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® REVIEW OF THE MADM OUTRANKING METHODS

o The ELECTRE (ELimination Et Choix Traduisant la Réalité or Elimination and Choice
Translating Reality) Method (ELECTRE I)

= Step 1. Construct the Normalized Decision Matrix

Original Decision Matrix:
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Normalized Decision Matrix:
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= Step 2. Construct the Weighted Normalized Decision Matrix
Weighted Normalized Decision Matrix:
Y =4yl Vi =X W,
= Step 3. Determine the Concordance Sets and Concordance Matrix
Concordance Set Cy ={j [y, = Y;;V]}
Concordance Matrix C ={c,;;k=1---,m;l =1---,m}; ¢, = ZWJ-
ieCy
= Step 4. Determine the Discordance Sets and Discordance Matrix
Discordance Set Dy, ={j| Yy <Yy Vi}
max | Yii = Yij |

Discordance Matrix D={d,;k=1---,m;I=1,---,m}; d,, = <D
mjax | Yi = Yij |

= Step 5. Determine the Concordance and Discordance Dominance Matrices
= Step 6. Determine the Aggregate Dominance Matrix

= Step 7. Eliminate the Less Favorable Alternatives



o The TOPSIS (Technique for Order Preference by Similarity to Ideal Solution) Method
= Step 1. Construct the Normalized Decision Matrix

= Step 2. Construct the Weighted Normalized Decision Matrix
= Step 3. Determine the Ideal and the Negative-ideal Solutions
= Step 4. Calculate the Separation Measure

= Step 5. Calculate the Relative Closeness to the Ideal Solution
= Step 6. Rank the Preference Order

® INTRODUCTION TO SYSTEM DYNAMICS

g Definition of System Dynamics

= What is System Dynamics
(http://www.systemdynamics.org/what is _system dynamics.html):
System dynamics is a methodology for studying and managing complex feedback systems,
such as one finds in business and other social systems. (Handout 1)
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o History of System Dynamics (http://en.wikipedia.org/wiki/System_dynamics):

System dynamics was created during the mid-1950s by Professor Jay Forrester of the
Massachusetts Institute of Technology. In 1956, Forrester accepted a professorship in the
newly-formed MIT School of Management. His initial goal was to determine how his
background in science and engineering could be brought to bear, in some useful way, on the core
issues that determine the success or failure of corporations. Forrester's insights into the common
foundations that underlie engineering and management, which led to the creation of system
dynamics, were triggered, to a large degree, by his involvement with managers at General
Electric (GE) during the mid-1950s. At that time, the managers at GE were perplexed because
employment at their appliance plants in Kentucky exhibited a significant three-year cycle. The
business cycle was judged to be an insufficient explanation for the employment instability. From
hand simulations (or calculations) of the stock-flow-feedback structure of the GE plants, which
included the existing corporate decision-making structure for hiring and layoffs, Forrester was
able to show how the instability in GE employment was due to the internal structure of the firm
and not to an external force such as the business cycle. These hand simulations were the
beginning of the field of system dynamics.

During the late 1950s and early 1960s, Forrester and a team of graduate students moved the
emerging field of system dynamics, in rapid fashion, from the hand-simulation stage to the
formal computer modeling stage. Richard Bennett created the first system dynamics computer
modeling language called SIMPLE (Simulation of Industrial Management Problems with Lots of
Equations) in the spring of 1958. In 1959, Phyllis Fox and Alexander Pugh wrote the first
version of DYNAMO (DYNAmic MOdels), an improved version of SIMPLE, and the system
dynamics language that became the industry standard for over thirty years. Forrester published
the first, and still classic, book in the field titled Industrial Dynamics in 1961.

From the late 1950s to the late 1960s, system dynamics was applied almost exclusively to
corporate/managerial problems. In 1968, however, an unexpected occurrence caused the field to
broaden beyond corporate modeling. John Collins, the former mayor of Boston, was appointed a
visiting professor of Urban Affairs at MIT. The result of the Collins-Forrester collaboration was
a book titled Urban Dynamics. The Urban Dynamics model presented in the book was the first
major non-corporate application of system dynamics.

The second major noncorporate application of system dynamics came shortly after the first.
In 1970, Jay Forrester was invited by the Club of Rome to a meeting in Bern, Switzerland. The
Club of Rome is an organization devoted to solving what its members describe as the
"predicament of mankind" -- that is, the global crisis that may appear sometime in the future, due
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to the demands being placed on the earth's carrying capacity (its sources of renewable and
nonrenewable resources and its sinks for the disposal of pollutants) by the world's exponentially
growing population. At the Bern meeting, Forrester was asked if system dynamics could be used
to address the predicament of mankind. His answer, of course, was that it could. On the plane
back from the Bern meeting, Forrester created the first draft of a system dynamics model of the
world's socioeconomic system. He called this model WORLDI1. Upon his return to the United
States, Forrester refined WORLDI in preparation for a visit to MIT by members of the Club of
Rome. Forrester called the refined version of the model WORLD2. Forrester published
WORLD?2 in a book titled World Dynamics.

o System Dynamics vs. System Thinking

o Application Fields of System Dynamics: System dynamics has found application in a
wide range of areas, for example population, ecological and economic systems, which
usually interact strongly with each other.

o Software Packages for System Dynamic Modeling (System Dynamics Software)
= PowerSim (Powersim Software)

= Stella and 1Think (isee systems, inc)

= Vensim (Ventana Systems, Inc.)

® SYSTEM THINKING
o Senge, Peter M., 1994. The Fifth Discipline -- The Art and Practice of the Learning
Organization ({8 « £ > 1994 (FITFEBHR) » X T2 iv)
O 7 38 i3 3 p A4z 4%(Personal Mastery ) ~ #2 & = 7 $i-5% (Improving Mental Models) .
= ¥ FE# (Building Shared Vision) -~ lﬁ] Fy § (Team Learning ) ~ % 3L 3
(System Thinking) => " % 7 5 13 R | 4, fﬂﬁ* Fhsmad | o
O % %uf i (Systems Thinking Archetypes ) (Handout 2; Handout 3) :
= & ¥k % e & Tk E5 Balancing Loop with Time Delay
= £ _} "I Limits to Growth
# * i% % Shifting the Burden
P #% & 4 Eroding Goals
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® EXAMPLES AND APPLICATIONS OF SYSTEM DYNAMICS
o Generic Examples
= DO Sag Curve
= Populations of Foxes and Rabbits
0 Business Dynamics: The “Beer Game”
0 Modeling Sustainable Development: The T21 Model: A Brief Description of T21

e HOMEWORK #7 (No hand-in is needed) : 3#3¥R T Vensim PLEf & £ # ; (handout 4) -
a llVens1mL*4r# eeeZiqr e g 4] (pp.21-25) o


http://www.vensim.com/sdmail/sdsoft.html
http://www.powersim.com/
http://www.iseesystems.com/
http://www.vensim.com/

