


 The characterization of a system model can 
be summarized by a tree diagram that starts 
at the system model root and steps left or 
right at each of the three levels 



  A Discrete-event simulation model is defined 
by three attributes: 

• Stochastic | at least some of the system state 
variables are random; 

• Dynamic | the time evolution of the system 
state variables is important; 

• Discrete-event | significant changes in the 
system state variables are associated with 

   events that occur at discrete time instances 
only. 



 A typical discrete-event simulation model will be developed 
consistent with the following six steps.  

◦ Steps (2) through (6) are typically iterated, perhaps many times, until a 
(hopefully) valid computational model, a computer program, has been 
developed. 

 

1. Determine the goals and objectives of the analysis once a 
system of interest has been identified. These goals and 
objectives are often phrased as simple Boolean decisions. 



2. Build a conceptual model of the system based on: What are the 
state variables, how are they interrelated and to what extent 
are they dynamic?,…etc. 

 

3. Convert the conceptual model into a specification model. If this 
step is done well, the remaining steps are made much easier. 

 

4. Turn the specification model into a computational model, a 
computer program. At this point , a fundamental choice must 
be made, to use a general-purpose programming language or 
a special-purpose simulation language. 



5. Verify. As with all computer programs, the computational 
model should be consistent with the specification model, did 
we implement the computational model correctly? 

 

6. Validate. Is the computational model consistent with the 
system being analyzed, did we build the right model? 

 



 Example: The following machine shop model helps illustrate 
the six steps in Algorithm: 

 
◦ A new machine shop has 150 identical machines; each operates 

continuously, 8 hours per day, 250 days per year until failure. Each 
machine operates independently of all the others.  

◦ As machines fail they are repaired, in the order in which they fail, by a 
service technician. As soon as a failed machine is repaired, it is put back 
into operation.  

◦ Each machine produces a net income of $20 per hour of operation. All 
service technicians are hired at once, for 2 years, at the Beginning of the 
2-year period with an annual salary expense of $52,000.  

◦ Because of vacations, each service technician only works 230 8-hour days 
per year. By agreement, vacations are coordinated to maximize the 
number of service technicians on duty each day. 

◦ How many service technicians should be hired? 



The Six steps: 

 (1) The objective seems clear to find the number of service 
technicians for which the profit is maximized. 

 

 One extreme solution is to hire one technician for each 
machine; this produces a huge service technician overhead but 
maximizes income by minimizing the amount of machine 
down-time. 

 



 (2) A reasonable conceptual model for this system can be 
expressed in terms of the state of each machine (failed or 
operational) and each service technician (busy or idle). These 
state variables provide a high-level description of the system 
at any time. 

 

 (3) To develop a specification model, more information is 
needed. Machine failures are random events; what is known (or 
can be assumed) about the time between failures for these 
machines? The time to repair a machine is also random 



 

 (4) The computational model will likely include a simulation clock 
data structure to keep track of the current simulation time, a 
queue of failed machines and a queue of available service 
technicians. 

 

 (5) The computational model must be verified, usually by 
extensive testing. Verification is a software engineering activity 
made easier if the model is developed in a contemporary 
programming environment. 

 

 (6) The validation step is used to see if the verified 
computational model is a reasonable approximation of the 
machine shop. 

 



 General-Purpose Languages 

   • Because discrete-event simulation is a specific instance of 
scientific computing, any general-purpose programming 
language suitable for scientific computing is similarly suitable 
for discrete-event simulation. ( C, C++, Java,..etc) 

 

  Simulation Languages 

  • Simulation languages have built-in features that provide 
many of the tools needed to write a discrete-event simulation 
program. Because of this, simulation languages support rapid 
prototyping and have the potential to decrease programming 
time significantly. (GPSS, SIMAN, SLAM II, and SIMSCRIPT II:5.) 



 Particularly at the conceptual level, the process of model 
development can be facilitated by drawing system diagrams. 

 



Jobs (customers) arrive at the service node at random points in time 
seeking service.  
 
When service is provided, the service time involved is also random. 
At the completion of service, jobs depart.  



The service node operates as follows:  
 
As each (new) job arrives, if the server is busy then the job enters the 
queue, else the job immediately enters service;  
 
as each (old) job departs, if the queue is empty then the server 
becomes idle, else a job is selected from the queue to immediately 
enter service.  
 
At any time, the state of the server will either be busy or idle and the 
state of the queue will be either empty or not empty. If the server is 
idle, the queue must be empty; if the queue is not empty then the 
server must be busy. 



 Control of the queue is determined by the queue discipline | 
the algorithm used when a job is selected from the queue to 
enter service. The standard algorithms are:  

 

◦ FIFO | first in, first out (the traditional computer science queue data 
structure); 

 

◦ LIFO | last in, first out (the traditional computer science stack data 
structure); 

 

◦ SIRO | service in random order; 

 

◦ Priority | typically, shortest job first, (SJF) or equivalently, in job-shop 
terminology, shortest processing time (SPT). 

 



 The maximum possible number of jobs in the service node is 
the capacity.  

 

 The capacity can be either finite or infinite.  

 

 If the capacity is finite then jobs that arrive and find the service 
node full will be rejected (unable to enter the service node). 



 There are two important additional default assumptions implicit 
in last Definition 1.2.1 

 

 First, service is non-preemptive | once initiated, service on a job 
will be continued until completion.  

 
◦ This means:  
 A job in service cannot be preempted by another job arriving later. 

Preemption is commonly used with priority queue disciplines to 
prevent a job with a large service time requirement from 
producing excessive delays for small jobs arriving soon after 
service on the large job has begun. 

 

 Second, service is conservative | the server will never remain 
idle if there is one or more jobs in the service node. 

 



 The following variables, illustrated in Figure 1.2.2, provide the basis 
for moving from a conceptual model to a specification model.  

 At their arrival to the service node, jobs are indexed by i = 1; 2; 3;… 

 For each job there are six associated time variables.  

 The term \wait" can be confusing; wi represents the total time job i 
spends in the service node, not just the time spent in the queue.  

 The time spent in the queue (if any) is the delay di. 





 Rather than specify the arrival times a1, a2, : :  explicitly, in 
some discrete event simulation applications it is preferable to 
specify the interarrival times r1, r2, : :, thereby defining the 
arrival times implicitly, as shown 

 



 Given a knowledge of the arrival times a1, a2, ... (or, 
equivalently, the interarrival times r1, r2, ...), the associated 
service times s1, s2,..., and the queue  discipline, how can the 
delay times d1, d2,... be computed? 

 
 For some queue disciplines this question is more difficult to 

answer than for others. 

◦ If the queue discipline is FIFO, however, then the answer is 
particularly simple. 

◦ If the queue discipline is FIFO, di is determined by when ai 
occurs relative to ci−1. 



  There are two cases to consider: 

 


