IENG/MANE112
History of Engineering and Industrial Engineering (IE)
1. Engineering
1.1 The origin of the word “engineering”.
     Latin ingenium = clever invention
     Why a Latin word? 
          English language = Saxonian (German) + Latin + Viking (Norwegian) + Normann   

                                          (French)
    In Hungarian engineer = mérnök, 



where 
mér = to measure (i.e. a verb) and



  mér + nök = the person who measures

1.2 Engineering inventions in ancient times:
	Melting copper, bronze, iron

	Wheel

	Screw

	Column, arch, 

	Catapult

	Irrigation channel

	Pyramid

	Roads, bridge, aquaducts of Romans


1.3 Beginning of engineering education

	Country
	Institute
	Year

	France
	École des Ponts et Chausées
	1747

	USA
	U.S. Military Academy
	1802

	England
	Cambridge (mechanical science)
	1890

	England
	Oxford (engineering science)
	1909

	Hungary
	College for Mining
	1735

	Hungary
	Institutum Geometricum
	1782


The age 18th and 19th century is the time industrial revolution. That time the following equipments were invented: stream-engine, stream locomotive (Stevenson), automated loom.
VHW No. 1. Write a short essay on the first engineering school(s) of your country. The first three papers are considered for each country. Only HANDWRITTEN works are accepted!
1.4 The paradigm of engineering.

Paradigm: is the way of thinking and achieving results in a branch of science.
Examples:

	Theoretical mathematics
	It proves theorems, i.e. true statements, in a deductive manner from axioms.

	History
	All findings must be supported by written sources.


	Engineering is “the profession in which a knowledge of the mathematical and natural sciences gained by study, experience, and practice is applied with judgment to develop ways to utilize, economically the materials and forces of nature for the benefit of mankind.”

	Engineers’ Council for Professional Development


Engineers design machineries, products, systems, and processes.

E.g. until the 18th century guns were made individually. In the Independence War of America an order of 10,000 guns was put. 10,000 guns cannot be produced on the same way as 1 gun. New production process was need. It is the origin of mass production.
Assembly line is a further development of mass production.
The engineering attitude to solve a problem:  Simplify the problem as much that it still has its original meaning and solve the simplified problem (in an easy way). Typical example: rule of thumb.

The attitude of the mathematician to solve a problem: Do not simplify it but try to make it even more complicated and solve the general problem.

The notion of paradigm was introduced in Thomas Kuhn: The theory of scientific revolution
1.5 Types on engineers
Originally engineers served the army constructing roads, bridges fortresses. 

( Civil engineer is originally a non-military engineer.
Further branches of engineering developed by differentiation: 

	Electrical and electronic

	Mechanical

	Civil

	Industrial

	Chemical

	Aerospace

	Nuclear


But many branches of natural and social sciences can be made as engineering. E.g. there are biological, environmental, and financial engineering.
1.6 Engineers in a company: in all branches from marketing to R&D.

1.7 Engineering is a profession:

a. special knowledge,
b. practice before starting the carrier,
c. standards of the profession including a code of ethics are maintained by professional bodies,
d. responsibility to (i) clients, (ii) other members of the profession, and (iii) to the society.
2. Industrial Engineering

2.1 The definition of industrial engineering:
“IE is concerned with the design, improvement, and installation of integrated systems of people, materials, information, equipment, and energy. It draws upon specialized knowledge and skill in the mathematical, physical, and social sciences together with the principles and methods of engineering analysis and design to specify, predict, and evaluate the results to be obtained from such systems.”

Institute of Industrial Engineers

In short: IE organizes technological processes, i.e. production, and related services, e.g. transportation, distribution, etc, in the possible most economic way. “Engineers do the thing, industrial engineers do better.”
In other words: IE helps to make decisions in industrial environment.

2.2 Areas related to IE

2.2.1 Operations Research (OR)
Operations research, or operational research in British usage, is a discipline that deals with the application of advanced analytical methods to help make better decisions.

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

2.2.2 Management Science (MS)

MS deals with the same issues as IE and OR, however from the point of view of economics.
2.3 International organizations


2.3.1 Institute of Industrial Engineers (IIE)

IIE is the global association of productivity and efficiency professionals specializing in industrial engineering, healthcare, ergonomics and other related professions. Our mission is to advance our profession through networking, training and knowledge sharing.

http://www.iienet2.org/

2.3.2 International Federation of Operational Research Societies (IFORS)

The International Federation of Operational Research Societies (IFORS) is an umbrella organization comprising the national Operations Research societies of over forty five countries from four geogr aphical regions: Asia Pacific, Europe, North America, South America.

http://ifors.org/web/
Subregions: APORS, EURO, NORAM, and ALIO.


2.3.3 Mathematical Optimization Society (MOS)
The Mathematical Optimization Society (MOS), founded in 1973, is an international organization dedicated to the promotion and the maintenance of high professional standards in the subject of mathematical optimization. Up to 2010 its name was "Mathematical Programming Society (MPS)".

http://www.mathopt.org/
2.3.4 INFORMS
The American society for OR which includes the former „The Institute of Management Science”. It has members all over the world.
3. Early Results in IE

3.1 The work of Charles Babbage (26 December 1791 – 18 October 1871)
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Difference engine: mechanical equipment for calculating numerical/scientific tables.

31 digits, 13,600 kg, financial support from the state (17,000 sterling), never completed. You can see it in Museum of the History of Science in Oxford, England.

Analytical engine: the first equipment which was designed and is a computer in modern sense. It was programmable via punch cards. It had memory (for data), control unit and I/O unit. It could make conditional jump.

Punch card: used in 
textile industry to automatize loom machines first by Basile Bouchon and Jean-Baptiste Falcon  in 1725 and later by Joseph Marie Jacquard (7 July 1752 – 7 August 1834), 1801. they were heavily used until 1980s.
To find a producer he visited many factories. He observed that production can be made in more economic ways. His book On the Economy of Machinery and Manufacturing (1832).
( Lady Ada Byron (10 December 1815 – 27 November 1852; later Lady Ada Lovelace) the first ever computer scientist of the world. She cooperated with Babbage.
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)
3.2 The meeting of ASME (American Society of Mechanical Engineers) in 1886.
· Henry R. Towne emphasized the importance of money in the work of engineers.

· Captain Henry Metcalf presented “shop-order system of accounts” introduced in arsenals: Frankford (PA), Watervliet (NY) to determine direct and indirect cost. It is similar to

· Frederick Winslow Taylor’s  (Midvale Steel) “a fair day’s work called later “piece rate system”:

- break a job into elementary motions

- discard unnecessary motions

- find an efficient method to connect the remaining elementary motions

- train the workers for the new method

- workers have no responsibility; they work only if the work is prepared.
3.3 Taylor’s school

(a) Henry Laurence Gantt (1861-1919) 

- standard day rate ( security for the workers

- Gantt diagram

(b) Frank B. Gilbreth (1868-1924), bricklayer, building contractor, since 1912 management consultant. Applied and developed Taylor’s method.

(c) Lilian Moller Gilbreth (1878-1972), wife, mother (Cheaper by Dozen), psychologist (The Psychology of Management), university professor (first woman in management), co-author of husband

3.4 Critics of Taylorism

· Separates company and workers

· It does not suppose that employees can participate in improving company’s work, i.e.

· just the opposite as Just-In-Time (JIT) production control.

3.5 Europeans and the administration

· Henri Fayol (French, 1841-1925) pointed that administrative(managerial) function of a company was not understood well (Notice that Taylorism dealt with low level issues.) and taught. Management: planning/forecasting, organization, command, coordination, control.

· Max Weber (1864-1920) described any kind of bureaucracy incl. that of industrial organizations:
(a) office/position

(b) loyalty to the office not to individuals
(c) candidates must be appointed, and not elected

(d) clearly defined hierarchy of offices

(e) officials are subject systematic discipline and control, subordinates may appeal

(f) every act must be documented in written form

(g) incumbent has fixed salary, office is the primary occupation

(h) promotion depends on superiors

(i) officials are not the owners of the organization

Remarks. (i) Too theoretic, (ii) If you want to read really good social science read Schumpeter.
3.5 Other heroes whose picture can be found in IE building

3.5.1 Peter L. Hammer (December 23, 1936 - December 27, 2006)

  - Boolean and pseudo-Boolean functions

- graph theory and combinatorics

- integer (0-1) optimization

- data mining: Logical Analysis of Data
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3.5.2 George Bernard Dantzig (November 8, 1914 – May 13, 2005)


- simplex method of linear programming, 1947

- started: integer and stochastic optimization, Traveling Salesman Problem (TSP)

- statistics
3.5.3 Andrey Nikolaevich Kolmogorov (25 April 1903 – 20 October 1987)
- axiomatic foundation of probability theory
- many results in probability theory, mathematical analysis, methematical physiscs

3.5.4 Lotfali Askar Zadeh (born February 4, 1921)
- fuzzy logic/systems: another scientific model of uncertainity, 1965

- signal procssing

3.5.5 Henry Ford (July 30, 1863 – April 7, 1947)
- mass production of cars

- including the financing of the first assembly line

- 161 patents

- taylorist

3.5.6 Shigeo Shingo (新郷 重夫 Shingō Shigeo, 1909 - 1990)
and

         Taiichi Ohno (大野 耐一 Ōno Taiichi?, February 29, 1912 – May 28, 1990)

  - Just-In-Time production system at Toyota

  - antitaylorists

3.5.7 William Edwards Deming (October 14, 1900 – December 20, 1993)

- Quality control: statistical process control
3.5.8 Thomas L. Saaty (born 1926, Mosul, Iraq)

- multi-criteria decision making including analytic hierachy process and   analytic network process
- author of a lot of books in science maily on OR and mathematics
3.5.9 A. Alan B. Pritsker (February 5, 1933—August 24, 2000)



  - simulation

  - stochastic networks

3.5.10 Richard Muther (born 1913, Newton, Massachusets)


  - layout methods including systematic planning and REL-CHART

3.5.11 Agner Krarup Erlang (January 1, 1878 – February 3, 1929)

Danish mathematician and statistician

· analyzed telephon central mathematically and to determine the number of telephon operators
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· introduced Poisson process
