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Today’s Learning Objectives 

 An overview of systems approach 

 

 

 

 

 Operation research and its origins 
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Assignment Date Provided* Date Due* 

1 14th September  24th September  

2 25th September  12th October 

3 1st November 14th November 

4 16th November  29th November  

Midterm October 18th  

*Minor changes based on course material covered might occur 
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Systems Analysis 
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 What is a system 
 A system is defined as a collection of components, 

connected by various type of interactions (or 
relationships), which collectively respond to a demand 
and fulfil some specific purposes (or functions) 

 No subset of a system is unrelated to any other 
subset 

 If you could extract out a part of the system it has to have a 
connection to the rest of the system 

 Examples 
 University – Faculty, Staff, Students and infrastructure 

(labs, buildings etc.) form a smooth functioning system 
 Each department in itself is a sub-system  of the University 

 Montreal transportation network is also a system enabling 
people and goods to move within and out of Montreal 

 Other examples 



System Characteristics 
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 System purpose 

 What is the purpose of the system 

 Example: University – Education and Research  

 System components 

 Different components 

 University – Faculty, Students, Infrastructure 

 System structure 

 Hierarchy of components if any 

 System constraints 

 How do the components interact and are there some 

limitations 



Systems Approach 
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 Systems approach recognizes the need to look at 
the system as a whole 

 In the systems approach the focus is on the holistic 
picture as opposed to examining individual 
components 

 We need to realize a system is not a linear 
combination of its components 

 In systems approach we are more concerned with 
the interactions of the various components 

 The systems approach is different from the 
traditional approach 

 The results obtained are strikingly different from an 
approach where each component is modeled 
separately 

 Typically inter-disciplinary in nature 



Systems Analysis 
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 Systems analysis is a process of investigating 

the behavior of a system by choosing various 

options for control or management of the 

system 

 an organized study of different alternatives in the 

design or operations of a system 

 

 The study of different alternatives is 

undertaken using field of mathematics referred 

to as operations research 
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An OR example 
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 You are here to obtain a Bachelors in civil Engineering - 
the primary objective 

 Lets say you want to get your degree in seven/eight 
semesters depending on whether you are CEGEP or not 

 Other objectives 
 Have a good time 

 Make long lasting friendships 

 Secure a job 

 What are the constraints? 
 How much effort you can put in to study 

 Amount of time spent partying 

 Amount of tuition you have to pay etc. 

 So you should solve this problem at the end of this class 
and determine how much time you will allocate to 
different activities! 



History of Operations Research 
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 Operations research began mainly during the 

World War II – there was the need to allocate 

scarce resources wisely 

 The objective was to ensure the resource allocation 

benefitted the entire war operation 

 Researchers were hired to optimize and manage 

war operations – hence the name Operations 

Research 

 These researchers (from Britain and USA) 

developed efficient means of utilizing radar and 

assisted in winning the war (for the allies) 

 



Operations Research 
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 Obviously the success of the research teams 

spurred on similar research in other areas 

 After the war OR was extensively utilised in 

business, industry and government 

 Further, progress in OR methodologies after 

World War II and advent of modern computers 

and good software accelerated the progress 

 Methodologies developed in the 1950s include linear 

programming, dynamic programming, queuing 

theory, and inventory theory 

 Software developed include Cplex, LINDO/LINGO, 

Excel Solver etc. 

 



OR Applications 
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 Industries 
 Manufacturing 

 Transportation 

 Construction 

 Telecommunication 

 Finance 

 Health care etc. 

 Example problems 
 Investments in the market 

 Finding the optimal transportation alternative 

 Class room allocation for faculty at McGill 

 Scheduling courses for students (Department level) 



OR Modeling Approach 
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 The different phases of an OR study include 

 Problem definition and relevant data collection 

 Formulate a mathematical model to represent 

reality 

 Develop a computer-based procedure  for deriving 

solutions to the mathematical problem 

 Test and validate the model, and refine it 

 Implement the model and obtain optimal solution 

 

 We will examine each of the phases 

individually! 



Problem definition and data collection 
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 Typically, the problems faced by the organizations 

are not as clear as the solved examples we do. So, 

OR researchers need to study the system and 

develop a well-defined problem statement 

 appropriate objectives 

 constraints on what can be done 

 interrelationships between the area to be studied and 

other areas of the organization 

 alternative courses of action 

 time limits for decision making 

 As you would expect, different individuals might 

formulate the same problem in different ways 



Mathematical Model 
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 Represent the essence of the problem at hand 
mathematically  
 In terms of equations, inequalities, matrices etc. 

 Components of the model 
 Decision variables 

 Objective function 

 Constraints 

 To get more information on the various parameters 
we need to collect relevant data 
 Data obtained need not be perfect, hence we need to 

recognize that the values could be slightly off 

 Example models 
 Linear programming models 

 Dynamic programming models 



Deriving Solutions 
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 Once we have the mathematical model, we identify an 
appropriate algorithm and run it and derive the 
solutions 
 Of course, if the problem can be solved with an algorithm 

 Sometimes, we end up with really hard problems that might 
take forever to arrive at the optimal solution 

 In these cases heuristics or approximate approaches are 
employed for problem solving – the idea is to settle for a 
suboptimal solution in reasonable time as opposed to 
spending large amount of time just solving the problem 

 Important to recognize the assumptions we made in 
formulating the mathematical model 
 Test for violations of these assumptions and their effect on 

the solution (post-optimality analysis) 

 Test for the sensitivity of the solution to changes in 
parameter values (sensitivity analysis) 



Computer program 
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 It is often efficient to develop a computer 

program for multiple reasons 

 The problems are typically too huge for manual 

computations 

 The problems can be run multiple no. of times with 

a computer to undertake debugging and sensitivity 

analysis 

 Testing the model is quite challenging 

 Try to solve for a simple case of the problem using your 

model and see if the right result is obtained 

 Use the model developed on historical data and see if it 

offers benefits compared to the old methods 



Model Application 
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 Once the model is sufficiently validated, we are 

ready for implementation 

 Need to be careful, because this is where we 

realize the benefits from the entire effort 

 

 In the remainder of the course we shall 

exclusively focus on the various algorithms that 

are employed for problem solving .. But it is 

important for you to recognize that the 

algorithms form only a part of the OR problem 

solving process! 



Our focus in this course 
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 The different phases of an OR study include 

 Problem definition and relevant data collection 

 Formulate a mathematical model to represent 

reality 

 Develop a computer-based procedure  for deriving 

solutions to the mathematical problem 

 Test and validate the model, and refine it 

 Implement the model and obtain optimal solution 
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A nice story 
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 George Dantzig 

 

 

 

 http://en.wikipedia.org/wiki/George_Dantzig 

http://en.wikipedia.org/wiki/George_Dantzig
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Linear Programming 
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 In most practical applications resources are scarce. 
It is important to utilize these scarce resources 
efficiently to succeed in your endeavour 

 Linear programming offers ways to optimally use 
these scarce resources 

 In other words “linear programming involves the 
planning of activities to obtain an optimal result” 
 Programming is used as a synonym to planning (not 

computer programming) 

 So why the term linear ? 
 All mathematical functions in the problem are required 

to be linear functions 

 We will spend a large portion of this course on LP 
models 



Example problem 
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 A manufacturer of computer system 

components assembles two types of graphics 

terminals, model A and model B. The amounts 

of materials and labor required for each 

assembly, and the total amounts available are 

shown in the table. The profits that can be 

realized are $22 and $28 for models A and B 

respectively.  

Resources required per Unit Resources Available 

A B 

Materials 8 10 3400 

Labor 2 3 960 



Solution 
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 XA represent units of A 

 XB represent units of B 

 

 Objective function 

 Maximize 22 XA+28XB  

 

 Constraints 

 8XA+10XB≤3400 

 2XA+3XB≤960 

 XA,XB≥0 

 



Graphical solution 
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Solution to the LP 

9/11/2012 CIVE 208: CIVIL ENGINEERING SYSTEMS ANALYSIS 28 

XB 
(0,340) 

(425,0) 

(0,320) 

(480,0) 

(150,220) 



Solution to the LP 
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XB 
(0,340) 

(425,0) 

(0,320) 

(480,0) 

(150,220) 

Profit at (150,220) = 9460 



Terminology 
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 Feasible solution 
 A solution that satisfies all the constraints 

 

 Corner-point feasible solution 
 A feasible solution i.e. also the corner point of the polygon formed 

by all constraints 

 

 Infeasible solution 
 The solution space i.e. not within the constraint set 

 

 Feasible region 
 The entire region encompassed by the constraint lines 

 

 Optimal solution 
 Solution that provides the highest value of the objective function 

 



Standard LP 
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 Z – performance function (objective function) 

 xj – level of activity j (j = 1,2,…n) 

 cj – increase in Z that would result from unit 

increase in xj 

 bi – amount of resource i available for allocation 

to activities (i = 1,2,.. m) 

 aij = amount of resource i consumed by unit of 

activity j 

 



Standard LP formulation 
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 Maximize Z = c1x1 + c2x2 +…cnxn 

 subject to 

 

 a11x1 + a12x2 + ..a1nxn ≤ b1 

 a21x1 + a22x2 + ..a2nxn ≤ b2 

… 

… 

 am1x1 + am2x2 + ..amnxn ≤ bm 

 

           x1 ≥ 0, x2 ≥ 0, … xn ≥ 0 



Data needed in table form 
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Other forms 
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 Minimize instead of Maximize 

 

 ≥ inequalities instead of ≤ 

 

 = instead of ≤ 

 

 xj is unrestricted i.e. just not positive 



Assumptions in LP 
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 Proportionality assumption 

 In objective function with every unit increase in xj there 
is a constant increase of cj 

 In Z = c1x1 + c2x2 +…cnxn if value of x1 increases by 1 unit the 
value of Z increases by c1 

 In constraint for every unit increase in xj results in a 
constant increase of the constraint left-hand side by aij 

 If x1 increases by 1 unit in the equation a11x1 + a12x2 + ..a1nxn 
≤ b1 the value of (a11x1 + a12x2 + ..a1nxn ) increases by a11 

 For example, as the product output increases it is 
possible that cost of production might start 
reducing or the resource utilization might improve, 
but in an LP formulation we cannot account for 
that non-linearity 

 

 

 

 



Assumptions 
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 Overall proportionality assumption rules out 

any power ≠ 1 in the objective function or 

constraints 

 This will make the function non-linear 



Assumptions 

9/11/2012 CIVE 208: CIVIL ENGINEERING SYSTEMS ANALYSIS 37 

 Additivity 

 Every function in a linear programming model 

(whether the objective function or the function on 

the left-hand side of a functional constraint) is the 

sum of the individual contributions of the respective 

activities. 

 Example of objective function  

 22 XA+28XB is ok, but 22 XA+28XB +XAXBis not 

 This is likely to happen when the two products are 

complementary such that profit increases 

 Similar multiplication terms are not allowed in 

constraints also 

 



Assumptions 

9/11/2012 CIVE 208: CIVIL ENGINEERING SYSTEMS ANALYSIS 38 

 Divisibility 

 Decision variables in an LP model are allowed to have 

any non-integer values (matching the constraints of 

course) i.e. we assume that activities can be run at 

fractional levels 

 If it is necessary that variables have to be integers we will 

have to employ other approaches – integer programming 

 Certainty 

 The value of parameters that we employ in the linear 

model are assumed to be known and constant 

 Overall, it is necessary to examine all these 

assumptions prior to solving an LP and see how far 

are we deviating!  
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