
Advanced civil engineering

Topic Objective:

At the end of this topic student would be able to:

 Define the term system analysis

 Give the explanation of civil engineering and system analysis

 Highlight the importance of civil engineering

Definition/Overview:

Civil Engineering: Civil engineering is a professional engineering discipline that deals with the

design, construction and maintenance of the physical and natural built environment.

System Analysis: Systems analysis is the interdisciplinary part of Science, dealing with analysis

of sets of interacting or entities, the systems, often prior to their automation as computer systems,

and the interactions within those systems. This field is closely related to operations research. It is

also "an explicit formal inquiry carried out to help someone, referred to as the decision maker,

identify a better course of action and make a better decision than he might otherwise have made.

Engineers and scientists develop collection and treatment systems to carry this waste material

away from where people live and produce the waste and discharge it into the environment. The

aeration basin/activated sludge system removes organic material by growing bacteria. The

secondary clarifier removes the activated sludge from the water.
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Key Points:

1. Civil Engineering

The tertiary system, although not always included due to costs, is more prevalent to remove

nitrogen and phosphorus and to disinfect the water before discharge to a surface water stream

or ocean outfall. Construction engineering involves planning and execution of the designs

from transportation, site development, hydraulic, environmental, and structural and

geotechnical engineers. Environmental engineers also design municipal water supply and

industrial wastewater treatment systems as well as being concerned with local and worldwide

environmental issues such as the effects of acid rain, ozone depletion. Environmental

engineers evaluate the water balance within a watershed and determine the available water

supply, the water needed for various needs in that watershed, the seasonal cycles of water

movement through the watershed and they develop systems. Urban and rural areas no longer

discharge human waste directly to the land through outhouse, septic, and/or honey bucket

systems, but rather deposit such waste into water and convey it from households via sewer

systems.

2. System Analysis

The terms analysis and synthesis come from classical Greek where they mean respectively

"to take apart" and "to put together" . These terms are used in scientific disciplines from

mathematics and logic to economy and psychology to denote similar investigative

procedures. In general, analysis is defined as the procedure by which we break down an

intellectual or substantial whole into parts or components. Synthesis is defined as the

opposite procedure: to combine separate elements or components in order to form a coherent

whole. The systems discussed within systems analysis can be within any field such as:

industrial processes, management, decision making processes, environmental protection

processes, etc. The brothers Howard T. Odum and Eugene Odum began applying a systems

view to ecology in 1953, building on the work of Raymond Lindeman (1942) and Arthur
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Tansley (1935). Systems analysis researchers apply mathematical methodology to the

analysis of the systems involved trying to form a detailed overall picture.

3. Practitioners

Practitioners of systems analysis are often called up to dissect systems that have grown

haphazardly to determine the current components of the system. This was shown during the

year 2000 re-engineering effort as business and manufacturing processes were examined and

simplified as part of the Y2K automation upgrades. Current employment titles utilizing

systems analysis include, but are not limited to, Systems Analyst, Business Analyst,

Manufacturing Engineer, Enterprise Architect, etc. While practitioners of systems analysis

can be called upon to create entirely new systems their skills are more often used to modify,

expand or document existing systems (processes, procedures and methods).

Topic : Models In Civil And Environmental Engineering

Topic Objective:

At the end of this topic student would be able to:

 Define the term civil engineering

 Describe the purpose of environmental engineering

 Highlight the purpose of civil and environmental engineering

Definition/Overview:

Civil Engineering: Civil Engineering is broken into several sub-disciplines including municipal

engineering, environmental engineering, geotechnical engineering, structural engineering,

transportation engineering, water resources engineering etc. Civil engineering is the oldest

www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

3
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



engineering discipline after military engineering. Knowledge from the fields of geology, material

science and testing, mechanics, and hydraulics are applied by geotechnical engineers to safely

and economically design foundations, retaining walls, and similar structures.

Key Points:

1. Environmental Engineering

Environmental engineering is the application of science and engineering principles to

improve the environment to provide healthy water, air, and land for human habitation and for

other organisms, and to remediate polluted sites. Environmental engineering also includes

studies on the environmental impact of proposed construction projects. Scientists have

developed air pollution dispersion models to evaluate the concentration of a pollutant at a

receptor or the impact on overall air quality from vehicle exhausts and industrial flue gas

stack emissions.

Environmental engineering involves water and air pollution control, recycling, waste

disposal, and public health issues as well as knowledge of environmental engineering law. It

also includes studies on the environmental impact of proposed construction projects.

Environmental engineers conduct hazardous-waste management studies to evaluate the

significance of such hazards, advise on treatment and containment, and develop regulations

to prevent mishaps. Environmental engineers also design municipal water supply and

industrial wastewater treatment systems as well as being concerned with local and worldwide

environmental issues such as the effects of acid rain, ozone depletion, water pollution and air

pollution from automobile exhausts and industrial sources.

At many universities, Environmental Engineering programs follow either the Department of

Civil Engineering or The Department of Chemical Engineering at Engineering faculties.
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Environmental "civil" engineers focus on hydrology, water resources management and water

treatment plant design. Environmental "chemical" engineers, on the other hand, focus on

environmental chemistry, advanced air and water treatment technologies and separation

processes. Additionally, engineers are more frequently obtaining specialized training in law

(J.D.) and are utilizing their technical expertise in the practices of Environmental engineering

law.

2. Civil Engineering

Civil engineering is a professional engineering discipline that deals with the design,

construction and maintenance of the physical and natural built environment. Engineering has

been an aspect of life since the beginnings of human existence. Civil engineering might be

considered properly commencing between 4000 and 2000 BC in Ancient Egypt and

Mesopotamia when humans started to abandon a nomadic existence, thus causing a need for

the construction of shelter. During this time, transportation became increasingly important

leading to the development of the wheel and sailing. The construction of Pyramids in Egypt

(circa 2700-2500 BC) might be considered the first instances of large structure constructions.

Other ancient historic civil engineering constructions include the Parthenon by Iktinos in

Ancient Greece (447-438 BC), the Appian Way by Roman engineers (c. 312 BC), and the

Great Wall of China by General Meng T'ien under orders from Ch'in Emperor Shih Huang Ti

(c. 220 BC). The Romans developed civil structures throughout their empire, including

especially aqueducts, insulae, harbours, bridges, dams and roads. Until modern times there

was no clear distinction between civil engineering and architecture, and the term engineer

and architect were mainly geographical variations referring to the same person, often used

interchangeably. In the 18th century, the term civil engineering began to be used to

distinguish it from military engineering.

3. History of the science of civil engineering

Civil engineering is the application of physical and scientific principles, and its history is

intricately linked to advances in understanding of physics and mathematics throughout
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history. Because civil engineering is a wide ranging profession, including several separate

specialized sub-disciplines, its history is linked to knowledge of structures, materials science,

geography, geology, soils, hydrology, environment, mechanics and other fields.

Throughout ancient and medieval history most architectural design and construction was

carried out by artisans, such as stone masons and carpenters, rising to the role of master

builder. Knowledge was retained in guilds and seldom supplanted by advances. Structures,

roads and infrastructure that existed were repetitive, and increases in scale were incremental.

One of the earliest examples of a scientific approach to physical and mathematical problems

applicable to civil engineering is the work of Archimedes in the 3rd century BC, including

Archimedes Principle, which underpins our understanding of buoyancy, and practical

solutions such as Archimedes' screw. Brahmagupta, an Indian mathematician, used

arithmetic in the 7th century AD, based on Hindu-Arabic numerals, for excavation (volume)

computations

Topic Objective:

At the end of this topic student would be able to:

 Define the term graphics

 Describe the term graph

 Highlight the importance of graphical solution

Definition/Overview:

Graphics: Graphics are visual presentations on some surface, such as a wall, canvas, computer

screen, paper, or stone to brand, inform, illustrate, or entertain. Examples are photographs,
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drawings, Line Art, graphs, diagrams, typography, numbers, symbols, geometric designs, maps,

engineering drawings, or other images. Graphics often combine text, illustration, and color.

Graphic design may consist of the deliberate selection, creation, or arrangement of typography

alone, as in a brochure, flier, poster, web site, or book without any other element. Clarity or

effective communication may be the objective, association with other cultural elements may be

sought, or merely, the creation of a distinctive style. Graphics can be functional or artistic. The

latter can be a recorded version, such as a photograph, or an interpretation by a scientist to

highlight essential features, or an artist, in which case the distinction with imaginary graphics

may become blurred.

Key Points:

1. Graph

A graph or chart is a type of information graphic that represents tabular, numeric data. Charts

are often used to make it easier to understand large quantities of data and the relationships

between different parts of the data. An engineering drawing is a type of drawing that is

technical in nature, used to fully and clearly define requirements for engineered items. It is

usually created in accordance with standardized conventions for layout, nomenclature,

interpretation, appearance (such as typefaces and line styles), size, etc. There are two types of

computer graphics: raster graphics, where each pixel is separately defined (as in a digital

photograph), and vector graphics, where mathematical formulas are used to draw lines and

shapes, which are then interpreted at the viewer's end to produce the graphic. Using vectors

results in infinitely sharp graphics and often smaller files, but, when complex, vectors take

time to render and may have larger filesizes than a raster equivalent.

In 1950, the first computer-driven display was attached to MIT's Whirlwind I computer to

generate simple pictures. This was followed by MIT's TX-0 and TX-2, interactive computing

which increased interest in computer graphics during the late 1950s. In 1962, Ivan Sutherland

invented Sketchpad, an innovative program that influenced alternative forms of interaction
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with computers. In the mid-1960s, large computer graphics research projects were begun at

MIT, General Motors, Bell Labs, and Lockheed Corporation. D. T. Ross of MIT developed

an advanced compiler language for graphics programming. S.A.Coons, also at MIT, and J. C.

Ferguson at Boeing, began work in sculptured surfaces. GM developed their DAC-1 system,

and other companies, such as Douglas, Lockheed, and McDonnell, also made significant

developments. In 1968, ray tracing was invented by Apple During the late 1970s, personal

computers became more powerful, capable of drawing both basic and complex shapes and

designs. In the 1980s, artists and graphic designers began to see the personal computer,

particularly the Commodore Amiga and Macintosh, as a serious design tool, one that could

save time and draw more accurately than other methods. 3D computer graphics became

possible in the late 1980s with the powerful SGI computers, which were later used to create

some of the first fully computer-generated short films at Pixar. The Macintosh remains one

of the most popular tools for computer graphics in graphic design studios and businesses.

Modern computer systems, dating from the 1980s and onwards, often use a graphical user

interface (GUI) to present data and information with symbols, icons and pictures, rather than

text. Graphics are one of the five key elements of multimedia technology. 3D graphics

became more popular in the 1990s in gaming, multimedia and animation. In 1996, Quake,

one of the first fully 3D games, was released. In 1995, Toy Story, the first full-length

computer-generated animation film, was released in cinemas worldwide. Since then,

computer graphics have become more accurate and detailed, due to more advanced

computers and better 3D modelling software applications, such as Cinema 4D. Another use

of computer graphics is screensavers, originally intended to preventing the layout of much-

used GUIs from 'burning into' the computer screen. They have since evolved into true pieces

of art, their practical purpose obsolete; modern screens are not susceptible to such burn in

artifacts.

2. Graphical Solution

www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

8
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



If there is a pair of numbers that can be substituted for x and y in two different equations, the

pair form the coordinates of a point which lies on the graph of. each equation. The only way

in which a point can lie on two lines simultaneously is for the point to be at the intersection

of the lines. Therefore, the graphical solution of two simultaneous equations involves

drawing their graphs and locating the point at which the graph lines intersect.

For example, when we graph the equations x+y=33 and x-y = 5, as in figure 12-5, we see that

they intersect in a single point. There is one pair of values comprising coordinates of that

point (19, 14), and that pair of values satisfies both equations, as follows:

This pair of numbers satisfies each equation. It is the only pair of numbers that satisfies the

two equations simultaneously.

The graphical method is a quick and simple means of finding an approximate solution of two

simultaneous equations. Each equation is graphed, and the point of intersection of the two

lines is read as accurately as possible. A high degree of accuracy can be obtained but this, of

course, is dependent on the precision with which the lines are graphed and the amount of

accuracy possible in reading the graph. Sometimes the graphical method is quite adequate for

the purpose of the problem. Figure 12-6 shows the graphs of x + y = 11 and x-y= -3. The

intersection appears to be the point (4, 7). Substituting x = 4 and y = 7 into the equations

shows that this is the actual point of intersection, since this pair of numbers satisfies both

equations.

The equations 7x - 8y = 2 and 4x + 3y = 5 are graphed in figure 12-7. The lines intersect

where y is approximately 1/2 and x is approximately 5/6.
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Practice problems. Solve the following simultaneous systems graphically

3. Addition Method

The addition method of solving systems of equations is illustrated in the following example:

The result in the foregoing example is obtained by adding the left member of the first

equation to the left member of the second, and adding the right member of the first equation

to the right member of the second. Having found the value of x, we substitute this value in

either of the original equations to find the value of y, as follows:

Notice that the primary goal in the addition method is the elimination (temporarily) of, one of

the variables. If the coefficient of y is the same in both equations, except for its sign, adding

the equations eliminates y as in the foregoing example. On the other hand, suppose that the

coefficient of the variable which we desire to eliminate is exactly the same in both equations.

In the following example, the coefficient of x is the same in both equations, including its

sign:

: The Simplex Algorithm For Solving Linear Programs
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Topic Objective:

At the end of this topic student would be able to:

 Define the term complex algorithm

 Describe the use of simplex algorithm

 Highlight the calculation of linear programming

Definition/Overview:

Complex Algorithm: Since the simplex algorithm is concerned only with finding a single

optimal point (even if other equally-optimal points exist), it is possible to look solely at moves

skirting the edge of a simplex, ignoring the interior.

Simplex Algorithm: In mathematical optimization theory, the simplex algorithm is a popular

algorithm for numerical solution of the linear programming problem.

Key Points:

1. Simplex Algorithm

In mathematical optimization theory, the simplex algorithm, created by the American

mathematician George Dantzig in 1947, is a popular algorithm for numerical solution of the

linear programming problem. The journal Computing in Science and Engineering listed it as

one of the top 10 algorithms of the century. An unrelated, but similarly named method is the

Nelder-Mead method or downhill simplex method due to Nelder & Mead (1965) and is a

numerical method for optimizing many-dimensional unconstrained problems, belonging to

the more general class of search algorithms. In both cases, the method uses the concept of a

simplex, which is a polytope of N + 1 vertices in N dimensions: a line segment in one
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dimension, a triangle in two dimensions, a tetrahedron in three-dimensional space and so

forth.

2. Linear Programming

Consider a linear programming problem,

Maximize

In geometric terms, each inequality specifies a half-space in n-dimensional Euclidean space,

and their intersection is the set of all feasible values the variables can take. The region is

either empty, unbounded, or a convex polytope.

The set of points where the objective function obtains a given value v is defined by the

hyperplane cTx = v. We are looking for the largest v such that the hyperplane still intersects

the feasible region. As v increases, the hyperplanes translates in the direction of the vector c.

Intuitively, and indeed it can be shown by convexity, the last hyperplane to intersect the

feasible region will either just graze a vertex of the polytope, or a whole edge or face. In the

latter two cases, its still the case that the endpoints of the edge or face will achieve the

optimum value. Thus, the optimum value will always be achieved on one of the vertices of

the polytope.

The simplex algorithm leverages this insight by rewriting the problem so that one of the

vertices of the (possibly unbounded) polytope is easy to find, or it is revealed that the

problem is infeasible. Then, the algorithm walks along edges of the polytope to vertices with

higher objective function value until a local maximum is reached, or the problem is revealed

to be unbounded. By convexity, a local maximum is also a global maximum, so the solution
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has been found. Usually there are more than one adjacent vertices which improve the

objective function, so a pivot rule must be specified to determine which vertex to pick. The

selection of this rule has a great impact on the runtime of the algorithm.

In 1972, Klee and Minty gave an example of a linear programming problem in which the

polytope P is a distortion of an n-dimensional cube. They showed that the simplex method as

formulated by Dantzig visits all 2n vertices before arriving at the optimal vertex. This shows

that the worst-case complexity of the algorithm is exponential time. Since then it has been

shown that for almost every deterministic rule there is a family of simplices on which it

performs badly. It is an open question if there is a pivot rule with polynomial time, or even

sub-exponential worst-case complexity. Nevertheless, the simplex method is remarkably

efficient in practice. It has been known since the 1970s that it has polynomial-time average-

case complexity under various distributions. These results on "random" matrices still didn't

quite capture the desired intuition that the method works well on "typical" matrices. In 2001

Spielman and Teng introduced the notion of smoothed complexity to provide a more realistic

analysis of the performance of algorithms.

3. Implementation

The simplex algorithm requires the linear programming problem to be in augmented form.

The problem can then be written as follows in matrix form:

where x are the variables from the standard form, xs are the introduced slack variables from

the augmentation process, c contains the optimization coefficients, A and b describe the

system of constraint equations, and Z is the variable to be maximized. Suppose in the

standard form of the problem there are n variables and m constraints, not counting the n

nonnegativity constraints. Generally, a vertex of the simplex corresponds to making n of the

m+n total constraints tight, while adjacent vertices share n-1 tight constraints. There is a little
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subtlety when such a point in n-space does not fall in feasible region. Ignoring that, in the

augmented form, this corresponds to setting n of the m+n variables (n original and m slack)

to 0. We call such a setting of the variables a basic solution. The m variables which are

purposely set to 0 are called the nonbasic variables. We can then solve for the remaining n

constraints, called the basic variables, which will be uniquely determined, as we will be

careful not to step out of the feasible region. The simplex algorithm begins by finding a basic

feasible solution. At each step, one basic and one nonbasic variable are chosen according to

the pivot rule, and their roles are switched.

4. Matrix form of the simplex algorithm

At any iteration of the simplex algorithm, the tableau will be of this form:

where are the coefficients of basic variables in the c-matrix; and B consists of the

columns of corresponding to the basic variables. It is worth noting that B and are

the only variables in this equation (except Z and x of course). Everything else is constant

throughout the algorithm.

5. Algorithm

 Choose a basic feasible solution (BF) as shown above

This implies that B is the identity matrix, and is a zero-vector.

 While nonoptimal solution:

o Determine direction of highest gradient

Choose the variable associated with the coefficient in that has the

highest negative magnitude. This nonbasic variable, which we call the entering basic,

will be increased to help maximize the problem.

o Determine maximum step length
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Use the subequation to determine which basic

variable reaches zero first when the entering basic is increased. This variable, which we

call the leaving basic then becomes nonbasic. This operation only involves a single

division for each basic variable, since the existing basic-variables occur diagonally in the

tableau.

o Rewrite problem

Modify B and to account for the new basic variables. This will automatically make

the tableau diagonal for the existing and new basic variables.

o Check for improvement

Repeat procedure until no further improvement is possible, meaning all the coefficients

of are positive. Procedure is also terminated if all coefficients are zero,

and the algorithm has walked in a circle and revisited a previous state.

6. Implementation

The tableau form used above to describe the algorithm lends itself to an immediate

implementation in which the tableau is maintained as a rectangular (m+1)-by-(m+n+1) array.

It is straightforward to avoid storing the m explicit columns of the identity matrix that will

occur within the tableau by virtue of B being a subset of the columns of . This

implementation is referred to as the standard simplex method. The storage and computation

overhead are such that the standard simplex method is a prohibitively expensive approach to

solving large linear programming problems. In every simplex iteration the only data required

is the first row of the tableau, the (pivotal) column of the tableau corresponding to the

entering variable and the right-hand-side. The latter can be updated using the pivotal column

and the first row of the tableau can be updated using the (pivotal) row corresponding to the

leaving variable. Both the pivotal column and pivotal row may be computed directly using

the solutions of linear systems of equations involving the matrix B and a matrix-vector

product using A. These observations motivate the revised simplex method, for which

implementations are distinguished by their invertible representation of B. In large linear
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programming problems A is typically a sparse matrix and, when the resulting sparsity of B is

exploited when maintaining its invertible representation, the revised simplex method is a

vastly more efficient solution procedure than the standard simplex method. Commercial

simplex solvers are based on the primal (or dual) revised simplex method.

In Section 2 of this course you will cover these topics:

Linear Programs With Multiple Objectives

Linear Programming Models Of Network Flow

Integer Programming And Its Applications

Topic : Linear Programs With Multiple Objectives

Topic Objective:

At the end of this topic student would be able to:

 Define the term standard form

 Describe the purpose of linear programming

 Highlight the history of linear programming

Definition/Overview:

Standard Form: Standard form is the usual and most intuitive form of describing a linear

programming problem. It consists of the following three parts:

 A linear function to be maximized

e.g. maximize c_1 x_1 + c_2 x_2\,

 Problem constraints of the following form

e.g. a_{11} x_1 + a_{12} x_2 \le b_1
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a_{21} x_1 + a_{22} x_2 \le b_2

a_{31} x_1 + a_{32} x_2 \le b_3

 Non-negative variables

e.g. x_1 \ge 0

x_2 \ge 0

Key Points:

1. Linear Programming

Linear programming problems must be converted into augmented form before being solved

by the simplex algorithm. Every linear programming problem, referred to as a primal

problem, can be converted into a dual problem, which provides an upper bound to the

optimal value of the primal problem. It is possible to construct a linear programming problem

for which the simplex method takes a number of steps exponential in the problem size. The

algorithm had little practical impact, as the simplex method is more efficient for all but

specially constructed families of linear programs. Linear programming is an important field

of optimization for several reasons. Many practical problems in operations research can be

expressed as linear programming problems. Network flow problems and multicommodity

flow problems are considered important enough to have generated much research on

specialized algorithms for their solution. A number of algorithms for other types of

optimization problems work by solving linear programming problems as sub-problems. In

mathematics, linear programming (LP) problems involve the optimization of a linear

objective function, subject to linear equality and inequality constraints.

Linear programs are problems that can be expressed in canonical form:

Maximize
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Subject to

Where

Represents the vector of variables, while and are vectors of coefficients and is a

matrix of coefficients.

2. History of linear programming

The problem of solving a system of linear inequalities dates back at least as far as Fourier,

after whom the method of Fourier-Motzkin elimination is named. Linear programming arose

as a mathematical model developed during the second world war to plan expenditures and

returns in order to reduce costs to the army and increase losses to the enemy. It was kept

secret until 1947. Postwar, many industries found its use in their daily planning.

The founders of the subject are Leonid Kantorovich, a Russian mathematician who

developed linear programming problems in 1939, George B. Dantzig, who published the

simplex method in 1947, John von Neumann, who developed the theory of the duality in the

same year. The linear programming problem was first shown to be solvable in polynomial

time by Leonid Khachiyan in 1979, but a larger theoretical and practical breakthrough in the

field came in 1984 when Narendra Karmarkar introduced a new interior point method for

solving linear programming problems. Dantzig's original example of finding the best

assignment of 70 people to 70 jobs exemplifies the usefulness of linear programming. The

computing power required to test all the permutations to select the best assignment is vast;

the number of possible configurations exceeds the number of particles in the universe.

However, it takes only a moment to find the optimum solution by posing the problem as a

linear program and applying the Simplex algorithm. The theory behind linear programming

drastically reduces the number of possible optimal solutions that must be checked.
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3. Uses

Linear programming is a considerable field of optimization for several reasons. Many

practical problems in operations research can be expressed as linear programming problems.

Certain special cases of linear programming, such as network flow problems and

multicommodity flow problems are considered important enough to have generated much

research on specialized algorithms for their solution. A number of algorithms for other types

of optimization problems work by solving LP problems as sub-problems. Historically, ideas

from linear programming have inspired many of the central concepts of optimization theory,

such as duality, decomposition, and the importance of convexity and its generalizations.

Likewise, linear programming is heavily used in microeconomics and company management,

such as planning, production, transportation, technology and other issues. Although the

modern management issues are ever-changing, most companies would like to maximize

profits or minimize costs with limited resources. Therefore, many issues can boil down to

linear programming problems.

4. Standard form

Standard form is the usual and most intuitive form of describing a linear programming

problem. It consists of the following three parts:

 A linear function to be maximized

 Problem constraints of the following form

 Non-negative variables

The problem is usually expressed in matrix form, and then becomes:

Other forms, such as minimization problems, problems with constraints on alternative forms,

as well as problems involving negative variables can always be rewritten into an equivalent

problem in standard form.
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Example/Case Study:

Example

Suppose that a farmer has a piece of farm land, say A square kilometres large, to be planted with

either wheat or barley or some combination of the two. The farmer has a limited permissible

amount F of fertilizer and P of insecticide which can be used, each of which is required in

different amounts per unit area for wheat (F1, P1) and barley (F2, P2). Let S1 be the selling price

of wheat, and S2 the price of barley. If we denote the area planted with wheat and barley by x1

and x2 respectively, then the optimal number of square kilometres to plant with wheat vs barley

can be expressed as a linear programming problem:

Topic : Linear Programming Models Of Network Flow

Topic Objective:

At the end of this topic student would be able to:

 Define the term linear programming

 Describe the calculation for linear programming

 Highlight the history of linear programming

Definition/Overview:

Linear Programming: In mathematics, linear programming (LP) problems involve the

optimization of a linear objective function, subject to linear equality and inequality constraints.

Put very informally, LP problems determine the way to achieve the best outcome (such as
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maximum profit or lowest cost) given some list of requirements represented as linear equations.

More formally, given a polytope (for example, a polygon or a polyhedron), and a real-valued

affine function

defined on this polytope, the goal is to find a point in the polytope where this function has the

smallest (or largest) value. Such points may not exist, but if they do, searching through the

polytope vertices is guaranteed to find at least one of them.

Linear programs are problems that can be expressed in canonical form:

) matrix of coefficients. The expression to be maximized or minimized is called the objective

function ( in this case). The equations are the constraints which specify a convex

polyhedron over which the objective function is to be optimized.

Linear programming can be applied to various fields of study. Most extensively it is used in

business and economic situations, but can also be utilized for some engineering problems. Some

industries that use linear programming models include transportation, energy,

telecommunications, and manufacturing. It has proved useful in modeling diverse types of

problems in planning, routing, scheduling, assignment, and design.

Key Points:

1. History of linear programming

The problem of solving a system of linear inequalities dates back at least as far as Fourier,

after whom the method of Fourier-Motzkin elimination is named. Linear programming arose

as a mathematical model developed during the second world war to plan expenditures and

returns in order to reduce costs to the army and increase losses to the enemy. It was kept

secret until 1947. Postwar, many industries found its use in their daily planning. The

founders of the subject are George B. Dantzig, who published the simplex method in 1947,

John von Neumann, who developed the theory of the duality in the same year, and Leonid
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Kantorovich, a Russian mathematician who used similar techniques in economics before

Dantzig and won the Nobel prize in 1975 in economics. The linear programming problem

was first shown to be solvable in polynomial time by Leonid Khachiyan in 1979, but a larger

major theoretical and practical breakthrough in the field came in 1984 when Narendra

Karmarkar introduced a new interior point method for solving linear programming problems.

Dantzig's original example of finding the best assignment of 70 people to 70 jobs exemplifies

the usefulness of linear programming. The computing power required to test all the

permutations to select the best assignment is vast; the number of possible configurations

exceeds the number of particles in the universe. However, it takes only a moment to find the

optimum solution by posing the problem as a linear program and applying the simplex

algorithm. The theory behind linear programming drastically reduces the number of possible

optimal solutions that must be checked.

2. Uses

Linear programming is an important field of optimization for several reasons. Many practical

problems in operations research can be expressed as linear programming problems. Certain

special cases of linear programming, such as network flow problems and multicommodity

flow problems are considered important enough to have generated much research on

specialized algorithms for their solution. A number of algorithms for other types of

optimization problems work by solving LP problems as sub-problems. Historically, ideas

from linear programming have inspired many of the central concepts of optimization theory,

such as duality, decomposition, and the importance of convexity and its generalizations.

Likewise, linear programming is heavily used in microeconomics and business management,

either to maximize the income or minimize the costs of a production scheme. Some examples

are food blending, inventory management, portfolio and finance management, resource

allocation for human and machine resources, planning advertisement campaigns, etc.

3. Standard form

Standard form is the usual and most intuitive form of describing a linear programming

problem. It consists of the following three parts:
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 A linear function to be maximized

 Problem constraints of the following form

 Non-negative variables

Other forms, such as minimization problems, problems with constraints on alternative forms,

as well as problems involving negative variables can always be rewritten into an equivalent

problem in standard form.

4. Augmented form (slack form)

Linear programming problems must be converted into augmented form before being solved

by the simplex algorithm. This form introduces non-negative slack variables to replace

inequalities with equalities in the constraints. The problem can then be written in the

following form:

Maximize Z in:

where are the newly introduced slack variables, and Z is the variable to be maximized.

5. Duality

Every linear programming problem, referred to as a primal problem, can be converted into a

dual problem, which provides an upper bound to the optimal value of the primal problem. In

matrix form, we can express the primal problem as:

maximize

subject to

The corresponding dual problem is:

minimize

subject to
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Where, y is used instead of x as variable vector.

There are two ideas fundamental to duality theory. One is the fact that the dual of a dual

linear program is the original primal linear program. Additionally, every feasible solution for

a linear program gives a bound on the optimal value of the objective function of its dual. The

weak duality theorem states that the objective function value of the dual at any feasible

solution is always greater than or equal to the objective function value of the primal at any

feasible solution. The strong duality theorem states that if the primal has an optimal solution,

x*, then the dual also has an optimal solution, y*, such that cTx*=bTy*.

A linear program can also be unbounded or infeasible. Duality theory tells us that if the

primal is unbounded then the dual is infeasible by the weak duality theorem. Likewise, if the

dual is unbounded, then the primal must be infeasible. However, it is possible for both the

dual and the primal to be infeasible.

6. Complementary slackness

It is possible to obtain an optimal solution to the dual when only an optimal solution to the

primal is known using the complementary slackness theorem. The theorem states: Suppose

that x = (x1, x2, . . ., xn) is primal feasible and that y = (y1, y2, . . . , ym) is dual feasible. Let

(w1, w2, . . ., wm) denote the corresponding primal slack variables, and let (z1, z2, . . . , zn)

denote the corresponding dual slack variables. Then x and y are optimal for their respective

problems if and only if xjzj = 0, for j = 1, 2, . . . , n, wiyi = 0, for i = 1, 2, . . . , m. So if the ith

slack variable of the primal is not zero, then the ith variable of the dual is equal zero.

Likewise, if the jth slack variable of the dual is not zero, then the jth variable of the primal is

equal to zero.

7. Theory

Geometrically, the linear constraints define a convex polyhedron, which is called the feasible

region. Since the objective function is also linear, hence a convex function, all local optima

are automatically global optima (by the KKT theorem). The linearity of the objective
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function also implies that the set of optimal solutions is the convex hull of a finite set of

points - usually a single point. There are two situations in which no optimal solution can be

found. First, if the constraints contradict each other (for instance, x ≥ 2 and x ≤ 1) then the

feasible region is empty and there can be no optimal solution, since there are no solutions at

all. In this case, the LP is said to be infeasible.

Alternatively, the polyhedron can be unbounded in the direction of the objective function (for

example: maximize x1 + 3 x2 subject to x1 ≥ 0, x2 ≥ 0, x1 + x2 ≥ 10), in which case there is no

optimal solution since solutions with arbitrarily high values of the objective function can be

constructed. Barring these two pathological conditions (which are often ruled out by resource

constraints integral to the problem being represented, as above), the optimum is always

attained at a vertex of the polyhedron. However, the optimum is not necessarily unique: it is

possible to have a set of optimal solutions covering an edge or face of the polyhedron, or

even the entire polyhedron (This last situation would occur if the objective function were

constant).

8. Algorithms

A series of linear constraints on two variables produces a region of possible values for those

variables. Solvable problems will have a feasible region in the shape of a simple polygon.

The simplex algorithm, developed by George Dantzig, solves LP problems by constructing

an admissible solution at a vertex of the polyhedron and then walking along edges of the

polyhedron to vertices with successively higher values of the objective function until the

optimum is reached. Although this algorithm is quite efficient in practice and can be

guaranteed to find the global optimum if certain precautions against cycling are taken, it has

poor worst-case behavior: it is possible to construct a linear programming problem for which

the simplex method takes a number of steps exponential in the problem size. In fact, for some

time it was not known whether the linear programming problem was solvable in polynomial

time (complexity class P).
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This long standing issue was resolved by Leonid Khachiyan in 1979 with the introduction of

the ellipsoid method, the first worst-case polynomial-time algorithm for linear programming.

To solve a problem which has n variables and can be encoded in L input bits, this algorithm

uses O(n4L) arithmetic operations on numbers with O(L) digits. It consists of a specialization

of the nonlinear optimization technique developed by Naum Z. Shor, generalizing the

ellipsoid method for convex optimization proposed by Arkadi Nemirovski, a 2003 John von

Neumann Theory Prize winner, and D. Yudin. Khachiyan's algorithm was of landmark

importance for establishing the polynomial-time solvability of linear programs. The

algorithm had little practical impact, as the simplex method is more efficient for all but

specially constructed families of linear programs. However, it inspired new lines of research

in linear programming with the development of interior point methods, which can be

implemented as a practical tool. In contrast to the simplex algorithm, which finds the optimal

solution by progresses along points on the boundary of a polyhedral set, interior point

methods move through the interior of the feasible region.

In 1984, N. Karmarkar proposed a new interior point projective method for linear

programming. Karmarkar's algorithm not only improved on Khachiyan's theoretical worst-

case polynomial bound (giving O(n3.5L)), but also promised dramatic practical performance

improvements over the simplex method. Since then, many interior point methods have been

proposed and analyzed. Early successful implementations were based on affine scaling

variants of the method. For both theoretical and practical properties, barrier function or path-

following methods are the most common recently. The current opinion is that the efficiency

of good implementations of simplex-based methods and interior point methods is similar for

routine applications of linear programming. LP solvers are in widespread use for

optimization of various problems in industry, such as optimization of flow in transportation

networks, many of which can be transformed into linear programming problems only with

some difficulty.

9. Open problems and recent work
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There are several open problems in the theory of linear programming, the solution of which

would represent fundamental breakthroughs in mathematics and potentially major advances

in our ability to solve large-scale linear programs.

 Does LP admit a strongly polynomial-time algorithm?

 Does LP admit a strongly polynomial algorithm to find a strictly complementary solution?

 Does LP admit a polynomial algorithm in the real number (unit cost) model of computation?

This closely related set of problems has been cited by Stephen Smale as among the 18

greatest unsolved problems of the 21st century. In Smale's words, the third version of the

problem "is the main unsolved problem of linear programming theory." While algorithms

exist to solve linear programming in weakly polynomial time, such as the ellipsoid methods

and interior-point techniques, no algorithms have yet been found that allow strongly

polynomial-time performance in the number of constraints and the number of variables. The

development of such algorithms would be of great theoretical interest, and perhaps allow

practical gains in solving large LPs as well.

 Are there pivot rules which lead to polynomial-time Simplex variants?

 Do all polyhedral graphs have polynomially-bounded diameter?

 Is the Hirsch conjecture true for polyhedral graphs?

These questions relate to the performance analysis and development of Simplex-like

methods. The immense efficiency of the Simplex algorithm in practice despite its

exponential-time theoretical performance hints that there may be variations of Simplex that

run in polynomial or even strongly polynomial time. It would be of great practical and

theoretical significance to know whether any such variants exist, particularly as an approach

to deciding if LP can be solved in strongly polynomial time. The Simplex algorithm and its

variants fall in the family of edge-following algorithms, so named because they solve linear

programming problems by moving from vertex to vertex along edges of a polyhedron. This

means that their theoretical performance is limited by the maximum number of edges

between any two vertices on the LP polyhedron. As a result, we are interested in knowing the

maximum graph-theoretical diameter of polyhedral graphs. It has been proved that all

polyhedra have subexponential diameter, and all experimentally observed polyhedra have
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linear diameter, it is presently unknown whether any polyhedron has superpolynomial or

even superlinear diameter. If any such polyhedra exist, then no edge-following variant can

run in polynomial or linear time, respectively. Questions about polyhedron diameter are of

independent mathematical interest.

Simplex pivot methods preserve primal (or dual) feasibility. On the other hand, criss-cross

pivot methods do not preserve (primal or dual) feasibility --- they may visit primal feasible,

dual feasible or primal-and-dual infeasible bases in any order. Pivot methods of this type

have been studied since the 1970s. Essentially, these methods attempt to find the shortest

pivot path on the arrangement polytope under the linear programming problem. In contrast to

polyhedral graphs, graphs of arrangement polytopes have small diameter, allowing the

possibility of strongly polynomial-time criss-cross pivot method without resolving questions

about the diameter of general polyhedra.

9.1. Integer unknowns

If the unknown variables are all required to be integers, then the problem is called an

integer programming (IP) or integer linear programming (ILP) problem. In

contrast to linear programming, which can be solved efficiently in the worst case,

integer programming problems are in many practical situations (those with bounded

variables) NP-hard. 0-1 integer programming or binary integer programming

(BIP) is the special case of integer programming where variables are required to be 0

or 1 (rather than arbitrary integers). This problem is also classified as NP-hard, and in

fact the decision version was one of Karp's 21 NP-complete problems.

If only some of the unknown variables are required to be integers, then the problem is

called a mixed integer programming (MIP) problem. These are generally also NP-

hard. There are however some important subclasses of IP and MIP problems that are

efficiently solvable, most notably problems where the constraint matrix is totally

unimodular and the right-hand sides of the constraints are integers.

Advanced algorithms for solving integer linear programs include:
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o cutting-plane method

o branch and bound

o branch and cut

o branch and price

o if the problem has some extra structure, it may be possible to apply delayed

column generation.

subject to

Note that each variable in the primal problem (amount of wheat/barley to grow) correspond to an

inequality in the dual problem (revenue obtained by wheat/barley), and each variable in the dual

problem (revenue bound provided by each resource) correspond to an inequality in the primal

problem (limit on each resource). Since each inequality can be replaced by an equality and a

slack variable, this means each primal variable correspond to a dual slack variable, and each dual

variable correspond to a primal slack variable. This relation allows us to complementary

slackness.

Topic : Integer Programming And Its Applications

Topic Objective:

At the end of this topic student would be able to:

 Define the term integer programming
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 Describe the uses of integer programming

 Highlight the applications of integer programming

Definition/Overview:

Integer Programming: If the unknown variables are all required to be integers, then the

problem is called an integer programming (IP) or integer linear programming (ILP) problem. In

contrast to linear programming integer programming problems are in many practical situations

NP-hard. 0-1 integer programming or binary integer programming (BIP) is the special case of

integer programming where variables are required to be 0 or 1. There are some important

subclasses of IP and MIP problems that are efficiently solvable, most notably problems where

the constraint matrix is totally unimodular and the right-hand sides of the constraints are integers.

Key Points:

1. Integer Linear Programs

Advanced algorithms for solving integer linear programs include:

 Cutting-plane method

 branch and bound

 Branch and cut

 Branch and price

 If the problem has some extra structure, it may be possible to apply delayed column generation.

More formally, the integers are the only integral domain whose positive elements are well-

ordered, and in which order is preserved by addition. Like the natural numbers, the integers

form a countably infinite set.
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2. Integer unknowns

If the unknown variables are all required to be integers, then the problem is called an integer

programming (IP) or integer linear programming (ILP) problem. In contrast to linear

programming, which can be solved efficiently in the worst case, integer programming

problems are in many practical situations (those with bounded variables) NP-hard. 0-1

integer programming or binary integer programming (BIP) is the special case of integer

programming where variables are required to be 0 or 1 (rather than arbitrary integers). This

problem is also classified as NP-hard, and in fact the decision version was one of Karp's 21

NP-complete problems. If only some of the unknown variables are required to be integers,

then the problem is called a mixed integer programming (MIP) problem. These are generally

also NP-hard.

There are however some important subclasses of IP and MIP problems that are efficiently

solvable, most notably problems where the constraint matrix is totally unimodular and the

right-hand sides of the constraints are integers. Advanced algorithms for solving integer

linear programs include:

 cutting-plane method

 branch and bound

 branch and cut

 branch and price

 if the problem has some extra structure, it may be possible to apply delayed column generation.

3. Solving IP's

For solving LP's we have general purpose (independent of the LP being solved) and

computationally effective (able to solve large LP's) algorithms (simplex or interior point). For

solving IP's no similar general purpose and computationally effective algorithms exist.

Indeed theory suggests that no general purpose computationally effective algorithms will

ever be found. This area is known as computational complexity and concerns NP-
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completeness. It was developed from the early 1970's onward and basically is a theory

concerning "how long it takes algorithms to run". This means that IP's are a lot harder to

solve than LP's.

Solution methods for IP's can be categorised as:

 general purpose (will solve any IP) but potentially computationally ineffective (will only solve

relatively small problems); or

 special purpose (designed for one particular type of IP problem) but potentially computationally

more effective.

Solution methods for IP's can also be categorised as:

 optimal

 heuristic

An optimal algorithm is one which (mathematically) guarantees to find the optimal solution.

It may be that we are not interested in the optimal solution:

 because the size of problem that we want to solve is beyond the computational limit of known

optimal algorithms within the computer time we have available; or

 we could solve optimally but feel that this is not worth the effort (time, money, etc) we would

expend in finding the optimal solution.

In such cases we can use a heuristic algorithm - that is an algorithm that should hopefully

find a feasible solution which, in objective function terms, is close to the optimal solution. In

fact it is often the case that a well-designed heuristic algorithm can give good quality (near-

optimal) results.

For example a heuristic for our capital budgeting problem would be:

 consider each project in turn

 decide to do the project if this is feasible in the light of previous decisions

Applying this heuristic we would choose to do just project 1 and project 2, giving a total

return of 0.5, which may (or may not) be the optimal solution.
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Hence we have four categories that we potentially need to consider:

 general purpose, optimal

 general purpose, heuristic

 special purpose, optimal

 special purpose, heuristic.

In Section 3 of this course you will cover these topics:

Scheduling Models: Critical Path Method

Decision Theory

Lessons In Context: Simulation And The Statistics Of Prediction

Topic : Scheduling Models: Critical Path Method

Topic Objective:

At the end of this topic student would be able to:

 Define the term critical path method

 Describe the purpose and importance of critical path method

 Highlight the calculation for this method

Definition/Overview:

Critical Path Method: The Critical Path Method, abbreviated CPM, or critical path analysis, is

a mathematically based algorithm for scheduling a set of project activities.

Key Points:
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1. Critical Path Method

CPM calculates the longest path of planned activities to the end of the project, and the

earliest and latest that each activity can start and finish without making the project longer.

The critical path method considered only logical dependencies between terminal elements.

CPM allows continuous monitoring of the schedule, allows the project manager to track the

critical activities, and alerts the project manager to the possibility that non-critical activities

may be delayed beyond their total float.

2. Using Technique

The essential technique for using CPM is to construct a model of the project that includes the

following:

 A list of all activities required to complete the project (also known as Work breakdown

structure),

 The time (duration) that each activity will take to completion, and

 The dependencies between the activities.

Above is the PERT chart for a project with five milestones (10 through 50) and six activities

(A through F). The project has two critical paths: activities B and C, or A, D, and F - giving a

minimum project time of 7 months with fast tracking. Activity E is sub-critical, and has a

float of 2 months.

Using these values, CPM calculates the longest path of planned activities to the end of the

project, and the earliest and latest that each activity can start and finish without making the

project longer. This process determines which activities are "critical" (i.e., on the longest

www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

34
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



path) and which have "total float" (i.e., can be delayed without making the project longer). In

project management, a critical path is the sequence of project network activities which add

up to the longest overall duration. This determines the shortest time possible to complete the

project. Any delay of an activity on the critical path directly impacts the planned project

completion date (i.e. there is no float on the critical path). A project can have several,

parallel, near critical paths. An additional parallel path through the network with the total

durations shorter than the critical path is called a sub-critical or non-critical path.

These results allow managers to prioritize activities for the effective management of project

completion, and to shorten the planned critical path of a project by pruning critical path

activities, by "fast tracking" (i.e., performing more activities in parallel), and/or by "crashing

the critical path" (i.e., shortening the durations of critical path activities by adding resources).

Originally, the critical path method considered only logical dependencies between terminal

elements. Since then, it has been expanded to allow for the inclusion of resources related to

each activity, through processes called activity-based resource assignments and resource

leveling. A resource-leveled schedule may include delays due to resource bottlenecks (i.e.,

unavailability of a resource at the required time), and may cause a previously shorter path to

become the longest or "resource critical" path. A related concept is called the critical chain,

which attempts to protect activity and project durations from unforeseen delays due to

resource constraints.

Since project schedules change on a regular basis, CPM allows continuous monitoring of the

schedule, allows the project manager to track the critical activities, and alerts the project

manager to the possibility that non-critical activities may be delayed beyond their total float,

thus creating a new critical path and delaying project completion. In addition, the method can

easily incorporate the concepts of stochastic predictions, using the Program Evaluation and

Review Technique (PERT) and event chain methodology. Currently, there are several

software solutions available in industry that use the CPM method of scheduling, see list of
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project management software. However, the method was developed and used without the aid

of computers.

A schedule generated using critical path techniques often is not realized precisely, as

estimations are used to calculate times: if one mistake is made, the results of the analysis may

change. This could cause an upset in the implementation of a project if the estimates are

blindly believed, and if changes are not addressed promptly. However, the structure of

critical path analysis is such that the variance from the original schedule caused by any

change can be measured, and its impact either ameliorated or adjusted for. Indeed, an

important element of project postmortem analysis is the As Built Critical Path (ABCP),

which analyzes the specific causes and impacts of changes between the planned schedule and

eventual schedule as actually implemented.

Topic : Decision Theory

Topic Objective:

At the end of this topic student would be able to:

 Define the term decision theory

 Describe the importance of decision theory

 Highlight the uses of decision theory

Definition/Overview:

Decision Theory: Decision theory is an area of study of discrete mathematics that models

human decision-making in science, engineering and indeed all human social activities. The

practical application of normative or prescriptive approach in decision making is called decision
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analysis, and aimed at finding tools, methodologies and software to help people make better

decisions.

Key Points:

1. Decision Theory

In the emerging socio-cognitive engineering the research is especially focused on the

different types of distributed decision-making in human organizations, in normal and

abnormal/emergency/crisis situations. It is obvious that people do not typically behave in

optimal ways; there is also a related area of study, which is a positive or descriptive

discipline, attempting to describe what people will actually do. Interpersonal choice is

concerned with the kind of choice where different actions lead to outcomes that are realized

at different points in time.

2. Normative and descriptive decision theory

Most of decision theory is normative or prescriptive, i.e. it is concerned with identifying the

best decision to take, assuming an ideal decision maker who is fully informed, able to

compute with perfect accuracy, and fully rational. The practical application of this

descriptive approach (how people actually make decisions) is called decision analysis, and

aimed at finding tools, methodologies and software to help people make better decisions. The

most systematic and comprehensive software tools developed in this way are called decision

support systems. Since it is obvious that people do not typically behave in optimal ways,

there is also a related area of study, which is a positive or descriptive discipline, attempting to

describe what people will actually do. Since the normative, optimal decision often creates

hypotheses for testing against actual behaviour, the two fields are closely linked. Furthermore

it is possible to relax the assumptions of perfect information, rationality and so forth in

various ways, and produce a series of different prescriptions or predictions about behaviour,

allowing for further tests of the kind of decision-making that occurs in practice.
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3. Kinds of Decision Theory

3.1. Choice under uncertainty

This area represents the heart of decision theory. The procedure now referred to as

expected value was known from the 17th century. Blaise Pascal invoked it in his

famous wager (see below), which is contained in his Penses, published in 1670. The

idea of expected value is that, when faced with a number of actions, each of which

could give rise to more than one possible outcome with different probabilities, the

rational procedure is to identify all possible outcomes, determine their values

(positive or negative) and the probabilities that will result from each course of action,

and multiply the two to give an expected value. The action to be chosen should be the

one that gives rise to the highest total expected value. In 1738, Daniel Bernoulli

published an influential paper entitled Exposition of a New Theory on the

Measurement of Risk, in which he uses the St. Petersburg paradox to show that

expected value theory must be normatively wrong. He also gives an example in which

a Dutch merchant is trying to decide whether to insure a cargo being sent from

Amsterdam to St Petersburg in winter, when it is known that there is a 5% chance that

the ship and cargo will be lost. In his solution, he defines a utility function and

computes expected utility rather than expected financial value.

In the 20th century, interest was reignited by Abraham Wald's 1939 paper pointing

out that the two central concerns of orthodox statistical theory at that time, namely

statistical hypothesis testing and statistical estimation theory, could both be regarded

as particular special cases of the more general decision problem. This paper

introduced much of the mental landscape of modern decision theory, including loss

functions, risk functions, admissible decision rules, a priori distributions, Bayes

decision rules, and minimax decision rules. The phrase "decision theory" itself was

first used in 1950 by E. L. Lehmann.
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The rise of subjective probability theory, from the work of Frank Ramsey, Bruno de

Finetti, Leonard Savage and others, extended the scope of expected utility theory to

situations where only subjective probabilities are available. At this time it was

generally assumed in economics that people behave as rational agents and thus

expected utility theory also provided a theory of actual human decision-making

behaviour under risk. The work of Maurice Allais and Daniel Ellsberg showed that

this was clearly not so. The prospect theory of Daniel Kahneman and Amos Tversky

placed behavioural economics on a more evidence-based footing. It emphasized that

in actual human (as opposed to normatively correct) decision-making "losses loom

larger than gains", people are more focused on changes in their utility states than the

states themselves and estimation of subjective probabilities is severely biased by

anchoring.

Castagnoli and LiCalzi (1996), Bordley and LiCalzi (2000) recently showed that

maximizing expected utility is mathematically equivalent to maximizing the

probability that the uncertain consequences of a decision are preferable to an

uncertain benchmark (e.g., the probability that a mutual fund strategy outperforms the

S&P 500 or that a firm outperforms the uncertain future performance of a major

competitor.). This reinterpretation relates to psychological work suggesting that

individuals have fuzzy aspiration levels (Lopes & Oden), which may vary from

choice context to choice context. Hence it shifts the focus from utility to the

individual's uncertain reference point. Pascal's Wager is a classic example of a choice

under uncertainty. The uncertainty, according to Pascal, is whether or not God exists.

Belief or non-belief in God is the choice to be made. However, the reward for belief

in God if God actually does exist is infinite. Therefore, however small the probability

of God's existence, the expected value of belief exceeds that of non-belief, so it is

better to believe in God. (There are several criticisms of the argument.)

3.2. Intertemporal choice
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This area is concerned with the kind of choice where different actions lead to

outcomes that are realised at different points in time. If someone received a windfall

of several thousand dollars, they could spend it on an expensive holiday, giving them

immediate pleasure, or they could invest it in a pension scheme, giving them an

income at some time in the future. What is the optimal thing to do? The answer

depends partly on factors such as the expected rates of interest and inflation, the

person's life expectancy, and their confidence in the pensions industry. However even

with all those factors taken into account, human behavior again deviates greatly from

the predictions of prescriptive decision theory, leading to alternative models in which,

for example, objective interest rates are replaced by subjective discount rates.

3.3. Competing decision makers

Some decisions are difficult because of the need to take into account how other

people in the situation will respond to the decision that is taken. The analysis of such

social decisions is the business of game theory, and is not normally considered part of

decision theory, though it is closely related. In the emerging socio-cognitive

engineering the research is especially focused on the different types of distributed

decision-making in human organizations, in normal and abnormal/emergency/crisis

situations. The signal detection theory is based on the Decision theory.

3.4. Complex decisions

Other areas of decision theory are concerned with decisions that are difficult simply

because of their complexity, or the complexity of the organization that has to make

them. In such cases the issue is not the deviation between real and optimal behaviour,

but the difficulty of determining the optimal behaviour in the first place. The Club of

Rome, for example, developed a model of economic growth and resource usage that

helps politicians make real-life decisions in complex situations.
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3.5. Paradox of choice

Observed in many cases is the paradox that more choices may lead to a poorer

decision or a failure to make a decision at all. It is sometimes theorized to be caused

by analysis paralysis, real or perceived, or perhaps from rational ignorance. A number

of researchers including Sheena S. Iyengar and Mark R. Lepper have published

studies on this phenomenon. A popularization of this analysis was done by Barry

Schwartz in his 2004 book, The Paradox of Choice.

3.6. Statistical decision theory

Several statistical tools and methods are available to organize evidence, evaluate

risks, and aid in decision making. The risks of Type I and type II errors can be

quantified (estimated probability, cost, expected value, etc) and rational decision

making is improved.

One example shows a structure for deciding guilt in a criminal trial:

Actual condition

Guilty Not guilty

Decision

Verdict of
'guilty'

True Positive

False Positive
(i.e. guilt reported

unfairly)
Type I error

Verdict of
'not guilty'

False Negative
(i.e. guilt

not detected)
Type II error

True Negative

3.7. Alternatives to probability theory
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A highly controversial issue is whether one can replace the use of probability in

decision theory by other alternatives. The proponents of fuzzy logic, possibility

theory, Dempster-Shafer theory and info-gap decision theory maintain that

probability is only one of many alternatives and point to many examples where non-

standard alternatives have been implemented with apparent success. Work by Yousef

and others advocate exotic probability theories using complex-valued functions based

on the probability amplitudes developed and validated by Birkhoff and Von Neumann

in quantum physics.

Advocates of probability theory point to:

o the work of Richard Threlkeld Cox for justification of the probability axioms,

o the Dutch book paradoxes of Bruno de Finetti as illustrative of the theoretical

difficulties that can arise from departures from the probability axioms, and

o the complete class theorems which show that all admissible decision rules are

equivalent to a Bayesian decision rule with some prior distribution (possibly

improper) and some utility function. Thus, for any decision rule generated by non-

probabilistic methods, either there is an equivalent rule derivable by Bayesian

means, or there is a rule derivable by Bayesian means which is never worse and

(at least) sometimes better.

Topic : Lessons In Context: Simulation And The Statistics Of Prediction

Topic Objective:

At the end of this topic student would be able to:

 Define the term modeling

 Describe the importance of simulation and statistical research

 Highlight the uses of causal statistical studies
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Definition/Overview:

Modeling: Modeling is an essential skill and technique which includes sophisticated statistical

methods, computer simulation, system identification, and sensitivity analysis are valuable tools.

The usual approach to model development is to characterize the system, make some assumptions

about how it works and translate these into equations and a simulation program.

Simulation: A simulation is the implementation of a model over time. A simulation brings a

model to life and shows how a particular object or phenomenon will behave.

Statistical Research: A common goal for a statistical research project is to investigate causality,

and in particular to draw a conclusion on the effect of changes in the values of predictors or

independent variables on response or dependent variables.

Key Points:

1. Causal Statistical Studies

There are two major types of causal statistical studies, experimental studies and observational

studies. In both types of studies, the effect of differences of an independent variable on the

behavior of the dependent variable are observed. Statistical study involves taking

measurements of the system under study, manipulating the system, and then taking additional

measurements using the same procedure to determine the manipulation. Inferential statistics

is used to model patterns in the data, accounting for randomness and drawing inferences

about the larger population. Statistical analysis of a data set may reveal that two variables

tend to vary together, as if they are connected. Statistics offers methods to estimate and
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correct for randomness in the sample and in the data collection procedure, as well as methods

for designing robust experiments in the first place.

2. Simulation

Simulation is the imitation of some real thing, state of affairs, or process. The act of

simulating something generally entails representing certain key characteristics or behaviors

of a selected physical or abstract system. Simulation is used in many contexts, including the

modeling of natural systems or human systems in order to gain insight into their functioning.

Other contexts include simulation of technology for performance optimization, safety

engineering, testing, training and education. Simulation can be used to show the eventual real

effects of alternative conditions and courses of action. Key issues in simulation include

acquisition of valid source information about the referent, selection of key characteristics and

behaviours, the use of simplifying approximations and assumptions within the simulation,

and fidelity and validity of the simulation outcomes.

3. Multiple Regression (MR) Prediction with Continuous Variables

The raw score formula for the regression line in simple regression is Y = bx + a. The

"weights" for this line are selected on the basis of the Least Squares Criterion, where the sum

of the squared residuals (the difference between the actual scores and the prediction line) is at

a minimum and the sum of squares for the regression (the difference between the prediction

line and the mean) is at a maximum.

Often, you may need to include more than one predictor in order to enhance the prediction of

Y. However, in this case, predictor variables are usually correlated. The problems that this

can cause in terms of accounting variance can be diagrammed:
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X1, X2, and Y represent the variables. The numbers reflect variance overlap as follows:

 Proportion of Y uniquely predicted by X2

 Proportion of Y redundantly predicted by X1 and X2

 Proportion of variance shared by X1 and X2

 Proportion of Y uniquely predicted by X1

4. Types of Correlations

The analysis of the various overlaps presents a problem in terms of correlations. For

example, the correlation between x1 and y is accounting for variance also predicted by x2.

However, this problem can be corrected for mathematically. There are three types of

correlations which are involved in prediction and regression:

 Zero-Order Correlation: This is the relationship between two variables, while ignoring the

influence of other variables in prediction. In the diagrammed example above, the zero-order

correlation between y and x2 calculates the variance represented by sections 1 and 2, while the

variance of sections 3 and 4 remain part of the overall variances in x1 and y respectively. This is

the cause of the redundancy problem because a simple correlation does not account for possible

overlaps between independent variables.

 Partial Correlations: This is the relationship between two variables after removing the overlap

completely from both variables. For example, in the diagram above, this would be the

relationship between y and x2, after removing the influence of x1 on both y and x2. In other

words, the partial correlation determines the variance represented by section 1, while the

variance represented by sections 2, 3, and 4 are removed from the overall variances of the

variables. Below is the formula for calculating a partial correlation:

 Part (Semi-Partial) Correlations: This is the relationship between two variables after removing

a third variable from just the independent variable. In the diagram above, this would be the
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relationship between y and x2 with the influence of x2 removed from x1 only. In other words, the

part correlation removes the variance represented by sections 2 and 4 from x2, while sections 2

and 3 are not removed from y. The formula is as follows:

Because variance is removed from y in the partial correlation, it will always be larger than

the part correlation. Also note that since the part correlation can account for more of the

variance without ignoring overlaps (like the partial correlation), it is more suitable for

prediction when redundancy exists. Therefore, the part correlation is the basis of multiple

regression.

5. The Extention of Bivariate Regression

While bivariate regression utilizes a regression line as the basis of prediction for Y, multiple

regression utilizes a three dimensional plane (in the two predictor case). Hence, the formula

simply adds terms for each predictor with each term having its own coefficient. Once again,

the Least Squares Criterion is used to minimize the error of prediction. In this case, the

"weights" are known as unstandardized regression coefficients but can be expressed as

standardized regression coefficients by converting to z-scores by dividing the standard

deviation of y by the standard deviation of x , and multiplying this by the unstandardized

coefficient. When this is done, the intercept drops out of the regression formula. The

standardized weights are, in effect, part correlations where the other predictors are removed

from each other. In this way, the regression formula accounts for the maximum amount of

variance that can be predicted. Overall, the MR coefficient [multiple R] can be interpreted

like a Pearson's correlation coefficient. In other words, R Squared is the percent of Y

variance accounted for by the predictors. The formula for the multiple correlation in the two

predictor case is as follows:

6. Accuracy of Prediction
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The test of significance for R is as follows:

Where N = number of subjects and k = number of predictors

In Section 4 of this course you will cover these topics:

Lessons In Context: A Multigoal Water Resources Problem Utilizing Multiple

Techniques

Lessons In Context: Transportation Systems

Dynamic Programming And Nonlinear Programming

Topic : Lessons In Context: A Multigoal Water Resources Problem Utilizing Multiple
Techniques

Topic Objective:

At the end of this topic student would be able to:

 Define the term appropriate technologies

 Describe the importance of this technology

 Highlight the sources of water

Definition/Overview:

Appropriate Technologies: Appropriate Technologies for delivering water include the hippo

water roller, which allows more water to be carried, with less effort; rainwater and fog collection.
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Key Points:

1. Appropriate Technology

Appropriate technology options in water treatment include both community-scale and

household-scale designs. Geothermal desalination can be can be used to fossil groundwater,

as in many regions the available surface and groundwater resources already have long been

under severe stress. Increased water conservation and water use efficiency remain the most

cost effective priority for supplying water.

2. Water Resource

Water resources are sources of water that are useful or potentially useful to humans. Uses of

water include agricultural, industrial, household, recreational and environmental activities.

Virtually all of these human uses require fresh water. 97.5% of water on the Earth is salt

water, leaving only 2.5% as fresh water of which over two thirds is frozen in glaciers and

polar ice caps. The remaining unfrozen freshwater is mainly found as groundwater, with only

a small fraction present above ground or in the air. Fresh water is a renewable resource, yet

the world's supply of clean, fresh water is steadily decreasing. Water demand already exceeds

supply in many parts of the world, and as world population continues to rise at an

unprecedented rate, many more areas are expected to experience this imbalance in the near

future. The framework for allocating water resources to water users (where such a framework

exists) is known as water rights.

3. Sources of fresh water

3.1. Surface water

Surface water is water in a river, lake or fresh water wetland. Surface water is

naturally replenished by precipitation and naturally lost through discharge to the

oceans, evaporation, and sub-surface seepage. Although the only natural input to any

www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

48
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



surface water system is precipitation within its watershed, the total quantity of water

in that system at any given time is also dependent on many other factors. These

factors include storage capacity in lakes, wetlands and artificial reservoirs, the

permeability of the soil beneath these storage bodies, the runoff characteristics of the

land in the watershed, the timing of the precipitation and local evaporation rates. All

of these factors also affect the proportions of water lost.

Human activities can have a large impact on these factors. Humans often increase

storage capacity by constructing reservoirs and decrease it by draining wetlands.

Humans often increase runoff quantities and velocities by paving areas and

channelizing stream flow. The total quantity of water available at any given time is an

important consideration. Some human water users have an intermittent need for

water. For example, many farms require large quantities of water in the spring, and no

water at all in the winter. To supply such a farm with water, a surface water system

may require a large storage capacity to collect water throughout the year and release it

in a short period of time. Other users have a continuous need for water, such as a

power plant that requires water for cooling. To supply such a power plant with water,

a surface water system only needs enough storage capacity to fill in when average

stream flow is below the power plant's need. Nevertheless, over the long term the

average rate of precipitation within a watershed is the upper bound for average

consumption of natural surface water from that watershed. Natural surface water can

be augmented by importing surface water from another watershed through a canal or

pipeline. It can also be artificially augmented from any of the other sources listed

here, however in practice the quantities are negligible. Humans can also cause surface

water to be "lost" (i.e. become unusable) through pollution.

3.2. Below water

Sub-surface water, or groundwater, is fresh water located in the pore space of soil and

rocks. It is also water that is flowing within aquifers below the water table.
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Sometimes it is useful to make a distinction between sub-surface water that is closely

associated with surface water and deep sub-surface water in an aquifer (sometimes

called "fossil water"). Sub-surface water can be thought of in the same terms as

surface water: inputs, outputs and storage. The critical difference is that due to its

slow rate of turnover, sub-surface water storage is generally much larger compared to

inputs than it is for surface water. This difference makes it easy for humans to use

sub-surface water unsustainably for a long time without severe consequences.

Nevertheless, over the long term the average rate of seepage above a sub-surface

water source is the upper bound for average consumption of water from that source.

The natural input to sub-surface water is seepage from surface water. The natural

outputs from sub-surface water are springs and seepage to the oceans. If the surface

water source is also subject to substantial evaporation, a sub-surface water source

may become saline. This situation can occur naturally under endorheic bodies of

water, or artificially under irrigated farmland. In coastal areas, human use of a sub-

surface water source may cause the direction of seepage to ocean to reverse which

can also cause soil salinization. Humans can also cause sub-surface water to be "lost"

(i.e. become unusable) through pollution. Humans can increase the input to a sub-

surface water source by building reservoirs or detention ponds. Water in the ground is

in sections called aquifers. Rain rolls down and comes into these. Normally an aquifer

is near the equilibrium in its water content. The water content of an aquifer normally

depends on the grain sizes. This means that the rate of extraction may be limited by

poor permeability.

3.3. Desalination

Desalination is an artificial process by which saline water (generally sea water) is

converted to fresh water. The most common desalination processes are distillation

and reverse osmosis. Desalination is currently expensive compared to most

alternative sources of water, and only a very small fraction of total human use is
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satisfied by desalination. It is only economically practical for high-valued uses (such

as household and industrial uses) in arid areas. The most extensive use is in the

Persian Gulf.

4. Uses of fresh water

Uses of fresh water can be categorized as consumptive and non-consumptive (sometimes

called "renewable"). A use of water is consumptive if that water is not immediately available

for another use. Losses to sub-surface seepage and evaporation are considered consumptive,

as is water incorporated into a product (such as farm produce). Water that can be treated and

returned as surface water, such as sewage, is generally considered non-consumptive if that

water can be put to additional use.

Topic : Lessons In Context: Transportation Systems

Topic Objective:

At the end of this topic student would be able to:

 Define the term transportation system

 Describe the intelligent transportation system

 Highlight the uses of transportation engineering

Definition/Overview:

Transportation System: Transportation systems vary in technologies applied, from basic

management systems such as car navigation, traffic signal control systems and container

management systems.
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Key Points:

1. Intelligent Transportation System

The term intelligent transportation system refers to information and communications

technology to transport infrastructure. General Electric Infrastructure manufactures

equipment for the railroad industry as well as other industries requiring large propulsion

systems. GE Transportation Systems rolled out a prototype hybrid diesel-electric locomotive

to increase fuel efficiency and reduce emissions.

2. Transportation Engineering

Transport engineering (or transportation engineering) is the science of safe and efficient

movement of people and goods (transport). It is a sub-discipline of civil engineering. The

planning aspects of transport engineering relate to urban planning, and involve technical

forecasting decisions and political factors. Technical forecasting of passenger travel usually

involves an urban transportation planning model, requiring the estimation of trip generation

(how many trips for what purpose), trip distribution (destination choice, where is the traveler

going), mode choice (what mode is being taken), and route assignment (which streets or

routes are being used). More sophisticated forecasting can include other aspects of traveler

decisions, including auto ownership, trip chaining (the decision to link individual trips

together in a tour) and the choice of residential or business location (known as land use

forecasting). Passenger trips are the focus of transport engineering because they often

represent the peak of demand on any transportation system.

The design aspects of transport engineering include the sizing of transportation facilities

(how many lanes or how much capacity the facility has), determining the materials and

thickness used in pavement, designing the geometry (vertical and horizontal alignment) of

the roadway (or track). Operations and management involve traffic engineering, so that

vehicles move smoothly on the road or track. Older techniques include signs, signals,
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markings, and tolling. Newer technologies involve intelligent transportation systems,

including advanced traveler information systems (such as variable message signs), advanced

traffic control systems (such as ramp meters), and vehicle infrastructure integration. Human

factors are an aspect of transport engineering, particularly concerning driver-vehicle interface

and user interface of road signs, signals, and markings.

3. Highway engineering

Engineers in this specialization:

 Handle the planning, design, construction, and operation of highways, roads, and other vehicular

facilities as well as their related bicycle and pedestrian realms.

 Estimate the transportation needs of the public and then secure the funding for the project.

 Analyze locations of high traffic volumes and high collisions for safety and capacity.

 Use civil engineering principles to improve the transportation system.

4. Railroad engineering

Railway engineers handle the design, construction, and operation of railroads and mass

transit systems that use a fixed guideway (such as light rail or even monorails). Typical tasks

would include determining horizontal and vertical alignment design, station location and

design, and construction cost estimating. Railroad engineers can also move into the

specialized field of train dispatching which focuses on train movement control.

5. Port and harbor engineering

Port and harbor engineers handle the design, construction, and operation of ports, harbors,

canals, and other maritime facilities. This is not to be confused with marine engineering.

6. Airport engineering
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Airport engineers design and construct airports. Airport engineers must account for the

impacts and demands of aircraft in their design of airport facilities. One such example is the

analysis of predominant wind direction to determine runway orientation.

Topic : Dynamic Programming And Nonlinear Programming

Topic Objective:

At the end of this topic student would be able to:

 Define the term dynamic programming

 Describe the purpose of programming and non linear programming

 Highlight the mathematical expression or non linear programming

Definition/Overview:

Dynamic Programming: Dynamic programming is a method of solving problems exhibiting the

properties of overlapping sub problems and optimal substructure that takes much less time than

naive methods. The word "programming" in "dynamic programming" has no particular

connection to computer programming at all, and instead comes from the term "mathematical

programming". Dynamic programming makes use of:

 Overlapping subproblems

 Optimal substructure

 Memoization

Key Points:

1. Programming
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Some programming languages can automatically memorize the result of a function call with

a particular set of arguments, in order to speed up call-by-name evaluation. Many algorithmic

problems on graphs can be solved efficiently for graphs of bounded treewidth by using

dynamic programming on a tree decomposition of the graph.

2. Nonlinear Programming

Nonlinear programming is the process of solving a system of equalities and inequalities over

a set of unknown real variables, along with an objective function to be maximized or

minimized. If the objective function f is linear and the constrained space is a polytope, the

problem is a linear programming problem, which may be solved using well known linear

programming solutions.

3. Mathematical formulation of the problem

The problem can be stated simply as:

In Section 5 of this course you will cover these topics:

Engineering Economics I: Interest And Equivalence

Engineering Economics II: Choice Between Alternatives

Engineering Economics III: Depreciation, Taxes, Inflation, And Personal Financial

Planning

Topic : Engineering Economics I: Interest And Equivalence

Topic Objective:

At the end of this topic student would be able to:

 Define the term engineering economics

 Describe the importance of economics on the field of engineering

www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

55
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



 Highlight the calculations

Definition/Overview:

Engineering Economics: Engineering economics also include inflation, uncertainty,

replacements, depreciation, resource depletion, taxes, tax credits, accounting, cost estimations, or

capital financing.

Key Points:

1. Engineering Economics

Considering the time value of money Cash flows are discounted using an interest rate except

in the basic economic studies. Economically, the interest rate is the cost of capital and is

subject to the laws of supply and demand of the money supply. Simple Interest is calculated

only on the principal, or on that portion of the principal which remains unpaid. The amount

of simple interest is calculated according to the following formula:

Consideration of economic factors is as important as regard for the physical laws and science

that determine what can be accomplished with engineering. The following figure shows how

engineering is composed of physical and economic components:

Figure 1 shows how engineering is composed of physical and economic components.
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 Physical Environment : Engineers produce products and services depending on physical laws

(e.g. Ohm's law; Newton's law).

Physical efficiency takes the form:

system output(s)
Physical (efficiency ) = -------------------
system input(s)

 Economic Environment : Much less of a quantitative nature is known about economic

environments -- this is due to economics being involved with the actions of people, and the

structure of organizations.

Satisfaction of the physical and economic environments is linked through production and

construction processes. Engineers need to manipulate systems to achieve a balance in

attributes in both the physical and economic environments, and within the bounds of

limited resources. Following are some examples where engineering economy plays a

crucial role:

o Choosing the best design for a high-efficiency gas furnace

o Selecting the most suitable robot for a welding operation on an automotive

assembly line

o Making a recommendation about whether jet airplanes for an overnight delivery

service should be purchased or leased

o Considering the choice between reusable and disposable bottles for high-demand

beverages

With items 1 and 2 in particular, note that coursework in engineering should provide

sufficient means to determine a good design for a furnace, or a suitable robot for an

assembly line, but it is the economic evaluation that allows the further definition of a best

design or the most suitable robot.

In item 1 of the list above, what is meant by " high-efficiency"? There are two kinds of

efficiency that engineers must be concerned with. The first is physical efficiency, which

takes the form:

System output(s)
Economic (efficiency ) = -----------------
System input(s)
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For the furnace, the system outputs might be measured in units of heat energy, and the

inputs in units of electrical energy, and if these units are consistent, then physical

efficiency is measured as a ratio between zero and one. Certain laws of physics (e.g.,

conservation of energy) dictate that the output from a system can never exceed the input

to a system, if these are measured in consistent units. All a particular system can do is

change from one form of energy (e.g. electrical) to another (e.g., heat). There are losses

incurred along the way, due to electrical resistance, friction, etc., which always yield

efficiencies less than one. In an automobile, for example, 10-15% of the energy supplied

by the fuel might be consumed simply overcoming the internal friction of the engine. A

perfectly efficient system would be the theoretically impossible Perpetual Motion

Machine! The other form of efficiency of interest to engineers is economic efficiency,

which takes the form:

system worth
Economic (efficiency ) = -----------------

system cost

You might have heard economic efficiency referred to as "benefit-cost ratio". Both terms

of this ratio are assumed to be of monetary units, such as dollars. In contrast to physical

efficiency, economic efficiency can exceed unity, and in fact should, if a project is to be

deemed economically feasible. The most difficult part of determining economic

efficiency is accounting for all the factors which might be considered benefits or costs of

a particular project, and converting these benefits or costs into a monetary equivalent.

Consider for example a transportation construction project which promises to reduce

everyone's travel time to work. How do we place a value on that travel time savings? This

is one of the fundamental questions of engineering economics. In the final evaluation of

most ventures, economic efficiency takes precedence over physical efficiency because

projects cannot be approved, regardless of their physical efficiency, if there is no

conceived demand for them amongst the public, if they are economically infeasible, or if

they do not constitute the "wisest" use of those resources which they require.
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Topic : Engineering Economics Ii: Choice Between Alternatives

Topic Objective:

At the end of this topic student would be able to:

 Define the term independence of irrelevant alternatives

 Describe the importance of engineering economics

 Highlight the economic environment in engineering.

Definition/Overview:

Independence of Irrelevant Alternatives: Independence of irrelevant alternatives is a term for

an axiom of decision theory and various social sciences.

Key Points:

1. Independence of irrelevant alternatives

According to Independence of irrelevant alternatives: If A is preferred to B out of the choice

set {A,B}, then introducing a third alternative X, thus expanding the choice set to {A,B,X},

must not make B preferred to A.

2. Engineering Economics

Considering the time value of money Cash flows are discounted using an interest rate except

in the basic economic studies. Economically, the interest rate is the cost of capital and is

subject to the laws of supply and demand of the money supply. Simple Interest is calculated

www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

59
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



only on the principal, or on that portion of the principal which remains unpaid. The amount

of simple interest is calculated according to the following formula:

 Economic Environment : Much less of a quantitative nature is known about economic

environments -- this is due to economics being involved with the actions of people, and the

structure of organizations.

Satisfaction of the physical and economic environments is linked through production and

construction processes. Engineers need to manipulate systems to achieve a balance in

attributes in both the physical and economic environments, and within the bounds of

limited resources. Following are some examples where engineering economy plays a

crucial role:

o Choosing the best design for a high-efficiency gas furnace

o Selecting the most suitable robot for a welding operation on an automotive

assembly line

o Making a recommendation about whether jet airplanes for an overnight delivery

service should be purchased or leased

o Considering the choice between reusable and disposable bottles for high-demand

beverages

With items 1 and 2 in particular, note that coursework in engineering should provide

sufficient means to determine a good design for a furnace, or a suitable robot for an

assembly line, but it is the economic evaluation that allows the further definition of a best

design or the most suitable robot.

In item 1 of the list above, what is meant by " high-efficiency"? There are two kinds of

efficiency that engineers must be concerned with. The first is physical efficiency, which

takes the form:

System output(s)
Economic (efficiency ) = -----------------
System input(s)
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For the furnace, the system outputs might be measured in units of heat energy, and the

inputs in units of electrical energy, and if these units are consistent, then physical

efficiency is measured as a ratio between zero and one. Certain laws of physics (e.g.,

conservation of energy) dictate that the output from a system can never exceed the input

to a system, if these are measured in consistent units. All a particular system can do is

change from one form of energy (e.g. electrical) to another (e.g., heat). There are losses

incurred along the way, due to electrical resistance, friction, etc., which always yield

efficiencies less than one. In an automobile, for example, 10-15% of the energy supplied

by the fuel might be consumed simply overcoming the internal friction of the engine. A

perfectly efficient system would be the theoretically impossible Perpetual Motion

Machine! The other form of efficiency of interest to engineers is economic efficiency,

which takes the form:

system worth
Economic (efficiency ) = -----------------

system cost

Topic : Engineering Economics Iii: Depreciation, Taxes, Inflation, And Personal Financial
Planning

Topic Objective:

At the end of this topic student would be able to:

 Define the term depreciation

 Describe the purpose of tax and inflation in engineering economics

 Highlight the

Definition/Overview:

Depreciation: Depreciation is a term used in accounting, economics and finance with reference

to the fact that assets with finite lives lose value over time.
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Depreciation is a term used to describe any method of attributing the historical or purchase cost

of an asset, across its useful life, roughly corresponding to normal wear and tear. Depreciation

and its related concept, amortization are non-cash expenses. Depreciation is the decrease in the

economic value of the capital stock of a firm, nation or other entity, either through physical

depreciation, obsolescence or changes in the demand for the services of the capital in question.

Taxes could also be imposed by a subnational entity.

Key Points:

1. Tax

In modern taxation systems, taxes are levied in money, but in-kind and corve taxation is

characteristic of traditional or pre-capitalist states and their functional equivalents. When

taxes are not fully paid, civil penalties or criminal penalties may be imposed on the non-

paying entity or individual.

2. Inflation

Inflation is defined as the increase in the price and is measured as the percentage rate of

change of a price index. Measuring inflation requires finding objective ways of separating

out changes in nominal prices from other influences related to real activity. Personal finance

is the application of the principles of finance to the monetary decisions of an individual or

family unit. Components of personal finance include checking and savings accounts, credit

cards and consumer loans, investments in the stock market, retirement plans, social security

benefits, insurance policies, and income tax management.
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3. Engineering Economics

There are many bad ways to make decisions. Because of the uncertainties of the future, even

a rational method of decision-making can sometimes result in bad choices. However, a bad

result is almost guaranteed by a poor decision-making process. A fundamental principle is

that choices can be made only among alternatives, and that only the differences between

these alternatives are material. A course of action cannot usefully be compared only with

itself. We hear every day enthusiasts for one course of action or another recommending their

hobby on the basis of its peculiar beauty, with alternatives deprecated if considered at all. In

any engineering decision, all reasonable alternatives should be discovered and fairly

considered.

If the consequences of a course of action can be reduced to monetary terms, it is easy to

compare alternatives on the basis of maximum return. Such considerations expressible in

money may be called reducible. In terms of reducible considerations, the decision criterion is

that of greatest return. Of course, this may not produce the best decision, since not all

considerations can be reduced to money. These non-monetary considerations are called

irreducible, and may often be of compelling importance. For example, a course of action may

be illegal though profitable. While recognizing irreducible considerations, engineering

economy usually ignores them in its objective recommendations, which concern monetary

matters only. The expression of truly irreducible considerations in terms of money is usually

inappropriate and misleading. The engineering economic analysis is only one consideration

when making a decision.

Most decisions involve money flows at different times. The comparison of these flows can

only be usefully made if they are reduced to some sort of equivalent amount at the same time,

usually the present. The model for this comparison is furnished by the familiar concept of

interest. If I have $1000, and do nothing with it, I will still have $1000 at any later time if

nobody steals it. If I lend it at interest, I give the money in return for the promise to be repaid

at a later date, with the addition of a certain amount of interest. This amount is generally
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expressed as a percentage, say 5% per annum. Then, the interest will be 5% of $1000, or $50,

so I will receive $1050 a year from now. The person borrowing the money intends to use it in

some way that will return more than $50 worth, perhaps only in personal satisfaction. This is

particularly the case with consumer borrowing, which turns out to be a very profitable way

for a financial institution to bleed a sucker dry.

Let P be the present value of the money, $1000, and F the future value. Then, after 1 year, F

= P(1 + i), where i is the interest rate as a decimal fraction. In this case, F = P(1 + 0.05). Our

deal may be for the borrower to retain the money, and to add the interest each year to the

principal. After n years, then F = P(1 + i)n. The amount is said to be compounded annually,

as interest is charged on the interest. Instead of years, any time period may be specified, say

months. Then, after one year, F = P(1 + i')12, where i' is the interest per month.

It is usual to quote a nominal interest rate per year. If we compound monthly, then the annual

nominal rate is i = 12i', where i' is the interest per month. For a 5% nominal rate, the monthly

interest rate is i' = 5/12 = 0.42%, approximately. Now, (1 + .05/12)12 = 1.05117, so the

interest for a year would be $51.17 instead of $50.00. The effective interest rate is 5.117%

for 5% per annum compounded monthly. The nominal rate is only used to find the rate for

other periods. It is so easy to turn a low nominal rate that attracts suckers into a high effective

rate that lenders must now usually quote both. The effective rate is usually called the APR,

the annual percentage rate.

Financial people actually do compound at finite intervals. Technical people might be

uncomfortable with this, since it seems to them as if continuous compounding would be more

logical. For continuous compounding, F = Peni. If i << 1, then this is approximately F = P(1

+ i)n, the result of periodic compounding. The differential equation is dF/dn = iPeni = iF,

showing that the growth (interest) is proportional to the amount (principal). In one time unit,

F = Pei, so the effective interest rate is ei/100. For i = 0.05, this is 5.127%, which can be
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compared with 5.117% for monthly compounding. For the usual interest rates, the difference

between monthly compounding and continuous compounding is immaterial.

A very common pattern of cash flow is the annuity, a payment or recipt of equal amounts of

money A at equal intervals of time. This is actually a level annuity, meaning that the amounts

are the same. We can find the final value of an annuity by multiplying each payment by the

interest factor taking it to the final time (or, equivalently, to the initial time) and adding the

results. It is conventional to consider the payment A to be made at the end of each interval.

There is no payment at t = 0, and a payment of A at time t = n. The series can be summed

explicitly, with the result F = (A/i)[(1 + i)n - 1], or A = F{i/[(1 + i)n - 1]}. When i << 1, the

factor in braces becomes i/ni = 1/n. Then, F = (A/i)[ni] = nA, the sum of the payments, and A

= F/n. For a nonzero interest rate, the payments are smaller, since the fund also earns interest.

Dividing by (1 + i)n, the value F can be converted to a present value P. This is the value of

receipts of equal amounts A for the life n of the annuity. One pays an amount P now for its

equivalent in future annuity receipts.

If the interest factor (1 + i)n is much larger than 1, which can occur for either a high interest

rate i or a large number of compounding periods n, then we see that P = A/i, approximately.

If A is a regular cost that continues indefinitely, then A/i may be called the capitalized cost. It

is the amount of money that will yield the cost A regularly when it attracts an interest i. It is

easily calculated, and can be used to compare different investments on the basis of first cost

(present value). It need not represent an actual fund. On the other hand, it may do so. If a

fund is established to endow an annual $1000 scholarship, and the interest rate is 5%, then

the capitalized cost is $1000/.05 = $20,000.

The formulas for a level annuity are so convenient that the end of year convention is often

used. Costs may occur at any point in an interval, but little error is introduced when the
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interest rate is not too high if they are assumed to occur at the end of the year. Similarly, if

the costs vary by small amounts, there will be little error if they are replaced by an average.

In a graded annuity, the payments or receipts differ by a fixed increment G. That is, we have

amounts of A, A + G, A + 2G, ..., A + (n - 1)G at the ends of n periods. G may be negative as

well as positive. We can consider A and G separately, adding the final results. The graded

annuity then has the amounts 0, G, 2G, ..., (n - 1)G. Note that the payment at the end of the

first period is 0. Since 1 + 2 + 3 + ... + n = n(n + 1)/2, the sum of these payments is n(n -

1)G/2, and the average payment is A = (n - 1)G/2. If the interest rate is not zero, the later

payments have a smaller equivalent. The simplest way to handle this is to convert the graded

annuity to a constant annuity, which depends on the interest rate. We find A = (G/i){1 - ni/[(1

+ i)n - 1]}, which converts the graded annuity G to an equal series of payments A, including

a payment at t = 1.

The expression for A seems to give the limit A = 0 when i becomes small, but this is

incorrect. In this case we must expand to second order: (1 + i)n - 1 = ni + n(n - 1)i2/2 + ... .

Then, A = (G/i){1 - 1/[1 + (n - 1)i/2]} = (G/i)[(n - 1)i/2] = (n - 1)G/2, which is the correct

result. The factor {i/[(1 + i)n - 1]} may be recognized as the ratio A/F for an annuity of A for

n periods. It can be evaluated by taking F = 1 and finding A.

The classic text of Grant and Ireson in the References assumes that interest tables will be

used to perform calculations. However, since then much more convenient means of

calculation have become available. The HP-48G pocket calculator, for example, does interest

calculations with ease and accuracy. The Time Value of Money screen accepts values for n, i,

P, A and F. It also allows the choice of payments at the end or beginning of a period, and for

multiple payments per period. If you specify 12 payments per year, then n = 12 for

compounding monthly. The HP-48 will solve for any one of the five quantities in terms of

the other four, not merely evaluate a formula. In particular, it will solve for an interest rate i,

which is very convenient. I certainly don't recommend doing engineering economy without a

calculator.
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To see how to use the HP-48, let us find the present value of an annuity of $1000 per year for

20 years, if the interest rate is 5%. Press → SOLVE, then ↑ (or ↓ 4 times) and OK (soft key

F). Highlight a quantity to be changed, key in the value, and press ENTER. Set N = 20, %/yr

= 5, PMT: 1000, P/YR = 1, FV = 0, END (the +/- key toggles this). Now highlight PV and

press SOLVE (soft key F). The value -12,462.21 will appear in PV. The present value of this

annuity is $12,462.21. The signs of the values distinguish payments and receipts. A negative

A will reduce a positive P to a smaller F, perhaps zero, while a positive A will increase a zero

P to a counterbalancing negative F in the future. The signs that appear may be disconcerting,

but the HP-48 considers them rational. Always check a result for reasonableness.

If A = 0, we are using only F = P(1 + i)n. To find a future value, set P equal to the present

value, and solve for F, which will appear as negative. To find a present value, set F equal to

the future value, and solve for P, which will be negative. The difference in signs may be

interpreted to show that one amount is a payment, the other a receipt. Which is which

depends on whether one takes the viewpoint of the lender or the borrower.
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