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Topics Covered By Far 

Design Principles of the Internet 
 

 Basic Laws 
 

 Basic Queueing Theory 
 

M/G/1 and Priority Queueing 
 

 Software-Defined Networking 
 

 Fair Resource Allocation 



Design Principles 

Design goals of the Internet 

 

Design choices and their reasoning 

 

 The tussles of the Internet 

 

 Possible solutions to the Internet tussles 

 



Basic Laws: the Little’s Law 

Understand the physical meanings of the 
notation and definitions, for example 𝜆, 𝐿, 
𝑊, 𝜇, 𝑆𝑖, and 𝐷𝑖 

Understand functions such as 𝐿 𝑡 , 𝑁 𝑡 , 
𝑉 𝑡  and etc. Once you understand them, 
you should be able to draw these curves. 

Apply the Little’s Law and derive results 
 Be careful about the “system” you are applying 

 There are examples of applying the Little’s law 
in the lecture slides. 



Basic Laws: generalized Little’s Law 

Understand the Little’s Law as a special 
case of the generalized version.  

 

Understand how we derive the 
“deterministic version” of the Brumelle’s 
formula via the generalized Little law. 

 



Basic Laws: Rate Conservation Law 

Understand the Rate Conservation Law  

 

 Know how to apply the Rate Conservation 
Law when the function 𝑥 𝑡  is given 
 It is difficult to find the “right” 𝑥 𝑡  function 

to derive interesting results. 

 However, make sure you understand the result 
and how to apply it when 𝑥 𝑡  is given. 

 Learn by going through the examples given in 
the lecture slides. 



Basic Queueing: Probability 

 Conditional probability 
 

 Independence 
 

 Law of total probability 
 

 Basic concepts of Random Variable 
 Density function, distribution function 

 Expectation, 2nd moment, variance 

 Conditional expectation 



Basic Queueing: Exponential R.V. 
and Poisson process 

Definition of exponential random variable 
 

 Properties of exponential random variable 
 Memoryless property 

 Minimum of exponential random variables 
 

Definition of Poisson process 
 To understand the physical meaning of Poisson 

process via three equivalent definitions 
 

Understand the Inspection Paradox 

 

 



Basic Queueing: Markov Chain 

Understand the definition of Markov Chain, 
e.g., the physical meaning of the Markovian 
or memoryless property  
 

Understand the state transition diagram of 
Markov Chain 
 

Understand the steady-state distribution 
𝝅 of a Markov Chain, especially two the 
interpretations of 𝜋𝑖 



Basic Queueing: M/M/1 

Understand the Kendall Notation for 
queueing systems and the the M/M/1 model 
 

 The derivation of the M/M/1 results.  
 Understand the birth-death transition diagram 

 Understand the flow-balancing equations 

 Know how to solve the steady-state distribution 
via the flow-balancing equations, i.e., 𝜋𝑄 = 0 

 Know the M/M/1 results and how they are 
derived, for example, 𝐸 𝐿 , 𝐸 𝑄 , 𝜌 and etc. 

 



Basic Queueing: M/M/1 Variations 

Understand different variations of M/M/1 
 E.g., M/M/m/m, M/M/∞ and etc. 

 

 Know how to write down the state transition 
diagram based on the physical characteristics  
 

 Know how to construct flow balancing equations 
 

 Know how to solve the steady-state distribution 
via the flow-balancing equations, i.e., 𝜋𝑄 = 0 

 

 



M/G/1 Queueing 

Understand the physical meaning of the 
PASTA result 
 

Understand how we applied the PASTA 
result to obtain the relationship between 
the M/G/1 workload and its FIFO delay 
 

 Know how to apply the PASTA result 
 

 

 

 

 



M/G/1 Queueing 

Understand the Pollaczek–Khinchine Mean 
Formula and how it was derived 

 

 Know how to apply the P-K mean formula to 
solve various performance metrics for an 
M/G/1 system, e.g., 
 Average queueing delay for the users 

 Average number of users in the entire system 

 
 

 

 



Priority Queueing 

Understand the basic notation and their 
physical meanings of an M/G/1 priority 
queueing system, e.g., 

 𝜌𝑖, 𝜌, 𝑉𝑅, E 𝑅𝑗  and etc. 
 

Understand how we derived the Triangular 
Equations and know how to apply them 
 

Understand the physical meaning of the 
M/G/1 Conservation Law 



Software-Defined Networking (SDN) 

Understand basic concepts of SDN 
 data plane 

 control plane 

 southbound API 
 

 Know the basic principles of SDN  
 

 Know the advantages of SDN over 
traditional network approaches 

 



Fair Resource Allocation 

Understand the trade-off between 
resource provisioning and scheduling 

 

 Know the definition and characterization 
of max-min fair resource allocation solution 

 

 Know how to use the water-filling algorithm 
to obtain max-min fair resource allocation 
 

 

 


