
1

Abraham Matta –CAS CS 655 at CS @ BU

CAS CS 655
Computer Networks

Abraham Matta

Discrete-Event Simulation
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Discrete-Event Models
• Evolution of the system viewed as:

< s0, (e0, t0), s1, (e1, t1), s2,... >
• Performance measures (output 

parameters)
– average number of packets
– average response time
– throughput

• Input parameters
– constants (deterministic)
– random variables (stochastic / probabilistic)
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Average Performance

• Each set of input parameter values 
gives a unique evolution

• Goal: obtain performance measures 
averaged over all such evolutions
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Example
• Single server, single queue
• Service time = 2
• Arrivals: 0, 1, 5, 6, 10, 11, ...
• Define: state = packets in queue + service
• Events: arrivals and departures
• Show evolution of # packets in system q(t)
• Compute average Q
• Compute average response time T and 

throughput λ (rate of departures)
• Little’s Law: Q = λ * T

– holds for any general system in steady-state!
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Flow of Control
SimulationClock = 0;
Initialize system state and performance counters;
Initialize EventQueue;

While “simulation not over” do
Pick up (e, t) tuple with minimum t from EventQueue;
Call Routine (e, t);

// update system state and performance counters,
schedule new events and add them to EventQueue

SimulationClock t;

Compute performance measures;
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Event Routines

Routine (Arrival(n), t) =
Append (n, t) to the tail of Q;
Schedule (Arrival(n+1), AT(n+1));
If SystSize = 0 then Schedule (Departure(n), t + S(n));

UpdatePerformanceCounters;
SystSize SystSize + 1;
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Event Routines (cont.)
Routine (Departure, t) =

// assumes Q is not empty
u Head(Q).ArrivalTime;
Remove Head(Q);
If SystSize >= 2 then

m Head(Q).PacketID;
Schedule (Departure(m), t + S(m));

UpdatePerformanceCounters;
NumDepartures NumDepartures + 1;
SystSize SystSize – 1;
AccumResponseTime AccumResponseTime + (t – u);
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Performance Measures

UpdatePerformanceCounters =
AccumSystSize AccumSystSize + 

(t – SimulationClock) * SystSize;

At end of simulation :
AverageResponseTime = AccumResponseTime /

NumDepartures;
AverageSystemSize = AccumSystSize / SimulationClock;
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Generating Random Numbers

• Random: returns a random variable of 
uniform distribution [0, 1]

• Uniform(a, b) =
return (a + (b – a) * Random);

• Exponential(s) =
return (-s * ln(Random));
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Computing steady-state 
averages

• Ignore transient (warm-up) period
– Beyond a point where average becomes 

largely unaffected

• Replicate using different random number 
seeds

• Compute sample mean: ∑
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Computing confidence 
intervals

• Compute: 

• True mean is within                          of sample 
mean with            % confidence

• For large n  (>30), replace critical point of t-
distribution by 
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