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Seminar 2:
Exponentials, Flows, and Lags
-*Recap from last seminar
- Exponential Curves
- Stock & Flow Diagrams

- Effect of Information Delays
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Last Seminar...
- Concepts - Exercises
U Definition of a system © Sleep Words
% Wholes vs. Parts % Pole Lowering
¥ System Interactions Y Living Loops
% Emergent Properties
% Reinforcing & Balancing
Feedback Loops
% Limits to Growth
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Paper Folding

- After 4 folds, 1 cm thick

- How thick after 29 more folds?
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What does a system need for growth?

( N \
How the system's propertie
evolve over time

How the system Is
controlled
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Kurzweil’s Singularity?

Countdown to Singularity
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cXponental
Growin oi Computing
The exponential growth of computing is a marvelous quantitative

example of the exponentially growing returns from an evolutionary
process. We can express the exponential growth of computing in

terms of its accelerating pace: it took 90 years to achieve the first \
MIPS per 1000 dollars; now we add 1.2 MIPS per 1000 dollars N
every hour. A breri e

Calculations per Second per $1,000
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Moore’s Law
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v Hubbert’s Peak (theory)
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Hubbert’s Peak in the US

US Lower 48: annual oil "mean" discovery &
production with Hubbert discovery model
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Hubbert’s Peak

Figure 5: Oil producing countries past peak
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Stocks and Flows Diagrams
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Example Stock’'n’Flow Diagrams
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Figure 3. A stock of water in a reservoir with multiple inflows and outflows.

sales

Figure 4. A stock of lumber linked to a stock of trees in a forest.
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With Feedback Loops
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Figure 11. Coffee temperature as it approaches a room temperature of 18°C.
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House Thermostat

heat from furnace heat to outside

room
temperature

Q

thermostat setting outside temperature

discrepancy between discrepancy between
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room temperatures temperatures

Figure 15. Room temperature regu|ated by a thermostat and furnace.
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But the room doesn’t stay warm!
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Figure 20. On a cold day, the furnace can't keep the room warm in this leaky house!
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. Information Lags
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Delay Delay
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Adapted from a diagram by Michae! Tobis

marine
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Information Lags in Climate Change
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