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SystemEbynamics

» Developed to apply control theory to the analysis of
Industrial systems in the late 1950’s by Jay. Forrester,
MIT Professor

» Used to analyze industrial, economic, social and
environmental systems of all kinds

» Providing an analytic solution for complex and non-linear
systems

» Well suited to dealing with the dynamic complexity In
construction projects, which are inherently complex and
dynamic, involving multiple feedback processes and non-
linear relationships [Sterman, 1992].
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TypestofApplication

» System Thinking

> Policy Models

> Flight Simulators

> Project Models

401.661 Advanced Construction Technology




| ecture:outline
——

— 1

Introduction of System Dynamics
Component Variables

Causal Loop Diagramming

Application Examples

Where to Get More

401.661 Advanced Construction Technology




Stocks & Flows

As the final element of system structure, there are two
Kinds of variables ...

» Stocks (also called ‘levels’): define the state of a
system and represent stored guantities

» Flows (also called ‘rates’): define the rate of change
In system states and control quantities flowing into
and out of stocks
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Hydraulic Metaphor:

Stock & Flow Diagram:

Integral Equation:

401.661 Advanced Construction Technology

= X |
Inflow Outflow

“Clouds” represent stocks outside the system
boundary

Stock(t) = f t[lnflow(s) - Outflow(s)]ds
+ Stock (t,)
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Terrr;jlbiﬁgles In Different Discﬂoﬁ’nes

Mathematics, Physics, Integrals, states, state Derivatives, rates of change,
Engineering variables, stocks flows

Chemistry Reactants, reaction products | Reaction rate

Manufacturing Buffers, inventories Throughput

Economics
Levels Rates

Flow, cash flow or income

Accounting Stocks, balance sheet items :
statement items

Biology, Physiology Compartments Diffusion rate, flows

Incidence, infection,

Medicine, Epidemiolo Prevalence, reservoirs . )
P & morbidity, mortality rates

Business Dynamics, J, Sterman, 2000
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Auxiligries & Constants

» Auxiliaries: intermediate variables to be used for easy
of communication and clarity

Break up rates into meaningful components
Provide alternative measures for stocks or flows
Reduce diagram “clutter”

» Constants: factors which may be stocks or flows, but
which do not change over the time span of the
simulation
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BrealgRates Into Components

W—x x—p-iK
— [ [¢]q[y Attrition

o PR

/Desired Staff Average Attrition

Productivity

Hiring = Average Attrition + (Desired

/Work Al Staff - Staff)/ Time to Adjust Staff
(separate equations for components)
Total Work to Do Ve

Hiring = Average Attrition + (((Total
Work to Do - Work Done) /
Productivity) - Staff)/ Time to Adjust
Staff
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Prong'e*AItei’riative Measures

For stocks... For flows...

Proﬂts

Inventory Coverageq\

Revenues Expenses
Average Sales

Inventory Coverage = Profits = Revenues - Expenses
Inventory / Average Sales
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Redugembiagram Clutter

Project Costs Site Office

-
_— Operation Cost

Labor Cost

Material Cost Project
Management Fee

Utility Cost

N

Labor Cost — Dlrect Cost \ ‘/Operatlon Cost
Indirect Cost

I\/Iaterlal Cost / Project

Utility Cost \anagement Fee
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CausaltLinks (Not Casual ...)

» An arrow with a positive sign (+): all else remaining
equal, an increase (decrease) in the first variable
Increases (decreases) the second variable above (below)
what it would otherwise have been.

Bank —— \+A Interest
Balance Earned

» An arrow with a negative sign (-): all else remaining
equal, an increase (decrease) in the first variable
decreases (increases) the second variable below (above)
what it otherwise would have been.

Price. — Orders
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Labeml;inlfﬁmarity

N RN

Inventor :
Production y Shipments

/\4_ _ /\
Population

Births Deaths
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Causgtion®vs. Correlation

——-_.-'_—_

Causal diagrams must include

of the system.

Observed behavior: “...Ice cream sales and murder rise
in summer and fall in winter...”

Average

Temperature

lce Cream Murder lce Cream Murder
Sales Rate Sales Rate

Incorrect Correct
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Havipg-Wmambiguous Polarities

causal links must have polarities.

* Apparently ambiguous polarities usually imply the presence
of multiple causal pathways that can be represented
separately.

/\
/_\? (+ or -)

Price Revenue

\_> Sales / +

Correct

Incorrect
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[dentifying the Feedback Loop

Average
Temperature

+
Bank _— \+~ Interest +/ \

Balance Earned
Ice Cream Murder
Sales Rate

Feedback
Loop
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Loopaolarities: Reinforcingtor Balancing?
+ Capable

Student Balancing Loops: loops thh
an odd number of negative
causal links

Applicant for Research

Admission
" + Attractiveness
of Market
School

Reputation
P Number of

Profits Competitors

Reinforcing Loops: loops with all
positive or an even number of
negative causal links
Industry

Price
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Namipgiariables

Names should be

The actions (verbs) are captured by the causal links
A causal diagram captures
Its behaviors

Costs Rise Price Rise

Incorrect
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Namipgiariables

Names should have

Choose names for which the meaning of an increase or
decrease is clear

Feedback Mental Praise from Morale
from the Boss Attitude Boss

Incorrect
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Namipgiariables

Choose variables whose

Avoid the use of variable names containing prefixes
Indicating negation (non, un, etc.)

N N

Quarrels with Quarrels with Happiness

Friends s Friends

Incorrect Correct
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ChoosifigrRight Level of Aggregation

Use , If they can make communication
easier and clearer

If audience Is confused by

AN

Market Share Unit Costs

You might make the intermediate concepts explicit as

follows. Cumulative

Production. ——. by, e tion

Volume . \
Experience -

Market Share Unit Costs

=+
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MakipgiGoals Explicit

Make the goals of negative loops

All negative feedback loops have goals (the desired state
of the system)

They function by comparing the actual state to the goal,
then initiating a corrective action in response to the
discrepancy.

Making goals explicit encourages people to ask how the
goals are formed.
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MakipgiGoals Explicit

Incorrect Correct

Product Product Desired

The goal of the ¥ Quality + Quality \ '+/ PQragll:S
loop is determined . Quality
by @ Shortfall

: Quality =
Quality Improvement

Programs

Incorrect Correct

Coffee :
The goal of the IOOp Coffee Temperature Desired Room

IS determined by - _Temperature \ '/Femperature
B Tempera-ture
@ Difference
+ ;/
Cooling

Cooling Rate

Rate
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Reference: Business Dynamics (Sterman, 2000); Strategic
management of complex projects (Lyneis et al., 2001)




OUERUININGREIENTPPIENET

Traditional project management tools such as CPM, PDM, and PERT do not
provide a mean to quantify the ripple effects that multiply the direct
Impact many times, leading to significant overall delay and disruption.

Reference: Business Dynamics (Sterman, 2000); Strategic

2881?%511%9&% complex projects (Lyneis et al., 2001)




Providing evidencing data for arbitration

A bunch of finger-pointing.
Each party would say “Here’s
what the owner/the
contractor did wrong’ and
blame all their problems on
that.

There is no way to separate
the impact of each party’s
problems or examine the
synergy between them.

Reference: Business Dynamics (Sterman, 2000); Strategic

2 0@ 7g€)EoDef complex projects (Lyneis et al., 2001)
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Continuing Concentration Mechanisms towards Capital Region
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Decentralization Mechanisms
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Loops of New Administrative Capital Construction

2007-01-24
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WhenetorGet More

» System Dynamics Group at MIT

» System Dynamics Society

» System Dynamic Review

» Ventana Systems: download Vensim PLE version
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