎŀǊŜ ƞƴ ǘƛƳǇ ǊŜŀƭ Ǉƻǘ Ŧƛ ƛƴǘŜƎǊŀǘŜ Ŏǳ ŀƭǘŜ ŀǇƭƛŎŀǚƛƛ Ǔƛ 
ǎƻƭǳǚƛƛ ǎƻŦǘǿŀǊŜ ƭƛǾǊŀǘŜ Řƛƴ /ƭƻǳŘΦ 

 

 

 
Fig. 36Φ9Ǿƻƭǳǚƛŀ ƳƻŘŜƭŜƭƻǊ ŘŜ ŎƻƳǳƴƛŎŀǚƛŜ ŎƻǊŜƭŀǘŜ ƛƴǘŜƎǊŇǊƛƛ intre sistemele de calcul Ǔƛ ŎƻƳǳƴƛŎŀǚƛƛ 

 
Scopul demonstratorului descris în [11] ŀ Ŧƻǎǘ ŘŜ ŀ ŎǊŜŀ ǳƴ ƳŜŘƛǳ ǎƛƳƛƭŀǊ Ŏǳ ƻ ŎƭŀǎŇ ǾƛǊǘǳŀƭŇ ς 

έCircuitέ aduce video HD, voce, partajarea ecranului, mesagerie Ǔƛ ǇŀǊǘŀƧŀǊŜ ŘŜ ŦƛǓƛŜǊŜ ƞƴǘǊ-un singur 
panou. Toate acestea sunt foarte utile pentru o ǇƭŀǘŦƻǊƳŇ ŜŘǳŎŀǚƛƻƴŀƭŇ [12].  
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/ǳ ǘƻŀǘŜ ŀŎŜǎǘŜŀΣ ǇŜƴǘǊǳ ŎƻƴǎǘǊǳƛǊŜŀ ŘŜ ŀǇƭƛŎŀǚƛƛ ǇŜǊǎƻƴŀƭƛȊŀǘŜΣ ŀ Ŧƻǎǘ ŘŜȊǾƻƭǘŀǘŇ ƻ ƛƴǘŜǊŦŀǚŇ 
ƎǊŀŦƛŎŇ ŘŜ ǳǘƛƭƛȊŀǘƻǊ ŘŜŘƛŎŀǘŇΣ ƛŀǊ ŀƛŎƛ ŦƛŜŎŀǊŜ ŘŜȊǾƻƭǘŀǘƻǊ ŀǊŜ ǇƻǎƛōƛƭƛǘŀǘŜŀ ŘŜ ŀ ŦŀŎŜ ƛƴǘŜƎǊŇǊƛ Ŏǳ ŀƭǘŜ 
ŀǇƭƛŎŀǚƛƛΣ ŎǳƳ ŀǊ ŦƛΣ Ře exemplu, Moodle. În plus, toate API-ǳǊƛƭŜ ²Ŝōw¢/ ŀǊ ǘǊŜōǳƛ ǎŇ ŦƛŜ ƛƴǾƻŎŀǘŜ Ǔƛ 
ƞƴŎƻǊǇƻǊŀǘŜ ƞƴ ŀǇƭƛŎŀǚƛŀ ǳǘƛƭƛȊŀǘƻǊǳƭǳƛ ŦƛƴŀƭΦ 

 
Elementele folosite în implementare sunt detaliate în diagrama de mai jos: 

 
 

Fig. 37Φ LƳǇƭŜƳŜƴǘŀǊŜ ǇŜ ōŀȊŇ ŘŜ ²Ŝōw¢/ ǇŜƴǘǊǳ ŎƭŀǎŜ ǾƛǊǘǳŀƭŜ în Internet 

 

Mai jos se ǊŜƎŇǎŜǓǘŜΣ Ŏŀ ŜȄŜƳǇƭƛŦƛŎŀǊŜΣ ǎŜŎǾŜƴǚŀ ŘŜ ŎƻŘ ǇŜƴǘǊǳ ŎƻƴǘǊƻƭǳƭ ŦƭǳȄǳƭǳƛ ǾƛŘŜƻΥ 

 
 

O ŀƭǘŇ ƛƳǇƭŜƳŜƴǘŀǊŜ ǇǊŜȊŜƴǘŀǘŇ ƞƴ ώ13ϐ ǊŜǇǊŜȊƛƴǘŇ ƻ ǎƻƭǳǚƛŜ ǇŜƴǘǊǳ ƭŀōƻǊŀǘƻŀǊŜƭŜ ŘŜ 
calculatoare universitare, ǇŜƴǘǊǳ ŀ ǊŇǎǇǳƴŘŜ ŎƻƳǇƭŜȄƛǘŇǚƛƛ ŘŀǘŜ ŘŜ ƴǳƳŇǊǳƭ ƳŀǊŜ ŘŜ ƛƴǎǘǊǳƳŜƴǘŜ 
ǎƻŦǘǿŀǊŜ ŎƻƳǇƭŜȄŜΣ ƳŀǓƛƴƛ ǾƛǊǘǳŀƭŜΣ ŘƛŦŜǊƛǘŜ ǎƛǎǘŜƳŜ ŘŜ ƻǇŜǊŀǊŜ Ǔƛ ƎŀƳŀ ƭŀǊƎŇ ŘŜ ŎƭŀǎŜ ŘŜ ƴƛǾŜƭ 
diferit cu lǳŎǊŇǊƛ ŘŜ ƭŀōƻǊŀǘƻǊΣ ƞƴ ǎǇŜŎƛŀƭ ǇŜƴǘǊǳ ǎǘǳŘŜƴǚƛƛ la ICT. Utilizarea Cloud-ului ǇǊƛǾŀǘ ŘŜǚƛƴǳǘ 
ŘŜ ǳƴƛǾŜǊǎƛǘŇǚƛ ŀǊ ǇǳǘŜŀ Ŧƛ ƻ ŀƭǘŜǊƴŀǘƛǾŇΣ ŘŀǊ ƴǳ ǘƻŀǘŜ ǳƴƛǾŜǊǎƛǘŇǚƛƭŜ ƞǓƛ Ǉƻǘ ǇŜǊƳƛǘŜ ƻ ǎƻƭǳǚƛŜ ¢Ƙƛƴ 
/ƭƛŜƴǘ Ǔƛ ½ŜǊƻ /ƭƛŜƴǘ. 
{ƻƭǳǚƛŀ ǇǊƻǇǳǎŇ ǊŜǇǊŜȊƛƴǘŇ ǳƴ Ǉŀǎ ƛƴǘŜǊƳŜŘƛŀǊ ƴe-costisitor spre lucrul cu resurse distribuite pentru 
laboratoarele ŘŜ ŎŀƭŎǳƭŀǘƻŀǊŜΣ ǳƴ ǎƛǎǘŜƳ ŘŜ ōƻƻǘ ŘŜ ƭŀ ŘƛǎǘŀƴǚŇΣ ŦƻƭƻǎƛƴŘ /ƭƻƴŜȊƛƭƭŀ Ǔƛ Diskless 
Remote Boot în Linux ς DRBL. 
 

function  onVideoChange() {  

  var  selectedConvId  = $convList.options[$ convList.selectedIndex].value; //take over the 
conversation form the list of convesartions  
  var  call = _calls[selectedConvId]; //select the conversation  

  if  (call && call. localMediaType .video !== enableVideo.checked ) { //activate video by 
bifeaza casuta  

    _client. toggleVideo (call.callId).then( function  () { //open the video flow  

      console.log( 'Local video was successfully toggled' );  

    }). catch ( function  (err) { //exception in case of error  

      console.error( 'Failed to toggle video. ' , err); // video error  

    })}}  
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Scenarii posibile pentru network boot cu Clonezilla Ǔƛ DRBL: 
a) .ƻƻǘ ŘŜ ǊŜǚŜŀΣ ǘƻŀǘŜ ǎƛǎǘŜƳŜƭŜ ŘŜ ŦƛǓƛŜǊŜ ƳƻƴǘŀǘŜ ŘŜ ǇŜ ǎŜǊǾŜǊΣ ǇƻǘǊƛǾƛǘŜ ǇŜƴǘǊǳ 

ŦǳƴŎǚƛƻƴŀǊŜŀ ƛƴǘŜƴǎƛǾŇ ŀ ǇǊƻŎŜǎƻǊǳƭǳƛΣ ŀǇƭƛŎŀǚƛƛ Ŏǳ ǎǘƻŎŀǊŜ ƛƴǘŜƴǎƛǾŇ ŎŀǊŜ ŀǳ ƴŜǾƻƛŜ ŘŜ 
ǎǘƻŎŀǊŜ ŘŜ ǊŜǚŜŀ ŘŜŘƛŎŀǘŇΤ ǎƛǎǘŜƳǳƭ ŘŜ ƻǇŜǊŀǊŜ ƛƴǎǘŀƭŀǘ ƴǳ ŜǎǘŜ ŀŦŜŎǘŀǘΤ 

b) .ƻƻǘ ŘŜ ǊŜǚŜŀΣ ǎƛǎǘŜƳ ŘŜ ŦƛǓƛŜǊŜ έǊŇŘŇŎƛƴŇέ (root) Ƴƻƴǘŀǘ ŘŜ ǇŜ ǎŜǊǾŜǊΣ ǳƴŜƭŜ ǇŀǊǘƛǚƛƛ locale 
ƳƻƴǘŀǘŜ ŘŜ ǇŜ I55 ƛƴǘŜǊƴ ǇŜƴǘǊǳ ŘŀǘŜ ǘŜƳǇƻǊŀǊŜΣ ǇƻǘǊƛǾƛǘŜ ǇŜƴǘǊǳ ŦǳƴŎǚƛƻƴŀǊŜŀ ƛƴǘŜƴǎƛǾŇ ŀ 
ǇǊƻŎŜǎƻǊǳƭǳƛ Ǔƛ ǳǘƛƭƛȊŀǊŜŀ ǎǘƻŎŇǊƛƛ ƳŜŘƛƛΤ  ǎƛǎǘŜƳǳƭ ŘŜ ƻǇŜǊŀǊŜ ƛƴǎǘŀƭŀǘ ƴǳ ŜǎǘŜ ŀŦŜŎǘŀǘ, dar 
ŜǎǘŜ ƴŜǾƻƛŜ ŘŜ ƻ ǇŀǊǘƛǚƛŜ ŘŜŘƛŎŀǘŇ ǇŜƴǘǊǳ ǎƛǎǘŜƳǳƭ ŘŜ ƻǇŜǊŀǊŜ ƞƴŎŇǊŎŀǘ Řƛƴ ǊŜǚŜŀ; 

c) /ƭƻƴŀ ŘŜ ǊŜǚŜŀΣ ŦƛŜŎŀǊŜ ǎǘŀǚƛŜ ŘŜ ƭǳŎǊǳ ŜǎǘŜ ŎƭƻƴŀǘŇ ŘŜ ǇŜ ǎŜǊǾŜǊ Ǔƛ ŀǇƻƛ ŜǎǘŜ ǳǘƛƭƛȊŀǘŇ Ŏŀ ǎǘŀǚƛŜ 
ŘŜ ƭǳŎǊǳ ƛƴŘŜǇŜƴŘŜƴǘŇΣ ŜǎǘŜ ƴŜǾƻƛŜ ŘŜ Ƴŀƛ Ƴǳƭǘ ǘƛƳǇ ǇŜƴǘǊǳ ƛƳǇƭŜƳŜƴǘŀǊŜΤ ǎƛǎǘŜƳǳƭ ŘŜ 
ƻǇŜǊŀǊŜ ǳǘƛƭƛȊŀǘ ŜǎǘŜ ǎǳǇǊŀǎŎǊƛǎ ŘŜ ŦƛŜŎŀǊŜ ŘŀǘŇ ŎŃƴŘ ǎe face o implementare. 

 
 

 
 

Fig. 38Φ 5ǊŜŀǇǘŀΥ LƳŀƎƛƴŜŀ ŘŜ ǊŜŦŜǊƛƴǚŇ ŜǎǘŜ ŎǊŜŀǘŇ Ǔƛ ŀǇƻƛ ǎŀƭǾŀǘŇ ǇŜ /ƭƻƴŜȊƛƭƭŀ {ŜǊǾŜǊǓ Stânga: Imaginea de 
ǊŜŦŜǊƛƴǚŇ ŜǎǘŜ ŀǇƭƛŎŀǘŇ ǇŜ ŦƛŜŎŀǊŜ ǎǘŀǚƛŜ ŘŜ ƭǳŎǊǳΦ 

/ƻƴŦƛƎǳǊŀǚƛŜ όŘŜ ŜȄŜƳǇƭǳΣ ŀŘǊŜǎŀ Lt Ǔƛ ƴǳƳŜƭŜ ŘŜ ƎŀȊŘŇύ ǘǊŀƴǎƳƛǎŇ ŦƛŜŎŇǊǳƛ ŘƛǎǇƻȊƛǘƛǾ 

 

¦ƴ ƻōƛŜŎǘƛǾ ŀƭ ǘŜǎǘǳƭǳƛ ŀ Ŧƻǎǘ ŎƻƳǇŀǊŀǊŜŀ ǘƛƳǇǳƭǳƛ ŘŜ ōƻƻǘ ǇŜƴǘǊǳ ǇƻǊƴƛǊŜŀ Řƛƴ ǊŜǚŜŀ Ǔƛ 
pornirea όǊŜǎǘŀǳǊŀǊŜŀύ ƛƳŀƎƛƴƛƛ ƭƻŎŀƭŜ /ƭƻƴŜȊƛƭƭŀΦ !ƳōŜƭŜ ƻǇǚƛǳƴƛ ŀǊ ǇǳǘŜŀ Ŧƛ ǳǘƛƭƛȊŀǘŜΣ ŘŀǊ ŜȄƛǎǘŇ 
ƭƛƳƛǘŇǊƛ ŎƭŀǊŜ ǇŜƴǘǊǳ ŦƛŜŎŀǊŜ ƻǇǚƛǳƴŜΥ ǇƻǊƴƛǊŜŀ Řƛƴ ǊŜǚŜŀ ŀǊŜ ǳƴ ōƭƻŎŀƧ ƞƴ ǇŜǊŦƻǊƳŀƴǚŀ ǊŜǚŜƭŜƛΣ ƞƴ ǘƛƳǇ 
ŎŜ ǊŜǎǘŀǳǊŀǊŜŀ ƛƳŀƎƛƴƛƛ /ƭƻƴŜȊƛƭƭŀ ǳǘƛƭƛȊŜŀȊŇ ǊŜǎǳǊǎŜƭŜ ƭƻŎŀle de hard disk. 

tŜƴǘǊǳ ǇǊƛƳŀ ǇƻǊƴƛǊŜ ŀ ǳƴŜƛ ŀǇƭƛŎŀǚƛƛΣ ōƛōƭƛƻǘŜŎƛƭŜ ǇŀǊǘŀƧŀǘŜ ǎǳƴǘ ƞƴŎŇǊŎŀǘŜ Řƛƴ ǎƛǎǘŜƳǳƭ ŘŜ 
ŦƛǓƛŜǊŜ ŘŜ ǊŜǚŜŀΣ ƞƴ ǘƛƳǇ ŎŜ ƭŀ ŀ Řƻǳŀ ǇƻǊƴƛǊŜ ŀ ŀǇƭƛŎŀǚƛƛƭƻǊΤ ŀŎŜǎǘŜŀ ǎǳƴǘ ŘŜƧŀ ƞƴŎŇǊŎŀǘŜ ƞƴ ƳŜƳƻǊƛŜ 
ǎŀǳ ƞƴ ƳŜƳƻǊƛŀ ŎŀŎƘŜ ŀ ǎƛǎǘŜƳǳƭǳƛ ŘŜ ŦƛǓƛŜǊŜ.  

Acesta este motivul pentru care, pentru testare, ŀƳ ƛƴŎƭǳǎ ŀƳōŜƭŜ ƻǇǚƛǳƴƛΦ   

Rezultatele comparative ale testelor sunt prezentate mai jos: 
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Fig. 39Φ /ƻƳǇŀǊŀǚƛŜ ƞƴǘǊŜ ƳŜǘƻŘŜƭŜ ŘŜ ōƻƻǘ-ŀǊŜ Řƛƴ ǊŜǚŜŀ 

 
Alte ƛƳǇƭŜƳŜƴǘŇǊƛ prezentate în [14], [15], [16] ŀōƻǊŘŜŀȊŇ interoperabilitatea dispozitivelor 

IoT, o provocare din cauza protocoalelor de comunicare diferite Ǔƛ a formatelor de reprezentare a 
ŘŀǘŜƭƻǊΦ Oƴ ƭƻŎ ǎŇ ŦǳƴŎǚƛƻƴŜȊŜ ƛƴŘŜǇŜƴŘŜƴǘΣ aceste dispozitive individuale ar colaōƻǊŀ Ǔƛ ŀǊ ŦŀŎŜ 
ǎŎƘƛƳō ŘŜ ƛƴŦƻǊƳŀǚƛƛ ǎǘǊǳŎǘǳǊŀǘŜ ƞƴ ƭƻŎǳƭ ŘŀǘŜƭƻǊ ōǊǳǘŜΦ În acest context, am introdus un pas 
intermediar ne-ŎƻǎǘƛǎƛǘƻǊ ǎǇǊŜ ƞƳōǳƴŇǘŇǚƛǊŜŀ ƛƴǘŜǊƻǇŜǊŀōƛƭƛǘŇǚƛƛ ǊŜǚŜƭŜƭƻǊ έplasŇέ όέƳŜǎƘέύ de senzori 
eterogeni într-ǳƴ ƭŀōƻǊŀǘƻǊ ŘŜ ƛƴǎǘǊǳƳŜƴǘŀǚie universitar, prin utilizarea datelor adnotate semantic. 
CƛƛƴŘ ƛƴǘŜƎǊŀǘŇ Ŏǳ ǎƻƭǳǚƛƛ ƳƻŘŜǊƴŜ ŘŜ Ŝ[ŜŀǊƴƛƴƎ ƞƴ ƛƴƎƛƴŜǊƛŜ - ŎǳƳ ŀǊ Ŧƛ ϦƛƴǎǘǊǳƳŜƴǘŀǚƛŀ Ŏŀ ǎŜǊǾƛŎƛǳϦ Ǔƛ 
"experimentul ca serviciu" - ŀŎŜŀǎǘŇ ŀōƻǊŘŀǊŜ ǾƛȊŜŀȊŇ ƛƴǘŜƎǊŀǊŜŀ ƻƴǘƻƭƻƎƛŎŇ într-un Cloud ǇƻǘŜƴǚŀǘ 
de ŎŀǇŀŎƛǘŇǚƛ ŀǾŀƴǎŀǘŜ ŘŜ ŘŜǎŎƻǇŜǊƛǊŜΣ ƛƴǘŜǊǇǊŜǘŀǊŜΣ ŀƎǊŜƎŀǊŜ Ǔƛ ƎŜǎǘƛƻƴŀǊŜ ŀ ǊŜǚŜƭŜƭƻǊ ƛƴǎǘǊǳƳŜƴǘŀƭŜ 
eterogene. 

tŜƴǘǊǳ ǎƻƭǳǚƛŀ ŜŘǳŎŀǚƛƻƴŀƭŇ Lƻ¢ ς ŘŜƳƻƴǎǘǊŀǘƻǊǳƭ ŀƎǊŜƎŇǊƛƛ ǎŜƳŀƴǘƛŎŜ ŀ ŘŀǘŜƭƻǊ ǇǊƻŘǳǎŜ ŘŜ 
sub-έplaseleέ de senzori eterƻƎŜƴŜ Řƛƴ ƭŀōƻǊŀǘƻǊǳƭ ŘŜ ƛƴǎǘǊǳƳŜƴǘŀǚƛŜ ς am folosit protocoalele de 
ōŀȊŇ av¢¢ όaŜǎǎŀƎŜ vǳŜǳŜ ¢ŜƭŜƳŜǘǊȅ ¢ǊŀƴǎǇƻǊǘύ Ǔƛ /ƻ!t ό/ƻƴǎǘǊŀƛƴŜŘ !ǇǇƭƛŎŀǘƛƻƴ tǊƻǘƻŎƻƭύΦ 
MQTT este un protocol de comunicare dezvoltat de IBM pentru mesageria între mai multe noduri 
printr-un broker central, iar CoAP este un protocol dezvoltat de Cisco folosind principiile REST 
(REǇǊŜǎŜƴǘŀǘƛƻƴŀƭ {ǘŀǘŜ ¢ǊŀƴǎŦŜǊύ ǇŜƴǘǊǳ ŀ ǘǊŀƴǎŦŜǊŀ ƛƴŦƻǊƳŀǚƛƛ ƞƴǘǊŜ ǳƴ ǎƛƴƎǳǊ ŎƭƛŜƴǘ Ǔƛ un server; 
ŎƭƛŜƴǚƛƛ Ŧƻƭƻǎƛǚƛ au fost mosquitto-cli  (mosquitto_sub Ǔƛ mosquitto_pub) Ǔƛ respectiv coap-cli. 

Integrarea nodurilor senzorilor eterogeni folosind aceste protocoale de comunicare diferite 
ŀ Ŧƻǎǘ ǊŜŀƭƛȊŀǘŇ ŦƻƭƻǎƛƴŘ ǳƴ ƎŀǘŜǿŀȅ Ƴǳƭǘƛ-protocol implementat în cadrul Eclipse Ponte (cu module 
JavaScript scrise pentru platfƻǊƳŀ ƴƻŘŜΦƧǎύΦ ¦ƴ ǎǘǊŀǘ ŘŜ ϦǇŜǊǎƛǎǘŜƴǚŇϦ ǎǘƻŎƘŜŀȊŇ όƞƴǘǊ-un Mongo DB 
non-ǊŜƭŀǚƛƻƴŀƭύ ŘŀǘŜƭŜ ŘŜ ƳŜǎŀƎŜǊƛŜΣ ƞƴ ŎƻƴŦƻǊƳƛǘŀǘŜ Ŏǳ ǎǇŜŎƛŦƛŎŀǚƛƛƭŜ vƻ{ ό/ŀƭƛǘŀǘŜŀ ǎŜǊǾƛŎƛƛƭƻǊύ ŀƭŜ 
ŦƛŜŎŇǊǳƛŀ ŘƛƴǘǊŜ ǇǊƻǘƻŎƻŀƭŜΦ DŀǘŜǿŀȅ-ǳƭ ǇŜǊƳƛǘŜ ǘǊŀƴǎŦƻǊƳŀǊŜŀ ǇǊƻǘƻŎƻƭǳƭǳƛ Ǔƛ ƳŜŘƛŜǊŜŀ ǎŜƳŀƴǘƛŎŇ 
ŀ ŘŀǘŜƭƻǊ ǎŎƘƛƳōŀǘŜ ƞƴǘǊŜ ƴƻŘǳǊƛƭŜ ǎŜƴȊƻǊƛƭƻǊ ŘŜƳƻƴǎǘǊŀǘƻǊǳƭǳƛΦ  LƴǘŜǊŦŀǚŀ REST de servicii web 
ƛƳǇƭŜƳŜƴǘŀǘŇ ǇƻŀǘŜ Ŧƛ ǳǘƛƭƛȊŀǘŇ ŘŜ ǳƴ ƛƴǎǘǊǳƳŜƴǘ ŘŜ ƳƻƴƛǘƻǊƛȊŀǊŜ ǿŜō ǇŜƴǘǊǳ ŀ ƻŦŜǊƛ ǾƛȊǳŀƭƛȊŀǊŜŀ ƞƴ 
ǘƛƳǇ ǊŜŀƭ ŀ ŘŀǘŜƭƻǊ Řƛƴ ǊŜǚŜŀǳŀ ŘŜ ǎŜƴȊƻǊƛ ς ca ŘŀǘŜ ōǊǳǘŜΣ Ŏŀ ŘƛŀƎǊŀƳŜ ǎŀǳ ƘŇǊǚƛ ŘŜ ŘƛǎǘǊƛōǳǚƛŜΦ  

tǊƛƴ ŀƎǊŜƎŀǊŜŀ ƛƴŦƻǊƳŀǚƛƛƭƻǊ ǘƻǇƻƭƻƎƛŎŜ ŀƭŜ ǊŜǚŜƭŜƛ ŘŜ ǎŜƴȊƻǊƛ Ŏǳ ŘŀǘŜƭŜ ǎŜƴȊƻǊƛƭƻǊΣ Ǉƻǘ Ŧƛ 
ŎƻƴǎǘǊǳƛǘŜ ƘŇǊǚƛ ǇǊŜŎƛǎŜ ŘŜ ǾƛȊǳŀƭƛȊŀǊŜ ŀ ŘŀǘŜƭƻǊΣ ǇŜƴǘǊǳ ŀ ƛƭǳǎǘǊŀΣ ŘŜ ŀǎŜƳŜƴŜŀΣ ŦƭǳȄǳǊƛƭŜ ŘŜ 
ƛƴŦƻǊƳŀǚƛƛ Ǔƛ ƛƴǘŜǊŀŎǚƛǳƴƛƭŜ ŘƛƴǘǊŜ ƴƻŘǳǊƛƭŜ Lƻ¢Σ ƻŦŜǊƛƴŘ ǳƴ ǎǇǊƛƧƛƴ ŜŘǳŎŀǚƛƻƴŀƭ ǾŀƭƻǊƻǎ ς de exemplu, 
ƞƴ ǎǘǳŘƛǳƭ ǊŜǚŜƭŜƭƻǊ ƛƴǘŜƭƛƎŜƴǘŜ ŎŀǊŜ ŀƎǊŜƎŇ ƛƴŦǊŀǎǘǊǳŎǘǳǊŀ Ƴǳƭǘƛ-furnizor. 
Am realizat o extensie M2M (machine-to-machine) a popularei ontologii IoTDB, cu trimiteri la 
oƴǘƻƭƻƎƛŀ ƎŜƴŜǊƛŎŇ ǎŎƘŜƳŀΦƻǊƎΦ !Ǔŀ ŎǳƳ ŀƳ ƳŜƴǚƛƻƴŀǘ ƞƴŀƛƴǘŜ ŘŜ ŀŘƴƻǘŀǊŜŀ ŎƻƴǘŜȄǘǳƭǳƛ ŀŘŀǳƎŇ 
ƛƴŦƻǊƳŀǚƛƛ ǎǳǇƭƛƳŜƴǘŀǊŜ όƳŜǘŀŘŀǘŜύ ǇŜƴǘǊǳ ǎŀǊŎƛƴŀ ǳǘƛƭŇΦ ¦ǊƳŇǘƻǊǳƭ ŜȄŜƳǇƭǳ ƛƭǳǎǘǊŜŀȊŇ ŘŜŦƛƴƛǚƛŀ 
ŎƻƴǘŜȄǘǳƭǳƛ ǇŜƴǘǊǳ ǎŜƴȊƻǊǳƭ ŘŜ ǘŜƳǇŜǊŀǘǳǊŇ Ǔƛ umiditate DHT11. 
{  
  "@context": {  
    "iot": "https://iotdb.org/pub/iot#",  
    "iot - attribute": "https://iotdb.org/pub/iot - attribute#",   
    "iot - js": "https://iotdb.org/pub/iot - js#"  
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  },  
  "@id": "dht11",  
  "@type": "sensor",  
  "iot:attribute": [  
    {  
      "@id": "# humidity",  
      "@type": "iot:Attribute",  
      "iot - js:type": "iot - js:number",  
      "iot:name": "humidity",  
      "iot:purpose": "iot - attribute:sensor.humidity",  
      "iot:role": "https://iotdb.org/pub/iot - attribute#role - reading",  
      "iot:unit ": "iot - unit:math.fraction.percent"  
    },  
    {  
      "@id": "#temperature",  
      "@type": "iot:Attribute",  
      "iot - js:type": "iot - js:number",  
      "iot:name": "temperature",  
      "iot:purpose": "iot - attribute:sensor.temperature",  
      "iot:r ole": "https://iotdb.org/pub/iot - attribute#role - reading",  
      "iot:unit": "iot - unit:temperature.si.celsius"  
    }  
  ],  
  "iot:name": "dht11"  
}  

 
h ŀƭǘŇ ƛƳǇƭŜƳŜƴǘŀǊŜ ŘŜǎŎǊƛǎŇ în [17ϐ ǇǊŜȊƛƴǘŇ ǇƻǎƛōƛƭƛǘŀǘŜŀ ŘŜ ŀ ŜƳǳƭŀ ŘƛŦŜǊƛǘŜ microcontrolere 

ŎǳƴƻǎŎǳǘŜ ǇŜ ŀŎŜŜŀǓƛ ǇƭŀŎŇ ŘŜ ŘŜȊǾƻƭǘŀǊŜ CtD! ŎŀǊŜ Ǿŀ ŀƧǳǘŀ ǎǘǳŘŜƴǚƛƛ ǎŇ ƞƴǾŜǚŜ ŘƛŦŜǊƛǘŜ ǎƛǎǘŜƳŜ ŘŜ 
ōŀȊŇ ŘŜ ƳƛŎǊƻǇǊƻŎŜǎƻŀǊŜ ƞƴǘǊ-ƻ ŀōƻǊŘŀǊŜ ŎƻƳǇŀǊŀǘƛǾŇΦ  ¦ƴ ŘƛǎǇƻȊƛǘƛǾ CtD! ǇƻŀǘŜ Ŧƛ ǳǘƛƭƛȊŀǘ ǇŜƴǘǊǳ ŀ 
emula diferite sisteme bazate pe diferitŜ ŀǊƘƛǘŜŎǘǳǊƛ ŘŜ ƳƛŎǊƻǇǊƻŎŜǎƻŀǊŜ Ŏǳ ǎŎƻǇǳƭ ŘŜ ŀ ƞƴǚŜƭŜƎŜ 
profund Ǔƛ ŘŜ ŀ ƞƴǾŇǚŀ Ƴŀƛ ōƛƴŜ ǇǊƛƴŎƛǇŀƭŜƭŜ ŘƛǎŎƛǇƭƛƴŜ ŘŜ ƛƴƎƛƴŜǊƛŜ ŜƭŜŎǘǊƻƴƛŎŇ [18].  Mai mult decât 
atât, caracteristicile de programabilitate Ǔƛ ǊŜŎƻƴŦƛƎǳǊŀǊŜŀ ǇŀǊǚƛŀƭŇ ƞƴŎǳǊŀƧŜŀȊŇ ǳǘƛƭƛȊŀǊŜŀ 
dispozitivelor FPGA în laboratoarele de predare. 

 
¶ 9Ƴǳƭŀǚƛŀ ǎƛǎǘŜƳǳƭǳƛ !ǊŘǳƛƴƻ ǇŜ CtD!Υ ǎǘǳŘŜƴǘǳƭ ŀǊ ǇǳǘŜŀ ǇǊƻŦƛǘŀ ŘŜ ōƛōƭƛƻǘŜŎƛƭŜ !ǊŘǳƛƴƻ 

pentru a implementa sisteme mai complexe; ǎǘǳŘŜƴǚƛƛ ǎŜ Ǉƻǘ concentra pe ŀǇƭƛŎŀǚƛŜ Ǔƛ nu pe 
detaliile tehnice 

¶ Emularea ǇƭŇcii de microprocesor Z80: Z80 este un microprocesor simplu care ar putea fi 
Ŧƻƭƻǎƛǘ ŘŜ ǎǘǳŘŜƴǚƛ ǇŜƴǘǊǳ ŀ ƞƴǚŜƭŜƎŜ ŀǊƘƛǘŜŎǘǳǊŀ ƎŜƴŜǊƛŎŇ ŀ microprocesorului;  

¶ Sistem pe cip (SoC) bazat pe MicroblazeΥ ǎǘǳŘŜƴǚƛƛ Ǉƻǘ ŘŜȊǾƻƭǘŀ ǇǊƻƛŜŎǘŜ ŎƻƳǇƭŜȄŜ {²-HW 
ŦƻƭƻǎƛƴŘ ƴǳŎƭŜŜ ƛǇ ·ƛƭƛƴȄ ŘƛǎǇƻƴƛōƛƭŜΤ ŀŎŜǎǘŜŀ ŀǊ ǘǊŜōǳƛ ǎŇ ǇǳƴŇ ƞƴ ŀǇƭƛŎŀǊŜ ŦƛǊƳǿŀǊŜ-ǳƭ Ǔƛ 
software-ul ŘŜ ōŀȊŇΦ 
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Fig. 40. Implementare RTL a sistemului Arduino   

 
Pentru a emula sistemul Arduino έDuemilanoveέ ǇŜ CtD!Σ ǳǊƳŇǘƻŀǊŜƭŜ ƴǳŎƭŜŜ Lt ŀǳ Ŧƻǎǘ 

ƛƳǇƭŜƳŜƴǘŀǘŜ ƞƴ w¢[Υ !±w LƴǎǘǊǳŎǘƛƻƴ {Ŝǘ !ǊŎƘƛǘŜŎǘǳǊŜΣ ǇƻǊǘ ōƛŘƛǊŜŎǚƛƻƴŀƭΣ ŎƻƴǘǊƻƭŜǊ ŘŜ ƞƴǘǊŜǊǳǇŜǊŜΣ 
ŎǊƻƴƻƳŜǘǊǳ ǇŜ мс ōƛǚƛΦ  tǳƴŜǊŜŀ ƞƴ ŦǳƴŎǚƛǳƴŜ este testatŇ folosind setul de instrumente Arduino.  

[ŀ ǊŃƴŘǳƭ ǎŇǳΣ ·ƛƭƛƴȄ {ǇŀǊǘŀƴ о9 CtD! ƞƳǇǊŜǳƴŇ Ŏǳ ·ƛƭƛƴȄ 5ŜǎƛƎƴ {ǳƛǘŜ мпΦм ǎǳƴǘ ǳǘƛƭƛȊŀǘŜ ƞƴ 
implementarea ǊŜŀƭƛȊŀǘŇ. ·ƛƭƛƴȄ 5ŜǎƛƎƴ {ǳƛǘŜ мпΦм όǓƛ ƻǊƛŎŜ ŀƭǘŇ ǾŜǊǎƛǳƴŜ ŀ ·ƛƭƛƴȄ 5ŜǎƛƎƴ {ǳƛǘŜύ ŎƻƴǚƛƴŜ 
ŘŜƧŀ ƻ ōƛōƭƛƻǘŜŎŇ Ŏǳ ƴǳŎƭŜŜ Lt όbǳŎƭŜŜ ŘŜ ǇǊƻǇǊƛŜǘŀǘŜ ƛƴǘŜƭŜŎǘǳŀƭŇύ ŎŀǊŜ Ǉƻǘ Ŧƛ ǳǘƛƭƛȊŀǘŜ ǇŜƴǘǊǳ ŀ 
ǊŜŀƭƛȊŀ ƳǳƭǘŜ ŜȄŜƳǇƭŜ ǇǊŀŎǘƛŎŜΣ ŎǳƳ ŀǊ ŦƛΥ ƳƛŎǊƻǇǊƻŎŜǎƻǊ aƛŎǊƻōƭŀȊŜΣ ƴǳŎƭŜŜ Lt ŘŜ ƛƴǘŜǊŦŀǚŇ κ ōǳǎ κ 
bridge, nuclee IP de comunicare, nuclee IP periferice sau controlere de memorie IPs. 
 

1.1.5. Servicii de ŎƻƳǳƴƛŎŀǚƛƛ integrate la nivelul platformelor standard ATCA sau în 
Cloud 

 
LƴǘŜƎǊŀǊŜŀ ǎƛǎǘŜƳŜƭƻǊ ŘŜ ŎŀƭŎǳƭ Ǔƛ ǘŜƭŜŎƻƳǳƴƛŎŀǚƛƛ ŀ fost ƳŀǊŎŀǘŇ ŘŜ ŜǾƻƭǳǚƛŀ ǇƭŀǘŦƻǊƳŜƭƻǊ 

ƘŀǊŘǿŀǊŜ ŘŜ ŎƻƳǳƴƛŎŀǚƛƛ ŘŜ ƭŀ ǎƛǎǘŜƳŜ ǇǊƻǇǊƛŜǘŀǊŜ ƭŀΥ 

¶ Elemente hardware standardizate pentru ǘŜƭŜŎƻƳǳƴƛŎŀǚƛƛ (un exemplu fiind platforma ATCA 
- Advanced Telecom and Computing Architecture), elemente foarte folosite cu precŇŘŜǊŜ în 
cadrul sistemelor din ǊŜǚŜŀǳŀ ŘŜ ōŀȊŇ [¢9 ς ŀǎŜƳŜƴŜŀ ŜŎƘƛǇŀƳŜƴǘŜ ŜȄƛǎǘŇ ǇǊƛƴǘǊŜ ŘƻǘŇǊƛƭŜ 
de cercetare ale ¦ƴƛǾŜǊǎƛǘŇǚƛƛ ¢ǊŀƴǎƛƭǾŀƴƛŀ; 

¶ Elemente generice COTS (Commercial off the Shelf) ce pot forma un Cloud privat (ǎƻƭǳǚƛŜ 
έon premƛǎŜέ). În acest sens voi prezenta succint o ǎƻƭǳǚƛŜ de Cloud έon-premƛǎŜέ cu 2 
ƛƳǇƭŜƳŜƴǘŇǊƛΣ ǳƴa Eucalyptus, una OpenStack, intrate în dotarea ¦ƴƛǾŜǊǎƛǘŇǚƛƛ Transilvania 
prin eforturile autorului Ǔi ale firmei Siemens. 

 
În implementŇǊƛƭŜ din [4] Ǔƛ [5] ǎŜ ŘŜǘŀƭƛŀȊŇ ƳƻŘǳƭ ŘŜ ƛƴǘŜƎǊŀǊŜŀ ƘŀǊŘǿŀǊŜ Ǔƛ software a 

ǇǊƻŎŜǎŇǊƛƛ ǇŀŎƘŜǘŜƭƻǊ ǇŜ ƻ ǇƭŀǘŦƻǊƳŇ !¢/! ό!ŘǾŀƴŎŜŘ ¢ŜƭŜŎƻƳ ŀƴŘ /ƻƳǇǳǘƛƴƎ !ǊŎƘƛǘŜŎǘǳǊŜύΦ 
wŀŘƛǎȅǎȅκ/ƻƴǘƛƴǳƻǳǎ /ƻƳǇǳǘƛƴƎ ttрл ŜǎǘŜ Ŧƻƭƻǎƛǘ Ŏŀ ǳƴ ǎƛǎǘŜƳ ŀǾŀƴǎŀǘ Ŏǳ ŀǊƘƛǘŜŎǘǳǊŇ Ƴǳƭǘƛ-
procesor, bazat pe dƛǾŜǊǎŜ ǎƻƭǳǚƛƛ ŘŜ ŦƛǊƳǿŀǊŜ Ǔƛ management. Accentul se pune pe construirea 



Teza de abilitare BŇƭŀƴ ¢ƛǘǳǎ /ƻƴǎǘŀƴǘƛƴ 
 

 42 

mediului de dezvoltare, configurarea software-ǳƭǳƛ Ǔƛ ƎŜǎǘƛƻƴŀǊŜŀ ŀǇƭƛŎŀǚƛƛƭƻǊ ƞƴ Ƴŀƛ ƳǳƭǘŜ ŎŀȊǳǊƛ ŘŜ 
ǳǘƛƭƛȊŀǊŜ ŀ ǎƛǎǘŜƳǳƭǳƛ ŘŜ ƻǇŜǊŀǊŜ ό[ƛƴǳȄ Ǔƛ waL-OS). 

Arhitecturile ATCA standardizate Ǔi flexibile sunt folosit pentru o mare diversitate de elemente 
din ǊŜǚŜŀǳŀ de bazŇ ƞƴ ǘŜƭŜŎƻƳǳƴƛŎŀǚƛƛΣ existând chiar Ǔƛ ƛƳǇƭŜƳŜƴǘŇǊƛ ŘŜ ǘƛǇ έLTE-in-a-boxέ bazate 
pe ATCA. 

Rack-ul ATCA pe care l-am folosit, fabricat de Radisys/Continuous Computing este de tip 
SH61 40G, având 6 sloturi pentru modulul fata (Ǔi 6 în spate, accesibile printr-un RTM - Module de 
ǘǊŀƴȊƛǚƛŜ ǎǇŀǘŜύΦ 9ȄƛǎǘŇ о ǎǳǊǎŜ ŘŜ ŀƭƛƳŜƴǘŀǊŜ ǊŜŘǳƴŘŀƴǘŜΦ wŜ-ŎƻƴŦƛƎǳǊŀōƛƭƛǘŀǘŜŀ ŎƻƳǇƭŜǘŇ ŜǎǘŜ 
ŀǎƛƎǳǊŀǘŇΣ ŘŜƻŀǊŜŎŜ Ǔasiul ce include o placa de management (shelf-ƳŀƴŀƎŜǊύ ǊŇƳŃƴŜ ŀŎŜƭŀǓƛ Ǔƛ 
doar ǇƭŇŎƛƭŜ pot fi înlocuite Ǔƛ reconfigurate ƻǊƛŎŃƴŘ ŜǎǘŜ ƴŜŎŜǎŀǊ ǇŜƴǘǊǳ ŀ ƞƴŘŜǇƭƛƴƛ ŘƛǾŜǊǎŜ ŎŜǊƛƴǚŜ 
aplicative.  
 
 

 

Fig. 41 /ƻƴŦƛƎǳǊŀǚƛŀ ŜȄǇŜǊƛƳŜƴǘŀƭŇ ς ǾŜŘŜǊŜ ŦǊƻƴǘŀƭŇ ŀ ǇƭŀǘŦƻǊƳŜƛ !¢/! плD ƛƴǎǘŀƭŀǘŜ 

tƭŀǘŦƻǊƳŀ !¢/! плD ŀǊŜ ŘƻǳŇ ǇƭŇŎƛ όōƭŀŘŜs) PP50 (vezi Figura 42ύΣ ŦƛŜŎŀǊŜ Ŏǳ ŘƻǳŇ 
procesoare de pachete RMI-Netlogic-Broadcom ς tip XLR732 ς care au o  ŀǊƘƛǘŜŎǘǳǊŇ  "super-
ǎŎŀƭŀǊŇϦΦ 

{ǘǊŜŀƳƛƴƎǳƭ ϦŦƭǳȄǳǊƛƭƻǊ ŘŜ ŘŀǘŜϦ ǇƻŀǘŜ Ŧƛ ŎƻƳǳǘŀǘ ŦŇǊŇ ŀ Ŧƛ ϦŘŜǎǇŀŎƘŜǘŀǘϦ ς un procesor de 
pachete poate inspecta în timp real milioane de fire de streaming simultane (de exemplu în  scenarii 
de securitate). DPI (Deep Packet Inspection) peǊƳƛǘŜ ƛŘŜƴǘƛŦƛŎŀǊŜŀ ŀǇƭƛŎŀǚƛƛƭƻǊΣ discriminarea  fluxului 
Ǔi controlul traficului.  5Ŝ ŜȄŜƳǇƭǳΣ ŦƭǳȄǳǊƛƭŜ ǎŜƭŜŎǘŀǘŜ ǎǳƴǘ ǊŜǇǊƻŘǳǎŜ ǇŜƴǘǊǳ ƻ ŀƴŀƭƛȊŇ ǎǇŜŎƛŀƭŇ Ǔƛ ƻ 
ǎƛƴǘŜȊŇ ƛƳŜŘƛŀǘŇ ŀ ŦŜŜŘōŀŎƪ-ǳƭǳƛ ŀŘŜŎǾŀǘ όŘŜ ŜȄŜƳǇƭǳΣ ƛƴǘǊǳȊƛǳƴŜ ǎƛƳǳƭŀǘŇ ōŀȊŀǘŇ ǇŜ ǘŜƻǊƛŀ 
jocurilor).  
 tŜƴǘǊǳ ŀŎŜŀǎǘŇ ǇŜǊŦƻǊƳŀƴǚŇ ǊŜƳŀǊŎŀōƛƭŇΣ ǇǊƻŎŜǎƻŀǊŜƭŜ ŘŜ ǇŀŎƘŜǘŜ ǎǳƴǘ ǎǘǊǳŎǘǳǊŀǘŜ Ŏŀ 
Intelligent Fabric for Automata (IFA) grupând sute de mii de mici automata echivalente pentru 
ǇǊƻŎŜǎŀǊŜŀ ŜƭŜƳŜƴǘŀǊŇΦ !ŎŜŀǎǘŇ ƻǊƎŀƴƛȊŀǚƛŜ ǎǇŜŎƛŀƭŇ ǇŜǊƳƛǘŜ ŎŀƭŎǳƭǳƭ ǇǊŜŘƛŎǘƛǾ ǇŜ ōŀȊŀ ǊŜƎǳƭƛƭƻǊ 
sintactice PCRE ale Xpresiunilor Regular E ("regex") care sunt compatibile cu PERL (Practical 
Extraction and Reporting Language).  

 Pentru a detecta ϦŀƳǇǊŜƴǘŀ ŘƛƎƛǘŀƭŇϦ ŎŀǊŀŎǘŜǊƛǎǘƛŎŇ anumitor clase de flux, aceste calcule au 
loc în mai multe ϦƳŀǓƛƴƛ ǾƛǊǘǳŀƭŜϦ ŎŀǊŜ ǊǳƭŜŀȊŇ ŦǳƴŎǚƛƛƭŜ ƎŜƴŜǊƛŎŜ ŘŜ ŦǊŀƎƳŜƴǘŀǊŜΣ ŘƛǊŜŎǚƛƻƴŀǊŜΣ 
ƞƴŎŀǇǎǳƭŀǊŜΣ ŎǊƛǇǘŀǊŜ όǓƛ ŀǓŀ Ƴŀƛ ŘŜǇŀǊǘŜύ ŀ ƭƛƳōŀƧǳƭǳƛ ŘŜ ǇǊƻŎŜǎŀǊŜ ŀ ǇŀŎƘŜǘŜƭƻǊ όtt[ύΦ LƴǎǘǊǳŎǚƛǳƴƛƭŜ 
PPL sunt grupate în "reguli" pentru tratamentul evenimentelor (întreruperea servirii), reguli care 
sunt grupate în "politici" care sunt adaptate dinamic (pentru programarea firelor). 

 Figura 42 ǇǊŜȊƛƴǘŇ ŀǊƘƛǘŜŎǘǳǊŀ ƳƻŘǳƭŜƭƻǊ ttрлΦ /ƻƳǇƭŜȄƛǘŀǘŜŀ ƭƻǊ ƴŜŎŜǎƛǘŇ ǳƴ ǇǊƻŎŜǎƻǊ ŘŜ 
gestionare a lamelor - de tip EZ405 (cu IBM Power PC Architecture), prezentat ca un "IPMC" (IP-
aŀƴŀƎŜƳŜƴǘ /ƻƴǘǊƻƭƭŜǊύ ƞƳǇǊŜǳƴŇ Ŏǳ ŦƛǊƳǿŀǊŜ-ǳƭ ǎŇǳ όC²ύ Ǔƛ FPGA auxiliar.  Procesorul de 
ƳŀƴŀƎŜƳŜƴǘ ǊǳƭŜŀȊŇ ǳƴ ǎƛǎǘŜƳ ŘŜ ƻǇŜǊŀǊŜ [ƛƴǳȄ ό{ƛǎǘŜƳ ŘŜ ƻǇŜǊŀǊŜύ ǿƛƴŘ ǊƛǾŜǊ ŎŀǊǊƛŜǊ-grade.   
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Un comutator non-bloking de 10GbE ("Core Switch" FM2112) ƛƴǘŜǊŎƻƴŜŎǘŜŀȊŇ ǇǊƻŎŜǎƻŀǊŜƭŜ 
de pachete, I/O Ǔƛ planul de spate (back-plane)Φ CƛŜŎŀǊŜ ǇǊƻŎŜǎƻǊ ·[wтон ŀǊŜ ŘƻǳŇ ǇƻǊǘǳǊƛ ŘŜ мл Dō9 
ƭŀ ŀŎŜǎǘ ŎƻƳǳǘŀǘƻǊΣ ǇŜǊƳƛǚŃƴŘ ƻ ŎŀǇŀŎƛǘŀǘŜ ŘǳǇƭŜȄ ŘŜ мл Dō9Φ Lκh ŜȄǘŜǊƴ ŜǎǘŜ ŀǘŃǘ ǇǊƛƴ ǇƻǊǘǳǊƛ 
redundante (1GbE standard PICMG 3.1.3 Ǔƛ 10GbE standard PICMG 3.1.9) la back-plane (RTM Ǔƛ 
Fabric Interface) Ǔƛ Ŏǳ Ǉŀƴƻǳƭ ŦǊƻƴǘŀƭ όǇǊƛƴ ƛƴǘŜǊƳŜŘƛǳƭ ŘƛǊŜŎǘ мDō9 Ǔƛ млDō9 ǇƻǊǘǳǊƛύΦ !ŎŜǎǘŜ ǇƻǊǘǳǊƛ 
sunt conectate la un "Base Switch" (BCM5389) guvernat de protocoalele IPv4/6 & IPsec, cu 
ŎŀǇŀŎƛǘŇǚƛ ǇŜƴǘǊǳ ǘǳƴŜƭŀǊŜ Ǔƛ GRE (Generic Routing Encapsulation). PP50 are Compact Flash SSD 
όŦƛŜŎŀǊŜ ŎƻǊŜǎǇǳƴȊŃƴŘ ǳƴǳƛ ǇǊƻŎŜǎƻǊ ·[wΣ ŀǓŀ ŎǳƳ ǎŜ ŀǊŀǘŇ ƞƴ ŦƛƎǳǊŀ оύΦ !ŎŜǎǘŜ {{5 ǎǘƻŎƘŜŀȊŇ 
ŦƛǓƛŜǊŜƭŜ όƪŜǊƴŜƭ [ƛƴǳȄΣ ǎƛǎǘŜƳ ŘŜ ŦƛǓƛŜǊŜ waL-OS etc.) necesare pentru a porni XLR. 

Sistemele de operare (OS) nu sunt recomandate pentru a rula per thread, astfel încât 

ŀŎŜǎǘŜŀ ǎŇ ǇƻŀǘŇ rula pe nuclee (core), de exemplu Linux pe nuclee N (N²1) Ǔƛ RMI-OS pe nucleele 8-
N ale unui XLR "bootloader" (a se vedea figura 43). 

 

 
Fig. 43 Configurarea software a modulelor PP 

 

  Fiecare dintre procesoarele XLR poate fi pornit independent, prin Compact Flash (pe PP50) 
ǎŀǳΣ ƞƴ ŜǎŜƴǚŇΣ ǇǊƛƴ ǊŜǚŜŀΦ bǳŎƭŜŜƭŜ [ƛƴǳȄ Ǉƻǘ ŀǾŜŀ  ǎƛǎǘŜƳǳƭ ŘŜ ŦƛǓƛŜǊŜ ŦƛŜ în RAM, fie într-un server 
NFS (Network File System)  

În cazurile de utilizare Řƛƴ ǘŜƭŜŎƻƳǳƴƛŎŀǚƛƛ, Linux ar putea rula software de control (de 
ŜȄŜƳǇƭǳΣ ŎƻƴǘǊƻƭǳƭ ŀǇŜƭǳǊƛƭƻǊΣ ŀƭƻŎŀǊŜŀ ƭŇǚƛƳƛƛ ŘŜ ōŀƴŘŇΣ ŜŎƘƛƭƛōǊŀǊŜŀ ƞƴŎŇǊŎŇǊƛƛύΣ ƞƴ ǘƛƳǇ ŎŜ waL-OS 
ar trebui ǎŇ ƎŜǎǘƛƻƴŜȊŜ ŀƴŀƭƛȊŀ ǇŀŎƘŜǘŜƭƻǊ Ǔƛ ŘƛǎŎǊƛƳƛƴŀǊŜŀ/filtrarea lor (de exemplu, I/O de pachete 
ǇǊƛƴ ƛƴǘŜǊŦŜǚŜ ϦŦŀǎǘ-path" de 10 Gb). 

Fig. 42 Arhitectura hardware a modulelor PP50 
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Nucleele 8-N RMI-OS pot comunica cu N nuclee Linux printr-ƻ ƛƴǘŜǊŦŀǚŇ ŘŜ ƳŜƳƻǊƛŜ 
ǇŀǊǘŀƧŀǘŇΦ /ƻƳŀƴŘŀ [ƛƴǳȄ userapp ƞƴŎŀǊŎŇΣ ǇƻǊƴŜǓǘŜΣ ƻǇǊŜǓǘŜ Ǔƛ ŘŜǎŎŀǊŎŇ  ǇǊƻƎǊŀƳŜƭŜ  waL-OS din 

ƭƛƴǳȄ όŀŎŜǎǘŀ ŜǎǘŜ ƳƻǘƛǾǳƭ ǇŜƴǘǊǳ ŎŀǊŜ ŎŜƭ Ǉǳǚƛƴ core0, nucleul  1stΣ ŀǊ ǘǊŜōǳƛ ǎŇ ǊǳƭŜȊŜ [ƛƴǳȄΣ b²1).  
CƛǓƛŜǊŜƭŜ ƪŜǊƴŜƭΣ ƞƴ formatul executabil Ǔƛ linkable (ELF) sunt ƞƴŎŇǊŎŀǘe în nucleul XLR (prin  

comanda elfload) 
PP50-1 $ elfload 

Se poate lansa apoi ƻǊƛŎŜ ǇǊƻƎǊŀƳ ǎǇŜŎƛŦƛŎ Ŏǳ ŎƻƳŀƴŘŀ ǳǎŜǊŀǇǇ ƳŜƴǚƛƻƴŀǘŇ Ƴŀƛ ǎǳǎ  Φ 5Ŝ 
exemplu: 

userapp xlr_loader xlr_hybrid = RMI_OS_APP_NAME linux_cpu_mask = 000000f kuseg_start_lo = 0x20000000 kuseg_size_lo = 
0x20000000 

De exemplu, pentru CCPU_A RMI_OS_APP_NAME  xlr_hybrid =ccpu_a 
 

Controlul suplimentar al RMI_OS_APP: 
cd / rmios_apps 
     /usr/local/sbin/userapp load -m 0xfffffff0 -f RMIOS_APP_NAME 
     /usr/local/sbin/ userapp stop -m 0xfffffff0 
     /usr/local/sbin/userapp status 

 

Un  studiu de caz implementat este CCPU_A, controlul RMI-OS la Linux Network Traffic. În 
ŀŎŜǎǘ ŦŜƭΣ ǎŜ ǇƻŀǘŜ ƎŜǎǘƛƻƴŀ ǘǊŀƴǎŦŜǊǳƭ ŘŜ ǇŀŎƘŜǘŜ ŘŜ ǊŜǚŜŀ ŘŜ ƭŀ ŀǇƭƛŎŀǚƛƛƭŜ RMI-OS la ǎǘƛǾŀ ŘŜ ǊŜǚŜŀ 
Linux ǇǊƛƴ ŀǇŜƭǳǊƛ ǎƻŎƪŜǘ ǎǘŀƴŘŀǊŘ όǘǊƛƳƛǎŜ ŘŜ ƻǊƛŎŜ ŀǇƭƛŎŀǚƛŜ ŀǇŀǊǚƛƴŃƴŘ ŀǓŀ-numitei Linux Userland 
-  ŎŀǊŜ ƎǊǳǇŜŀȊŇ ƳŜǘƻŘŜƭŜ ŘŜ ŎƻƴǘǊƻƭ ŀƭŜ ǎƛǎǘŜƳului de operare ce sunt diferite de cele destinate 
ǇŇǊǚƛƛ ŘŜ ƪŜǊƴŜƭ. 

h ŀƭǘŇ ƛƳǇƭŜƳŜƴǘŀǊŜ ǊŜǇǊŜȊƛƴǘŇ ǎŎƘƛƳōǳƭ reciproc de mesaje la nivel de cale de control 
(Control Plane) între RMI-OS Ǔƛ [ƛƴǳȄ ¦ǎŜǊƭŀƴŘΣ ŦƻƭƻǎƛƴŘ  ƳŜƳƻǊƛŀ ǇŀǊǘŀƧŀǘŇΦ  

h ŀǇƭƛŎŀǚƛŜ waL-OS poaǘŜ ŘŜŎƭŀƴǓŀ ƻ ŀǇƭƛŎŀǚƛŜ [ƛƴǳȄ ǇǊƛƴ ǎŎǊƛŜǊŜŀ unui mesaj în aceastŇ ȊƻƴŇ 
ŘŜ ƳŜƳƻǊƛŜ ǇŀǊǘŀƧŀǘŇ "Shared Mem". Kernel-ul Linux pune acest mesaj la procesorul de mesaje  
(message-ring handler FMN) ŎŀǊŜ ŀǊ ǘǊŜōǳƛ ǎŇ-ƭ ǘǊŀƴǎƳƛǘŜ ƭŀ ŎŜǊŜǊŜŀ ŎƻǊŜǎǇǳƴȊŇǘƻŀǊŜ ¦ǎŜǊƭŀƴŘ. 

În acest scop, CCPU_A monitorizŇ Linux pe core0 ... core(N-1) Ǔƛ ƳƻƴƛǘƻǊƛȊŜŀȊŇ RMI-OS pe 
coreN... core7. Porturile dedicate GMAC0-3 ǎǳƴǘ ƞƴǊŜƎƛǎǘǊŀǘŜ Ǔƛ ŎƻƴǘǊƻƭŀǘŜ ŘŜ [ƛƴǳȄ  όŦƛƛƴŘ ŘƛǎǇƻƴƛōƛƭŜ 
pentru  nfsroot).  Porturile generice XGMAC0 Ǔƛ XMGAC1 sunt înregistrate în Linux, dar controlate 
de RMI-OS ς ŀǇƭƛŎŀǚƛƛƭŜ ǎŀƭŜ ŀǊ ǘǊŜōǳƛ ǎŇ ŎƻƳŀƴŘŜ xlr_net_init() ǇŜƴǘǊǳ ŀ ƛƴƛǚƛŀƭƛȊŀ ŎŜƭŜ ŘƻǳŇ ·GMAC 
όƞƴ ǊŜǚŜŀǳŀ ƎŜƴŜǊƛŎŇ ŀ ·[wύΣ ŀǎƻŎƛƛƴŘǳ-le logic cu descriptorii liberi. 

tŜƴǘǊǳ ƛƳǇƭŜƳŜƴǘŀǊŜŀ ŀǇƭƛŎŀǚƛƛƭƻǊ ŘŜ ǇǊƻŎŜǎŀǊŜ ŀ ǇŀŎƘŜǘŜƭƻǊΣ ŀƳ ŎƻƴǎǘǊǳƛǘ ǇŜ t/-ul auxiliar 
ǳƴ ƳŜŘƛǳ ŘŜ ŘŜȊǾƻƭǘŀǊŜ ǎǳō /Ŝƴǘh{ [ƛƴǳȄ ŎŀǊŜ ǊǳƭŜŀȊŇ bŜǘƭƻƎƛŎ-Broadcom SDK v.1.4 (Software 
Development Kit) pentru familia XLR Ǔƛ ǳƴ ƭŀƴǚ ŘŜ ƛƴǎǘǊǳƳŜƴǘŜ ŎǊƻǎǎ-ŎƻƳǇƛƭŜΦ Oƴ ŎŜŜŀ ŎŜ ǇǊƛǾŜǓǘŜ 
ŦǳƴŎǚƛƻƴŀƭƛǘŀǘŜŀ ŘŜ ƞƴŎŇǊŎŀǊŜ ŀ ǊŜǚŜƭŜƛΣ ǎŜǊǾŜǊǳƭ ǇǊƛƴŎƛǇŀƭ ŜǎǘŜ ƛƴǎǘŀƭŀǘ ǇŜ ƻ ǇƭŀŎŇ ·9улΣ ŘŀǊ ǳƴ ǎŜǊǾŜǊ 
secundar a fost de asemenea testat pe acest PC auxiliar. 

Pentru cross-ŎƻƳǇƛƭŀǊŜŀ ŀǇƭƛŎŀǚƛƛƭƻǊ ŘŜ  ǇǊƻŎŜǎŀǊŜ ŘŜ ǇŀŎƘŜǘŜ ƞƴ [ƛƴǳȄ ǇŜ ƳŀǓƛƴŀ de 
ŘŜȊǾƻƭǘŀǊŜΣ ŀƳ ŀŘŇǳƎŀǘ ǳǊƳŇǘƻŀǊŜŀ ƭƛƴƛŜ ƞƴ makefile: 
 

CC =/opt/rmi/1.4/mipscross/crosstool/gcc-3.4.3-glibc-2.3.6/mipsisa32-xlr-linux/  
 

bin /mipsisa32-xlr-linux-gcc trimite la compilatorul gcc.  
 

Pe ƭŃƴƎŇ ǇƭŀǘŦƻǊƳŜƭŜ ŘŜ ǘŜƭŜŎƻƳǳƴƛŎŀǚƛƛ ǎǘŀƴŘŀǊŘ ǇǊŜŎǳƳ !¢/!Σ ǇƭŀǘŦƻǊƳŜƭŜ ŘŜ 
ǘŜƭŜŎƻƳǳƴƛŎŀǚƛƛ ǎ-au orientat spre sisteme Cloud ce includ hardware generic. 
Mai jos este un exemplu dŜ ƛƴŦǊŀǎǘǊǳŎǘǳǊŇ ŘŜ /ƭƻǳŘ din dotarea Departamentul de 9ƭŜŎǘǊƻƴƛŎŇ Ǔƛ 
Calculatoare, pe care am realizat-o împreunŇ cu colegii Ǔƛ cu sprijinul firmei Siemens. 

Prima topologie reprezintŇ ŎƻƴŦƛƎǳǊŀǚƛŜ o ŘŜ /ƭƻǳŘ ōŀȊŀǘŇ pe implementarea Eucalyptus, 
implementare ŎŀǊŜ ƞƴ ǇǊŜȊŜƴǘ ƴǳ Ƴŀƛ ŜǎǘŜ Ŏǳ ǎǳǊǎŇ ŘŜǎŎƘƛǎŇ. Se poate observa struŎǘǳǊŀ ƛŜǊŀǊƘƛŎŇ Ŏǳ 
controlere la diverse niveluri: Cloud Controller, Cluster Controller Ǔƛ Node controller. 
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Fig. 44 /ƻƴŦƛƎǳǊŀǘƛŜ ŜȄǇŜǊƛƳŜƴǘŀƭŇ ŘŜ ƭŀōƻǊŀǘƻǊ ƞƴ /ƭƻǳŘ ǇŜ ōŀȊŇ ŘŜ 9ǳŎŀƭȅǇǘǳǎ în dotarea departamentului DEC 
 

5ŀǘƻǊƛǘŇ ŘƛǎŎƻƴǘƛƴǳƛǘŇǚƛƛ proiectului cu sursa deschisŇΣ ŎƻƴŦƛƎǳǊŀǚƛŀ ŀ Ŧƻǎǘ ƳƻŘƛŦƛŎŀǘŇ ǇŜ ōŀȊŀ 
proiectului open-sourse openStack, de altfel implementarea de infrastructure-as-a-ǎŜǊǾƛŎŜ Ŏǳ ǎǳǊǎŇ 
ŘŜǎŎƘƛǎŇ ŎŜŀ Ƴŀƛ ǇƻǇǳƭŀǊŇΦ 

 
Fig. 45 /ƻƴŦƛƎǳǊŀǘƛŜ ŜȄǇŜǊƛƳŜƴǘŀƭŇ ŘŜ ƭŀōƻǊŀǘƻǊ ƞƴ /ƭƻǳŘ ǇŜ ōŀȊŇ ŘŜ hǇŜƴǎǘŀŎƪ ƞƴ ŘƻǘŀǊŜŀ ŘŜǇŀǊǘŀƳŜƴǘǳƭǳƛ 59/ 

 
/ƻƴŦƛƎǳǊŀǚƛŀ ƻǇŜƴ{ǘŀŎƪ ŀ ǊŜǳǘƛƭƛȊŀǘ ŘƻŀǊ ƻ ǇŀǊǘŜ ŘƛƴǘǊŜ ŜŎƘƛǇŀƳŜƴǘŜƭŜ ŜȄƛǎǘŜƴǘŜΣ ǇŜƴǘǊǳ ŀ 

implementa componentele principaƭŜ ŘŜ ǇǊƻŎŜǎŀǊŜ ό/ƻƳǇǳǘŜύΣ ǊŜǚŜŀ όbŜǘǿƻǊƪύ Ǔƛ stocare 
(Volume). 
9ŎƘƛǇŀƳŜƴǘŜƭŜ Řƛƴ ŀŎŜŀǎǘŇ ŎƻƴŦƛƎǳǊŀǚƛŜ ǎ-au refolosit în diverse proiecte, unele realizatŜ Ŏǳ ǎǘǳŘŜƴǚƛ 
sau cu rol didactic. De exemplu serverele au fost folosite ca suport de virtualizare pentru de testare 
virtualizate Ixia. 
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Fig. 46 /ƻƴŦƛƎǳǊŀǚƛŜ ŜȄǇŜǊƛƳŜƴǘŀƭŇ ŘŜ ƭŀōƻǊŀǘƻǊ LȄƛŀ 

 
tŜ ƭŃƴƎŇ ŜŎƘƛǇŀƳŜƴǘǳƭ LȄƛŀ ·aн ŜȄƛǎǘŜƴǘ ŦƛȊƛŎ ƞƴ ŘƻǘŀǊŜŀ ŘŜǇŀǊǘŀƳŜƴǘǳƭǳƛΣ ŘŀǘƻǊƛǘŇ ǊŜƭŀǚƛŜƛ 

ŘŜ ǇŀǊǘŜƴŜǊƛŀǘ ŎƻƴǎǘǊǳƛǘŇ Ŏǳ LȄƛŀ ŀƳ ōŜƴŜŦƛŎƛŀǘ Ǔƛ de unele resurse virtualizate. 
!ǎǘŦŜƭΣ  ƞƴ ŎƻƴŦƛƎǳǊŀǚƛŜ ǾƛǊǘǳŀƭƛȊŀǘŇ pe serverul Dell au rulat virtualizat elemente Ixia pentru 

testarea metodelor de inginerie a traficului (traffic enginŜŜǊƛƴƎύ ƞƴ ǊŜǚŜƭŜ at[{ Ǔƛ tunelare IPSec, 
ǊŜǚŜŀǳŀ ŘŜ ǘŜǎǘ ŦƛƛƴŘ ŜƳǳƭŀǘŇ ƞƴ Db{оΦ 

 

 
Fig. 47 LƳǇƭŜƳŜƴǘŀǊŜ ǾƛǊǘǳŀƭƛȊŀǘŇ ŘŜ ǊŜǚŜƭŜ at[{ ǘŜǎǘŀǘŇ Ŏǳ  

elemente software Ixia ŎŜ ǊǳƭŜŀȊŇ ǾƛǊǘǳŀƭƛȊŀǘ ǇŜ ǳƴ ǎŜǊǾŜǊ 5Ŝƭƭ   
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Fig. 48 ¢ŜǎǘŀǊŜκŜƳǳƭŀǊŜ LǇ{ŜŎ ǇŜ ōŀȊŇ ŘŜ ǎƻŦǘǿŀǊŜ LȄƛŀ 

 
 
 
 

1.2. Integrarea sistemelor de calculatoare Ǔƛ ŎƻƳǳƴƛŎŀǚƛƛ ƞƴ ǊŜǚŜŀǳŀ ŘŜ ŀŎŎŜǎ  

 

1.2.1. Radio definit software ς Software Defined Radio (SDR) 

 

1.2.1.1. Prototiparea sistemelor {5w ǇŜƴǘǊǳ ŎƻƳǳƴƛŎŀǚƛƛ ŘƛǎǇƻȊƛǘƛǾ-la-dispozitiv 
(device-to-device, D2D)  

 
Comunicarea device-to-device ό5н5ύ ǊŜǇǊŜȊƛƴǘŇ ƻ ǘŜƘƴƻƭƻƎƛŜ ǇǊƻƳƛǚŇǘƻŀǊŜ ǇŜƴǘǊǳ ŀ ǇŜǊƳƛǘŜ 

ŘƛǎǇƻȊƛǘƛǾŜƭƻǊ ǎŇ ŎƻƳǳƴƛŎŜ ŘƛǊŜŎǘ ŦŇǊŇ ƛƴǘŜǊŀŎǚƛǳƴŜŀ ǇǳƴŎǘŜƭƻǊ ŘŜ ŀŎŎŜǎ ǎŀǳ ŀ ǎǘŀǚƛƛƭƻǊ ŘŜ ōŀȊŇΦ 
Natura ad-hoc Ǔƛ ŘŜ ǇǊƻȄƛƳƛǘŀǘŜ ŀ ŀŎŜǎǘŜƛ ŎƻƳǳƴƛŎŇǊƛ ƛƴǘǊƻŘǳŎŜ ǳƴŜƭŜ ǾǳƭƴŜǊŀōƛƭƛǘŇǚƛ ŘŜ ǎŜŎǳǊƛǘŀǘŜ 
ŦƻŀǊǘŜ ƛƳǇƻǊǘŀƴǘŜΦ DŜǎǘƛƻƴŀǊŜŀ ŎƘŜƛƭƻǊΣ ŎƻƴǘǊƻƭǳƭ ŀŎŎŜǎǳƭǳƛΣ ŎƻƴŦƛŘŜƴǚƛŀƭƛǘŀǘŜŀΣ ǊǳǘŀǊŜŀ Ǔƛ 
ǘǊŀƴǎƳƛǘŜǊŜŀ ǎŜŎǳǊƛȊŀǘŇ ƴŜŎŜǎƛǘŇ ǇǊƻŎŜŘǳǊƛ ŘŜ ǎŜƳƴŀƭƛȊŀǊŜ ŘŜŘƛŎŀǘŜ Ǔƛ ƳŜŎŀƴƛǎƳŜ ŘŜ ƛƳǇƭŜƳŜƴǘŀǊŜ 
optimizate, adecvate pentru mediul mobil, cu consum redus de energie Ǔƛ cu putere de procesare 
ǊŜŘǳǎŇΦ  

Una dintre ƛƳǇƭŜƳŜƴǘŇǊƛƭŜ ǊŜŀƭƛȊŀǘŜ Ǔƛ ŘŜǘŀƭƛŀǘŇ ƞƴ [20] propune un mecanism de securitate 
ǇŜƴǘǊǳ ŎƻƳǳƴƛŎŀǊŜŀ 5н5 ŎŀǊŜ ƛƳǇƭƛŎŇ ǳǘƛƭƛȊŀǊŜŀ ŦǳƴŎǚƛƛƭƻǊ ŦƛȊƛŎŜ ƴŜŎƭƻƴŀōƛƭŜ όt¦Cύ ǇŜƴǘǊǳ ƎŜƴŜǊŀǊŜŀ 
de chei unice, Elliptic-Cryptography (ECC) Ǔƛ Diffie-Hellman Key Exchange (DHKE) - pentru 
gestionarea cheilor - Ǔƛ {ŀƭǎŀнлκнл Ŏŀ ƳŜǘƻŘŇ ŘŜ ŎǊƛǇǘŀǊŜ ŀ ŎƛŦǊǳƭǳƛ ŦƭǳȄǳƭǳƛ (stream cypher)Σ ǇƻǘǊƛǾƛǘŇ 
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ǇŜƴǘǊǳ ŎƻƴŦƛŘŜƴǚƛŀƭƛǘŀǘŜŀ ǘǊŀƴǎƳƛǎƛƛƭƻǊ ŦŇǊŇ ŦƛǊ. Toate aceste metode au fost implementatŜ Ǔƛ ǘŜǎǘŀǘŜ 
ǇŜ ƻ ǇƭŀǘŦƻǊƳŇ ŘŜ ŎƻƳǳƴƛŎŀǊŜ {ƻŦǘǿŀǊŜ 5ŜŦƛƴŜŘ wŀŘƛƻ ό{5wύ ŦƻǊƳŀǘŇ ŘƛƴǘǊ-un sistem bazat pe cip 
ό{ƻ/ύ ōŀȊŀǘ ǇŜ ½ȅƴŎΣ ŎƻƳǇƭŜǘŀǘ ŘŜ ǇƭŇŎƛ dedicate anexate (daughter-boards) ǇŜƴǘǊǳ ŎƻƳǳƴƛŎŀǚƛƛ ǇŜ 
ŦǊŜŎǾŜƴǚŇ ǊŀŘƛƻ όwCύ ŘŜ ƭŀ Analog Devices - o integrare folosind co-ŘŜǎƛƎƴ ƘŀǊŘǿŀǊŜ Ǔƛ ǎƻŦǘǿŀǊŜΦ 
  Mai multe probleme de securitate sunt necesare a fi luate în considerare pentru un 
ƳŜŎŀƴƛǎƳ ŘŜ ǎŜŎǳǊƛǘŀǘŜ 5н5Σ ŎǳƳ ŀǊ Ŧƛ ŎƻƴŦƛŘŜƴǚƛŀƭƛǘŀǘŜŀΣ ƛƴǘŜƎǊƛǘŀǘŜŀ Ǔƛ autentificarea. Sistemul de 
ǎŜŎǳǊƛǘŀǘŜ ǇǊƻǇǳǎ ƻŦŜǊŇ ǎƻƭǳǚƛƛ ǇŜƴǘǊǳ ǳǊƳŇǘƻŀǊŜƭŜ ǇǊƻōƭŜƳŜΥ  

¶ managementul cheilor folosind RO-PUF pentru generarea unica de chei secrete, Elliptic 
Cryptography pentru generarea cheii publice ŎƻǊŜǎǇǳƴȊŇǘƻŀǊŜ cheii secrete, Diffie Hellmann 
pentru generarea cheii secrete comune Ǔƛ a schimbului de chei; 

¶ ŎǊƛǇǘŀǊŜŀ ŘŀǘŜƭƻǊ ŦƻƭƻǎƛƴŘ ƳŜǘƻŘŀ ŘŜ ŎƛŦǊǳ ŀ ŦƭǳȄǳƭǳƛ ōŀȊŀǘŇ ǇŜ algoritmul Salsa20-нлΣ ǇƻǘǊƛǾƛǘŇ 
ǇŜƴǘǊǳ ŎǊƛǇǘŀǊŜŀ ŎƻƳǳƴƛŎŀǚƛƛƭƻǊ ƞƴ ǘƛƳǇ ǊŜŀƭΤ 

¢ƻŀǘŜ ŀŎŜǎǘŜ ƛƳǇƭŜƳŜƴǘŇǊƛ ǎǳƴǘ ŜŦŜŎǘǳŀǘŜ ǇŜ ƻ ǇƭŀǘŦƻǊƳŇ ŘŜ ŎƻƳǳƴƛŎŀǊŜ {ƻŦǘǿŀǊŜ 5ŜŦƛƴŜŘ wŀŘƛƻ 
(SDR) constând dintr-un sistem bazat pe cip (SoC) bazat pe Zync pe un Digilent "ZedBoard" 
ŎƻƳǇƭŜǘŀǘ ŘŜ ǇƭŇŎƛ-ŦƛƛŎŜ ŘŜ ŦǊŜŎǾŜƴǚŇ ǊŀŘƛƻ όwCύ ŘŜ ƭŀ !ƴŀƭƻƎ 5ŜǾƛŎŜǎ όCa/haa{о Ǔƛ Ca/haa{пύΣ 
ƻ ǎƻƭǳǚƛŜ ŘŜ ƛƴǘŜƎǊŀǊŜ ŦƻƭƻǎƛƴŘ Ŏƻ-ŘŜǎƛƎƴ ƘŀǊŘǿŀǊŜ Ǔƛ ǎƻŦǘǿŀǊŜΦ tƭŀǘŦƻǊƳŀ {5w ǊŜǇǊŜȊƛƴǘŇ ǳƴ ǎƛǎǘŜƳ 
ŜȄŎŜƭŜƴǘ ŘŜ ǇǊƻǘƻǘƛǇŀǊŜΣ ǇŜǊƳƛǚŃƴŘ ǇƻǎƛōƛƭƛǘŀǘŜŀ ŘŜ ŀ ƛƳǇlementa în hardware algoritmii de 
ǎŜŎǳǊƛǘŀǘŜ ŎƻƳǇƭŜŎǓƛΦ !ŎŜǎǘŀ ƻŦŜǊŇ ŦƭŜȄƛōƛƭƛǘŀǘŜŀ ŘŜ ŀ ŀǇƭƛŎŀ ƳƻŘǳƭŜƭŜ ǇǊƻƛŜŎǘŀǘŜ όǇǊƻǇǊƛŜǘŀǘŜ 
ƛƴǘŜƭŜŎǘǳŀƭŇ - ƴǳŎƭŜŜ Ltύ ƞƴ ŘƛŦŜǊƛǘŜ ǎƻƭǳǚƛƛ ŘŜ ŎƻƳǳƴƛŎŀǚƛƛ ǊŀŘƛƻΣ ŘŜ ƭŀ ²ƛCƛ ƭŀ [¢9 - fie o abordare 
ǇŜǊǎƻƴŀƭƛȊŀǘŇΣ ŦƛŜ ǳƴŀ Ŏare include sub-sisteme dovedite în industrie bazate pe MATLAB, Xilinx 
Vivado sau GNU-Radio.  
!ƭƎƻǊƛǘƳƛƛ ǳǘƛƭƛȊŀǚƛ ǇŜƴǘǊǳ ǎŜŎǳǊƛǘŀǘŜŀ 5н5 ǎǳƴǘ ǇǊŜȊŜƴǘŀǚƛ ƞƴ ŦƛƎǳǊŀ de mai jos: 
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Fig. 49 Testare/Mecanismul de securitate implementat pentru dispozitivele implicate în comunicarea D2D 
 
 

RO PUF (Ring Oscillator Physical Unclonable Functions) implementat pe Zynq sunt folosite 
ǇŜƴǘǊǳ ŀ ƎŜƴŜǊŀ ƻ ŎƘŜƛŜ ǎŜŎǊŜǘŇ ǇŜƴǘǊǳ ǳƴ ŘƛǎǇƻȊƛǘƛǾ ƛƳǇƭƛŎŀǘ ƞƴ ŎƻƳǳƴƛŎŀǚƛƛƭŜ D2D. Fiecare 
ŘƛǎǇƻȊƛǘƛǾ ƛƳǇƭƛŎŀǘ ƞƴ ŎƻƳǳƴƛŎŀǊŜ ǇǊƛƳŜǓǘŜ ƻ ŎƘŜƛŜ ǎŜŎǊŜǘŇ ƎŜƴŜǊŀǘŇ Ŏǳ ŎƛǊŎǳƛǘŜƭŜ wh t¦CΦ 
hǇŜǊŀǚƛǳƴƛƭŜ ŘŜ ŎǊƛǇǘƻƎǊŀŦƛŜ ŎǳǊōŇ ŜƭƛǇǘƛŎŇ ǎǳƴǘ ǳǘƛƭƛȊŀǘŜ ǇŜƴǘǊǳ ƎŜƴŜǊŀǊŜŀ ǳƴŜƛ ŎƘŜƛ ǇǳōƭƛŎŜ 
ŎƻǊŜǎǇǳƴȊŇǘƻŀǊŜ ŎƘŜƛƛ ǎŜŎǊŜǘŜ ƎŜƴŜǊŀǘŜ Ŏǳ wh t¦CΦ ¦ǊƳŇǘƻǊǳƭ Ǉŀǎ ŜǎǘŜ ŘŜ ŀ ƎŜƴŜǊŀ ƻ ŎƘŜƛŜ ǎŜŎǊŜǘŇ 
ǇŀǊǘŀƧŀǘŇ ǇŜƴǘǊǳ ŦƛŜŎŀǊŜ ŘƛǎǇƻȊƛǘƛǾ ŦƻƭƻǎƛƴŘΥ 
1. ŎƘŜƛŀ ǎŜŎǊŜǘŇ ƎŜƴŜǊŀǘŇ Ŏǳ wh t¦CΤ  
2. ƻǇŜǊŀǚƛǳƴƛƭŜ ŎǊƛǇǘƻƎǊŀŦƛŎŜ ŀƭŜ 9// Ǔƛ  
3. ŎƘŜƛŀ ǇǳōƭƛŎŇ ŀ ŀƭǘƻǊ ŘƛǎǇƻȊƛǘƛǾŜ ƛƳǇƭƛŎŀǘŜ ƞƴ ŎƻƳǳƴƛŎŀǊŜŀ 5н5Φ  
Folosind algoritmul Diffie-Hellman ǎŜ ǎǘŀōƛƭŜǓǘŜ ƻ ŎƘŜƛŜ ǎŜŎǊŜǘŇ ŎƻƳǳƴŇ ǇŜ ǳƴ Ŏŀƴŀƭ ƴŜǎƛƎǳǊΦ Cheia 
secretŇ ŎƻƳǳƴŇ ŜǎǘŜ ŦƻƭƻǎƛǘŇ Ŏŀ έǎŜŜŘέ όέǎŇƳŃƴǚŇέύ ǇŜƴǘǊǳ generatorul ŘŜ ǎŜŎǾŜƴǚŜ pseudo-
aleatoare Salsa20/20 pentru a ƻōǚƛƴŜ un flux de chei secrete utilizabile într-o criptare ǎƛƳŜǘǊƛŎŇ.  
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Fig. 50 Protocolul  Diffie Hellman bazat pe eliptic curba criptografie 

 
Zynq-7000 SoC (System ƻƴ /ƘƛǇύ ƻŦŜǊŇ ǇƻǎƛōƛƭƛǘŀǘŜŀ ŘŜ ŀ ŎƻƳōƛƴŀ ǇǊƻƎǊŀƳŀōƛƭƛǘŀǘŜŀ 

ǎƻŦǘǿŀǊŜ ŀ ǳƴǳƛ ǇǊƻŎŜǎƻǊ ōŀȊŀǘ ǇŜ !wa Ŏǳ ǊŜŎƻƴŦƛƎǳǊŀōƛƭƛǘŀǘŜŀ ƘŀǊŘǿŀǊŜ ŀ ǳƴǳƛ CtD!Σ ǇŜǊƳƛǚŃƴŘ 
accelerarea hardware-ǳƭǳƛ ƞƴ ǘƛƳǇ ŎŜ ƛƴǘŜƎǊŜŀȊŇ ŦǳƴŎǚƛƻƴŀƭƛǘŀǘŜŀ /t¦Σ 5{t Ǔƛ ǎŜƳƴŀƭ ƳƛȄǘ ǇŜ ǳƴ 
singur ŘƛǎǇƻȊƛǘƛǾΦ /ŀǊŀŎǘŜǊƛǎǘƛŎƛƭŜ ŜƴǳƳŜǊŀǘŜ Ƴŀƛ ǎǳǎ ŦŀŎ Řƛƴ ½ȅƴǉтллл ƻ ǇƭŀǘŦƻǊƳŇ ōǳƴŇ ǇŜƴǘǊǳ 
ƛƳǇƭŜƳŜƴǘŇǊƛƭŜ {5w ŀƭŜ ǳƴŜƛ ƎŀƳŜ ƭŀǊƎƛ ŘŜ ŀǇƭƛŎŀǚƛƛ ǘǊŀƴǎŎŜƛǾŜǊ ǇŜƴǘǊǳ ŎƻƳǳƴƛŎŀǚƛƛ ŦŇǊŇ ŦƛǊΦ L-am 
selectat Ŏŀ ŦƛƛƴŘ ŦƻŀǊǘŜ ǇƻǘǊƛǾƛǘ ǇŜƴǘǊǳ ŜȄǇŜǊƛƳŜƴǘŀǊŜŀ ŎƻƳǳƴƛŎŇǊƛƛ Řevice-to-ŘŜǾƛŎŜ Ǔƛ ƛƴǘŜƎǊŀǊŜŀ Ŏǳ 
ŦǳƴŎǚƛƛle complexe de securitate implementate. Pentru demonstrator  ŀƳ Ŧƻƭƻǎƛǘ ƻ ŎƻƴŦƛƎǳǊŀǚƛŜ 
back-to-back (Figura 51ύ Ŏǳ ƛƴǘŜǊŦŜǚŜ ǊŀŘƛƻ ŎǳǇƭŀǘŜ ŘƛǊŜŎǘΣ ŦŇǊŇ ƭƛƳƛǘŇǊƛ Ǔƛ ƛƴǘŜǊŦŜǊŜƴǚŜ Ŏǳ ǎǇŜŎǘǊǳƭ 
public. 
 

 
Fig. 51 Prototip experimentalς Back-to-back 

ά½ŜŘōƻŀǊŘǎέ Ŏǳ ǇƭŇŎƛƭŜ ŀŘƛǚƛƻƴŀƭŜ radio anexate FMCOMMSx AD  

 
Pentru a configura mediul de lucru SDR am folosit co-procesorul Linux ARM Ǔƛ implementarea SoC 

folosind software-ul Xilinx Vivado la nivelul FPGA, conectat cu placa Analog Devices AD-
FMCOMMS3-EBZ Ŏŀ ƛƴǘŜǊŦŀǚŇ ǊŀŘƛƻΦ {ǳō-sistemul de comunicare a fost implementat folosind AD IP 
/ƻǊŜ ǇŜƴǘǊǳ ŎƻƳǳƴƛŎŀǚƛƛ ŦŇǊŇ ŦƛǊΦ !ŎŜŜŀǓƛ ǇƭŀǘŦƻǊƳŇ ŀ Ŧƻǎǘ ŦƻƭƻǎƛǘŇ Ǔƛ ǇŜƴǘǊǳ ŀƭǘŜ ŎŜǊŎŜǘŇǊƛΣ ŎǳƳ ŀǊ Ŧi 
procesarea de imagini transmise prin protocolul WLAN 802.11a ŘŜǎŎǊƛǎŇ ƞƴ ƭǳŎǊŀǊŜŀ ώнмϐΦ 
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Dezvoltarea pentru combinarea modulelor de comunicare cu modulele noastre de securitate 
ƛƳǇƭŜƳŜƴǘŀǘŜ ǇƻŀǘŜ Ŧƛ ǊŜŀƭƛȊŀǘŇ ƞƴ ŘƛŦŜǊƛǘŜ ƳƻŘǳǊƛΥ  

¶ Implementarea software-ului - ŎŀǊŜ ǊǳƭŜŀȊŇ ǇŜ ƛƳǇƭŜƳŜƴǘŀǊŜŀ !wa ŎƻǊŜ [ƛƴǳȄ ŦǳǊƴƛȊŀǘŇ ŘŜ 
dispozitive analogice - care instanǚƛŀȊŇΣ ŘŜ ŀǎŜƳŜƴŜŀΣ ŎƻƳǳƴƛŎŀǊŜŀ Ŏǳ !5 /ƻƳƳǳƴƛŎŀǘƛƻƴ Lt 
/ƻǊŜΦ tŜ ƭŃƴƎŇ ŀŎŜǎǘ ǎƛǎǘŜƳ ŘŜ ƻǇŜǊŀǊŜΣ Ǉƻǘ Ŧƛ ǳǘƛƭƛȊŀǘŜ Ǔƛ ŀƭǘŜ ǇŀŎƘŜǘŜ ǎƻŦǘǿŀǊŜ ŘŜ 
comunicare (de exemplu, cele de la open source GNU Radio).  

¶ Co-proiectare software Ǔƛ hardware folosind MATLAB - în special modulul de comunicare 
MATLAB Ǔƛ modulele de comunicare LTE Advanced D2D   

¶ Personalizare ŦƻƭƻǎƛƴŘ !5 Lt /ƻǊŜ ǇǊƛƴ ·ƛƭƛƴȄ ±ƛǾŀŘƻ Ǔƛ Ǌǳƭând codul C έǇŜǎǘŜέ acest IP Core 

DŜƴŜǊŀǊŜŀ ŘŜ ŎƘŜƛ ǎŜŎǊŜǘŜ ŘŜ мну ŘŜ ōƛǚƛ Ŏǳ ŎƛǊŎǳƛǘŜ wh t¦C ŜǎǘŜ ǇǊŜȊŜƴǘŀǘŇ ƞƴ CƛƎǳǊŀ млΦ 
Rezultatele sunt vizualizate cu Analizorul logic ChipScope furnizat de Xilinx Vivado. În primul rând, 
ǎǳƴǘ ƎŜƴŜǊŀǘŜ сп ŘŜ ōƛǚƛ ǊŜǇǊŜȊŜƴǘând BLS-urile cheii secrete Ǔƛ ŎŜŀƭŀƭǘŇ ƧǳƳŇǘŀǘŜ ŀ ŀŎŜǎǘŜƛŀ ǇǊƛƴ 
schimbarea oscilatoarelor inelare compuse din 5 invertoare conectate într-ƻ ōǳŎƭŇΦ  

 

Fig. 52 Rezultatele circuitelor RO PUF implementate pe Zynq 

 
 

1.2.1.2. Sistem de comunicatii SDN D2D utilizand elemente SDR-RTL ca senzori de 
spectru 

 

h ŀƭǘŇ ƛƳǇƭŜƳŜƴǘŀǊŜ ōŀȊŀǘŇ ǇŜ ǘŜƘƴƻƭƻƎƛƛ {5w [22] propune unele modele pentru optimizarea 
ŎƻƳǳƴƛŎŇǊƛƛ 5ŜǾƛŎŜ-to-Device (D2D) în contextul mediilor ŘŜ ŎƻƳǳƴƛŎŀǚƛƛ aglomerate, prin utilizarea 
detecǚiei spectrale. Diferite niveluri de descentralizare ς ƞƴ ƛƴǘŜƭƛƎŜƴǚŀ ŎƻƳǇǳǘŀǚƛƻƴŀƭŇΣ ǇǊƻŎŜǎŀǊŜŀ 
semnalelor, maƴŀƎŜƳŜƴǘǳƭ ǇǳǘŜǊƛƛ Ǔƛ ǳƴ ǇǊƻŎŜƴǘ Ƴŀƛ ƳŀǊŜ ŘŜ ǎƻŦǘǿŀǊŜ ƻǇŜƴ-source ς au fost 
abordate într-ƻ ǇŜǊǎǇŜŎǘƛǾŇ έōǳǎƛƴŜǎǎ-ƻǊƛŜƴǘŜŘέ όέƻǊƛŜƴǘŀǘŇ ŎƻƳŜǊŎƛŀƭέύΦ  h ǊŜǚŜŀ ŘŜ ŘƛǎǇƻȊƛǘƛǾŜ {5w 
ŘŜ ƳƛŎŇ ǇǳǘŜǊŜ Ǔƛ ieftine ŀ Ŧƻǎǘ ƛƳǇƭŜƳŜƴǘŀǘŇ ƞƴ ǎƻƭǳǚƛƛ ǇŜƴǘǊǳ ŘŜǎŎƻǇŜǊƛǊƛƛ ǇŀǊǘŜƴŜǊƛƭƻǊ Ǔƛ ǎŜƭŜŎǘŀǊŜŀ 
ǎǇŜŎǘǊǳƭǳƛ Ŏŀ ǇŀǊǘŜ ŀ ŎƻƳǳƴƛŎŇǊƛƛ 5н5 ƞƴ ƳŜŘƛƛ ǳǊōŀƴŜ ŎƻƴƎŜǎǘƛƻƴŀǘŜ ǊŀŘƛƻΦ !ŎŜǎǘŜ ǎƻƭǳǚƛƛ ǇǊŀŎǘƛŎŜ 
ŀŎƻǇŜǊŇ ƴǳ ƴǳƳŀƛ ǊŜŎŜǇǘƻŀǊŜƭŜ 5{¢ ŜŦƛŎƛŜƴǘŜ Řƛƴ ǇǳƴŎǘ ŘŜ ǾŜŘŜǊŜ ŀƭ ŎƻǎǘǳǊƛƭƻǊΣ Ŏƛ Ǔƛ ƛƴǘŜƭƛƎŜƴǚŀ ƭƻŎŀƭŇΣ 
cu un adaos spectaculos: mobilitatea. 

Oƴ ŀŎŜŀǎǘŇ ƭǳŎǊŀǊŜ am propus ƻ ŎƻƳōƛƴŀǚƛŜ ŀ ŎŜƭƻǊ ŘƻǳŇ ŀōƻǊŘŇǊƛ ōŀȊŀǘŜ ǇŜ ŜƭŜƳŜƴǘŜƭŜ ǎŜƴȊƻǊƛƭƻǊ ŘŜ 
detectare a spectrului distribuit, corelate cu serviciile de localizare Ǔƛ GDB-s (Geo-location Data Base): 

¶ 5ŜǘŜŎǘŀǊŜŀ ǎǇŜŎǘǊǳƭǳƛΣ ŎǳƴƻǎŎǳǘŇ Ǔƛ ǎǳō ƴǳƳŜƭŜ ŘŜ 5ŜǘŜŎǚƛŜ EƴŜǊƎŜǘƛŎŇ ό95ύ ŘŜǘŜǊƳƛƴŇ 
starea utilizatorilor primari prin compararea unui prag ǇǊŜŘŜŦƛƴƛǘ Ŏǳ ƛŜǓƛǊŜŀ ŘŜǘŜŎǘƻǊǳƭǳƛ 
energetic.  

¶ Baza de date de geo-localizare (GDB) ǎŜ ōŀȊŜŀȊŇ ǇŜ ǊŀŦƛƴŀǊŜŀ Ǔƛ interpretarea ƛƴŦƻǊƳŀǚƛƛƭƻǊ 
Řƛƴ ŀǓŀ-ƴǳƳƛǘŜƭŜ ƘŇǊǚƛ ŘŜ ƳŜŘƛǳ ǊŀŘƛƻ όw9aǎ - Radio Environment Maps),  pe politicile de 
spectru Ǔƛ ǇŀǊŀƳŜǘǊƛƛ ǊŜǚŜƭŜƭƻǊ κ ŘƛǎǇƻȊƛǘƛǾŜƭƻǊ ŘŜ ǳǘƛƭƛȊŀǘƻǊ ŜǘŎΦ !ōƻǊŘŇǊƛƭŜ D5. ŜȄƛǎǘŜƴǘŜ - Ǔƛ 
ŀƛŎƛ ǇǳǘŜƳ ƳŜƴǚƛƻƴŀ ƛƳǇƭŜƳŜƴǘŀǊŜŀ ōŀȊŜƛ ŘŜ ŘŀǘŜ ŀ ǎǇŜŎǘǊǳƭǳƛ DƻƻƎƭŜ - ǾƛȊŜŀȊŇ ƞƴ ǇǊƛƴŎƛǇŀƭ 
autorizarea dispozitivelor TVWS (TV White Space) ǎŇ ŦǳƴŎǚƛƻƴŜȊŜ Ŏǳ ǇŀǊŀƳŜǘǊƛ ǎǇŜŎƛŦƛŎŀǚƛΦ  
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Fig. 53 !ǊƘƛǘŜŎǘǳǊŀ ŎƻƳǳƴƛŎŀǚƛƛƭƻǊ {5b 5н5 ǳǘƛƭƛzând elemente SDR-RTL ca senzori de spectru local 

 

tŜƴǘǊǳ ƛƴŦƻǊƳŀǚƛƛƭŜ ǇǊƛǾƛƴŘ ŘŀǘŜƭŜ ǎǇŜŎǘǊǳƭǳƛΣ ŜȄƛǎǘŇ ŘƻǳŇ ŀōƻǊŘŇǊƛ ǇŜ ŎŀǊŜ ƭŜ Ǿƻi detalia în 
continuare:  

¶ EŘƎŜ όƭƻŎŀƭύ {5w ϦǎǇŜŎǘǊǳƳ ǎŜƴǎƛƴƎϦΣ Ŏǳ ŀƧǳǘƻǊǳƭ ǳƴƻǊ ŜƴǘƛǘŇǚƛ ǎƻŦǘǿŀǊŜ ǇǊŜŎǳƳ Db¦ wŀŘƛƻ 
Ǔƛ apoi utilizând metode IoT (de exemplu, protocolul MQTT) pentru a transmite printr-o 
ƛƴǘŜǊŦŀǚŇ Lt όǳƴ ƳƻŘŜƳ оDΣ ƻ ŎƻƴŜȄƛǳƴŜ ²ƛCƛΣ ƻ ŎƻƴŜȄƛǳƴŜ ǇǊƛƴ ŎŀōƭǳύΣ ŎŇǘǊŜ ŎƻƴǘǊƻƭŜǊǳƭ 
{5bΣ ƴǳƳŀƛ ǊŜȊǳƭǘŀǘŜƭŜ ǇǊƻŎŜǎŇǊƛƛ ƭƻŎŀƭŜ 

¶ CŀǇǘŀǊŜŀ Ǔƛ ǘǊŀƴǎƳƛǘŜǊŜŀ ƛƴŦƻǊƳŀǚƛƛƭƻǊ ǎǇŜŎǘǊǳƭǳƛ ǇǊƛƴ ¢/t ŎŇǘǊŜ ǇǊƻŎŜǎŀǊŜŀ /ƭƻǳŘ - aici se 
ǇƻŀǘŜ ŦŀŎŜ ƻ ǇǊŜƭǳŎǊŀǊŜ ǳƭǘŜǊƛƻŀǊŇΣ Ŏŀ ƞƴ ŎŀȊǳƭ ŘŜƳƻƴǎǘǊŀǘƻǊǳƭǳƛ [ŀō±L9² ŎŀǊŜ Ǿŀ Ŧƛ 
prezentat în cele ce urmŜŀȊŇ  

¶ Elementele de detectare sunt noduri SDR ieftine cu calculatoare single board (SBC), dar pot 
fi Ǔƛ smartphones Ŏǳ ŘƻƴƎƭŜ {5w ŀǘŀǓŀǘŜΣ ŎǳƳ ŀǊ Ŧƛ ŎŜƭ ǇǊŜȊŜƴǘŀǘ ƞƴ figura 54. O a treia 
ƻǇǚƛǳƴŜ ŀǊ Ŧƛ ǳǘƛƭƛȊŀǊŜŀ ǳƴƻǊ ŜƭŜƳŜƴǘŜ ŘŜŘƛŎŀǘŜ ŎŀǊŜ ŀǳ ǇŜǊŦƻǊƳŀƴǚŜ Ƴǳƭǘ Ƴŀƛ ōǳƴŜ ŘŜ 
detectare a spectrului, cum ar fi în cazul unei USRP (de exemplu, ETTUS ς National 
Instruments). 

-  
- Fig. 54 LƴǘŜƭƛƎŜƴǘŀ ŎƻƳǇǳǘŀǚƛƻƴŀƭŀ Ϫ bƛǾŜƭ ǎƳŀǊǘǇƘƻƴŜκwŜŎŜǇǘƻǊ {5w w¢[нуон¦ 

 

- h ƳƻŘŀƭƛǘŀǘŜ ǎƛƳǇƭŇ ŘŜ ǾƛȊǳŀƭƛȊŀǊŜ ŀ ǎǇŜŎǘǊǳƭǳƛ ŜǎǘŜ ŀǇƭƛŎŀǚƛŀ !ƴŘǊƻƛŘ {5w¢ƻǳŎƘ Τ ƛƴǘŜǊŦŀǚŀ 
ŀŎŜǎǘŜƛ ŀǇƭƛŎŀǚƛƛ Ŝ ǇǊŜȊŜƴǘŀǘŇ în fig. 55: 
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Fig. 55 Exemplu de spectru detectat - Ŏǳ ŀǇƭƛŎŀǚƛŀ {5wǘƻǳŎƘ 

 

Fig. 56 Utilitar RTL-TCP pentru RTL2832U utilizat pentru transmiterea probelor IQ 

 
Când se dorŜǓǘŜ ǎŇ ǇƻǊƴƛƳ ŘŜǘŜŎǚƛŀ ƞƴ ƳƻŘǳƭ manual, ƭŀƴǎŇƳ ŀǇƭƛŎŀǚƛŀ w¢[-SDR în modul avansat ca 
în fig. 56 

 

 

Fig. 57 Implementare modificata pe SCANOO - RADIO GNU pentru a suporta RTL-SDR, cu diferite ƳƻŘǳƭŀǚƛƛ 
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1.2.1.3. Integrarea LabVIEW a receptoarelor radio RTL2832 SDR 

aŜŘƛǳƭ ŘŜ ƛƴŦƻǊƳŀǘƛŎŇ ƛƴstrumentŀƭŇ ǇŜ ŎŀǊŜ ƭ-am folosit, LabVIEW, a fost modernizat 
pentru utilizarea viitoare în Cloud ς ǇŜ ŎŃǘ ǇƻǎƛōƛƭΣ ŎƻƴŜȄƛǳƴƛƭŜ ǎŜ ŦŀŎ ƞƴ ŀŎŜƭŀǓƛ ƳƻŘΣ Ǔƛ local Ǔƛ la 
ŘƛǎǘŀƴǚŇΦ !ǎǘŦŜƭΣ ǎǇǊŜ ŎƻƴǘǊƻƭŀōƛƭƛǘŀǘŜŀ ǳƴƛŦƛŎŀǘŇ all-LtΣ ƛƴǘŜǊŦŀǚŀǊŜŀ ŜǎǘŜ ŎƻƴǘǊƻƭŀǘŇ Ŏŀ ¢/t όŎƘƛŀǊ ŘŀŎŇ 
este USB la niveluri inferioare, ca în cazul RTL-SDR)! Majoritatea transferurilor de date sunt generice 
HTTP GET/POST (portul 80 fiind ƞƴǘƻǘŘŜŀǳƴŀ ŘŜǎŎƘƛǎΣ ƞƴ ŎƻƳǇŀǊŀǚƛŜ Ŏǳ ǇƻǊǘǳǊƛƭŜ ŘŜŘƛŎŀǘŜ ǇŜƴǘǊǳ 
soluǚƛƛ ǎǇŜŎƛŀƭŜύΦ  

În diagrama VI din Fig.58, LabVIEW conduce "dongle"-ul RTL-SDR printr-o conexiune TCP. 
!ŎŜŀǎǘŀ ǎŜ ǊŜŦŜǊŇ ƭŀ ƻ ǊŜŘǳŎŜǊŜ ƛƳǇƻǊǘŀƴǘŇ ŀ ŎƻǎǘǳǊƛƭƻǊ όƞƴ ŎƻƳǇŀǊŀǚƛŜ Ŏǳ ǎƻƭǳǚƛŀ [ŀō±L9² ϧ ¦{wtύΣ 
Ŏǳ ŀǾŀƴǘŀƧǳƭ ŘŜ ŀ ƳŜƴǚƛƴŜ ŀŎŜƭŀǓƛ ƴƛǾŜƭ ŘŜ ŎƻƴǘǊƻƭŀōƛƭƛǘŀǘŜ όŎǳ ƛƴǎǘǊǳƳŜƴǘŀǚƛŜ ǾƛǊǘǳŀƭŇ - VI, în acest 
caz). 

Parametrii RTL-{5w ǎǳƴǘ ǇǊŜƭǳŀǚƛ ŘŜ ƻ ŎƻƴŜȄƛǳƴŜ ŘŜ ǊŜǚŜŀ ǇǊƛƴ ǎŜǊǾŜǊǳƭ ƞƴŎƻǊǇƻǊŀǘ w¢[ψ¢/tΣ 
ǇǊƛƴ ƛƴǘŜǊƳŜŘƛǳƭ ƎŀȊŘŜƛ Ǔƛ ŀƭ ǇƻǊǘǳƭǳƛ ŘŜ ƛƴǘŜǊŎƻƴŜŎǘŀǊŜΦ !ŎŜǓǘƛ ǇŀǊŀƳŜǘǊƛ όŎŃǓǘƛƎΣ ŦǊŜŎǾŜƴǚŇ ŎŜƴǘǊŀƭŇΣ 
ǊŀǘŇ ŘŜ ŜǓŀƴǘƛƻƴŀǊŜ ŜǘŎΦύ ǎǳƴǘ ŘŜǎǘƛƴŀǚƛ ǇŜƴǘǊǳ ŀ ŎƻƴǘǊƻƭŀ ǊŜŎŜǇǚƛŀ ǎŜƳƴŀƭǳƭǳƛ όƭŀ ƛƴǘǊŀǊŜŀ ōƭƻŎǳƭǳƛ 
NI-USRP-Rx). Acest control se face în domeniul timpul, dar, deoarece investigarea canalelor 
ŘƛǎǇƻƴƛōƛƭŜ ŀǊ ǘǊŜōǳƛ ǎŇ ǎŜ ŦŀŎŇ ƞƴ ŘƻƳŜƴƛǳƭ ŦǊŜŎǾŜƴǚŇΣ ǎŜ ŜŦŜŎǘǳŜŀȊŇ un calcul FFT, furnizând 
spectrul de semnal.  

Media celor mai mici 10 vârfuri spectrale se face pentru a calcula Pragul, apoi, folosind 
ŀŎŜŀǎǘŇ ǾŀƭƻŀǊŜ ƭƛƳƛǘŇ ŀ ŎŀƴŀƭǳƭǳƛΣ 9ƴŜǊƎȅ5ŜǘŜŎǘΦǾƛ ǎǳō-±L ŜǎǘŜ ǳǘƛƭƛȊŀǘŇ ǇŜƴǘǊǳ ŀ ƳŇǎǳǊŀ ǇǳǘŜǊŜŀ ƞƴ 
canal. CDB-WDT (tiǇǳǊƛ ŎƻƳǇƭŜȄŜ ŘŜ ŘŀǘŜ Ŏǳ ŦƻǊƳŇ ŘŜ ǳƴŘŇ ŘǳōƭŇ ǇǊŜŎƛȊƛŜύ ǇŜǊƳƛǘ un domeniu de 
ƞƴŀƭǘŇ ǾƛȊǳŀƭƛȊŀǊŜ ƳƛȄǘŇ ǘƛƳǇκŦǊŜŎǾŜƴǚŇ ƞƴ Ǉŀƴƻǳƭ ŘŜ ƛƴǎǘǊǳƳŜƴǘŜ ǾƛǊǘǳŀƭΦ 
Recent, National LƴǎǘǊǳƳŜƴǘǎ ŀ ǊŇǎǇǳƴǎ ŎŜǊƛƴǚŜlor ϦŎƭƛŜƴǚƛƭƻǊ ǎǳōǚƛǊƛϦ όέ¢Ƙƛƴ /ƭƛŜƴǘǎέύ Ǔƛ ale 
ƳƻōƛƭƛǘŇǚƛƛ Ŏǳ ǎƻƭǳǚƛƛ ǇǊŜŎǳƳ Ϧ¢ŀōƭƻǳƭ ŘŜ ōƻǊŘ ŀƭ ŘŀǘŜƭƻǊϦ όέ5ŀǘŀ 5ŀǎƘōƻŀǊŘέύ.  
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Fig. 58 Integrarea LabVIEW a receptorului RTL2832U SDR prin TCP 

 

1.2.2. Evaluarea puterii radiate în câmpul apropiat al unui terminal mobil care 
ŦǳƴŎǚƛƻƴŜŀȊŇ ƞƴ ǎǘŀƴŘŀǊŘŜƭŜ ŘŜ ŎƻƳǳƴƛŎŀǊŜ оDҌ Ǔƛ 4G+ 

 

Oƴ ŎŀŘǊǳƭ ŎƻƭŀōƻǊŇǊƛƛ Ŏǳ ŎƻƭŜƎƛƛ ŘŜ ƭŀ !ŎŀŘŜƳƛŀ CƻǊǚŜƭƻǊ Terestre din Sibiu, am propus Ǔƛ evaluat o 
ƳŜǘƻŘŇ ƻǊƛƎƛƴŀƭŇ ŘŜ ŜǾŀƭǳŀǊŜ ŀ ŘŜƴǎƛǘŇǚƛƛ ŘŜ ǇǳǘŜǊŜ ǊŀŘƛŀǘŇ ŀ ŎŃƳǇǳƭǳƛ ŀǇǊƻǇƛŀǘ ƞƴ ƛƳŜŘƛŀǘ ǎŜ 
propune ǾŜŎƛƴŇǘŀǘŜŀ ǘŜǊƳƛƴŀƭŜƭƻǊ ƳƻōƛƭŜ ŎŀǊŜ ǳǘƛƭƛȊŜŀȊŇ ŀǘŃǘ ŘŜǘŜǊƳƛƴŀǊŜŀ ǊŜȊƛǎǘŜƴǚŜƭƻǊ ŎŃƳǇǳƭǳƛ 
electric, cât Ǔƛ a câmpului magnetic [23]Φ CǳƴŎǚƛŀ ŘŜ ŘƛǎǘǊƛōǳǚƛŜ ŎǳƳǳƭŀǘƛǾŇ ŎƻƳǇƭŜƳŜƴǘŀǊŇ ό//5Cύ 
ŜǎǘŜ ǳǘƛƭƛȊŀǘŇ ǇŜƴǘǊǳ ǇǊƛƳŀ ŘŀǘŇ ǇŜƴǘǊǳ ŀ ŜǾŀƭǳŀ ŜȄǇǳƴŜǊŜŀΦ h ŘŜƳƻƴǎǘǊŀǚƛŜ ŀ ŎŀǇŀŎƛǘŇǚƛƭƻǊ //5C 
ǇŜƴǘǊǳ ŀ ƻŦŜǊƛ ƻ ǊŜǇǊŜȊŜƴǘŀǊŜ ǊŜŀƭƛǎǘŇ ŀ Ŧƻǎǘ ŜŦŜŎǘǳŀǘŇ într-ƻ ŎŀƳǇŀƴƛŜ ŘŜ ƳŇǎǳǊŀǊŜ ǇŜ ǳƴ ǘŜǊƳƛƴŀƭ 
mobiƭΦ 9ǾŀƭǳŀǊŜŀ ŜȄǇǳƴŜǊƛƛ ŀ Ŧƻǎǘ ŜŦŜŎǘǳŀǘŇ ǇŜƴǘǊǳ ǎƛǘǳŀǚƛƛƭŜ ŘŜ ƻǇŜǊŀǊŜ Řƛƴ Ǿƛŀǚŀ ǊŜŀƭŇ ǇǊƛƴ 
ǎŜƭŜŎǘŀǊŜŀ ŀ ǓŀǇǘŜ ǎŜǊǾƛŎƛƛ ŎƻƳǳƴŜ ŘŜ ŀǇƭƛŎŀǚƛƛ ǳǘƛƭƛȊŀǘŜ ŘŜ ŀōƻƴŀǚƛƛ ƳƻōƛƭƛΦ tŜƴǘǊǳ ǘŜƘƴƻƭƻƎƛƛƭŜ ŘŜ 
comunicare 4G+, densitatea de putere în câmp apropiat este cea maƛ ƳŀǊŜ ƞƴ ǘƛƳǇǳƭ ƞƴŎŇǊŎŇǊƛƛ 
ŦƛǓƛŜǊŜƭƻǊΣ ǳǊƳŀǘŇ ŘŜ ±ƻLtΣ ŀǇŜƭ ǾƛŘŜƻΣ ŘŜǎŎŇǊŎŀǊŜ ŘŜ ŦƛǓƛŜǊŜΣ ǎŜǊǾƛŎƛƛ ŘŜ ǎǘǊŜŀƳƛƴƎ Ǔƛ ƴŀǾƛƎŀǊŜΦ tŜƴǘǊǳ 
ǊŜǚŜƭŜƭŜ оDҌΣ ǾŀƭƻǊƛƭŜ ŘŜƴǎƛǘŇǚƛƛ ŘŜ ǇǳǘŜǊŜ Ƴŀƛ ƳŀǊƛ ǇŃƴŇ ƭŀ Ƴŀƛ ƳƛŎƛ ŀǳ Ŧƻǎǘ ŀǎƻŎƛŀǘŜ ŎǳΥ ƞƴŎŇǊŎŀǊŜŀ 
ŦƛǓƛŜǊŜƭƻǊΣ ŦƛǓƛŜǊǳƭ ǎŜǊǾƛŎƛƛ ŘŜ ŘŜǎŎŇǊŎŀǊŜΣ ǎǘǊŜŀƳƛƴƎΣ ±ƻLtΣ ŀǇŜƭǳǊƛ ǾƛŘŜƻ Ǔƛ ƴŀǾƛƎŀǊŜΦ În câmpul total 
apropiat radiat, densitatea de putere s-a dovedit a fi, în medie, de 34 de ori mai mare pentru 
ŀǇƭƛŎŀǚƛƛƭŜ ǘŜǎǘŀǘŜ ŎŀǊŜ ǊǳƭŜŀȊŇ ƞƴ пDҌ ƞƴ ŎƻƳǇŀǊŀǚƛŜ Ŏǳ оDҌΣ Ŏǳ ǾŀƭƻǊƛ ǾŀǊƛƛnd de la 180 de ori - în 
ǘƛƳǇǳƭ ƞƴŎŇǊŎŇǊƛƛ ŦƛǓƛŜǊŜƭƻǊΣ ǇŃƴŇ ƭŀ мΣн ƻǊƛ - ƞƴ ǘƛƳǇǳƭ ǾƛŘŜƻŎƭƛǇǳƭǳƛ {ǘǊŜŀƳƛƴƎΦ 5ŜƴǎƛǘŇǚƛ ŘŜ ǇǳǘŜǊŜ 
ǊŀŘƛŀǘŜ ǎŜƳƴƛŦƛŎŀǘƛǾ Ƴŀƛ ƳŀǊƛ ŀǳ Ŧƻǎǘ ŜƳƛǎŜ ƞƴ ǘƛƳǇǳƭ ǳǘƛƭƛȊŇǊƛƛ ±ƻLt Ǔƛ ŀǇŜƭ ǾƛŘŜƻ ǇŜ ǊŜǚŜŀǳŀ пDҌ ƞƴ 
ŎƻƳǇŀǊŀǚƛŜ Ŏǳ ǊŜǚŜŀǳŀ оDҌΦ wŜȊǳƭǘŀǘŜƭŜ ǇǊŜȊŜƴǘŜ ǎǳƎŜǊŜŀȊŇ Ŏǳ ǘŇǊƛŜ ŎŇ ŜȄǇǳƴŜǊŜŀ Ƴŀƛ ƳŀǊŜ ŜǎǘŜ 
ŀǓǘŜǇǘŀǘŇ ǇŜƴǘǊǳ ŀŎŜŜŀǓƛ ŀǇƭƛŎŀǚƛŜ ŎŀǊŜ ǊǳƭŜŀȊŇ ǎǳō пDҌ Ƴŀƛ ŘŜƎǊŀōŇ ŘŜŎŃǘ ǎǳō оDҌΦ tǊƛƴ ŀǇƭƛŎŀǊŜŀ 
unei proceduri originale, s-ŀ ǎǳōƭƛƴƛŀǘ ŜȄǇŜǊƛƳŜƴǘŀƭ ŦŀǇǘǳƭ ŎŇ ŘƛŦŜǊƛǘŜ ƎŜƴŜǊŀǚƛƛ ŘŜ ǘŜƘƴƻlogii de 
comunicare vor duce la diferite forme de expunere în amplitudine Ǔƛ în timp, sugerând o nevoie 
ǾƛƛǘƻŀǊŜ ŘŜ ƛƴǘǊƻŘǳŎŜǊŜ ŀ ŎǳŀƴǘƛŦƛŎŇǊƛƛ ǊŀǘŜƛ ŘƻȊŜƭƻǊΦ 
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Fig. 59Φ {ǘŀƴŘ ŜȄǇŜǊƛƳŜƴǘŀƭ ǇŜƴǘǊǳ ƳŇǎǳǊŀǊŜŀ ƴƛǾŜƭǳǊƛƭƻǊ Řƛƴ ŀǇǊƻǇƛŜǊŜŀ câmpului  
în proximitatea terminalului mobil. 

 
tǳǘŜǊŜŀ ǊŀŘƛŀǘŇ ƞƴ ŎŃƳǇ ŀǇǊƻǇƛŀǘ ŀ Ŧƻǎǘ ƳŇǎǳǊŀǘŇ ǇŜƴǘǊǳ ǳƴ ƳƻŘŜƭ ŘŜ ǘŜƭŜŦƻƴ IǳŀǿŜƛ tмл 

Lite WAS-[·м όŎŀǊŜ Ǿŀ Ŧƛ ƳŜƴǚƛƻƴŀǘ ƞƴ ŎƻƴǘƛƴǳŀǊŜ Ŏŀ ¦9ύ ƻǇŜǊŀǘ ƞƴ ǊŜǚŜŀǳŀ ŎƻƳŜǊŎƛŀƭŇ ±ƻŘŀŦƻƴŜ wƻΦ 
/ŃƳǇǳƭ ŀǇǊƻǇƛŀǘ ŀ Ŧƻǎǘ ƳŇǎǳǊŀǘ ƞƴ ƳƻŘǳǊƛƭŜ ŘŜ ǊŜǚŜŀ оDҌ όIҌύ Ǔƛ пDҌ ό[¢9-!ύ ƞƴ ǘƛƳǇ ŎŜ ǊǳƭŜŀȊŇ 
ǳǊƳŇǘƻŀǊŜƭŜ ŀǇƭƛŎŀǚƛƛ ƳƻōƛƭŜΥ ±ƻLtΣ !ǇŜƭ ǾƛŘŜƻΣ {ǘǊŜŀƳƛƴƎΣ bŀǾƛƎŀǊŜΣ 5ŜǎŎŇǊŎŀǊŜ ŦƛǓƛŜǊŜΣ OƴŎŇǊŎŀǊŜ 
ŦƛǓƛŜǊŜ Ǔƛ ŀǇŜƭ ǾƻŎŀƭ όƴǳƳŀƛ ƞƴ IҌύΦ !ǇƭƛŎŀǚƛŀ ²Ƙŀǘǎ!ǇǇ ŀ Ŧƻǎǘ ǳǘƛƭƛȊŀǘŇ ǇŜƴǘǊǳ ŀǇŜƭǳǊƛ ǾƻLt Ǔƛ ŀǇŜƭǳǊƛ 
video, în timp ce site-ul de partajare video YouTube a fost folosit pentru streaming (au fost luate în 
considerare atât ŎŀƭƛǘŇǚƛƭŜ пулǇΣ ŎŃǘ Ǔƛ ŎŜƭŜ млулǇύΦ 
tŜƴǘǊǳ ŀ ƴǳ ƛƴǘŜǊŦŜǊŀ Ŏǳ ¦9 ƞƴ ǘƛƳǇ ŎŜ ŀ ŀǾǳǘ ƭƻŎ ǳƴ ǎŜǘ ŘŜ ƳŇǎǳǊŇǘƻǊƛΣ ŀƳ Ŧƻƭƻǎƛǘ ŀǇƭƛŎŀǚƛŀ ƴtŜǊŦ 
!ƴŘǊƻƛŘ ǇŜƴǘǊǳ ŀ ǘŜǎǘŀ ǾƛǘŜȊŀ ŘŜ ŘŜǎŎŇǊŎŀǊŜ ǓƛΣ ǊŜǎǇŜŎǘƛǾΣ ŘŜ ƞƴŎŇǊŎŀǊŜΦ !ǇƭƛŎŀǚƛŀ ƴtŜǊŦ ŀ ŦƻǎǘΣ ŘŜ 
ŀǎŜƳŜƴŜŀΣ ǳǘƛƭƛȊŀǘŇ ǇŜƴǘǊǳ ŀ ŜŦŜŎǘǳŀ ƳŇǎǳǊŇǘƻǊƛ ŘŜ ƴŀǾƛƎŀǊŜΦ ¢ƻŀǘŜ ƳŇǎǳǊŇǘƻǊƛƭŜ ŀǳ Ŧƻǎǘ ŜŦŜŎǘǳŀǘŜ 
ƞƴ ƛƴǘŜǊƛƻǊΣ ǇŇǎǘǊŃƴŘ ƞƴ ŀŎŜƭŀǓƛ ǘƛƳǇ ōŀǘŜǊƛŀ ŎƻƳǇƭŜǘ ƞƴŎŇǊŎŀǘŇΦ ¢ŜƭŜŦƻƴǳƭ Ƴƻōƛƭ ƞƳǇǊŜǳƴŇ Ŏǳ 
obiectele din jur au fost plasate într-ƻ ǇƻȊƛǚƛŜ ŦƛȄŇΦ !ƴǘŜƴŀ ǊŀŘƛŀƴǘŇ ŜǎǘŜ ǎƛǘǳŀǘŇ ǇŜ ǇŀǊǘŜŀ ƛƴŦŜǊƛƻŀǊŇ 
ŀ ŘƛǎǇƻȊƛǘƛǾǳƭǳƛΦ {ŜǘŇǊƛƭŜ ǊŜǚŜƭŜƛ ƳƻōƛƭŜ ŀǳ ǇŜǊƳƛǎ ǘǊŜŎŜǊŜŀ ƞƴǘǊŜ ƳƻŘǳǊƛƭŜ ŘŜ ǊŜǚŜŀ нDΣ оD Ǔƛ 4G. UE 
ŦǳƴŎǚƛƻƴŜŀȊŇ ŎƻƴŦƻǊƳ ǎǘŀƴŘŀǊŘǳƭǳƛ I{t!Ҍ ŀǘǳƴŎƛ ŎŃƴŘ ǎŜ ŀŦƭŇ ƞƴ ƳƻŘǳƭ ŘŜ ǊŜǚŜŀ оDΦ CǊŜŎǾŜƴǚŜƭŜ 
centrale uplink (UL) au fost de 1967,2 MHz Ǔƛ мфттΣн aIȊΣ ŎƻǊŜǎǇǳƴȊŃƴŘ ƴǳƳŇǊǳƭǳƛ ŀōǎƻƭǳǘ ŘŜ 
ǊŀŘƛƻŦǊŜŎǾŜƴǚŇ ¦a¢{ ό¦!wC/bύ фуос ǊŜǎǇŜŎǘƛǾ фуусΦ Oƴ ƳƻŘǳƭ ŘŜ ǊŜǚŜŀ пDΣ ¦9 ǳǘƛƭƛȊŜŀȊŇ ǘŜƘƴƻƭƻƎƛŀ 
LTE-! Ŏǳ ǎǘŀǚƛŀ ŘŜ ōŀȊŇ ŀƭƻŎŀǘŇ Ŏŀƴŀƭǳƭǳƛ ¦[ ŎŜƴǘǊŀǘ ǇŜ мтнл aIȊΣ ŎƻǊŜǎǇǳƴȊŃƴŘ ƭŀ мфΦолл 9¦¢w! 
EARFCN, avânŘ ƻ ƭŇǚƛƳŜ ŘŜ ōŀƴŘŇ ŘŜ нл aIȊΦ /ǳ ǘƻŀǘŜ ŀŎŜǎǘŜŀΣ ƴǳ ŀ Ŧƻǎǘ ƻōǎŜǊǾŀǘŇ ƴƛŎƛƻ ŘŜŎƭŀƴǓŀǊŜ 
/! ǇŜƴǘǊǳ ¦[ ƭŀ ƭƻŎǳƭ ŘŜ ƳŇǎǳǊŀǊŜ ǇŜƴǘǊǳ ǘƛǇǳǊƛƭŜ ŘŜ ŀǇƭƛŎŀǚƛƛ ǘŜǎǘŀǘŜ όŜǎǘƛƳŇƳ ŎŇ ¦9 ŦǳƴŎǚƛƻƴŀ ƞƴ 
ŎƻƴŘƛǚƛƛ ǊŀŘƛƻ ōǳƴŜ Ǔƛ ŎŇ ŀ ŜȄƛǎǘŀǘ ƻ ǎŀǊŎƛƴŇ ǎŎŇȊǳǘŇ ŀ ŎŜƭǳƭŜƛύΦ /ǳ ŀƧǳǘƻǊǳƭ ǳƴŜƛ ŀǇƭƛŎŀǚƛƛ ƳƻōƛƭŜ 
ƛƴǎǘŀƭŀǘŜ ǇŜ ǘŜǊƳƛƴŀƭΣ ŀǘŃǘ ƛƴŘƛŎŀǘƻǊǳƭ ŘŜ ǊŜȊƛǎǘŜƴǚŇ ŀ ǎŜƳƴŀƭǳƭǳƛ ǇǊƛƳƛǘ όψул Ř.ƳύΣ ŎŃǘ Ǔƛ ǇǳǘŜǊŜŀ ŘŜ 
ǊŜŎŜǇǚƛŜ ŀ ǎŜƳƴŀƭǳƭǳƛ ŘŜ ǊŜŦŜǊƛƴǚŇ όψун Ř.Ƴύ ŀǳ Ŧƻǎǘ ƳŇǎǳǊŀǘŜ ƞƴ ƭƻŎŀǚƛŀ ŜȄǇŜǊƛƳŜƴǘŜƭƻǊΦ 

Graficele din Fig. 60 sunt rezultatǳƭ ǊŜǇǊŜȊŜƴǘŇǊƛƛ ǇǳǘŜǊƛƛ ƳŜŘƛƛ ǇŜ ǘƻŀǘŜ ŎŜƭŜ мллл ŘŜ ǾŀƭƻǊƛ 
ƞƴǊŜƎƛǎǘǊŀǘŜ ƞƴ ŦƛŜŎŀǊŜ ǇǳƴŎǘ Ǔƛ ǇƻȊƛǚƛŜΦ wŀǇƻǊǘŀǊŜŀ ŀōŀǘŜǊƛƛ ǎǘŀƴŘŀǊŘ ǇŜ ŎŃƳǇǳǊƛƭŜ ǘƻǘŀƭŜ ƴǳ ŜǎǘŜ ƻ 
ƳŇǎǳǊŇ ŀŘŜŎǾŀǘŇΣ ŘŜƻŀǊŜŎŜ ŎƻƳǇƻƴŜƴǘŜƭŜ ŎŃƳǇǳƭǳƛ 9 Ǔƛ I ŀǳ Ŧƻǎǘ ƳŇǎǳǊŀǘŜ ƞƴ ƳƻƳŜƴǘŜ ŘƛŦŜǊƛǘŜ ƞƴ 
ǘƛƳǇΦ /ǳ ǘƻŀǘŜ ŀŎŜǎǘŜŀΣ ǾŀƭƻǊƛƭŜ ƳŇǎǳǊŀǘŜ Ǉƻǘ Ŧƛ ŀƴŀƭƛȊŀǘŜ ǇŜƴǘǊǳ ƻ ǎƛƴƎǳǊŇ ŎƻƳǇƻƴŜƴǘŇ ŘŜ ŘƛǊŜŎǚƛŜΣ 
ŀǓŀ ŎǳƳ ŜǎǘŜ ǇǊŜȊŜƴǘŀǘ ƞƴ ŦƛƎǳǊŀ ŘŜ Ƴŀƛ ƧƻǎΦ ±ŀƭƻǊƛƭŜ 9ȅ Ǔƛ IȄ ǎǳƴǘ Ƴŀƛ ǊŇǎǇŃƴŘƛǘŜ ƞƴ ƧǳǊǳƭ ƳŜŘƛŜƛ ƭŀ 
ŘƛǎǘŀƴǚŜ Ƴŀƛ ŀǇǊƻǇƛŀǘŜ ŘŜ ¦9Σ ƞƴ ǊŜƎƛǳƴŜŀ ŎŃƳǇǳƭǳƛ ǊŜŀctiv. 
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Fig. 60Φ ±ŀǊƛŀǚƛŀ ǇǳƴŎǘŜƭƻǊ ŦƻǊǘŜ ŀƭŜ ŎŃƳǇǳƭǳƛ ό9Σ Iύ Ǔƛ ŘŜƴǎƛǘŀǘŜŀ ǇǳǘŜǊƛƛ Ŏǳ ŘƛǎǘŀƴǚŀΥ ŀǇƭƛŎŀǚƛŀ ±ƻLtκпDҌΦ ±ŀǊƛŀǚƛŀ Ŏǳ 
Řƛǎǘŀƴǚŀ Ǔƛ ǊŇǎǇŃƴŘƛǊŜŀ ƞƴ ǘƛƳǇ ŀ ǇǊƛƴŎƛǇŀƭŜƭƻǊ ŎƻƳǇƻƴŜƴǘŜ ŘŜ ŎŃƳǇΣ 9ȅ Ǔƛ IȄΥ ǳǘƛƭƛȊŀǊŜŀ ŀǇƭƛŎŀǚƛŜƛ ±ƻLtκпDҌΦ 
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Fig. 61. Nivelurile de câmp E Ǔƛ IΣ ƞƳǇǊŜǳƴŇ Ŏǳ ǾŀǊƛŀǚƛƛƭŜ ŘŜƴǎƛǘŇǚƛƛ ŘŜ ǇǳǘŜǊŜ Ŏǳ Řƛǎǘŀƴǚŀ ŦŀǚŇ ŘŜ ǘŜrminalul utilizat 

ǇŜƴǘǊǳ ŘƛŦŜǊƛǘŜ ǎŜǊǾƛŎƛƛ ŘŜ ŀǇƭƛŎŀǚƛƛ оDҌΦ 
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Fig. 62Φ ±ŀǊƛŀǚƛŀ ŎŃƳǇǳƭǳƛ 9Σ ŀ ŎŃƳǇǳƭǳƛ I Ǔƛ ŀ ŘŜƴǎƛǘŇǚƛƛ ŘŜ ǇǳǘŜǊŜ Ŏǳ Řƛǎǘŀƴǚŀ ǇŜƴǘǊǳ ŘƛŦŜǊƛǘŜ ǎŜǊǾƛŎƛƛ пDҌΦ 

 

 
Fig. 63. /ƻƳǇŀǊŀǚƛŜ ƞƴǘǊŜ ŜǇǳƛȊŀǊŜŀ ŘŜƴǎƛǘŇǚƛƛ ŘŜ ǇǳǘŜǊŜ оDҌ Ǔƛ пDҌ Ŏǳ Řƛǎǘŀƴǚŀ Řƛƴ ŀǇǊƻǇƛŜǊŜŀ ǘŜǊƳƛƴŀƭǳƭǳƛΥ ±ƻLt όŀύ 

Ǔƛ ƞƴŎŇǊŎŀǊŜŀ ŦƛǓƛŜǊŜƭƻǊ όōύΦ 
 

{ŎƻǇǳƭ ŀŎŜǎǘǳƛ ǎǘǳŘƛǳ ŀ Ŧƻǎǘ ŘŜ ŀ ŎŀǊŀŎǘŜǊƛȊŀ ŜȄǇǳƴŜǊŜŀ ǳƳŀƴŇ ŀǘǳƴŎƛ ŎŃƴŘ ǎŜ ǳǘƛƭƛȊŜŀȊŇ ǳƴ 
ǘŜƭŜŦƻƴ Ƴƻōƛƭ ǇŜƴǘǊǳ ǎŜǊǾƛŎƛƛ ŘŜ ǾƻŎŜ ǎŀǳ ŘŀǘŜ ŀǇŀǊǚƛƴŃƴŘ ŘƛŦŜǊƛǘŜƭƻǊ ǘŜƘƴƻƭƻƎƛƛ ŘŜ ŎƻƳǳƴƛŎŀǊŜΦ 
hōƛŜŎǘƛǾǳƭ ŀ Ŧƻǎǘ ŀǘƛƴǎ ǇǊƛƴ ŘŜǘŜǊƳƛƴŀǊŜŀ ŘŜƴǎƛǘŇǚƛƛ ŘŜ ǇǳǘŜǊŜ ǊŀŘƛŀǘŇ ƞƴ ŎŃƳǇǳƭ ŀǇǊƻǇƛŀǘ ŀƭ 
ŘƛǎǇƻȊƛǘƛǾǳƭǳƛΣ ǇŜ ōŀȊŀ ǎŜƳƴŀƭŜƭƻǊ ŎŀǇǘŀǘŜ ǎŜŎǾŜƴǚƛŀƭ ŀǘŃǘ ŘŜ ǎƻƴŘŜƭŜ ŘŜ ŎŃƳǇ ŜƭŜŎǘǊƛŎΣ ŎŃǘ Ǔƛ ŘŜ ŎŜƭŜ 



Teza de abilitare BŇƭŀƴ ¢ƛǘǳǎ /ƻƴǎǘŀƴǘƛƴ 
 

 59 

ƳŀƎƴŜǘƛŎŜΦ {ǘŀǘƛǎǘƛŎƛƭŜ ǎŜƳƴŀƭǳƭǳƛ ŀǳ Ŧƻǎǘ ǇǊŜƭǳŀǘŜ ŀǳǘƻƳŀǘ ǇǊƛƴ ƳŇǎǳǊŇǘƻǊƛ //5C ŘƛǎǇƻƴƛōƛƭŜΦ 
9ǾŀƭǳŀǊŜŀ ƭƻŎŀƭŇΣ ŘŀǊ ǊŜŀƭƛǎǘŇ ŀ ŜȄǇǳƴŜǊƛƛΣ ŀ Ŧƻǎǘ ŜŦŜŎǘǳŀǘŇ ǇǊƛƴ ƳŇǎǳǊŀǊŜŀ ŘƛŦŜǊƛǘŜƭƻǊ ǎƛǘǳŀǚƛƛ ŎŀǊŜ ŀǳ 
ƛƳǇƭƛŎŀǘ ǳǘƛƭƛȊŀǊŜŀ ǳƴǳƛ ƴǳƳŇǊ ŘŜ ǎŜǊǾƛŎƛƛ ŘŜ ŀǇƭƛŎŀǊŜ ŘƛǎǇƻƴƛōƛƭŜ ǇŜƴǘǊǳ ŀōƻƴŀǚƛ Ƴƻōƛƭƛ ƳƻŘŜǊƴƛΦ  
tŜƴǘǊǳ ǎŎŜƴŀǊƛƛƭŜ ŘŜ ƻǇŜǊŀǊŜ пDҌΣ ŘŜƴǎƛǘŀǘŜŀ ŘŜ ǇǳǘŜǊŜ ƭƻŎŀƭŇ ŀ Ŧƻǎǘ ŎŜŀ Ƴŀƛ ƳŀǊŜ ƞƴ ǘƛmpul 
ƞƴŎŇǊŎŇǊƛƛ ŦƛǓƛŜǊŜƭƻǊΣ ǳǊƳŀǘŇ ŘŜ ±ƻLtΣ ŀǇŜƭ ǾƛŘŜƻΣ ŘŜǎŎŇǊŎŀǊŜ ŦƛǓƛŜǊŜΣ ǎŜǊǾƛŎƛƛ ŘŜ ǎǘǊŜŀƳƛƴƎ Ǔƛ ƴŀǾƛƎŀǊŜΦ 
tŜƴǘǊǳ ǘŜƘƴƻƭƻƎƛŀ оDҌΣ ƻǊŘƛƴŜŀ ŘŜǎŎǊŜǎŎŇǘƻŀǊŜ ŀ ŜȄǇǳƴŜǊƛƛ ŀ Ŧƻǎǘ ŀǎƻŎƛŀǘŇ ŎǳΥ ƞƴŎŇǊŎŀǊŜŀ ŦƛǓƛŜǊŜƭƻǊΣ 
ŘŜǎŎŇǊŎŀǊŜŀ ŦƛǓƛŜǊŜƭƻǊΣ ǎǘǊŜŀƳƛƴƎΣ ±ƻLtΣ ŀǇŜluri video Ǔƛ ǎŜǊǾƛŎƛƛ ŘŜ ƴŀǾƛƎŀǊŜΦ 9ǎǘŜ ƛƳǇƻǊǘŀƴǘ ǎŇ ǎŜ 
ǎǳōƭƛƴƛŜȊŜ ŎŇ ƴƛŎƛǳƴŀ ŘƛƴǘǊŜ ǾŀƭƻǊƛƭŜ ƳŇǎǳǊŀǘŜ ŀƭŜ ƛƴǘŜƴǎƛǘŇǚƛƭƻǊ ŎŃƳǇǳƭǳƛ ǎŀǳ ŀƭŜ ŘŜƴǎƛǘŇǚƛƛ ŘŜ ǇǳǘŜǊŜ 
ƴǳ ŀ ŘŜǇŇǓƛǘ ƴƛǾŜƭǳǊƛƭŜ ŘŜ ǊŜŦŜǊƛƴǚŇ ǎǇŜŎƛŦƛŎŀǘŜ ƞƴ ƻǊƛŜƴǘŇǊƛƭŜ L/bLwtΦ 

Deoarece tehnologia 4G+ ŜǎǘŜ ǇǊƻƛŜŎǘŀǘŇ ǇŜƴǘǊǳ ǊŀǘŜ ǊƛŘƛŎŀǘŜ ŘŜ ŘŀǘŜΣ ǎŜ ǇǊŜŎƻƴƛȊŜŀȊŇ ŎŇ 
densitatea de putere în câmp apropiat va fi considerabil mai mare decât în cazul tehnologiei 3G+. 
Chiar Ǔƛ Řƛƴ ǇǳƴŎǘǳƭ ŘŜ ǾŜŘŜǊŜ ŀƭ ŜȄǇǳƴŜǊƛƛ ǳǘƛƭƛȊŀǘƻǊƛƭƻǊΣ ƻ ǊŜǚŜŀ пDҌ ŜǎǘŜ Ƴŀƛ ŜŦƛŎƛŜƴǘŇ Ǉentru rate 
ŘŜ ŘŀǘŜ Ƴŀƛ ƳŀǊƛΦ Oƴ ŀŎŜŀǎǘŇ ƳŇǎǳǊŇΣ ǎ-ŀ ƻōǎŜǊǾŀǘ ŎŇ ŀǇƭƛŎŀǚƛƛ ǇǊŜŎǳƳ ±ƻLt ǎŀǳ ǾƛŘŜƻ-call, care sunt 
ǎŜǊǾƛŎƛƛ ƞƴ ǘƛƳǇ ǊŜŀƭ ŎŀǊŜ ƴŜŎŜǎƛǘŇ ǊŀǘŜ ŘŜ ŘŀǘŜ ǎŎŇȊǳǘŜΣ ŘŀǊ ŎƻƴǎǘŀƴǘŜΣ ŀǳ Ŧƻǎǘ ŀǎƻŎƛŀǘŜ Ŏǳ ƻ 
ŜȄǇǳƴŜǊŜ ǎŜƳƴƛŦƛŎŀǘƛǾ Ƴŀƛ ƳŀǊŜ ƞƴ ǊŜǚŜŀǳŀ пDҌΣ Ŏƻmparativ cu 3G+. Navigarea duce la valori pentru 
ŘŜƴǎƛǘŀǘŜŀ ŘŜ ǇǳǘŜǊŜ ŎŀǊŜ ŜǎǘŜ ŘŜ му ƻǊƛ Ƴŀƛ ƳŀǊŜ ǇŜƴǘǊǳ пDҌ ƞƴ ŎƻƳǇŀǊŀǚƛŜ Ŏǳ оDҌΦ 5ŜƻŀǊŜŎŜ 
ŘŜǎŎŇǊŎŀǊŜŀ ǳƴǳƛ ŦƛǓƛŜǊ ƴǳ ƴŜŎŜǎƛǘŇ ƻ ŎƻƳǳƴƛŎŀǊŜ ǳǇƭƛƴƪ ŎƻƴǎŜŎǾŜƴǘŇ Ŏǳ ǎǘŀǚƛŀ ŘŜ ōŀȊŇΣ ǇǳǘŜǊŜŀ 
ǊŀŘƛŀǘŇ ǎ-a dovedit ŀ Ŧƛ ƞƴ ƳŜŘƛŜ ŘŜ о ƻǊƛ Ƴŀƛ ƳŀǊŜ ƞƴ ǊŜǚŜŀǳŀ пDҌΦ bƛǾŜƭǳǊƛ ǎƛƳƛƭŀǊŜ ŘŜ ǇǳǘŜǊŜ 
ǊŀŘƛŀǘŇ ŀǳ Ŧƻǎǘ ƻōǚƛƴǳǘŜ ǇŜƴǘǊǳ ǎŜǊǾƛŎƛƛƭŜ ŘŜ ǎǘǊŜŀƳƛƴƎ ƞƴ ŀƳōŜƭŜ ǘƛǇǳǊƛ ŘŜ ǊŜǚŜŀ όƛƴŘŜǇŜƴŘŜƴǘ ŘŜ 
ŎŀƭƛǘŀǘŜŀ ǾƛŘŜƻ ǎŜƭŜŎǘŀǘŇύΦ 5ƛƴǘǊŜ ǘƻŀǘŜ ǘŜǎǘŀǘŜ ŀǇƭƛŎŀǚƛƛΣ ŎŜƭŜ Ƴŀƛ ƳŀǊƛ ƴƛǾŜƭǳǊƛ ŘŜ ǇǳǘŜǊŜ ǊŀŘƛŀǘŇ ŀǳ 
Ŧƻǎǘ ƳŇǎǳǊŀǘŜ ƞƴ ǘƛƳǇǳƭ ƞƴŎŇǊŎŇǊƛƛ ŦƛǓƛŜǊŜƭƻǊ ƞƴ ŀƳōŜƭŜ ǘƛǇǳǊƛ ŘŜ ǊŜǚŜŀΦ wŜȊǳƭǘŀǘŜƭŜ ŀǊŀǘŇ ŎŇΣ ŎƘƛŀǊ Ǔƛ cu 
ǳƴ ƎǊŀŘ ƳƻŘŜǊŀǘ ŘŜ ƎŜƴŜǊŀƭƛǘŀǘŜΣ ŜǎǘŜ ŘŜ ŀǓǘŜǇǘŀǘ ƻ ŜȄǇǳƴŜǊŜ Ƴŀƛ ƳŀǊŜ ǇŜƴǘǊǳ ƻ ŀǇƭƛŎŀǚƛŜ ŎŀǊŜ 
ǊǳƭŜŀȊŇ ǎǳō пDҌ Ƴŀƛ ŘŜƎǊŀōŇ ŘŜŎŃǘ sub standardul de comunicare 3G+, având în vedere modelele 
ŘŜ ǘŜƭŜŦƻŀƴŜ ǎƛƳƛƭŀǊŜ όǓƛ ŀƴǘŜƴŜƭŜύΦ 
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2. Securitatea cibernetica a ǎƻƭǳǚƛƛƭƻǊ Ǔƛ serviciilor de calcul Ǔƛ 
ŎƻƳǳƴƛŎŀǚƛƛ 

 
Securitatea ŎƛōŜǊƴŜǘƛŎŇ ǘǊŜōǳƛŜ ǇǊƛǾƛǘŇ Řƛƴ ŘƻǳŇ perspective în activitatea profesionala a autorului: 

¶ Perspectiva ŘƛŘŀŎǘƛŎŇ Ǔƛ ŘŜ ŘŜȊǾƻƭǘŀǊŜ ŎƻƴǘƛƴǳŇ (platforme de laborator pentru instruire Ǔƛ 
ŀƴǘǊŜƴŀǊŜ όάŎȅōŜǊ-ǊŀƴƎŜέύ Ǔƛ ƛƴƛǚƛŀǘƛǾŜ ŘŜ ǘƛǇ άƘǳōέ ǊŜƎƛƻƴŀƭ ŎƻƴŎǊŜǘƛȊŀǘŜ ǇǊƛƴ ǇŀǊǘƛŎƛǇŀǊŜŀ în 
ŎŀŘǊǳƭ .ǊŀǓƻǾ CyberHub) - 5ƛƴ ŀŎŜŀǎǘŇ ǇŜǊǎǇŜŎǘƛǾŇ ǎŜ ǾƻǊ ǇǊŜȊŜƴǘŀ ƻ ǎŜǊƛŜ ŘŜ ŎƻƴǘǊƛōǳǚƛƛ Řƛƴ 
perspectiva de fondator Ǔƛ coordonator al programului de masterat în limba englezŇ 
"Cybersecurity", ce include Ǔƛ etapele de construire a unui laborator de securitate 
ciberneticŇ ǊŜŎƻƴŦƛƎǳǊŀōƛƭ Ǔƛ versatil, precum Ǔƛ coagularea unei iniǚƛative locale de tip hub 
ǘŜƘƴƻƭƻƎƛŎ ƴǳƳƛǘŇ ά.ǊŀǓƻǾ /ȅōŜǊIǳōέΦ 

 

¶ tŜǊǎǇŜŎǘƛǾŀ ƛƳǇƭŜƳŜƴǘŇǊƛƛ ǳƴƻǊ ǎƻƭǳǚƛƛ inovative pentru securizarea ǎƻƭǳǚƛƛƭƻǊ Ǔƛ serviciilor 
de calcul Ǔƛ ŎƻƳǳƴƛŎŀǚƛƛ ς ce ǊŜǇǊŜȊƛƴǘŇ o serie de ƛƳǇƭŜƳŜƴǘŇǊƛ HW/SW, în majoritatea lor 
bazate pe instrumente cu sursa deschisa, realizate Ǔƛ în colaborare cu doctoranzi ai 
¦ƴƛǾŜǊǎƛǘŇǚƛƛ Transilvania, precum Ǔƛ cu masteranzi sau ŀōǎƻƭǾŜƴǚƛ ƛƴǘŜǊƴŀǚƛƻƴŀƭƛ ai 
programului de master. UnŜƭŜ ŘƛƴǘǊŜ ƛƳǇƭŜƳŜƴǘŇǊƛ ŀǳ Ŧƻǎǘ ǊŜŀƭƛȊŀǘŜ ŜȄǇŜǊƛƳŜƴǘŀƭ ƞƴ ŎŀŘǊǳƭ 
ƛƴŦǊŀǎǘǊǳŎǘǳǊƛƛ L¢ ŀ ǳƴƛǾŜǊǎƛǘŇǚƛƛΣ ǘƻŎƳŀƛ ǇŜƴǘǊǳ ƞƴǘŇǊƛǊŜŀ ƳŜǘƻŘŜƭƻǊ ŘŜ securitate ale 
¦ƴƛǾŜǊǎƛǘŇǚƛƛ ¢ǊŀƴǎƛƭǾŀƴƛŀΦ 

 

2.1. {ŜŎǳǊƛǘŀǘŜŀ ŎƛōŜǊƴŜǘƛŎŇ - PersǇŜŎǘƛǾŀ ŘƛŘŀŎǘƛŎŇ Ǔƛ ŘŜ ŘŜȊǾƻƭǘŀǊŜ ŎƻƴǘƛƴǳŇ 

 
OƴŦƛƛƴǚŀǊŜŀ programului de master Cybersecurity în anul 2018 a inclus o etapŇ importanta de 
ŜƭŀōƻǊŀǊŜ ŀ ŎǳǊǊƛŎǳƭŜƛΣ ǚƛƴŃƴŘ Ŏƻƴǘ ŘŜ ǊŜŎƻƳanŘŇǊƛƭŜ /ŜƴǘǊǳƭǳƛ bŀǘƛƻƴŀƭ /ȅōŜǊƛƴǘ ŘŀǊ ǳǊƳŇǊƛƴŘ Ǔƛ 
ǇǊƻƎǊŀƳŀ ǳƴƻǊ ǳƴƛǾŜǊǎƛǘŇǚƛ ƛƴǘŜǊƴŀǚƛƻƴŀƭŜ ǇǊŜŎǳƳ Ǔƛ ŎǳǊƛŎǳƭƭŀ ǳƴƻǊ ŎŜǊǘƛŦƛŎŇǊƛ ŘŜ ǇǊŜǎǘƛƎƛǳ Řƛƴ 
ŘƻƳŜƴƛǳƭ ǎŜŎǳǊƛǘŇǚƛƛ ŎƛōŜǊƴŜǘƛŎŜ ό{!b{ LƴǎǘƛǘǳǘŜ - Global Information Assurance Certification (GIAC), 
EC-Council, CompTIA). O altŇ ŜǘŀǇŇ ƛƳǇƻǊǘŀƴǘŇ ŀ ǊŜǇǊŜȊŜƴǘŀǘ-o construirea unei infrastructuri de 
laborator de tip cyberrange, beneficiind Ǔƛ de o sponsorizare consistenta din partea firmei Atos. 
Construirea infrastructurii de laborator a însemnat un proiect în sine, de la infrastructura hardware 
Ǔƛ ƛƴŦǊŀǎǘǊǳŎǘǳǊŀ ǾƛǊǘǳŀƭƛȊŀǘŇ ŘŜ ƭŀōƻǊŀǘƻǊΣ ǇŃƴŇ ƭŀ ƛƳǇƭŜƳŜƴǘŀǊŜŀ ƭŀboratoarelor Ǔƛ a unei zone de 
lucru dedicate ŦƛŜŎŇǊǳƛ ǎǘǳŘŜƴǘΣ Ŏǳ ŀŎŎŜǎ ŘŜ ƭŀ ŘƛǎǘŀƴǚŇ όŎŜŜŀ ŎŜ ǎ-a dovedit extǊŜƳ ŘŜ ǳǘƛƭŇ ƞƴ ǘƛƳǇǳƭ 
ǇŀƴŘŜƳƛŜƛ ŘŜ /h±L5мфΣ ŘŀǊ Ǔƛ ǇŜƴǘǊǳ ǳƴŜƭŜ ŎƻƭŀōƻǊŇǊƛ ƛƴǘŜǊƴŀǚƛƻƴŀƭŜύΦ 
 
O serie de principii au stat la baza conceptului pentru arhitectura laboratorului de securitate 
ŎƛōŜǊƴŜǘƛŎŇ, descris în [24]: 
- {ǘǳŘŜƴǚƛƛ ǎŇ îl ǇƻŀǘŇ ǳǘƛƭƛȊŀ ŘŜ ƭŀ ŘƛǎǘŀƴǚŇ ǇǊƛƴ ƛƴǘŜǊƳŜŘƛǳƭ ±5L όŘŜǎƪǘƻǇ ǾƛǊǘǳŀƭƛȊŀǊŜύ ŘŜ ƭŀ 
ǊŜǎǳǊǎŜ Řƛƴ ƛƴǘǊŀƴŜǘǳƭ ǳƴƛǾŜǊǎƛǘŇǚƛƛ Ǔƛ ŘŜ ƭŀ ŎƻƴŜȄƛǳƴƛ ŜȄǘŜǊƴŜ ǇǊƛƴ ±tb 

- Posibilitatea Ŏŀ ŦƛŜŎŀǊŜ ǎǘǳŘŜƴǘ ǎŇ ŀƛōŇ ǇǊƻǇǊƛǳƭ ƳŜŘƛǳ ŘŜ ƭǳŎǊǳΣ ŀǎǘŦŜƭ ƞƴŎŃǘ ǎŇ nu existe conflicte 
Ǔƛ restricǚƛƛ ŘŜ ŦǳƴŎǚƛƻƴŀǊŜΣ ƞƴ ŎƻƴŘƛǚƛƛƭŜ ǳƴŜƛ cereri mari de resurse (în special procesare, DRAM 
Ǔƛ I55ύΦ 

- Din motive de securitate, sistemele au trebuit izolate de restul infrastructurii universitare, astfel 
ƞƴŎŃǘ ƻǊƛŎŜ ǘŜǎǘŜ Ǔƛ ŜȄǇŜǊƛƳŜƴǘŜ ŘŜ ǎŜŎǳǊƛǘŀǘŜ ǎŇ nu afecteze ǊŜǚŜŀǳŀ ƻǇŜǊŀǚƛƻƴŀƭŇ 

- /ƻƳǇƻƴŜƴǘŜƭŜ ǎƛǎǘŜƳǳƭǳƛ όƳŀǓƛƴƛ ǾƛǊǘǳŀƭŜύ ŀǊ ǘǊŜōǳƛ ǎŇ ŦƛŜ ƛƴǎtanǚƛate la cerere pe baza 
ǎǳōƛŜŎǘǳƭǳƛ Ǔƛ ŀ ŎƻƴŦƛƎǳǊŀǚƛŜƛ ǎǇŜŎƛŦƛŎŜ ƭŀōƻǊŀǘƻǊǳƭǳƛΣ ŀǎǘŦŜƭ ƞƴŎŃǘ ƻ ƳŜǘƻŘŇ ŘŜ ƻǊŎƘŜǎǘǊŀǊŜ ǇŜƴǘǊǳ 
Lŀŀ{ ǎŇ ŦƛŜ ǳǘƛƭƛȊŀǘŇ 
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- tƻǎƛōƛƭƛǘŀǘŜŀ Ŏŀ ǎǘǳŘŜƴǚƛƛ ǎŇ ŜŘƛǘŜȊŜ ŎƻƴŦƛƎǳǊŀǚƛƛΣ ǎŇ ŀŘŀǳƎŜ ŜƭŜƳŜƴǘŜ ƴƻƛΣ ƴƻƛ ŎƻƳǇƻƴŜƴǘŜ 
ǎƻŦǘǿŀǊŜΣ ƴƻƛ ƛƳǇƭŜƳŜƴǘŇǊƛ ŘŜ ŎƻƴǘŀƛƴŜǊŜ ǾƛǊǘǳŀƭŜ 5ƻŎƪŜǊ 

- Posibilitate de έŎǳǊŇǚŀǊŜέ a sistemului (eliberare a resurselor), ŘǳǇŇ activitatea prestata de 
fiecare student. 

 

Am analizat software-ul Ǔƛ ŜƭŜƳŜƴǘŜƭŜ ŘŜ ǊŜǚŜŀ ǾƛǊǘǳŀƭƛȊŀǘŜ ƴŜŎŜǎŀǊŜ ƭŀōƻǊŀǘƻŀǊŜƭƻǊ ƴƻŀǎǘǊŜ ŎŀǊŜ ŀǊ 
ǘǊŜōǳƛ ǎŇ ǎŜǊǾŜŀǎŎŇ Ƴŀƛ ƳǳƭǘƻǊ ŘƛǎŎƛǇƭƛƴŜΣ ƭŀ momentul construirii laboratorului (cu o re-evaluare 
ŎƻƴǎǘŀƴǘŇ ŀ ƴŜŎŜǎƛǘŀǚƛƭƻǊύΥ  
- Pentru discipline ŎŜ ǘǊŀǘŜŀȊŇ ǎŜŎǳǊƛǘŀǘŜŀ ǊŜǚŜƭŜƛ Ǔƛ ǎǳōƛŜŎǘŜƭŜ ŘŜ ŀǇŇǊŀǊŜ ǇŜǊƛƳŜǘǊŀƭŇ ŀƳ ŀǾǳǘ 
ƴŜǾƻƛŜ ǎŇ ƛƴǘŜƎǊŇƳ ŘƛŦŜǊƛǘŜ ŜƭŜƳŜƴǘŜ ŘŜ ŦƛǊŜǿŀƭƭ Ǔƛ puncte finale VPN (pfSense, IP Fire, Cisco 
ASAv, Cisco Firepower Thread Defence, Cisco Firepower Management Center), Sisteme de 
ŘŜǘŜŎǘŀǊŜ ŀ ƛƴǘǊǳȊƛǳƴƛƭƻǊ κ {ƛǎǘŜƳŜ ŘŜ ǇǊŜǾŜƴƛǊŜ ŀ ƛƴǘǊǳȊƛǳƴƛƭƻǊ όL5{κLt{ύΣ ǊƻǳǘŜǊŜ Ǔƛ ǎǿƛǘŎƘ-uri 
ǾƛǊǘǳŀƭƛȊŀǘŜ όǎǳōƛŜŎǘŜ ƭŜƎŀǘŜ ŘŜ ŀǘŜƴǳŀǊŜŀ ŘƛŦŜǊƛǘŜƭƻǊ ŀƳŜƴƛƴǚŇǊƛ ŘŜ ǎŜŎǳǊƛǘŀǘŜ [нύΦ 

- Pentru teme de hacking etic ŜȄƛǎǘŇ ŎŃǘŜǾŀ ŜƭŜƳŜƴǘŜ ŎŀǊŜ ŀǊ ǘǊŜōǳƛ ƛƴǘŜƎrate, cum ar fi: Kali 
Linux, Metaspoitable, DVWA (Damn Vulnerable Web Applications), diferite instrumente pentru 
ǎŎŀƴŀǊŜŀ ǾǳƭƴŜǊŀōƛƭƛǘŇǚƛƭƻǊΣ ŀƭǘŜ ƳŀǓƛƴƛ ŀǘŀŎŀōƛƭŜ ό{ƛǎǘŜƳŜ ²ƛƴŘƻǿǎΣ [ƛƴǳȄΣ !ƴŘǊƻƛŘΣ ŎǳƳ ŀǊ ŦƛΣ ŘŜ 
ŜȄŜƳǇƭǳΣ ƳŀǓƛƴƛ ǾƛǊǘǳŀƭŜ ǇǊŜƛƴǎǘŀƭŀǘŜ ŘŜ ŘƛŦŜǊƛǘŜ ŘƛǎǘǊƛōǳǚƛƛΣ ŎǳƳ ŀǊ Ŧƛ ŎŜƭŜ ŦǳǊƴƛȊŀǘŜ ŘŜ h{.ƻȄŜǎ)  

- tŜƴǘǊǳ ƳŀǘŜǊƛƛ ŎŜ ǘǊŀǘŜŀȊŇ ƎŜǎǘƛƻƴŀǊŜŀ ƛƴŎƛŘŜƴǘŜƭƻǊ ŘŜ ǎŜŎǳǊƛǘŀǘŜ ŎƛōŜǊƴŜǘƛŎŇΣ ǇǳǘŜƳ ǊŜŎƻƳŀƴŘŀ 
ŘƛǎǘǊƛōǳǚƛŀ ŘŜ {ŜŎǳǊƛǘȅ hƴƛƻƴΣ ƛƴŎƭǳǎƛǾ ŘƛŦŜǊƛǘŜ ŜƭŜƳŜƴǘŜ bL5{ ό{ƴƻǊǘΣ {ǳǊƛŎŀǘŀΣ .Ǌƻύ Ǔƛ IL5{ Ǔƛ 
SUITA ELK Stack Suite (Elastic Search, Logstash, Kibana), dar Ǔƛ ŀƭǘŜ ƻǇǚƛǳƴƛΣ ŎǳƳ ŀǊ Ŧƛ !ƭƛŜƴ±ŀǳƭǘ 
OSSIM (Open Source SIEM) ǎŀǳ ǎƻƭǳǚƛƛ ŎƻƳŜǊŎƛŀƭŜ {L9a όLƴŦƻǊƳŀǚƛƛ ŘŜ ǎŜŎǳǊƛǘŀǘŜ Ǔƛ ƎŜǎǘƛƻƴŀǊŜŀ 
ŜǾŜƴƛƳŜƴǘŜƭƻǊύ Ŏǳ ǇǊƻƎǊŀƳŜ ŀŎŀŘŜƳƛŎŜ ŎŀǊŜ ƻŦŜǊŇ ŀōƻƴŀƳŜƴǘŜ ŘŜ ǳƴ ŀƴ όde exemplu Splunk 
SIEM). 

- Pentru extragerea datelor Ǔƛ ǎǳōƛŜŎǘŜƭŜ .ƛƎ 5ŀǘŀ ŜȄƛǎǘŇ ƛƳŀƎƛƴƛ ŘŜŘƛŎŀǘŜ IŀŘƻƻǇκ/ƭƻǳŘŜǊŀ Ǔƛ 
Apache Spark. 

- tŜƴǘǊǳ ƭŀōƻǊŀǘƻŀǊŜƭŜ ƎŜƴŜǊƛŎŜ ƞƴ ŎǊƛǇǘƻƎǊŀŦƛŜ Ǔƛ ǎŜŎǳǊƛǘŀǘŜŀ ǊŜǚŜƭŜƭƻǊΣ ǎŜǘǳƭ ŘŜ ƭŀōƻǊŀǘƻŀǊŜ {995 
este de mare utilitate. 

- De ŀǎŜƳŜƴŜŀΣ ŜǎǘŜ ƴŜŎŜǎŀǊŇ ƛƳǇƭŜƳŜƴǘŀǊŜŀ ƳŀǓƛƴƛƭƻǊ ƛƴŦŜŎǘŀǘŜ ǇŜƴǘǊǳ ŀƴŀƭƛȊŀ ŎǊƛƳƛƴŀƭƛǎǘƛŎƛƛ L¢ 
Ǔƛ ŀ ǇǊƻƎǊŀƳŜƭƻǊ ƳŀƭǿŀǊŜΣ ƭǳŃƴŘ ƞƴ ŎƻƴǎƛŘŜǊŀǊŜ ǊŜǎǘǊƛŎǚƛƻƴŀǊŜŀ ƛȊƻƭŇǊƛƛ ŎƻƳǇƭŜǘŜ ŘŜ ƭŀōƻǊŀǘƻǊ ŀ 
sandbox-ǳƭǳƛ ŘŜ ǎŜŎǳǊƛǘŀǘŜ ŎƛōŜǊƴŜǘƛŎŇ Řƛƴ ǊŜǚŜŀǳŀ ƻǇŜǊŀǚƛƻƴŀƭŇ ǳƴƛǾŜǊǎƛǘŀǊŇΤ tŜƴǘǊǳ ŀŎŜǎǘ 
ŘƻƳŜƴƛǳ ŜȄƛǎǘŇΣ ŘŜ ŀǎŜƳŜƴŜŀΣ ŘƛǎǘǊƛōǳǚƛƛ ŘŜŘƛŎŀǘŜ ŎŀǊŜ ƻŦŜǊŇ ƳŀǓƛƴƛ ǾƛǊǘǳŀƭŜ ǇǊŜ-integrate, cum 
ar fi Remnux sau SANS DFIR. 

 

Din punct de vedere al costurilor Ǔƛ ǇŜƴǘǊǳ ŎŇ ǘǊŜōǳƛŀ ǎŇ ƞƴŘŜǇƭƛƴƛƳ Ǔƛ ŎƻƴŘƛǚƛŀ ŘŜ ŀŎŎŜǎ ŘŜ ƭŀ 
ŘƛǎǘŀƴǘŇ ǇǊƛƴ ǘŜƘƴƻƭƻƎƛƛ ŘŜ ǘƛǇ ŘŜǎƪǘƻǇ ǾƛǊǘǳŀƭ ±5LΣ ƛŀǊ /ƛǘǊƛȄ ·Ŝƴ 5ŜǎƪǘƻǇ ŜǎǘŜ ƻ ǎƻƭǳǚƛŜ ±5L ǊƻōǳǎǘŇΣ 
ŀƳ ŘŜŎƛǎ ǎŇ ŦƻƭƻǎƛƳ ƘƛǇŜǊǾƛȊƻǊǳƭ ·Ŝƴ {ŜǊǾŜǊΣ ƭƛŎŜƴǚŜƭŜ ŘŜ ǾƛǊǘǳŀƭƛȊŀǊŜ ŦƛƛƴŘ ƎǊŀǘǳƛǘŜ ƭŀ ŀŎƘƛȊƛǚƛƻƴŀǊŜŀ 
ƭƛŎŜƴǚŜƭƻǊ ·9b 5ŜǎƪǘƻǇΦ 
[ƛŎŜƴǚŜƭŜ ·9b 5ŜǎƪǘƻǇ ǎǳƴǘ ǇŜǊǇŜǘǳŜΣ ŀǓŀ ŎŇ ŀƳ ƻǇǘŀǘ ǇŜƴǘǊǳ ŀŎŜŀǎǘŇ ǎƻƭǳǚƛŜΣ ŘŜǓƛ ŀǳ Ŧƻǎǘ ƭǳŀǘŜ ƞƴ 
considerare Ǔƛ ŀƭǘŜ ƻǇǚƛǳƴƛ ό±Ƴ²ŀǊŜ Ǿ{ǇƘŜǊŜύΦ 
Pentru conectare din orice ƭƻŎŀǚƛŜ printr-o ǎƻƭǳǚƛŜ ǎŜŎǳǊƛȊŀǘŇ ǎ-ŀ Ŧƻƭƻǎƛǘ ǎƻƭǳǚƛŀ /ƛǘǊƛȄ bŜǘǎŎŀƭŜǊΦ 
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Fig. 64. Desktop-ul virtualizat VDI, implementat prin tehnologia XEN Desktop permite conecta la resurse 
nu numai utilizatorii intranet universitate, dar, de asemenea, utilizatorii externi 

5ŜƻŀǊŜŎŜ ƳŀƧƻǊƛǘŀǘŜŀ ŀŎŜǎǘƻǊ ƳŀǓƛƴƛ ŜƳǳƭŜŀȊŇ ŀǘŀŎǳǊƛ Ǔƛ ŀƳŜƴƛƴǚŇǊƛ ǎŀǳ ŜƭŜƳŜƴǘŜ ŘŜ ǊŜǚŜŀ ŎŀǊŜ Ǉƻǘ 
rula într-ǳƴ ƳŜŘƛǳ ŘŜ ƞƴǘǊŜǇǊƛƴŘŜǊŜΣ ƭŀōƻǊŀǘƻǊǳƭ ŜǎǘŜ ǎǘǊǳŎǘǳǊŀǘ ǇŜ ǳƴ ŦƛǊŜǿŀƭƭ ŎŀǊŜ ǎŜǇŀǊŇ ƞƴǘǊŜ 
zonele de securitate: un mediu LAN (interior), un mediu WAN (exterior) Ǔƛ ƻ ȊƻƴŇ ŘŜƳƛƭƛǘŀǊƛȊŀǘŇ 
(DMZ). 

 

 

Fig. 65. aŜŘƛǳƭ ŘŜ ƭǳŎǊǳ ǇŜƴǘǊǳ ǳƴ ǎǘǳŘŜƴǘ ŀƭ ƭŀōƻǊŀǘƻǊǳƭǳƛ ŘŜ ǎŜŎǳǊƛǘŀǘŜ ŎƛōŜǊƴŜǘƛŎŇΦ  
5ƛŦŜǊƛǘŜ ƳŀǓƛƴƛ ǾƛǊǘǳŀƭŜ Ǉƻǘ Ŧƛ ǇƻǊƴƛǘŜ ƞƴ ŦƛŜŎŀǊŜ ȊƻƴŇ ǎŀǳ  

ǘƻǇƻƭƻƎƛŀ ǇƻŀǘŜ Ŧƛ ŜȄǘƛƴǎŇ ƞƴ Db{оΣ ƞƴ ŦǳƴŎǚƛŜ ŘŜ ǎŎŜƴŀǊƛǳƭ ŘŜ ƭŀōƻǊŀǘƻǊ 

Fiecare dinǘǊŜ ƳŀǓƛƴƛƭŜ ǾƛǊǘǳŀƭŜ ŀ Ŧƻǎǘ ŎǊŜŀǘŇ ƞƴ ·9b {ŜǊǾŜǊ Ŏŀ ƻ ƛƳŀƎƛƴŜ ŘŜ ǊŜŦŜǊƛƴǚŇ όϦƛƳŀƎƛƴŜ ŘŜ 
aur / golden image"), care este instanǚƛŀǘŇ pentru fiecare utilizator la cerere. Astfel de imagini 
ƛƴŎƭǳŘ ǇŜ ƭŃƴƎŇ ƛƳŀƎƛƴŜŀ ŎƻƴŜȄƛǳƴƛƛ ƛƴƛǚƛŀƭŜ ²ƛƴŘƻǿǎ мл Ǔƛ alte imagini, cum ar fi: un firewall 
ǇŦ{ŜƴǎŜΣ ŘƛǎǘǊƛōǳǚƛŜ Yŀƭƛ [ƛƴǳȄΣ ǳƴ aŜǘŀǎǇƭƻƛǘŀōƭŜΣ 5±²! ŜǘŎΦ 
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Fiecare student are propriul mediu LAN-WAN-DMZ. Mediul pentru fiecare student este izolat de 
mediul unui alt student. Acest lucru se face prin utilizarea VLAN-urilor (LAN-uri virtuale), astfel, 
ŦƛŜŎŀǊŜ ǇǊƻŦƛƭ ŘŜ ǎǘǳŘŜƴǘ ǊǳƭŜŀȊŇ ƞƴǘǊ-ƻ ȊƻƴŇ ǎŜǇŀǊŀǘŇ ±[!b ŘŜŘƛŎŀǘŇΦ 
Db{о ŀ ŜǾƻƭǳŀǘ ŘŜ ƭŀ ǳƴ ŜƳǳƭŀǘƻǊ /ƛǎŎƻ Lh{Σ ƭŀ ǳƴ ƻǊŎƘŜǎǘǊŀǘƻǊ ŘŜ ǊŜǚŜŀ ŎƻƳǇƭŜǘ ŎŀǊŜ ǇƻŀǘŜ ƛƴǘŜƎǊŀ 
ŜƭŜƳŜƴǘŜ ŘŜ ǊŜǚŜŀ ŦƻǊƳŜŀȊŇ Ƴŀƛ Ƴǳƭǚƛ ŦǳǊƴƛȊƻǊƛΣ ƳŀǓƛƴƛ ǾƛǊǘǳŀƭŜ όv9a¦Σ ±ƛǊǘǳŀƭ.ƻȄΣ ±Ƴ²ŀǊŜύΣ 
containere virtuale Docker. Lista de aparate GNS3 ŜǎǘŜ ƛƳǇǊŜǎƛƻƴŀƴǘŇ Ǔƛ ŎƻƴǘƛƴǳŇ ǎŇ ǎŜ ŜȄǘƛƴŘŇΦ 
Marele avantaj al VM GNS3 este posibilitatea de a conecta topologia GNS3 la elemente externe, 
astfel, fiecare element poate fi conectat în partea LAN, WAN sau DMZ a topologiei. Figura 66 
ǇǊŜȊƛƴǘŇ ƻ ǘƻǇƻƭƻƎƛŜ Db{оΣ ƛƴŎƭǳǎƛǾ ǳƴ ŜƭŜƳŜƴǘ /ƛǎŎƻ !{!Ǿ ŎŀǊŜ ŜǎǘŜ ŎƻƴŜŎǘŀǘ ǇǊƛƴ ƛƴǘŜǊƳŜŘƛǳƭ 
ŜƭŜƳŜƴǘǳƭǳƛ Ϧ/ƭƻǳŘϦ ƭŀ ǊŜǚŜŀǳŀ ²!b όǳƴŘŜ ŜǎǘŜ ŀŎǘƛǾ ǳƴ ǎŜǊǾŜǊ 5I/tΣ ŀǓŀ ŎǳƳ ŜǎǘŜ ǾƛȊƛōƛƭ ƞn figura 
65 ǓƛΣ ŘŜ ŀǎŜƳŜƴŜŀΣ ŜǎǘŜ ŦǳǊƴƛȊŀǘŇ ŎƻƴŜȄƛǳƴŜŀ ƭŀ LƴǘŜǊƴŜǘύΦ  

 

 

Fig. 66. ¢ƻǇƻƭƻƎƛŀ Db{о ǇƻŀǘŜ Ŧƛ ƛƴǘŜƎǊŀǘŇ Ŏǳ ǊŜǎǘǳƭ ƳŜŘƛǳƭǳƛ ǾƛǊǘǳŀƭƛȊŀǘΦ  
Elementul Cloud-м ŦŀŎŜ ŎƻƴŜȄƛǳƴŜŀ /ƛǎŎƻ !{!Ǿ ƭŀ ǊŜǚŜŀǳŀ ²!b 

tƭŀǘŦƻǊƳŀ ƛƴƛǚƛŀƭŇ ƛƳǇƭŜƳŜƴǘŀǘŇ ƞƴ ŀƴǳƭ нлмф ŀǊŜ ǳƴŜƭŜ ƭƛƳƛǘŇǊƛ  ŘƛƴǘǊ-o topologie LAN-WAN-DMZ 
ŦƛȄŇΣ ŘŜŎƛ ƴǳ ǘƻŀǘŜ ŎƻƴŦƛƎǳǊŀǚƛƛƭŜ ŀǳ Ŧƻǎǘ ǇƻǎƛōƛƭŜΣ ƛŀǊ ƳŀǓƛƴƛƭŜ ŀǳ Ŧƻǎǘ ŀǘǊƛōǳƛǘŜ ƞƴ ȊƻƴŜ ǎǇŜŎƛŦƛŎŜ όŘŜ 
ŜȄŜƳǇƭǳΣ ƻ ǎƛƴƎǳǊŇ ƳŀǓƛƴŇ Yŀƭƛ [ƛƴǳȄ ŀǊ ǇǳǘŜŀ Ŧƛ ǳǘƛƭƛȊŀǘŇ Ǔƛ ŎƻƴŜŎǘŀǘŇ ƴǳƳŀƛ ǇŜ ǇŀǊǘŜŀ ²!bΣ ƳŀǓƛƴŀ 
²ƛƴŘƻǿǎ мл ŀ Ŧƻǎǘ ŎƻƴŜŎǘŀǘŇ ƭŀ ƭŀƴ Ǔƛ ŀ Ŧƻǎǘ ŘƛŦƛŎƛƭ ǎŇ ǎŜ ƻŎǳǇŜ ŘŜ ƛƴǘŜƎǊŀǊŜŀ ǎǳǇƭƛƳŜƴǘŀǊŇ ŀ ƎŀȊŘŜƛ ƞƴ 
topologie,  .etc) 
În 2022, autorul a candidat la ǳƴ ƎǊŀƴǘ ŘŜ ŎŜǊŎŜǘŀǊŜ ƞƴ ŘƻƳŜƴƛǳƭ ǎŜŎǳǊƛǘŇǚƛƛ ŎƛōŜǊƴŜǘƛŎŜΣ oferit de 
CǳƭƭōǊƛƎƘǘΦ DǊŀƴǘǳƭ ƻōǚƛƴǳǘ ŀ Ŧƻǎǘ Ŧƻƭƻǎƛǘ ǇŜƴǘǊǳ ŀ efectua, ǇŜ ƭŃƴƎŇ ŀŎǘǳŀƭƛȊŇǊƛΣ ƻ ǊŜǇǊƻƛŜŎǘŀǊŜ ŀ 
ǎƛǎǘŜƳǳƭǳƛ ŎŀǊŜ ŀ ƞƳōǳƴŇǘŇǚƛǘ ǎŜƳƴƛŦƛŎŀǘƛǾ ǇŜǊŦƻǊƳŀƴǚŀ ǎƛǎǘŜƳǳƭǳƛ ǓƛΣ ƞƴ ǇǊƛƴŎƛǇŀƭΣ ƎǊŀŘǳƭ ŘŜ ǳǘƛƭƛȊŀǊŜ 
Ǔƛ ŦƭŜȄƛōƛƭƛǘŀǘŜŀ acestuia. 
5ǳǇŇ actualizarea ǇƭŀǘŦƻǊƳŜƛ ŘŜ ƭŀōƻǊŀǘƻǊ Řƛƴ ŀŎŜŀǎǘŇ ŦŀȊŇ ŀ Řƻǳŀ ŘŜ ŘŜȊǾƻƭǘŀǊŜΣ ŦƛŜŎŀǊŜ ǎǘǳŘŜƴǘ ŀǊŜ 
posibilitatea de a-Ǔƛ ŘŜŦƛƴƛ ǇǊƻǇǊƛŀ ǘƻǇƻƭƻƎƛŜ ƞƴ Db{о όŎǳ ŘǊŀƎ ŀƴŘ ŘǊƻǇύΣ ǇƻŀǘŜ ƛƴǘŜƎǊŀ ŎŃǘ Ƴŀƛ 
ƳǳƭǘŜ ƳŀǓƛƴƛ virtuale ǇŜ ŎŀǊŜ ƭŜ ŘƻǊŜǓǘŜ όƳŀƛ ƳǳƭǘŜ ƳŀǓƛƴƛ ²ƛƴŘƻǿǎΣ [ƛƴux Ǔƛ Kali Linux, oricâte 
firewall-uri doreǓǘŜ, conectate în orice fel, actualizate pe Internet Ǔƛ ŀǓŀ Ƴŀƛ ŘŜǇŀǊǘŜύΦ 
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Fig. 67. ¢ƻǇƻƭƻƎƛƛ Db{о ŎƻƳǇƭŜȄŜ ŎŀǊŜ Ǉƻǘ Ǌǳƭŀ ƞƴ ŘƛŦŜǊƛǘŜ ǎŎŜƴŀǊƛƛ όǘƻŀǘŜ ƞƳǇǊŜǳƴŇ ǎŀǳ ǎŜǇŀǊŀǘŜύΣ scenarii flexibile 

ŎŀǊŜ ǳǊƳŜŀȊŇ ǎŇ ŦƛŜ ŎǊŜŀǘŜ ŘŜ ǎǘǳŘŜƴǚƛΦ 
 
!ǇƭƛŎŀǚƛƛƭŜ ŎŀǊŜ ƛƴƛǚƛŀƭ  ŀǳ Ŧƻǎǘ ƛƴǎǘŀƭŀǘŜ ŘƛǊŜŎǘ ƞƴ ƳŀǓƛƴƛ ǾƛǊǘǳŀƭŜ ŎŀǊŜ ƻŦŜǊŇ ƻ ǘƻǇƻƭƻƎƛŜ ŦƛȄŇ 
όaŜǘŀǎǇƭƻƛǘōŀƭŜΣ Yŀƭƛ ƭƛƴǳȄΣ tŦ{ŜƴǎŜΣ htbǎŜƴǎŜΣ ²ƛƴŘƻǿǎ {ŜǊǾŜǊύΣ ƞƴ  ƴƻǳŀ ǾŜǊǎƛǳƴŜ ǎŜ ŀŦƭŇ instalate 
ƞƴ ŎŀŘǊǳƭ ǎŜǊǾŜǊǳƭǳƛ Db{оΣ ǇŜǊƳƛǚŃƴŘ ŀǎǘŦŜƭ ǘƻǇƻƭƻƎƛƛ ŦƭŜȄƛōƛƭŜ Ǔƛ ǊŜǚŜƭŜ ǾƛǊǘǳŀƭƛȊŀǘŜ ǎǳƴǘ ŎƻƴǚƛƴǳǘŜ ƞƴ 
ƛƴǘŜǊƛƻǊǳƭ ǎŜǊǾŜǊǳƭǳƛ Db{оΦ h ƴƻǳŇ ǊŜǚŜŀ 5a½ όƞƴ ŀǊƘƛǘŜŎǘǳǊŀ ŘŜ LƴǘŜǊƴŜǘ ŀ ǳƴƛǾŜǊǎƛǘŇǚƛƛύ ǇŜǊƳƛǘŜ 
accesul la Internet în cazul în care sunt nŜŎŜǎŀǊŜ ŀŎǘǳŀƭƛȊŇǊƛ Ǔƛ ƴƻƛ ƛƴǎǘǊǳƳŜƴǘŜΦ 

 

      
Fig. 68. {ǘŃƴƎŀΥ ¢ƻǇƻƭƻƎƛŜ ǾŜŎƘŜΥ CƛŜŎŀǊŜ ±5L ŀǾŜŀ ŀŎŎŜǎ ƭŀ ǇǊƻǇǊƛŀ ǘƻǇƻƭƻƎƛŜ ŦƛȄŇΦ 

Dreapta: !ŎŎŜǎ ǘƻǇƻƭƻƎƛŜ ƴƻǳŇ ŘŜ ƭŀ ±5L ƭŀ Db{о {ŜǊǾŜǊ 

 
Pe baza noii infrastructuri de laborator s-a publicat Ǔƛ un nou îndrumar ŘŜ ƭŀōƻǊŀǘƻǊ ƴǳƳƛǘ άbŜǘǿƻǊƪ 
Security and Perimeter Defence ς [ŀōƻǊŀǘƻǊȅ DǳƛŘŜέ. 
OƴŘǊǳƳŀǊǳƭ ŘŜǘŀƭƛŀȊŇ ŘƛŦŜǊƛǘŜ ǇǊƻōƭŜƳŜ ŀƭŜ ǎŜŎǳǊƛǘŇǚƛƛ ǊŜǚŜƭŜƛΥ ƞƴŎŜǇŜ Ŏǳ ƳŜǘƻŘŜƭŜ ŘŜ ƳƻƴƛǘƻǊƛȊŀǊŜ ŀ 
ǊŜǚŜƭŜƛΥ ǎȅǎƭƻƎΣ {batΣ bŜǘŦƭƻǿΣ ŀǘŃǘ ŘŜ ǊŜƭŜǾŀƴǘŜ ǇŜƴǘǊǳ ƎŜǎǘƛƻƴŀǊŜŀ ƛƴŎƛŘŜƴǘŜƭƻǊΣ ŎƻƴǘƛƴǳŇ Ŏǳ 
ŘŜǘŀƭƛŜǊŜŀ ǾǳƭƴŜǊŀōƛƭƛǘŇǚƛƭƻǊ ŘŜ ƴƛǾŜƭ н Ǔƛ ƛƴǘǊŇ ƞƴ ŦǳƴŎǚƛƻƴŀƭƛǘŀǘŜŀ CƛǊŜǿŀƭƭ όŦƛǊŜǿŀƭƭ ŘŜ ƎŜƴŜǊŀǚƛŜ 






















































































































