SYLLABUS 

1. Information about the program
	1.1 Higher education institution
	 Politehnica University Timisoara 

	1.2 Faculty
 / Department

	 Electronics Telecommunications and Information Technologies 

	1.3 Chair
	▬

	1.4 Field of study (name/code
)
	 Electronics Telecommunications and Information Technologies Engineering / 20.20.10  

	1.5 Study cycle
	Master 

	1.6 Study program (name/code/qualification)
	 Communications Networks Engineering / 20.20.10 / 2153  


2. Information about discipline
	2.1 Name of discipline/The educational classe

	  Traffic engineering in telecommunication networks  

	2.2 Coordinator (holder) of course activities
	Conf. Dr.ing. G. Budura

	2.3 Coordinator (holder) of applied activities

	 Conf. Dr.ing. G. Budura, Sl. Dr. Ing. C. Balint 

	2.4 Year of study

	I 
	2.5 Semester
	 2 
	2.6 Type of evaluation
	 E 
	2.7 Type of discipline

	 DCAV 


3. Total estimated time (direct activities (fully assisted), partially assisted activities and unassisted activities
)
	3.1  Number of hours fully assisted/week
	4  ,of which:   
	3.2 course
	 2 
	3.3 seminar/laboratory/project
	 0/0/2 

	3.1* Total number of hours fully assisted/sem.
	 56  ,of which:   
	3.2* course
	 28 
	3.3* seminar/laboratory/project
	 0/0/28 

	3.4 Number of hours partially assisted/week
	   ,of which: 
	3.5 project, research
	  
	3.6 training
	  
	3.7 hours designing M.A. dizertation
	  

	3.4* Number of hours pasrtially assisted/ semester
	   ,of which: 
	3.5* project of research
	  
	3.6* training
	  
	3.7* hours designing M.A. dizertation
	  

	3.8 Number of hours of unassisted activities/ week
	 4  ,of which: 
	Additional documentation in the library, on specialized electronic platforms, and on the field
	 1 

	
	
	Study using a manual, course materials, bibliography and lecture notes
	 1 

	
	
	Preparation of seminars/ laboratories, homework, assignments, portfolios, and essays
	 2 

	3.8* Total number of hours of unasssited asctivities/ semester
	 56  ,of which: 
	Additional documentation in the library, on specialized electronic platforms, and on the field
	14 

	
	
	Study using a manual, course materials, bibliography and lecture notes
	 14 

	
	
	Preparation of seminars/ laboratories, homework, assignments, portfolios, and essays
	 28 

	3.9 Total hrs./week

	 8  

	3.9* Total hrs./semester
	 112  

	3.10 No. of credits
	 6 


4.
Prerequisites (where applicable)
	4.1 Curriculum
	·  Stochastic Processes, Network Architectures, Telecommunication Protocols, Mobile Telecommunication Networks, Technologies in Mobile Telephone Networks, Signal Processing 

	4.2 Competencies
	·   


5.
Conditions (where applicable)
	5.1 of the course
	·  Laptop, Videoprojector, Whiteboard 

	5.2 to conduct practical activities
	·  Laboratory with 9 workstands equipped with PC and software such as MATLAB, GNS3 


6.
Specific competencies acquired through this discipline
	Specific competencies
	· Use of fundamental elements related to telecommunication network architectures, Mobile telephony networks, Modern technologies within mobile telephony networks;

· Applying specific methods for building network models; 
· Configuring the parameters of common telecommunication networks in simulation programs  

	Professional competencies ascribed to the specific competencies
	·   C1 Selectarea, sintetizarea și evaluarea comparativă a conceptelor teoretice, modelelor, tehnicilor și metodelor de analiză din domeniul telecomunicațiilor;
· C2 Colectarea și interpretarea datelor relevante din domeniul rețelelor de telecomunicații pentru rezolvarea problemelor și aplicarea creativă a acestora în proiectare;

· C3 Dezvoltarea de aplicații hardware și software pentru rețele de telecomunicații prin folosirea de tehnologii de actualitate;  

	Transversal competencies ascribed to the specific competencies
	·  CT1 Abilități de organizare și management al lucrului în echipă de cercetare pluridisciplinară, cu asumarea de responsabilități pe diferite paliere ierarhice;

· CT2 Abilități critice, inovatoare și de cercetare, coroborate cu identificarea propriilor necesități de învățare și formare;

· CT4 Aptitudini de comunicare a ideilor, a problemelor și soluțiilor proiectelor, inițiative în cooperare interdisciplinară.   


7.
Objectives of the discipline (based on the grid of specific competemcies acquired)
	7.1 The general objective of the discipline
	·  The discipline aims to prepare the master program student to be admitted as a development and research engineer in the telecomunication companies. 

	7.2 Specific objectives
	·  This course is intended to give some knowledge and competances in traffic modeling techniques within various telecommunication networks and  the concepts of traffic engineering that underlie their design.

· The student is taught to approach traffic modeling and performance parameters based on the notions studied. 
· This discipline also enables the student to use existing simulation programs as well as to implement their own models. 


8.
Content
	8.1 Course
	Number of hours
	Teaching methods

	 1.

 1.1 Classification of traffic:Traffic in Circuit-Switching Systems; Data traffic at packet level: IP Traffic; Data traffic at flow level Traffic :TCP Traffic and UDP Traffic.

1.2  Traffic Models: Poisson Model –Application for modeling  streaming data traffic; Erlang Model-Application for modeling telephone traffic in trunk network; Binomial Model, Engset Model- Application on modeling of telephone traffic in the access network;Queuing model -  Application in traffic modeling at packet data; Sharing Model - Application in modeling elastic data traffic 
	 6 
	  The course is carried out with the help of the video projector, the equations displayed on it being solved on the board. Movies and the Internet (applets) are used. There is a dialogue with the participants and course assignments 

	 2.

2.1. Traffic patterns in mobile networks;
2.2. Rules for dimensioning radio resources in GSM / GPRS networks 
	 4 
	

	 3. Classification of networks in terms of traffic:

3.1. Lost networks: Blocking in lossy networks for different classes of traffic; Exact calculation methods based on state probabilities; Approximate methods: Product bound; Formula Kauffman Roberts; Applications.

3.2. Packet Switching Networks: Burke's Theore; Exponential Server Chain; G / D / 1 Chains; End-to-End Delay Calculation; Applications 
	 6 
	

	 4. Traffic Engineering: Traffic Matrix; The ECMP algorithm; Load balance; Applications 
	 4 
	

	 5.  Traffic Modeling in Mobile Telephone Networks: Voice and Data Traffic Engineering; Radio Dimensioning Rules for GSM / GPRS Networks 
	 4 
	

	 6. Modeling Internet Traffic 
	 4 
	

	  
	  
	

	  
	  
	

	  
	  
	

	  
	  
	

	  
	  
	

	  
	  
	

	  
	  
	

	  
	  
	

	Bibliography
   L. Ioan, G. Niculescu, Elemente de ingineria traficului in telecomunicatii. Teorie si aplicatii,  Editura  MatrixRom : Bucuresti,  2008
G. Fiche, G. Hebuterne, Trafic et performances des reseaux de telecoms; GET et Lavoisier, Paris, 2003.
J.B. Sinclair, Simulation of Computer Systems and Computer Networks: A Process-Oriented Approach, February 15, 2004
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G.Budura, C. Balint, E. Marza,  “Blocking Probabilities in GSM/(E)GPRS Cells with Different Radio Resources Allocation Strategies”, Buletinul Ştiinţific al Universităţii "Politehnica" din Timişoara, Seria Electronică şi Telecomunicaţii, Tom 53(67), Fasc.2 , 2008, pag. 85-92. 


	8.2 Applied activities

	Number of hours
	Teaching methods

	 P1. Applications for Lectures 1-3 
	 4 
	 Each theme will be taught individually by each student: as written material, followed by an oral examination.

Each theme will be individually marked.  

	 P2. Applications for Lectures 7-9 
	 6 
	

	P3. Theme: Analysis of M / M / 1 and M / M / 1 / k systems at the average level  
	 6 
	

	P4. Theme: Dimensioning radio resources in GSM / GPRS networks  
	 4 
	

	  
	
	  

	 Final project. Theme: Traffic modeling within a chosen telecommunication system. Defining performance parameters and analyzing them
	 8 
	 The final project involves selecting a network in agreement with the teacher. Depending on the complexity of the topic, students can work in groups of up to 2 studs.

The project is taught as written documentation and is supported in front of the teacher based on a presentation ppt 
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9.
Coroboration of the content of the discipline with the expectations of the main representatives of the epistemic community, professional associations and employers in the field afferent to the program
	·  The discussions with representative employers in the field of the program show that the content of the discipline is corroborated with their expectations but that the graduates they have hired do not prove that they fully master this knowledge 


10. Evaluation
	Type of activity
	10.1 Evaluation criteria

	10.2 Evaluation methods
	10.3 Share of the final grade

	10.4 Course
	  Knowledge coverage of the entire course. Ability to develop the theme in each project.  
	 Exam written with two examiners comprising a number of 7-8 topics that represent questions from theory and problems. Each topic is marked with a score between 1 and 10. The final grade is the arithmetic mean of the grades on each subject. The date, room and time of the exam start are communicated in advance to interested students 
	 0.25 

	10.5 Applied activities 
	S:      
	  
	  

	
	L:      
	  
	  

	
	P:    Ability to develop on the basis of acquired theoretical knowledge of traffic patterns within the considered networks. 
	 After the completion of each theme, the results are corrected and students' grades are written. The note on the practical activities is calculated by the arithmetic mean of the P1-P4 grades 
	 0.5 

	
	Pr:   Ability to choose a system, approach to traffic, choice and simulation of performance parameters.       
	 The note is the final project note 
	 0.25 

	
	Tc-R
:    
	  
	   

	10.6 Minimum performance standard (minimum amount of knowledge necessary to pass the discipline and the way in which this knowledge is verified


	·  The minimum amount of knowledge required to promote the discipline is 0.5 of the volume of knowledge taught and the verification is done at the lab by testing the knowledge and noting the subjects taught by the students at the end of each theme as well as the examination as described above. 


	Date of completion
	Course coordinator
(signature)
	Coordinator of applied activities
(signature)

	 22.05.2019 
	…………………….………
	…………………….………


	Head of Department
 (signature) 
	Date of approval in the Faculty Council 

	Dean
(signature)

	             …………………….………
	   
	…………………….………


� The form corresponds to the Syllabus promoted by OMECTS 5703/18.12.2011 (Annex 3), updated based on the Specific Standards ARACIS of December 2016.


� The name of the faculty which manages the educational curriculum to which the discipline belongs


� The name of the department entrusted with the discipline, and to which the course coordinator/holder belongs.


�  Fill in the code provided in HG no. 376/18.05.2016 or in HG similars annually updated.


� The educational classes of subjects (ARACIS – specific standards, art./paragraph 4.1.2.a) are: fundamental subjects, field subjects, majoring/specialization subjects.


�  The applied activities refer to: seminar (S) / laboratory (L) / project (P) / practice/training (Pr).


� The year of study to which the discipline is provided in the curriculum .


� The types of subjects (ARACIS – specific standards, art./paragraph 4.1.2.a) are: extended knowledge subject / advanced knowledge subject and synthetic subject (DA / DCAV and DS).


�  Within UPT, the number of hours from 3.1*, 3.2*,…,3.9* are obtained by multipling by 14 (weeks) the number of hours from 3.1, 3.2,…, 3.9. 


� The total number of hours/week is obtained by summing up the number of hours from 3.1, 3.4 şi 3.8.


� At least one title must belong to the department staff teaching the discipline, and at least one title must refer to a relevant work for the discipline, a national and international work that can be found in the UPT Library.


� The types of applied activities are those mentioned in 5. If the discipline containes more types of applied activities then they are marked, consecutively, in the table below. The type of activity will be marked distinctively under the form: „Seminar:”, „Laboratory:”, „Project:” and/or „Practice/Training:”.


� At least one title must belong to the staff teaching the discipline.


� The Syllabus must contain the evaluation method of the discipline, specifying the criteria, the metods and the forms of evaluation, as well as mentioning the share attached to these within the final mark. The evaluation criteria must correspond to all activities stipulated in the curriculum (course, seminar, laboratory, project), as well as to the methods of continuous assessment (homework, essays etc.)


� Tc-R= Homework-Reports


� For this point turn to  “Ghid de completare a Fișei disciplinei” found at: � HYPERLINK "http://univagora.ro/m/filer_public/2012/10/21/ghid_de_completare_fisa_disciplinei.pdf" �http://univagora.ro/m/filer_public/2012/10/21/ghid_de_completare_fisa_disciplinei.pdf� 


� The approval is preceeded by discussing the study program’s board’s point of view with redgards to the syllabus.






