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Week 5: Delay and its impacts

- Warmup Exercise: Warped Juggle

CSC2720H: - Debrief from Beer Game

H H &, Effect of information delays

SVSte ms Th In kl n g fo r & Oscillating equilibria

Global Problems - Effects of Delay

% Fixes that Fail (system archtetype)
Prof Steve Easterbrook - Delays in other systems
De pt Of Com p uter SCie nce % Inertia in the human-climate system
http://www.cs.toronto.edu/~sme/SystemsThinking - Game: Harvest
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The Beer Game!
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Warmup exercise:

Warped Juggle ONG@) ONG@) O O O O
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Experiencing System Dynamics

- Did you feel yourself controlled by forces in the
system from time to time? Or did you feel in control?

- Did you find yourself "blaming" the groups next to
you for your problems?

- Did you feel desperation at any time?
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The Aditya Line Inventory

Out of stock = Serious lack of service level!
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Analysis: The Aditya Line

Orders by week — Aditya Line 2020
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The Aditya Line — Cumulative Cost
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Analysis: The Steve Line

Orders
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The Steve Line — Cumulative Cost
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The Steve Line Inventory

Out of stock = Serious lack of service level!
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Results from 2018
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Results from 2016
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Results from 2014
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Other groups

Bullwhip Effect Bullwhip Effect Bulhwhip Effect

Bullwhip Effect Bullwhip Effoct Bullwhip Effect
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Discussion Questions

- What, if anything, is unrealistic about this game?
- Why are there order delays?
- Why are there production delays? Shipping delays?

- Why have both distributor and wholesalers? Why not
ship beer directly from the factory to the retailer?

- Must the brewer be concerned with the management
of the raw materials suppliers?
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Real World Reactions Pilot-Induced Oscillation

- A typical organizational response is to blame the
person responsible

€ H ”
% E.g find whoever placed the orders (or the inventory manager) and blame them. _

Decreasing angle of attack Decreasing angle of attack
Nad H:':HEE

- But the game clearly demonstrates how inappropriate s A 1 e

angle of att

this response is

& different people following different decision rules for ordering create similar
oscillations.

- We have to change the structural setup!
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Other Effects of Delay

- Fixes that Fail (a common pattern)

Example:

/\‘ Commuting
. time
Problem @ Fix \ ﬁ Desired
+ - commuting
Difference time
Trafflc (actual - desired)
. -

congestion Case Study

te) A

Delay in the Climate System

Consequences Extent of Number capacity
public of cars
transport
network — :\ Urban
sprawl

See https //ourworld unu edu/en/systems -thinking-and-the-cobra-effect
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How climate
models work

Back
radiation

3-D Grid box
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Incoming
solar radiation
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The Earth’s Control System
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) Earth's Climate: Past and Future
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How IPCC Scenarios work
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CMIP5 models, RCP scenarios
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Warming is linear with cumulative emissions

Cumulative total anthropogenic CO; emissions from 1870 (GtCO,)
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Temperature anomaly relative to 1861-1880 (°C)

When will we reach +2°C?
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Stay below +2°C = get carbon negative
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(Graph is CO2 only:
ignores short-lived GHGs)

Temperature increase relative to preindustrial (°C)
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If we zeroed out emissions today
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I nfra St ru Ctu ra I I ne rt 1a World Greenhouse Gas Emissions in 2016

Total: 494 MtCO,
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What if no more CO2-emitting devices were built?
(assuming existing devices are used to their natural lifespan)

WORLD RESOURCES INSTITUTE

Davis, S.J., Caldeira, K., & Matthews, H. D. (2010). Future CO2 emissions and climate change from existing energy
infrastructure. Science 329(5997), 1330-1333.

Source: UN Guide to Climate Neutrality

Thi tion i ilable free for ial use with attribution under a creative commons license. 30 - ©2020 Steve Easterbrook. This presentation is available free for non-commercial use with attribution under a creative commons license. 31
30 31
# University of Toronto Department of Computer Science # University of Toronto Department of Computer Science
iy ty
P . . A 4 .
Responding to Climate Change i Delay and Inertia
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REFLECTIVE CROPS

ARTIFICIAL TREES Planting crops that
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OCEAN FERTILISATION
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Systems Activity
Harvest
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Can we artificially cool the planet?
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Harvest (rules)
Each team owns a fishing boat. Your goal is to maximise your
assets by the end of the game.

The ocean can support max 50 fish. Initially, between 25 and
50 fish in the ocean

We will play for 10 fishing seasons

Each season, you decide how many fish you will try and
harvest. Place the “order” in your boat

I will fill your boats in a random order. If your order exceeds
total remaining fish, you get nothing that season

After all orders processed, fish will re-generate, according to
the chart...
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Fish Regeneration Model

25
cC C
© O
O »n
O ®
o o
o w
c o
-~ C
o
S ©
O T
o C
o)
S o
c C
(2N
L ®
0
Number of fish at the end of the 50
season after all harvests
© ©2020 Steve Thi is available free for n I use with attribution under a creative commons license. 38

v

o University of Toronto Department of Computer Science

Steps of Play

Decide on your team’s long-term strategy

=

2. In each decision round, select the number of fish you
wish to harvest

3. Record the number of a slip of paper, insert the paper
in the ship and pass it to me.

4. Harvest requests will be filled in a random order

5. Receive your ship back, remove the fish, and start the
next round.
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